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Research Progress in Soysaponin in Chinese Wild Soybean

WANG Ke-jing, LI Xiang-hua, TAKAHASHI Yuya
( Institute of Crop Sciences , Chinese Academy of Agricultural Sciences, Beijing 100081 )

Abstract: Soysaponin has the functions of enhancing human immunity , reducing blood lipid, nourishing liver and
anti-cancer. In recent years, our researches on soyasaponin in Chinese wild soybean have achieved some preliminary
progresses supported by the NSFC, showing that Chinese wild soybeans were rich in the components and genetic
variation of saponin composition. These progresses were as followings: (i) a new category of group-B was identified
in addition to reported five groups of soyasaponin and four new components A-ag, K-ag, KA-ag and HAb-ag were
found, of which the A-0,g component was first recognized to be the total precursor of the groups A, o and B;( ii ) a Sg-7
locus controlling arabinose bonding to the C-22 position of the aglycone was discovered;( iii ) a number of A0 mutants
and rare accessions with AuAe phenotype and high-content Bd component, as well as the individuals with separate
group o components in Chinese wild soybeans were identified;( iv ) soyasaponin phenotypes and genes could be used as
genetic markers of chemical composition, by which the genetic diversity and geographical differentiation were analyzed
in Chinese wild soybeans;( v ) wild soybeans in South China had the highest frequencies of AaBc phenotype and
Sg-4 gene in eastern Asia, which implied that the southern wild soybeans were a regional population possessing more
primitive ancestral characteristics, and that eastern Asian wild soybeans originally came from southern China.
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Fig.1 Six categories and their chemical structures of soysaponins
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Fig.2 Putative biosynthetic pathways and related genes for group A, o and f of soysaponins
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Table 3 Thirty-two phenotypes and 34 genotypes identified in Chinese wild soybean

5 FA WA (%) R
No. Phenotypes Frequencies Genotypes
1 Aa 48.44 Sg-1“Sg-3 sg-4 Sg-5 sg-6e sg-6h sg-6i sg-6j sg-6k Sg-7
2 Aaoy, 0.21 Sg-1° Sg-3 sg-4 Sg-5 Sg-6e Sg-6h sg-6i sg-6j sg-6k Sg-7
3 Aaoy 0.76 Sg-1° Sg-3 sg-4 Sg-5 Sg-6e Sg-6h Sg-6i sg-6j sg-6k Sg-7
4 Aao, 0.47 Sg-1° Sg-3 sg-4 Sg-5 Sg-6e Sg-6h sg-6i Sg-6j sg-6k Sg-7
5 Aaay; 3.71 Sg-1° Sg-3 sg-4 Sg-5 Sg-6e Sg-6h Sg-6i Sg-6j sg-6k Sg-7
6 Aaoy 0.11 Sg-1° Sg-3 sg-4 Sg-5 Sg-6e Sg-6h sg-6i sg-6j Sg-6k Sg-7
7 Aaoy, 0.03 Sg-1° Sg-3 sg-4 Sg-5 Sg-6e Sg-6h Sg-6i sg-6j Sg-6k Sg-7
8 Aaoyg 0.03 Sg-1 Sg-3 sg-4 Sg-5 Sg-6e Sg-6h Sg-6i Sg-6j Sg-6k Sg-7
9 AaBc 21.34 Sg-1° Sg-3 Sg-4 Sg-5 sg-6e sg-6h sg-6i sg-6j sg-6k Sg-7
10 AaBcEaq, 0.03 Sg-1° Sg-3 Sg-4 Sg-5 Sg-6e Sg-6h sg-6i Sg-6] sg-6k Sg-7
11 AaBco, 0.47 Sg-1° Sg-3 Sg-4 Sg-5 Sg-6e Sg-6h Sg-6i sg-6j sg-6k Sg-7
12 AaBco, 0.47 Sg-1° Sg-3 Sg-4 Sg-5 Sg-6e Sg-6h sg-6i Sg-6j sg-6k Sg-7
13 AaBcoy; 2.60 Sg-1 Sg-3 Sg-4 Sg-5 Sg-6e Sg-6h Sg-6i Sg-6j sg-6k Sg-7
14 AaBcoyg 0.05 Sg-1° Sg-3 Sg-4 Sg-5 Sg-6e Sg-6h sg-6i sg-6j Sg-6k Sg-7
15 AuAe 0.11 Sg-1° 5g-3 sg-4 Sg-5 sg-6e sg-6h sg-6i sg-6j sg-6k Sg-7
16 Ab 11.70 Sg-1" Sg-3 sg-4 Sg-5 sg-6e sg-6h sg-6i sg-6j sg-6k Sg-7
17 AbEa; 0.03 Sg-1" Sg-3 sg-4 Sg-5 Sg-6e Sg-6h Sg-6i Sg-6j sg-6k Sg-7
18 Aboy, 0.21 Sg-1" Sg-3 sg-4 Sg-5 Sg-6e Sg-6h sg-6i sg-6j sg-6k Sg-7
19 Abo, 0.37 Sg-1" Sg-3 sg-4 Sg-5 Sg-6e Sg-6h Sg-6i sg-6j sg-6k Sg-7
20 Abo, 0.66 Sg-1" Sg-3 sg-4 Sg-5 Sg-6e Sg-6h sg-6i Sg-6j sg-6k Sg-7
21 Abay, 1.89 Sg-1" Sg-3 sg-4 Sg-5 Sg-6e Sg-6h Sg-6i Sg-6j sg-6k Sg-7
22 Aboy 0.03 Sg-1" Sg-3 sg-4 Sg-5 Sg-6e Sg-6h sg-6i sg-6j Sg-6k Sg-7
23 Aboyg 0.29 Sg-1" Sg-3 sg-4 Sg-5 Sg-6e Sg-6h Sg-6i sg-6j Sg-6k Sg-7
24 Aboyk 0.05 Sg-1" Sg-3 sg-4 Sg-5 Sg-6e Sg-6h Sg-6i Sg-6] Sg-6k Sg-7
25 Ab B yap 0.03 Sg-1" Sg-3 sg-4 Sg-5 sg-6e Sg-6h sg-6i sg-6j sg-6k Sg-7
26 AbBc 4.42 Sg-1" Sg-3 Sg-4 Sg-5 sg-6e sg-6h sg-6i sg-6j sg-6k Sg-7
27 AbBcay 0.24 Sg-1" Sg-3 Sg-4 Sg-5 sg-6e Sg-6h Sg-6i sg-6j sg-6k Sg-7
28 AbBco, 0.13 Sg-1" Sg-3 Sg-4 Sg-5 sg-6e Sg-6h sg-6i Sg-6j sg-6k Sg-7
29 AbBcay, 0.92 Sg-1" Sg-3 Sg-4 Sg-5 sg-6e Sg-6h Sg-6i Sg-6j sg-6k Sg-7
30 A0* 0.08 @ sg-1" Sg-3 sg-4 Sg-5 sg-6e sg-6h sg-6i sg-6j sg-6k Sg-7
0.05 @ Sg-1" Sg-3 sg-4 Sg-3 sg-6e sg-6h sg-6i sg-6j sg-6k Sg-7
31 AOBc** 0.05 ® sg-1" Sg-3 Sg-4 Sg-5 sg-6e sg-6h sg-6i sg-6j sg-6k Sg-7
0.03 @ Sg-1" Sg-3 Sg-4 Sg-3 sg-6e sg-6h sg-6i sg-6j sg-6k Sg-7
32 A B gaFE* 0.03 Sg-1° Sg-3 sg-4 Sg-5 sg-6e Sg-6h sg-6i sg-6j Sg-6k sg-7

*y (DRRPEEA I sg-1"7 (BFEBR ) s @IEH Sg-1" 57 HEP (Sg-177) 5 #* . DBadE2 7 FER sg-1"" (KI5 ) s @IE % Sg-1° S FE A
(Sg-1"""); #%% . [FH Sg-1° L5 JEPH | b2 A sg-7

*, (D recessive allele, sg-1" ( base deletion ), @ normal allele, Sg-1"( Sg-1""), **. (D recessive allele, sg-1""

(Stop codon ), normal allele, Sg-1"

(Sg-1"""), ***. normal allele, Sg-1* and recessive allele, sg-7
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Table 4 Genetic diversity at 10 loci involved in soysaponin biosynthses
FLR AR FE e SRR || AL AR FE e SRR AL
Locus I, h F, Locus I, h F,
Sg-1 0.524 0.334 0.020 Sg-6i 0.354 0.201 0.081
Sg-3 0.008 0.002 0.002 Sg-6j 0.346 0.196 0.124
Sg-4 0.617 0.426 0.324 Sg-6k 0.037 0.012 0.003
Sg-5 0 0 0 Sg-7 0.002 0.001 0.003
Sg-6e 0.400 0.237 0.112 F-#4 Mean 0.269 0.165 0.145
Sg-6h 0.401 0.238 0.112

1,: Shnnon index, /: Nei’s (1973 ) gene diversity, F,,: coefficient of gene differentiation, the same as below
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Table 5 Frequency comparison of main phenotypes and related alleles of soysaponin among Eastern Asian wild soybeans
FERMHE (%) SRR (%) WAL LR
bk Pk Phenotypes frequencies Allele frequencies Genetic diversity
Regions Samples
Aa AaBc Ab AbBc Sg-1° Sg-1" Sg-4 sg-4 h I,

AL NE 1617 59.1 15.1 20.5 4.6 74.46 25.23 19.79 80.21 0216  0.333
LN 739 70.8 10.3 18.0 0.9 81.06 18.94 11.23 88.77 0.077  0.145
Pidb Nw 210 58.6 32.9 7.1 1.4 91.43 8.57 34.29 65.71 0.069 0.117
471t NORE 422 54.0 29.9 8.8 7.3 83.89 16.11 37.20 62.80 0.096  0.162
#erpdE NC 285 54.4 30.2 10.9 39 84.91 15.09 34.39 65.61 0.116 0.200
H SC 200 110 72 7225 2775 118 0.105  0.180
i SE 161 6.2 5.0 77.02 22.98 11.18 0.081  0.149
P SW 1o 182 6.4 83.64 1636 2455 0.123 0210
EH S 52 13.5 67.3 3.8 15.4 80.77 19.23 82.69 17.31 0217 0328
[ China 3805 53.7 25.0 15.2 5.7 78.84 21.02 30.75 69.25 0.165  0.269
HA *Japan 329 21.6 58.4 9.7 4.6 79.94 14.29 62.92 37.08
#hHE **Korea 3720 37.8 60.6 0.4 0.8 98.39 1.32 61.40  38.60

R o HLINIHEILT IR M1 4 Fh BB B [ | R HBIX A 5 09 AaBe AU, 551 AbBc 72835 1 5 1) Sg-4 A
PR AL RV AL T 56 10 SR 1707 A SE( S USR5 * . FASH] ) Tsukamoto et al (1993 ) 5 *#: #h[E5| [ Krishinamurthy et al

(2014a)

Four main phenotypes and their frequencies of soyasaponins without considering group a,l:| indicate that there were higher frequencies of AaBc

and AbBc phenotypes and Sg-4 gene of soyasaponin in southern China, Genetic diversity was calculated based on the allelic frequencies of related

10 soyasaponin loci, *: The Japan ’s data were quoted from Tsukamoto et al ( 1993 ), **: The South Korea ’s data were quoted from Krishinamurthy
et al (2014 ) NE: Northeast, N: North, NW: Northwest, NORE : Northeast, NC: North center, SC: South center, SE: Southeast, SW: Southwest, S:

South. The same as below

R B R FIRE R S 78 TTIE T T
FRLOTESUNIGR: (B2 814 3 g A ik i 2 S I PNISR
(R AR K R R A L 4R 0 S A AT A
AW TR CR R ZAE . gk rg AL I7
B AR RS W A DU VI S 8 A% Ak, A7 1
oy ERIBRICOMTIIESE Tk — IR . B AR R R
ZJEAEAR S H X 4, A DA 53 0 A i R

W, FATH LT B 207 T T iR YA R
LI AT RE , I BF AR R34 B ] — 4> 7 #B
A AT RE R R A ER TR PR, DR A ZEAY S Y
KA —NRAFRII L. FE RS RAH R
LA RFEN A Jm ] DUEg A pric, A B TR ER
VLT
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0.050
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12.49
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16.45 4t 75 North
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20.77 R
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a: IR AAT 10 L Nei' s (1973 ) Bis A& 1 BTHEAT 9 A X
(3805 Y BF/E K H ) 19 UPGMA MBI b i 70 Xf SSR
FIWIHY Nei's (1972 ) BB LR R IETT 4 4D (196 fy [ 5K
SRR OREA ) (1) UPGMA H25; F0 B A Ko It
FFAEURIT g TR LR 1L
a: cluster for nine geographical regions ( 3805 wild soybeans ) based
on Nei’s (1973 ) genetic distance from the frequencies of alleles
of ten saponin composition loci by the UPGMA, b: cluster for four
geographical regions ( a set of genebank micro-core collection of 196
wild soybeans ) based on Nei’s ( 1972 ) genetic distance from the allelic
frequencies of 70 SSR loci. There was distinct genetic differentiation
between the two geographical regions of the northern and southern

China as the Yangtze River' '

B 6 HEFEXEMESNE
Fig.6 Geographical genetic differentiation of
wild soybean in China
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