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Morphological Types, Genetic Variation and Structure in Chinese
Wild Soybean( Glycine soja ) Genetic Resources

WANG Ke-jing, LI Xiang-hua
(Institute of Crop Science ,Chinese Academy of Agricultural Sciences/The National Key Facility for Crop Gene Resources and
Genetic Improvement( NFCRI) /MOA Key Lab of Soybean Biology( Beijing) , Beijing 100081 )

Abstract: We described the morphological types, genetic variation and structure in Chinese wild soybean ge-
netic resources. We found that not only did the evolutionary bottleneck occur in the domestication of cultivated
soybean from wild soybean ,but also the differentiation bottleneck appeared between the different phenotypes of the
same characters. Here we also introduced our most recent studies answering about some long-term questions over
whether there is genetic differentiation among strains of different seed sizes within wild soybean species, where the
genetic boundary between the typical wild and semi-wild types lies, how semi-wild soybean was originated , which
side the semi-wild soybean is taxonomically closer to between the wild or the cultivated soybean , whether there are
genetic differences between the smaller (3-4g 100-seed weight) and the outsize ( over 8. 5g) seed-sizes of semi-
wild soybean, whether there is genetic differentiation between large-seeded semi-wild soybeans and less-evolved
primitive soybean landraces, whether the outsize semi-wild soybeans ( over 8. 5g 100-seed weight) belong to
thecultivar, which of seed size and seed-coat colour is more important in the evolutionary degree in wild soybean
and whether cultivated soybean genes have introgressed into the wild soybean. We think that the true transition-
al-intermediate ancestors have disappeared during the domestication of cultivated soybeans, and some genes as
such controlling white flower, grey pubescence, and no-seed bloom introgressed from the cultivated into wild

soybeans.
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Fig.1 Main leaf shapes of wild soybean
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Fig.2 Various morphs of wild soybean
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Table 1 Several qualitative character and frequencies in Chinese Genebank collection of wild soybean

A6 Flower colour

JENE Seed bloom 47 Pubescence colour

KA Type g Sample size % Purple 4 White A Have JG No 1% Tawny K Grey

3.01g LA 1= 1185 857(72.32) 328(27.68) 511(43.12) 674(56.88) 909(76.71) 276(23.29)
2.51 ~3.0¢g 198 154(77.78) 44(22.22) 134(67.68) 64(32.32) 181(91.41) 17( 8.59)
2.01 ~2.5¢ 399 375(93.98) 24( 6.02) 358(89.72) 41(10.28) 387(96.99) 12( 3.01)
2.0g IF 4633 4600(99.29) 33( 0.71) 4564(98.51) 69( 1.49) 4558(98.38) 75( 1.62)

B NBHROY B AT SN IR (% ) . T 1

The number is accession number and parenthesis is percent frequency. The same as below
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Table 2 Seed-coat colours and leaf shapes and their frequencies in Chinese Genebank collection of wild soybean
FA! FEA il 2 {5 Seed-coat colour MFE Leaf shape
Type Sample 4 i = g g 1 gl SR T

sie Green Yellow Brown Black Bicolor Ovoid Elliptic  Lanceo-late Long-elliptic  Strip

3.01g DA I 1185 135(11.39) 185(15.61) 308(25.99) 422(35.61) 135(11.39) 517(43.63) 354(29.87) 183(15.44) 127(10.72) 4(0.34)
2.51 ~3.0g 198 15(7.58) 13(6.57) 19(9.60) 105(53.03) 46(23.23) 60(30.30) 72(36.36) 42(21.21) 22(11.11) 2(1.01)
2.01 ~2.5¢ 399 10(2.50)  5(1.25) 44(11.03) 270(67.67) 70(17.54) 95(23.81) 188(47.12) 65(16.29)  49(12.28) 2(0.50)
2.0g IF 4633 15(0.32)  7(0.15)  118(2.55) 3667(79.15) 826(17.83) 1777(38.35) 1360(29.35) 880(18.99) 557(12.02) 59(1.27)

®3 BERERAAESEREENEREMERSE"

Table 3 Mean 100-seed weight and oil content between different phenotypes of morphological characters in wild soybean

2 MR Type or character

FEAS Sample size

H R ( g) 100-seed weight ENi & it (% ) Oil content

FhF K/ Type B G. soja 242
B G. gracilis 133
AE5 Flower colour £ Purple 314
11 White 61
YeHE Seed bloom i Have 273
JE Not 102
45 F 4 Pubescence colour 5 Tawny 338
X Grey 37
i jz £, Seedcoat colour Black 258
4} Green 39
# Yellow 18
F# Brown 40
LS, Bicolour 20
M Leaf shape YRIE Ovoid 140
W15 Elliptic 154
P4l Lanceolate 81

1.35 0. 54 9.76 +2.25
5.75+1.90 14.52 £2.21
2.34+1.62 11.55 +3.70
5.67+2.63 14.26 2. 60
2.10%1.67 10.50 2. 65
5.60 +2.20 14.24 +2.51
2.86 +2.32 11.39 3. 15
5.02+2.37 12.93 2. 31
2.28+1.95 10.69 2. 82
4.09 +2.55 11.84 +3.27
4.07 +1.88 12.79 +2.71
5.82+2.36 14.44 2. 49
5.98 £2.50 14.96 2. 16
3.77 £2.71 12.28 3.27
2.70 £2.16 11.01 2. 80
2.65 £2.02 11.40 £3.22
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Table 4 Phenotypic frequencies of characters in the sample and genetic diversity parameters in phenotypic types of wild soybean

PEARZERY Character type LIIES LB R Genetic parameter
Frequency Na A, H, H U
A Type PP 6. soja 0. 645 19. 00 9.56 0.0011 0. 878 2.467
AP G, gracilis 0. 355 16. 12 8. 41 0. 0027 0. 868 2.383
£ 14 Flower colour 2 Purple 0. 837 19.45 9.80 0.0012 0. 885 2.497
1 White 0.163 13.48 7.62 0.0039 0. 853 2.228
JEHE Seed bloom A Have 0.728 19.29 9.80 0.0016 0. 882 2.488
JG Not 0.272 15. 50 7.95 0.0019 0. 862 2.300
4% Pubescence E Tawny 0.901 19. 50 9.92 0.0018 0. 886 2.503
JK Grey 0. 099 11.21 6.76 0. 0006 0. 833 2.079
Fli Bz Seed coat Black 0. 688 19. 05 9.72 0.0014 0. 882 2.482
1% Brown 0.167 12.52 7.78 0. 0024 0. 859 2.219
4% Green 0.104 12.02 7.31 0.0031 0. 847 2.160
# Yellow 0. 048 8. 86 6.57 0. 0000 0. 828 1.972
A, Bicolour 0.053 8.95 6.22 0. 0024 0. 825 1.962
I Leaf shape BITR Ovoid 0.373 17. 60 9.41 0. 0019 0. 883 2.451
W5 Elliptic 0.411 17. 67 9.19 0. 0011 0. 876 2.433
P&t Lanceolate 0.216 15.76 9.14 0. 0000 0. 875 2.383

Na: FIRL R S RB A, PR ARG o, RS s L RRIGEL H SRR 2R

Na :number of alleles per locus; A, :effective number of alleles per locus; H, :observed heterozygosity ; /:Shannon-Weaver index;H : Nei( 1987 ) gene diversity

Bicolour seed coat
Yellow seed coat
Grey pubescence
Green seed coat
White flower
No- seed bloom
G. gracilis
Brown seed coat
Ovoid leaf
Lanceolate leaf

Elliptic leaf

Purple flower
|: Tawny pubescence Putative primordial characters

G. soja A
4'_7‘: Seed bloom
Black seed coat

\ | | | |
\ \
0.16 0.12 0.08 0.04

B3 1R#E42 33 SSR 5| WMBEF A RERRRER UPGMA BEE, A ARFHRERE B ARKBHEMERER
HEMMEBAMES A ARIE, AAZFRBHTERMERE, HM@mahr A XN E G RREMERT
Fig.3 An UPGMA dendrogram constructed based on Nei’ s(1978) genetic distances obtained by 42 SSRs representing

BAcquired characters

phylogenetic relationship of character types in wild soybean species. G. soja type G. gracilis type are two representatives of
intraspecies evolutionary levels within the species. Core clustering A was inferred to be primordial types,and elliptic leaf
type closest to the core clustering A also belonged to primordial type among the three leaf shapes. Core clustering B as well as

the other two leaf shapes and three seed coat colour types were inferred to be the evolutionarily acquired character types
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Table 5 Relative losses( A% ) of gene diversity and mean number of alleles per locus between primordial and acquired phe-

notypic types

JE LG HAR Primordial character type

PAFPEAR N »
; E 13 VB BE it LY %5
Acquired o .
Purple Seed bloom Tawny Elliptic leaf Black coat G. soja
character type
ANa AH ANa AH ANa AH ANa AH ANa AH ANa AH
7€ White 30.69  3.62
TGl No-seed bloom 19. 65 2.27
K Grey 42.51  5.98
BIIE M Ovoid leaf 0.40 +0. 80
P4l Lanceolate leaf 10. 81 0.10
2§ % Green coat 36.90 3.97
W Yellow coat 53.51 6.12
£ Brown coat 34.28 2.61
AT, Bicolour coat 53.02 6. 46
LA G. gracilis 15.00 1.25

ANa; SR FERIBUEAL ; AH  JE R Z R EAE L
ANa ; Variation of number of alleles; AH : Variation of gene diversity value
2.2 Soja LB E)FOF N FE KX RRIBE LN

H [ 2 B AR DR B AN B 1 d KR R
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15 3g Bbim 22 gy, BUAE 19 85 A= |~ B A 28 B0 ) &) 73
PR AR AT FORLE IS A SCHERY IR TR TR
T HF A R AN T RN R BV R TR 5t AL o3 Ak B
GBS NGBV R U AR O SR SO NIE R 3 i (5
U TR AL R B AR Ay FRLE 3 ~ 4g HY/D
BB A KRG 5 H R E 8. 51g LU 1 4 KOk 2f 1
ERGIEBA B2 ARE 8. 51g LU L AYFY
ML B A R TR TR R Gy R K2
HWRERCAB AR ARGy LB AR R Ay ™
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S L NGRS i Ll o % 3 NP R Uil )
RS IREEAE R FUR AR A AR B9 BE R, A T i
TR ST A 2207

RG KR SRS R (18 4 3R 6) , BF
AERE SRR GGG R TE R E 25, 5
HP AR KRG BAT IR BN W3 22 5 B A REP AR ARG K
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SRR S ISR {UB v LS B L g Sy NS ST A Y
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Fig4 An UPGMA cluster for 21 seed-size groups of the Chinese subgenus Soja based on Nei's(1973) genetic distance.
The cluster shows 4 groups,small-seeded wild soybeans( <1.5g and 1. 6 —2. 0g per 100-seed wt. ) ,middling-seeded
wild soybeans(2. 01 —2. 5g) ,semi-wild soybeans including large-seeded wild soybeans(2. 51 —3. 0g) ,and primitive
soybean landraces. Among wild soybeans,2 small-seeded groups had the closest relationship,,and middling-seeded and
large-seeded soybeans were further apart from each other. Large-seeded wild soybeanswere actually grouped as
semi-wild soybeans,being closely related to semi-wild soybeans with the smallest seedsize (3. 01 —3. 5g). This
figure clearly suggests that semi-wild soybeans are genetically similar to wild soybeansand

completely different from G. max despite the inclusion of extremely large-seeded soybeans
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Fig 5 A Neighbor-joining cluster based on Nei(1973)’s genetic distance with a Bootstrap number of 1000 and a
0. 95 confidence interval for 24 combined groups of seed-sizes and seed-coats in the generalized wild soybean.
¥ 5 M4 FIEE Brackets are number of accessions used.
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Fig.6 Occurrence of introgression between wild and cultivated soybeans of the subgenus Soja. There were high

ratios of heterogeneous accessions in large-seeded wild soybeans(2.5 ~3. 0g) and even in middling-seeded wild

soybeans (2. 01 ~ 2. 50g) . The most prominent characteristics were found in heterogeneous accessions. The majority

of wild interspecies heterogeneous accessions showed no-seed bloom,gray pubescence, white flower ,and colored

seed coats. Small numbers of primitive soybean landraces were also found to be consanguineous with wild soybeans.
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Fig.7 Natural occurrence of semi-wild soybean. Semi-wild soybean-like F, hybrid plants resulted
from wild soybean populations and soybean populations.
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A :mixed normal-sized wild soybean seeds produced novel plants with thicker stems( plot 25w, w-hybrid plant
no.25w-5) . B:mixed normal-sized soybean seeds produced novel plants with thinner, procumbent or twining stems

(plot 13¢, c-hybrid plant no. 13¢-4). The photos were 53- day old plants after sowing in Beijing.
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Fig.8 Natural occurrence of semi-wild-type soybean. Seed characteristics of semi-wild soybean-like

F, hybrid plants from wild populations( A)and from cultivated populations(B)
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A:w-G. gracilis generated by mixed normal-small and black seeds wild soybean seeds from wild population

(plot 25w) . B:c-G. gracilis generated by mixed normal-sized and yellow soybean seeds from the cultivated population( plot 13¢)
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