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Abstract Soyasaponins, natural chemical com-
pounds in soybean seeds, have important health
benefits and also influence soyfood taste. A total of
3795 wild soybean (Glycine soja) accessions, col-
lected from almost all the areas where wild soybean
grows in China, were analysed using thin-layer
chromatography to clarify saponin composition poly-
morphisms within Chinese wild soybeans. Twenty-
three saponin components were distinguished, includ-
ing four new components. The four new saponin
components were a Sg-6 saponin K-og [29-acetyl
H-ag] in 18 accessions, an HAb-og [29-hydroxy Ab]
in an Ab type accession, an A-og [3-O-(Glc-Gal-
GlcUA)-soyasapogenol A (SS-A)] which is a biosyn-
thetic precursor compound of the Aa and Ab types and
its derivative KA-og [29-O-acetyl A-og] in the sg-7
mutant. Eight sg-/° variant accessions without the
second sugar (xylose or glucose) at the C-22 position
and one high-content group-E saponin Bd and one
high-content group-A saponin Ae accessions were
detected. Our present results can be expected to play
vital roles in clarifying the biosynthetic pathway for
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soyasaponins. We suggest that the A-og is the
precursors for group-A and Bd components, and the
Sg-6 saponin is biosynthesized from the Bd compo-
nent in the relationship between the biosyntheses of
group-A and Sg-6 saponins. The above new compo-
nents and variants contribute to develop healthy and
functional foods in soybean breeding programs.

Keywords Glycine soja - Soyasaponin - Thin later
chromatography - Wild soybean

Introduction

Wild soybean (Glycine soja Sieb. et Zucc.), which is
the progenitor of cultivated soybeans (Glycine max
(L.) Merr.), contains many useful genes or characters,
and is an important genetic resource for soybean
breeding and genetic engineering. Wild soybean is
distributed only in eastern Asia, China, the Far East of
Russia, the Korean Peninsula, and Japan. Saponins are
important secondary metabolites in soybeans, and
comprise of a steroidal or triterpenoidal aglycone that
combines with one or more sugar moieties by glyco-
sylic linkage. Triterpenoidal saponins levels are high
in soybean seeds (Price et al. 1987). A number of the
chemical structures and soyasaponin compositions
have been identified and characterized in cultivated
soybean and wild soybean (Shiraiwa et al. 1991a, b;
Kudou et al. 1992, 1993; Tsukamoto et al. 1993;
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Krishnamurthy et al. 2014). Soyasaponins are known
to belong to three groups: group-A, DDMP, and Sg-6
(Honda et al. 2009), which are based on the chemical
structures of the aglycones and the composition of the
sugar chains that combine with the aglycones (Fig. 1).
Group-A saponins contain soyasapogenol A (SS-A) as
its aglycone with two sugar chains attached to the C-3
and C-22 hydroxyl positions (Shiraiwa et al. 1991Db).
DDMP saponins have soyasapogenol B (SS-B) as their
aglycone with a DDMP molecular group (2,3-dihydro-
2,5-dihydroxy-6-methyl-4H-pyran-4-one) at the C-22
position and one sugar chain at the C-3 position
(Shiraiwa et al. 1991a). DDMP saponins are easily
decomposed by heat or by the lipoxygenase (radical)
reaction into group B saponins and group E saponins,
which have soyasapogenols B and E as their respective
aglycones (Kudou et al. 1992, 1993). The group B and
E saponins also easily decompose, even during high
performance  liquid chromatography (HPLC).
Recently, third group saponins, Sg-6 saponins, have
been reported in wild soybeans in Japan and South
Korea (Honda et al. 2009; Krishnamurthy et al. 2013).
The Sg-6 saponins include at least three components:
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H, I, and J. They have soyasapogenols H, I, or J as their
aglycones and one sugar chain at the C-3 position of
the aglycones (Takahashi et al. 2013).

Soybean saponins involve in health and taste, and
these effects are based on the chemical structures of
their aglycones and their sugar chain composition
(Tsukamoto and Yoshiki 2006). DDMP saponins and
their decomposition products have many health ben-
efits (Tsukamoto and Sugano 2006). Group-A sapo-
nins have recently been reported to have anti-obesity
effects (Yang et al. 2015) and to prevent memory
impairment (Hong et al. 2014). However, group-A
saponins also have bitter and astringent tastes due to
the acetylation of the terminal sugar in the sugar chain
attached at the C-22 position of their SS-A aglycone
(Okubo et al. 1992). Soybean taste breeding has
therefore attempted to genetically eliminate or reduce
the levels of group-A saponins in soybean seeds (Kato
et al. 2007).

Soyasaponin composition and phenotypes have
been investigated in Japan and South Korea. Several
variants (AO-og, AQO-oa, and null Group-A) and a
couple of rare types (AcAf and AuAeBc) have been
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Fig. 1 The category groups and chemical structures of soybean
saponins. There are several categories: group-A, DDMP, group-
B, group-E, and Sg-6 saponin (H, I, and J components). Group-A
has two sugar chains, R and R, at the C-3 and C-22 positions,
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detected in wild and cultivated soybean (Tsukamoto
et al. 1993; Krishnamurthy et al. 2013). Some studies
have shown that different geographical populations of
wild soybean genetically differ in East Asia (Yu and
Kiang 1993; Wang and Takahata 2007). Soybean
originates in China and its progenitor, wild soybean, is
widely distributed across China, except in the west-
ernmost Xinjiang and Qinghai, and the southernmost
Hainan region. Wild soybean is an important genetic
resource for cultivated soybeans and has been exten-
sively collected in China. There are about 9000
accessions conserved in the genebank. Therefore,
Chinese wild soybeans are expected to mine useful
genes or variants for soybean breeding.

In this study, our objective was to investigate
saponin composition polymorphisms in Chinese wild
soybean accessions and to understand the level of
genetic variation of saponins for the future soybean
breeding programs that aim to improve soybean
nutritional levels and quality.

Materials and methods
Plant materials and chemicals

A total of 3795 accession samples from the Chinese
wild soybean collection in the China genebank were
analyzed for their saponin composition. The samples
were randomly taken covering all the 28 administra-
tive regions where wild soybean is distributed, and the
sample number from each region relatively depended
upon the number of wild soybean accessions preserved
in the genebank. Several seeds of each accession were
propagated into single plants (harvested as single
plants). Then one random plant was used to analyze
saponin composition. Two Japanese soybean varieties,
Shirosennari (Aa type) and Suzuyutaka (Ab type),
were used as the standards. Commercial soyasa-
pogenols A (SS-A) and B (SS-B) are the aglycones
found in group A and DDMP saponins, respectively.
The SS-A and SS-B reagents were purchased from
ChromaDex Co. (Irvine, CA, USA).

Saponin extraction and composition analysis
Saponin extraction, TLC-analysis, LC-MS (LC-MS/

MS) analysis were carried out according to our
previous work (Takahashi et al. 2016).

Results

Identification of saponin composition by TLC
analysis

The TLC analysis completely recognized 23 saponin
components from 3795 wild soybean samples (Fig. 2;
Table 1). These included known group-A saponins
(purple) Aa, Au, Ae, Ax, Ab, Af, and Ad; DDMP
saponins (brown) og, Bg, and Ba; group-B saponin
(brown) Ba; group-E saponin (blue) Bd; and Sg-6
group saponins (blue) H-ag, I-ag, and J-og.

Four new components were detected in Chinese
wild soybeans, which included two reported compo-
nents (Takahashi et al. 2016): a precursor A-og of
group-A saponins and its derivative KA-ag (Fig. 2
lane 8, Fig. 3f) and other two were a HAb-ag (X;) and
Sg-6 group saponin K-ag (X,).

New saponin component HAb-ag (X;)

A new component X; was identified in accession No.
4922 (Fig. 2 lane 9, Fig. 3g). The ESI(4)-MS showed
that X; had a molecular ion mass [M + H]" at m/
1453.6467 (Fig. 4b), whose formula was deduced to be
C67H1()4034 (calculated from C67H105034+, 14536482)
This was 16 larger than saponin Ab (m/z 1437.6536,
CeH105055™) (Fig. 4A), which implied that X; had an
additional oxygen compared to saponin Ab. The promi-
nent ion peak for X; appeared at m/z 991.2 for [M-
tetraacetylGlc(330)-Ara(132) + H(1)]" (Fig. 4B),
which was similar to that of the sugar chain at the C-22
position [22-O-(tetraacetylGlc-Ara)] of saponin Ab
(Fig. 4A, m/z 975.2). Furthermore, other prominent
peaks appeared at m/z 1291.2 for [M-Glc(162) + H]T,
m/z 829.3 for [M-tetraacetylGle-Ara-Glc + H]", m/z
6494 for [M-tetraacetylGlc-Ara-Gle-Gal(galactose)(162)-
H,O(18) + H]*, and m/z 473 4 for [M-tetraacetylGlc-Ara-
Glc-Gal-GlcUA(glucuronic  acid)(176)-H,O + Ht
(=[Aglycone(491)-H,O + H]") (Fig. 4B). These frag-
ment patterns were also similar to those for the sugar
chain at the C-3 position [3-O-(Glc-Gal-GIcUA)] of
saponin Ab (m/z 1275.1, 813.2, 633.2, and 4574,
respectively) (Fig. 4A). The MS/MS results suggested
that the structure of X is similar to that of saponin Ab
except one additional oxygen at the aglycone, whose
molecular ion mass was 491 (C50Hs5,05™). Soybean
saponins are active at the C-29 position of the aglycone
and can easily insert chemical groups into the C-29
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Fig. 2 TLC patterns for saponins in Chinese wild soybeans.
Twenty-three components were distinguished, which included
four new components: an A-ag (C-3 glycosylated SS-A), and its
derivative KA-ag (lane 8), a HAb-og (lane 9) and a K-ag in Sg-6
saponins (lanes 18 and 19). Lane 5 shows Ae-accumulation

position like Sg-6 saponins (Fig. 1) (Takahashi et al.
2013). Therefore, this additional oxygen was estimated
to lie in the C-29 position like soyasapogenol H (Fig. 1).
Based on these chemical profiles, the X; and its
aglycone were named to HAb-ag and soyasapogenol
HA, respectively (Fig. 5A).

A new recruit member K-og component of Sg-6
saponin

Sg-6 saponins are colored blue in the TLC analysis
(Honda et al. 2009). This characteristic may be due to
the ketone (C=0) group at the C-22 position (Taka-
hashi et al. 2013; Krishnamurthy et al. 2014). A
component X, was newly identified. It had a mobility
between the Aa (Ab) and g components and appeared
blue in color (Fig. 2, lanes 18 and 19). The UV
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No. 1401 No 1440 No 1774 No 1795 No. 0597 No.2659 No.1391 No. 3137 No. 0452 No. 0652
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A-ag «HAb-ag (X,)

No. 4922
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Aa+l Aa+J Bd-accu. Aa-K Ab-K

< K-ag (X3)

(AuAe) caused by sg-3/sg-3; lanes 6 and 7 show variant AQ-og
(or AO-aia), which is caused by sg-1%sg-1% lane 8 illustrates the
null-group-A mutant (sg-7/sg-7) and lane 17 shows Bd
accumulation

chromatogram revealed that a unique peak X, clearly
appeared in No. 0652 (Fig. 6f). The X, had a
molecular ion [M + H]* peak at m/z 1015.51117
(Fig. 4C), whose molecular formula was estimated to
C50H78021 (Calculated from C50H79021+, 1015.5108
41). The C-3 sugar chain was identified as Glc-Gal-
GIcUA by the fragment ions at m/z 853.1 for [M-Glc
(162) + HI*, m/z 673.0 for [M-Glc(162)-Gal(162)-
H,O(18) + H]™ and m/z 497.3 for [M-Glc(162)-
Gal(162)-GlcUA(176)-H,0(18) + H]" in the MS/MS
spectrum (Fig. 4B). The sugar chain composition at the
C-3 position was identical with that of group-A
saponins Aa and Ab, and DDMP saponin og. The
MS/MS fragmentations suggested that X, had an
unknown aglycone with a molecular ion mass of 515
(C3,Hs,05"), which was 42 larger than that of soyas-
apogenol H (473, C30H490,4™). This implied that the
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Fig. 3 LC-MS analysis of saponins from several representative
accessions. a Aa type (No. 1373), b Ab (No. 1196), c AuAe type
(No. 1431), d AO type (No. 0115), e AOBc type (No. 1842),

aglycone of X, could have an additional acetyl group (—
COCHj3;) in the C-29 position of soyasapogenol H
against the saponin HAb-og (X;). The X, and its
aglycone were named to K-og and soyasapogenol K,
respectively (Fig. 5B), which might belong to Sg-6
saponin. Eighteen K-og accessions were identified
(Table 1).

Separate three single components of Sg-6 saponin

Sg-6 saponin has three components: H-ag, I-ag, and
J-og (Honda et al. 2009). Krishnamurthy et al. (2013)
reported that the three components behaved together
as a congery controlled by a dominant allele Sg-6 in
Glycine soja. However, we observed that H-ag, I-ag,
and J-og could exist singly and separately in different
accessions (Fig. 2, lanes 14, 15, and 16). The LC-MS
data showed that accession No. 1401 simultaneously
carried H-og, I-oig, and J-og (Fig. 6a). However, these
saponins could occur in separate individuals (Fig. 6b,
¢, d). In the Chinese accessions, about 13.1%
contained Sg-6 saponins, and the frequencies for
H-ag, I-ag, and J-ag were about 0.6, 11.4, and 10.9%
in the accessions, respectively (Table 1).
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fnull-group-A (No. 5306), and g HAb-ag (X;) component (No.
4922). The results were obtained from an analysis by a PDA
detector at UV 205 nm

AOQ variant of group-A saponin

Eight samples were found to carry an AO-oig component
or one additional AO-oia component (Fig. 2, lanes 6 and
7). Five accessions (AO type) carried AO-ag (Fig. 2, lane
6), and other three accessions (AOBc type) carried both
A0-og and AO-oa (Fig. 2, lane 7). Eight of the AQ
variant accessions were collected from northeastern
China and one was from Henan Province, central China.

Rare Ae-accumulation (AuAe) type

Usually Ae component is a minor one in some plants.
However, rare types with a high Ae content were
identified by TLC in four accessions (Fig. 2, lane 5).
Sample No. 1431 showed that there was no saponin
Aa, but Ae was accumulated as a major saponin. The
Ae-accumulation (AuAe) showed inheritability in
later offspring generations (data not shown). LC-MS
detection showed that the saponin Ae content in No.
1431 (20.2 mg/g) was 14 times higher than in the
normal Aa accession (No. 1373, 1.45 mg/g). All four
accessions containing the rare AuAe type originated
from northeastern China.
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Fig. 4 MS and MS/MS spectra of the Ab (A), HAb-ag (B), and
K-ag (C) components. MS/MS fragment patterns of the
molecular ion peaks for the saponins showed that the three
saponin components had the same three sugar moiety sequence
at the C-3 position, which were in the order Glc-Gal-GlcUA, and
no sugar chain at the C-22 position in the K-og (X,) component.

Rare Bd-accumulation type

Commonly, the Bd component is invisible in TLC
because it is present at very low levels, but HPLC can
identify it. A rare Bd-accumulating accession was
identified by TLC (Fig. 2, lane 17). The LC-MS
analysis determined a main peak that appeared at
42.8 min in accession No. 3137, which was the Bd
component of group E saponins (Fig. 6e). This
accession also had a J-og component in the TLC
results (Fig. 2, lane 17) and had a small amount of Aa
component in the HPLC results (Fig. 6e). The Bd
content in this accession was very high with 17.3 mg/
1 g hypocotyl, and was 37.2 times higher than that in
Aa-type accession No. 1373 (0.47 mg/1 g hypocotyl).

This was different to the Ab and HAb-og (X;) components,
which had a two sugar moiety, Glc-Ara, at the C-22 position.
K-ag (X,) had a molecular ion [M + H]" peak at m/z 1015.5
and contained a new aglycone, tentatively named as soyasa-
pogenol K (m/z 515.4). It is suggested that K-ag (X,) has an
acetylation at the C-29 position, called a 29-acetyl H-og

This accession was propagated for three generations
and each generation still accumulated Bd according to
the HPLC analysis (data not shown). Therefore, the
results suggested that the Bd-accumulating accession
was a genetic variant with higher Bd levels.

Discussion

Abundant variability of saponins in the Chinese
wild soybeans

Wild soybean saponins theoretically should have 54

components according to the known gene-coding
(Shiraiwa et al. 1991a, b; Tsukamoto et al. 1993;

@ Springer
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Honda et al. 2009; Krishnamurthy et al. 2014), but
actually there could be more than the number above if
including the syntheses by genetic coding and by non-
genetic coding for incomplete acetylation in the
hydroxyl groups of the terminal sugar at C-22 position.
However, according to our investigation, there are at
least 78 gene-coded components, theoretically
(Table 1). Nevertheless, the TLC analysis only dis-
tinguished 23 components, including four new sapo-
nin components in Chinese wild soybean (Table 1).
Most of the saponins could not be identified because a
large number of the saponin components completely
and partly overlap in mobility, or have less content, or
do not appear without their corresponding genes or
genotypes.

In the South Korean accessions, 14 components and
two rare phenotypes (AuAeBc and variant AQ) were
tested for wild soybeans by TLC analysis (Krishna-
murthy et al. 2013). In this investigation, we identified
twenty-two saponin components, eight AQ-type acces-
sions, four rare AuAe type accessions and one rare Bd-
accumulation variant type, and one novel mutant
(accession No. 5306) without the known group-A
saponins which was caused by an invalid arabinosyl-
transferase. This meant that the arabinose failed to
bind to the C-22 hydroxyl group (Takahashi et al.
2016). We assigned a symbol Sg-7 to the locus
governing arabinose bonding to the C-22 hydroxyl
group in accession No. 5306. These newly identified
components, rare phenotypes, novel mutant(s), and
variant types need to be cross-analysed to identify
their genetic characteristics.

The significance of finding a rare, high Bd-
accumulating accession

Group E saponins, such as Bd and Be, which have
soyasapogenol E as the aglycone (Fig. 1), are thought
to be the decomposed products of DDMP saponins
during extracting. Generally, Bd appears as a minor
component in the LC-MS analysis (Fig. 6). However,
in this investigation, accession No. 3137 accumulated
a high concentration of the group E (Bd) component
(Fig. 6e). The Bd-accumulation in this accession was
inheritable through three generations (data not
shown). The important implication of this discovery
is that not all the Bd in wild soybeans is the
decomposed products of DDMP saponins. Our results
suggest that the Bd in group E saponin can be

genetically biosynthesized in the hypocotyls of wild
soybean.

Bd and Sg-6 saponins all have a ketone group at the
C-22 position of their aglycones (Fig. 1). Based on the
chemical structures of Bd and Sg-6 saponins, we
suggest that Bd in developing hypocotyls might be
associated with the biosynthesis of Sg-6 saponins, i.e.
Bd is the initial substrate. It may also be involved in
the biosynthesis of the H-og component of Sg-6
saponins, where Bd is hydroxylated at the C-29
position into H-og, followed by carboxylation into
I-ag or malonylation into J-og. Therefore, Sg-6
saponins are derived from the Bd component, which
strongly suggests that the Bd component is the
precursor of Sg-6 saponins. The reason of why Bd
could be accumulated in this variant accession No.
3137 and did not been completely consumed are not
clear, but we conjectured that the Bd gene in this
accession could be over-expressed. This needs to be
confirmed in the future.

The trade-off nexus between the biosynthesis
of Sg-6 saponins and group-A saponins

Soyasaponins consist of three major groups, DDMP,
group-A, and Sg-6. The Sg-6 saponins were first
reported a few years ago (Honda et al. 2009). Usually,
group-A Aa or Ab components in the accessions
without the Sg-6 group have higher saponin contents,
as illustrated in Fig. 3a, g. However, we found that
when Sg-6 saponins, including Bd, appeared, group-A
saponins would be more or less decrease, but DDMP
did not change in content, as demonstrated by the
HPLC analysis (Fig. 6b, c, d, e), which implies that
their biosynthesis share the same precursor substrate at
a certain step in their biosynthetic pathways. This
substrate compound, which is a common component
of group-A and Sg-6 saponin biosynthesis, might be
the group-A precursor component A-og (C-3 glyco-
sylated SS-A). A proportion of the A-og was used to
synthesize the Bd component through a dehydrase
mediated dehydration reaction between two neighbor-
ing oxhydryls at the C-21 and C-22 positions that led
to a ketone group at the C-22 position. Therefore,
when the Sg-6 saponins are over-synthesized, group-A
saponin levels decrease so as to become dim at the
TLC analysis, and it is difficult for TLC analysis to
identify them (Fig. 2, lanes 14, 15, 16, 17, 19).
Generally, there appears to be a trade-off between
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group-A and Sg-6 saponin contents. Some genetic
experiments are being made to confirm this
relationship.

Novel saponin phenotypes in East Asian wild
soybean populations

Two novel types, AOBc and AOBc-S, were detected in
the wild soybean accessions from Japan (Tsukamoto
et al. 1993, 1998) and South Korea (Krishnamurthy
et al. 2013). An AuAeBc type was also observed in
South Korea (Krishnamurthy et al. 2013), which is
ascribed to the GmSGT-3 gene (Shibuya et al. 2010) in
the plants with alleles sg-3/Sg-4. The AOBc-S type
detected in Japan and South Korea, containing the Sg-
4 gene (Takada et al. 2012), is caused by a recessive
allele, sg-5, which means that there are no group-A
saponins in the seeds (Tsukamoto et al. 1998). The
AOBc type, carrying the Sg-4 gene, is controlled by
recessive allele sg-7¢ at locus Sg-/ for the terminal
sugar (Xyl or Glc) in the sugar chain at the C-22
position (Kikuchi et al. 1999). Sayama et al. (2012)
have sequenced the Sg-1%, Sg-1”, and sg-1° alleles at
the Sg-1 locus, and revealed that the recessive sg-1°
allele that leads to the absence of the terminal Xyl or
Glc sugars from the sugar chain at the C-22 position,
and that sg-1° could have mutated from the Sg-/* and
Sg-1” alleles in Japanese soybeans. The AOBc type
(with the Sg-4 gene) in Japanese wild soybean was
only controlled by sg-1°, which is an Sg-7“ mutant
(Sayama et al. 2012). The AOBc type detected in South
Korea has also been reported to be caused by the
mutant sg-1° replacing Sg-1¢ (Krishnamurthy et al.
2015), but differed from the Japanese AOBc type by a
point mutation within the sg-1° gene.

In this investigation, three types of AuAe, A0, and
AOBc were identified in Chinese wild soybeans,
including five AO and three AOBc accessions, and
four AuAe accessions with recessive sg-3 and sg-4
genes. All the AuAe accessions were collected from
northeast China, which implied that the recessive sg-3
gene was distributed in northeastern China as well as
neighboring regions. However, we do not know
whether these AO Chinese wild accessions were
caused by the same point mutations within allele sg-
17 as detected in South Korea (Krishnamurthy et al.
2015) and Japan (Sayama et al. 2012). In the eight AO
Chinese wild soybean accessions, one originated from
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central China and seven from the northeast, and they
need to be analysed for their mutational mechanisms.

The potential functional genes for soybean flavor
breeding

The bitter and astringent tastes in soybean foods are to
be caused by acetylation of the hydroxyl position of
the C-22 terminal sugar moiety in group-A saponins
(Okubo et al. 1992). In order to obtain better tasting
soybean food, the acetylation of the hydroxyl position
in group-A saponins needs to be genetically elimi-
nated. One effective method is to introduce potentially
useful genes, including genes that are unable to
acetylate the hydroxyl position and to bind Xyl or
Glc to the Ara at C-22 position. It may be possible to
biosynthetically change the saponin compositions,
such as strongly biosynthesizing Sg-6 saponins to
reduce group-A content. At present, genes that do not
acetylate Xyl or Glc at the C-22 position have not been
identified. However, many mutant germplasms or
genes can be utilized to eliminate or decrease group-A
contents. The sg-5 gene has been transferred into
variant ‘Tohoku 152/, that no longer produces group-A
saponins (Sakai et al. 2002). The sg-7 gene was
involved in biosynthesizing incomplete group-A (A-
ag) without the C-22 sugar moiety, which meant that
no acetylation occurred. This suggests that it can be
used to develop good-tasting soybeans. The sg-1°
allele has no C-22 terminal sugar moiety. Therefore, it
can not be acetylated, and it has been successfully
transferred into variety ‘Kinusayaka’ (Kato et al.
2007). These eight Chinese wild soybean accessions
are valuable germplasm resources for soybean taste
breeding. The synthesis of the Sg-6 group, including
Bd-accumulating accessions, would decrease group-A
content, which means that they could have great
potential in soybean breeding. However, as a breeding
parent, the accessions containing Sg-6 saponins or Bd
saponin must have a very low group-A saponin
content, such as wild soybeans accessions No. 0597
and No. 3137, which have naturally very low group-A
(Aa or Ab) saponin contents (Figs. 6b, e) and they
should be useful breeding parents.
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