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Fig. 1. The sites of remains which carbonized grain legumes excavated In
Korean peninsula. The name of remains and the species of excavated

carbonized seeds are on the table 1.



Table 1. Legumes excavated from remains by periods in Korean peninsula.

No. Name of remains Species of carbonized Reference
seeds
Neolithic Period
Daecheonri Okcheon, habitation site
' 2
1 (BC 3500-3000) L, 1 seed (?) CG Han, 2002
2 |Sangchonri Jinju, habitation site L, 1 cotyledon (?) Donga Univ., 1999
Bronze Period (1500-300 BC)
Odong Hoeryeong, habitation site
3 |(Late BC 2000s) > A YH Do, 1960
Namgyeong Pyeongyang, habitation
4 |site (End of BC 2000s to Early BC |S YG Kim & GJ Seok, 1984
1000s)
Seoktanri Songrim, habitation site
5 (BC 8-7¢) A GR Lee, 1980
6 |Pyodae Pyeongyang, habitation site |S DI Kim et al, 2002
7 ;?Zggeunrl Yangpyeong, scattered S, A mark (Mumuntogi) |BG Son & YJ Lee, 1974
8 |Gungpyeongri Cheongwon, kiln site |S, A TS Park, 1994
9 Z{gongra“ Boryeong, habitation ¢ o yriona ¢ TS Park et al., 1996
10 }S_%izzjkseokdong Cheonan, habitation S, A NS Lee et al.. 1998
11 |Dosamri Seocheon, habitation site [A GA Lee & EJ Jo, 2005
12 |Wolgiri Seocheon, habitation site A? GA Lee & EJ Jo, 2005
13 |Wondong Pohang, habitation site WAZ2, SWS, S TS Park & YH Lee, 2003
14 |Bonggyeri Hapcheon, habitation site|S mark (pottery) BG Sim, 1989
15 ?:izledun Jinju, habitation site and S, A SG Lee & GA Lee, 1998
16 |Okbang Jinju, field (1000-900 BC) |S, A Donga Univ., 1999
17 gél)mdong Ulsan, habitation site (7C S A BI Ryu, 2000
Early Iron Period (300-0 BC)
18 |Gawaji Goyang, peat layer L YJ Lee et al., 1994
19 |Sichangdong Gwangju, lowland L ?5;17 Gwangju Museum,
20 |Samyangdong Jeju, habitation site |S CH Gang, 2001
91 Gan'gm.undor'lg Gangneung, A TS Park
habitation site
99 C.hodangdong Gangneung, habitation S TS Park
site
93 Cbodangdong Gangneung, shell A TS Park
midden
o4 Cheoncheonri Chuncheon, stone A TS Park
grave
25 |Wasuri Cheolwon, habitation site A TS Park
Proto-three Kingdom Period (AD
0-300)
26 |Juwolri Paju, habitation site L (S, A TS Park, 1999
27 |Dunnae Hoengseong, habitation site |S, S or A mark(pottery) [YH Won & BG Choi, 1984




28 |Anin Myeongju, habitation site S HG Baek, 1992
99 g}iatlé)yeongrl Yangyang, habitation S A TS Park, 1999
30 |Suyanggae Danyang, habitation site |S, A, M YJ Lee, 1996
31 |Gajungri Buyeo, habitation site A TS Park
32 |Gwanwonri Gunsan, habitation site |A Wonkwang Univ., 2003
33 ii(zzgcheondong Jeonju, habitation WS ES Ra, 2004
34 |Misadong Hanam, habitation site A TS Park
35 |Sonamri Sancheong, habitation site |S, A, M, C Busan Women's Univ., 1997
Three Kingdom Period (AD
300-668)
36 l;liggnaptoseong Seoul, habitation A TS Park
37 |Dongtan Hwaseong, habitation site |S, A, WAL TS Park
38 |Bangokri Buan, scattered site S mark (pottery) YR Jeon, 1975
39 |Tosanri Buan, fortress palisade site L mark (pressed mark YR Jeon, 1975
pottery)
40 |Simpori Gimje, habitation site A BH Ryu & HS Choi, 1999
. L . Honam Cultural Property
41 |Singeum Haenam, habitation site S, A Research Center, 2005
42 |Yangjangri Muan, habitation site S YC Lee & HN Yun, 1998
43 iietuelgbangchon Jangheung, habitation S, A SM An, 2005
g4 [Buwondong Gimhae, shell midden | (0 o6 g ang A BG Sim, 1981
and habitation site
45 |Jeopo Hapcheon, habitation site A M EC Lee, 1987
16 Bon.gm.yeongdong Cheongju, S TS Park
habitation site
. L . Jungang Research Center of
47 |Wonbukri Nonsan, habitation site WAL Cultural Heritage, 2001
. . Buyeo Natl. Research Inst.
48 |Wanggungri Tksan, pit L of Cultural Heritage, 2003
49 |Jongdalri Jeju, shell midden S Shell heap, Jongdalri, 2000
* L ¢ Legume, S : soybean, WS : Wild soybean, SWS : Semi-wild soybean, A : Adzuki bean
(Vigna angularis), WAl : Wild adzuki bean 1 (Vigna angularis var. nipponensis), WA2 : Wild
adzuki bean 2 (Vigna nakashimae), M Mungbean (Vigna radiata), C Cowpea (Vigna
unguiculata).
ZEAe] Ao wpe TR $2o XD wW ¥ 29 2rh 2EAY AL A7
of #Aglel TAA, EHAF, shHW, | F54 F +HdFgH FeAV EES A
A5t 271-7IA g9k A=Al dlol = alQtol A 77 frEol Bol AU



Table 2. Classification of excavated legumes by topography.

Topography
Period Alluvion and river Riverside and | Hill area and low Others (Lowland
. . . Coastal area
drift submerged area| altitude mountain and valley)
Neolithic Sangchonri Jinju |Daecheonri
Okcheon
Bronze Odong Hoeryeong, Pyodae Baekseokdong Seoktanri
(1500-300 |[Namgyeong Pyeongyang, Cheonan, Songrim
BO) Pyeongyang, Bonggyeri Daundong Ulsan,
Yanggeunri Hapcheon, Wondong Pohang,
Yangpyeong, Okbang Jinju Dosamri Seocheon,
Pyeongrari Boryeong, Wolgiri Seocheon
Eoeun Jinju
Early iron |Gawaji Goyang Samyangdong Jeju |Gangmundong Sinchangdong
(300-0BC) Gangneung, Gwangju
Chodangdong
Gangneung
Proto- Juwol Paju Sonamri Simpori Gimje, Aninri Myeongju,
three Dunnae Hoengseong |Sancheong Songcheondong Gapyeongri
Kingdoms |[Suyanggae Danyang Jeonju Yangyang
(AD0O-300) |Misadong Hanam
Three Sangbangchon |Dongtan Hwaseong, Yangjangri
Kingdoms Jangheung Bangokri Buan, Muan,
(AD300- Tosanri Buan, Jeopo Hapcheon
668) Singeum Haenam,
Buwondong
Gimhae

g3l Fy opAF e FA AVE ¥ 33 g} watd Fo A7)
A AR QHA ARG, Fo= FRlgt F&E F Hs7IAY
Y FHE FES H7o2 o] 4.0mm, YH| 3.4mm, FZEH] 1.18% &
9] 1l Aol 4.5mm, HH 3.1mmGE 4)¢F, & 5(1999)°0] H s
T T 5 7P A A Aol 3.8mm, YH] 3.4mmetE H]s(EE 5) F
ZH7F AHE o 1.150] ° 77k Aotk 3 Ao AT BHEE A CA
ZEYH AHFE 4ol 4.3mm, YH] 3.1mm, FZH] 1.38% oI 7M7E Ao =E
Boln, FAAZANY 4+ HF FHANA =EH AHIS o] 3.5mm, YH|
3.0mm&E A7) opFol A AEH = 1168 AuEI} H|SEke], B 2o A
ZEY obgFor WY FE(Zo] 3.2mm, UM 2.7mm, FZ¥] 12003} o2 W
ol A ekttt A AAMTIAIY & dHY FES FF 182 27 5.0mm, 77
2.0mm= oA F o] A7]¢} Hlzel, AAE A EFHE A eFoba lo] o A
=

FH(2004)= AAIAI AWFe] F7]= 7192 100090 FHO HY EHy §H-e
7S A7)0 9ol obAET 2 o7l glom, A7 HOoR o|RT} =L S A
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Table 3. Seed size of carbonized soybeans and wild soybeans excavated from

remains in Korean peninsula.

Period Name of remains |Spe—| No. of Carbonized seed size (mm) Seed length
cies” |samples Length | Width |Thickness|/seed width
Neolithic Daecheonri Okcheon |L (?) 1 Mean 5.0 - 2.5 -
Bronze Gungpyeonri S 2 Range |3.5-4.5|3.1-3.7 - 1.13-1.22
(1500-300 |Cheongwon Mean 4.0 3.4 - 1.18
BC) Pyeongrari SWS 13 Range [4.0-5.812.9-4.0| 3.0-3.1 1.25-1.93
Boryeong Mean 5.0 3.3 - 1.53
Baekseokdong S 2 Range [5.5-7.0| 4.2 - 1.31-1.67
Cheonan WS 1 Mean 3.0 2.3 1.30
Wondong Pohang S 99 |Range |5.3-9.1]3.9-6.8| 3.4-6.0 | 1.07-1.61
Mean 7.2 5.4 4.7 1.34
SWS 5 |Range [4.2-5.3|3.3-4.1| 3.1-3.7 | 1.24-1.32
Mean 4.8 3.7 3.4 1.29
Early iron [Chodangdong S 107 g | Mean 8.2 5.8 4.8 1.42
(300-0 BC) |Gangneung
Proto- Juwolri Paju WS/ 100 |Range |2.9-5.0(2.4-4.0] 2.5-3.2 | 0.88-1.48
Three SWS Mean | 4.1 3.3 2.9 1.24
kingdoms  [Gapyeongri S 13 |Range |5.0-6.6/3.9-4.6] 2.9-4.0
(AD 0-300) Yangyang Mean 5.7 4.2 3.4 1.36
Songcheondong WS ? Mean 4.7 3.2 - 1.49
Jeonju
Three Dongtan Hwaseong S Mean 7.1 4.3 3.9 1.66
kingdoms  |Sangbangchon S Mean | 6.2 5.1 4.3 1.22
(AD Jangheung
300-668)  |Bongmyeongdong S(SS) 8 | Mean | 4.3 3.1 - 1.38
Cheongju S(LS) Mean 6.3 5.0 4.6 1.27
Unified Chilgok Daegu S(SS) 7 Mean 3.5 3.0 - 1.16
Silla (AD SLS) 7 | Mean| 6.1 5.3 - 1.15
668-936) WS 60 | Mean | 3.2 2.7 - 1.20

* L ¢ Legume, S : soybean, WS

: Wild soybean, SWS : Semi-wild soybean, SS : Small seed, LS

. Large seed.

Table 4. Variation of seed

accessions (Lee, 2006).

length, width, and thickness for 161 wild soybean

Seed length/seed width
Mean
1.43

Seed width (mm) Seed thickness (mm)
Mean

3.14

Seed length (mm)

Mean
2.59

Mean
4.46

Range
1.23-2.10

Range
1.06-3.18

Range
1.32-3.96

Range
2.15-5.76




Table 5. Variation of seed length, width, and thickness for Korean landrace

pools with different seed coat color (Yoon et al., 1999).
. . Seed length

Seed coat Seed length (mm) Seed width (mm) Seed thickness (mm) .

lor /seed width

coto Mean Range Mean Range Mean Range Mean
Yellow 7.60 5.70-10.35 6.64 4.97-8.99 5.48 1.73-7.19 1.14
Green 7.89 5.77-10.63 6.97 5.17-8.90 5.63 4.50-7.18 1.13
Green mixed | 6.63 3.82-10.41 5.85 3.37-8.49 4.90 2.51-6.83 1.13
Brown 8.71 6.16-10.76 7.59 4.76-9.51 5.93 2.95-7.77 1.15
Brown mixed| 8.23 6.62- 9.08 7.13 6.25-7.74 5.80 5.47-6.24 1.15
Black 8.83 5.67-11.23 7.51 5.37-8.81 5.79 3.00-7.04 1.18
Pooled 7.98 3.82-11.23 6.95 3.37-9.51 5.59 1.73-7.77 1.15

SHitC oA ZEH B3l Vignas(55-%) X 271+ ® 63 Zo, gstd 29 =
71 Aldle] & dAS AF2 gt 2oz A F&E T A7 g 2E9
A B4 5] 3.3mm, UH] 2.8mm, FEH 1.19), A=A A5 AuE
FE(Ho] 2.9-4.0mm, YH 2.0-3.0mm, FZ4H] 1.16-2.00) oA (Aol 4.4mm,
YH] 3.4mm, FEH] 1.30, 3 7)ol 77h Ao R HAt)

ol9} Z(2005)% ZAtE] B AV s 49 AAHH dA An HFgR
Atk ae FAA vl AED A 53 theF §4 FAA vl An ol
B 12ET 21190 98 nF tetez AFHAR, @4 BE EE w1 2
el WMok 2 Hom B o, wiel el Re pAFolR nThe 4% FF

2

© Z27] AlEe] dFelgta skt

Table 6. Seed size of carbonized Vigna excavated from remains in Korean

peninsula.
Period Name of remains | Species No. of Carbonized seed size (mm) Seed length
samples Length | Width |Thickness|/seed width
Bronze |Gungpyeongri A 2 Range |5.0-5.1|3.4-3.8 - 1.34-1.47
(1500-3 |Cheongwon Mean 5.1 3.6 - 1.41
00 BC) |Pyeongrari Boryeong A 1 Mean 4.0 3.0 3.2 1.33
C 2 Range |5.3-6.7| 3.3 3.3 1.61-2.03
Mean 6.0 3.3 3.3 1.82
Dosamri Seocheon A 11 Range [2.6-4.2|1.8-3.5 - 1.06-1.50
Mean 3.3 2.8 - 1.19
Wondong Pohang WAZ2 1 - 3.6 2.6 2.5 1.40
Early Gangmundong A 20 Range |3.9-5.3|2.7-3.7| 2.0-3.7 | 1.20-1.68
iron Gangneung Mean 4.4 3.2 2.8 1.38
(300-0 |Chodangdong A 0.4 g | Mean 4.3 3.1 3.0 1.39
BC) Gangneung
Cheoncheonri A 147 |Range |3.3-6.3]3.1-3.8 - -




Chuncheon Mean 4.4 3.6 - 1.25
Wasuri Cheolwon A 134 |Range|3.3-6.0|2.6-4.3| 3.0-4.5 -
Mean 4.9 3.4 3.7 1.48
Proto- |Gapyeongri Yangyang A 13 Range |5.1-6.7|3.0-4.0| 2.5-3.3 -
Three Mean 5.9 3.5 3.0 1.67
kingdoms|Gajungri Buyeo A - Mean 4.8 3.3 2.9 1.44
(AD Simpori Gimje A - Mean 4.6 2.9 - 1.59
0-300)  [Misadong Hanam A 30 |Range |4.1-6.0|2.9-4.5| 2.7-3.8 | 1.25-1.81
Mean 5.2 3.5 3.2 1.52
Three Dongtan Hwaseong A (LS) - Mean 5.4 3.6 3.3 1.53
kingdoms A (SS) - Mean 4.6 3.3 2.7 1.41
(AD WA1 Range |3.6-4.1|3.0-3.1 2.6 1.16-1.35
300-668 Mean 3.9 3.1 2.6 1.26
) Sangbangchon A 50 Range [2.7-4.1]2.1-3.2 - -
Jangheung Mean 3.4 2.7 1.25
Pungnaptoseong A - Mean 5.7 3.8 - 1.50
Seoul
Wonbukri Nonsan WAL 15 Range [3.0-4.2|2.4-2.9| 2.6-3.1 1.26-1.70
Mean 3.8 2.6 2.8 1.46
Unified |Chilgok Daegu A 381 |Range |4.6-5.5]3.3-3.9 - 1.42-1.43
Silla(AD A (LS) 262 Mean 5.5 3.9 - 1.43
668-936 A (SS) 119 Mean 4.6 3.3 - 1.43
) M 63 Mean 4.3 3.3 - 1.31
Chosun |Busosanseong Buyeo A 165 |Range |3.6-5.6(2.8-4.4| 3.0-4.4 -
(AD A (S1) 106 Mean 4.3 3.1 3.0 1.37
1392-19 A (S2) 59 Mean 5.0 3.7 3.6 1.35
10) WAL 32 | Mean | 3.8 2.9 2.7 1.34
M 57 Mean 4.5 3.4 3.3 1.32
x A Adzuki bean (Vigna angularis), WAl Wild adzuki bean 1 (Vigna angularis var.

nipponensis), WA2 : Wild adzuki bean 2 (Vigna nakashimae), M : Mungbean (Vigna radiata), C :

Cowpea (Vigna unguiculata), SS : Small seed, LS : Large seed, S1 : Sample 1, S2 : Sample 2.

Table 7. Variation of seed size of wild, weedy, and cultivated adzuki bean

collected from Korea and Japan.

. Seed thickness Seed length
Species |Country Seed length (mm) | Seed width (mm) (mm) Jseed width
Mean Range Mean Range Mean Range Mean Range
Wild Korea? | 4.7 3.4-5.9 3.5 2.8-4.1 - - 1.32 | 1.16-1.61
Japan? | 4.1 3.7-4.6 3.2 2.8-3.7 2.8 2.4-3.3 1.28 -
Pooled | 4.4 3.4-5.9 3.4 2.8-4.1 - - 1.30 -
Weedy Japan 5.0 4.3-5.8 3.9 3.2-4.6 3.5 2.8-4.3 1.28 -
Cultivated|Korea 7.2 5.5-8.6 5.6 4.9-6.1 - - 1.29 | 1.14-1.58
Japan 6.8 5.2-8.4 4.9 3.5-6.2 4.4 3.0-5.8 1.39 -
Pooled 7.0 5.2-8.6 5.3 3.5-6.2 - - 1.34 -

1) Data from Kim et al., 1998

2) Data from Tomooka et al., 2002 and means were calculated from minimum and maximum.
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Hymowitz and Kaizuma(1981)% o}AJo} 157 =7} & x]YojA dojz 1,603 =
Zo gk 2709 @A thEd A (alleles)S A SATHE 8). Ti?, Ti°, Ti‘®R FAH
= Kunitz trypsin inhibitor(FFHZ=E Rl #2012} = SBTI-Ax9 37 W HAAE
2 71dsHd oz &-olFE(retention factor value, Rf7hHe] 0.79, 0.75, 0.832.=
gdeba] Am REn Spr FAGM A ®= B-amylase® Spit9t Sp’E EAIHE 2
Mol A=l A=, A7 H R §dolsgo] 0.36¥ 0428 He} A=
wdth T FFY 94%= Ti* HEdAE RaL, are] 2% F PI57440(FF
 PI196168(M )2 SBTI-A, ©ldS WfskA] ke m(ti), 25T (37128 1, 3
= 1)& Ti‘E EArstsith

Table &. Distribution of alleles of the Ti and Sp; loci in soybean accessions

from 15 Asian countries or regions (Hymowitz and Kaizuma, 1981).

No. of Plant introductions in each ) Plar.lt )
Country or region introductions category % Ti’ introductions in\ % B
tosted ' ' ' ' each category | Spl

Ti? Ti? Ti¢ t1 Spl? Spl?
Korea 417 366 48 1 2 11.5 83 334 |19.9
USSR 16 16 0 0 0 0 2 14 | 12.5
Northeast China 661 656 5 0 0 0.8 66 595 | 10.0
Central and south China 142 138 4 0 0 2.8 12 130 8.4
Taiwan 18 17 1 0 0 5.6 0 18 0.0
Philippines 20 20 0 0 0 0 1 19 5.0
Vietnam 5 5 0 0 0 0 0 5 0.0
Thailand 34 34 0 0 0 0 0 34 0.0
Malaysia 13 13 0 0 0 0 0 13 0.0
Indonesia 33 32 1 0 0 3.0 0 33 0.0
Burma 2 2 0 0 0 0 0 2 0.0
Nepal 14 14 0 0 0 0 5 9 | 35.7
India 219 184 35 0 0 0 52 167 | 23.7
Pakistan 4 3 0 1 0 0 0 4 0.0
Afghanistan 5 5 0 0 0 0 0 5 0.0

A 5(1990)8 polyacrylamide gel electrophoresisE o]g&3sle] F& 3= A=
1,706, &= AhZE 1674, oA=& s 1034, 9= 71@01] 3t trypsin
inhibitore] Wol& FA3l A3} trypsin inhibitorE 7314 &2 ti/tig 3 Ti c/cH
Stor ATl AT BAFEN e, Ti'ES Hymowitz®e Ui F FFolA His
v Qloy Ok o] ATE = =Y JheAdel Avkal Bk bk Qv = 79
oA trypsin inhibitore] #3k o] A o] ZAW L) o= 7|Y( FoA HrT) H
A oEokon, A TN 3.6%(N=61)2F oFAFAA 9.7%(N=10)°]R o, F44 2

rlo

S



2 Hol = A F Fol vla = 7] Fol 7MY & WolE YUeI &
& S
Table 9. Soybean trypsin inhibitor phenotypes of Korean native soybean

cultivar and wild soybeans (Kwon et al., 1990).

Cultivar N Ti a/a Ti b/b Ti c/c Ti a/b Ti b/c Ti c/a ti
Landraces| 1,706 1,399 226 16 34 11 16 4
(82.0%) | (13.2%) (1.0%) (2.0%) (0.6%) (1.0%) (0.2%)
Wilds 103 90 3 0 6 0 4 0
(87.4%) (2.9%) (5.8%) (3.9%)
Wby A(1993)2 24154154 = AldE T st ofAE 144418 E33sE F
o AR Aol B givte] ofAlFE 5 22874 %0 w3k B-amylase Wo|E HAE A

3 374 4248 Amy3 1-1, Amy3 2-1, Amy3 2-27} A=HA S, B-amylase
7} $l Amy3 N2 AujEa ool A A== 2gTH(EE 10, 3 11). = A
= 3 =219 B-amylase +XE Amy3 1-1°] 76.7%% Amy3 2-239] 20.0%H.t}
Zotom o] ATAA Amy3 2-12 3.3%7F LAHAT Amy3 2-29] Ex= vt
of wel & Aol7F yA] = AFel A 19.9-20.0%, T AWIE 4.6-9.7%, L
AulF 5.5%, A= AAF 23.7%= S A=} HIZEA HIETE k) S of
AFol Amy3 2-2 ¥ 32.7%% AAF2 20.0%HTF =9k, ol T, dE 5
NHE & Az APFS Amy3 1-1°] Hgow, ofgFdAE Amy3 1-13
Amy3 2-2+ Hl2eE vl g2 YERT oA FAR Amy3 2-12 9.0%= A HFTE
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Table 10. Distribution of PB-amylase of Asian soybean -cultivars (Park and
Kwon, 1993).

Country N Amy3 1-1|Amy3 2-2|Amy3 2-1| Amy3*™ | Amy3 N References
Korea 2,415 (71695‘;0) (2é?04%) (3?80%) Park and Kwon, 1993
417 (80:.35;)) (19%3%) Hymowitz et al., 1979
India 219 (76.1??‘770) (23?72%) "
China 12277 | g | om ©0.6%) | ©6m [Shuwen et al. 1991
South | 744 (95.700;;) (5.03;(;)
Central| 814 754 47 8 5




(92.6%) (5.8%) (1.0%) | (0.6%)
North | T19| (o5'ic0) | (o 01% | (11%)
China 803 (90"732(2) (9;Z> Hymowitz et al., 1979
Japan i (94%55%) (5.2?%) "

Table 11. B-amylase phenotype and gene frequencies in Asian origin wild
soybean (Park and Kwon, 1993).

Country N Amy3 1-1|Amy3 2-2|Amy3 2-1|Heterozygosity (%) gene frequencies
China 33 31 5 2 5.3 Amy3f1=0.8421i0.0481
(86.6%) (13.1%) (5.3%) Amy372=0.1579%+0.0481
Korea 144 84 47 13 9.0 Amy371=0.6285+0.0285
(58.3%) (32.7%) (9.0%) Amy3"2=0.3175+0.0285
Japan 30 11 16 3 10.0 Amy3f1=0.47164_r0.0636
(36.7%) (53.3%) (10.0%) Amy372=0.5833%£0.0636
14
USSR 14 (100.0%)
. 2
Taiwan 2| (100.0%)
Total 228 142 68 18

+(2000)2 3=, T, A AAF F9 isoelectric focusing (IEF)e] 9|3+ B
—amylase T 849 WHole} Ay EXE ZASE A3 Hymowitz & Kaizuma
(198D &= i F& Aol qtwrol 7P 77hs] Tive} Sple] Wkrh ol &

2 Ti"Ti"Sp1Spl*H#8d & 7}
A= diE dAUFET =4 g3t 7Fsde] 71 = Aolgkal sl o, o] Ao A
o

= =
= (= 9 RSN AR e FAE Y dAE e ¢ ITHE 12, £ 13).
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Table 12. Distribution of P-amylase isozyme variations of Korean, Chinese,
and Japanese soybean germplasm by isoelectric focusing in pH 4~6.5 gel
(Yoon et al., 2000).

Country (n)/Locality (n) Low pl type (Sp1P) High pl type (Spl?)
Korea (771) 70.7% 29.3%
Kyunggi (78) 84.6 15.4
Kangwon (47) 76.5 23.4
Chungchong (43) 69.8 30.2
Chulla (249) 73.4 26.5
Kyungsang (354) 64.9 35.0
China (237) 89.9 10.1
Northeast (195) 93.8 6.2
Central (28) 67.9 32.1




South (5) 80.0 20.0
Others (9) 77.8 22.2
Japan (144) 93.1 6.9
Hokkaido (72) 95.9 1.4
Honshu (60) 90.0 10.0
Kyushu (2) 100.0 0.0
Others (10) 90.0 10.0

Table 13. Distribution of low pl types of amylase isozyme of Korean, Chinese,
and Japanese soybean germplasm by isoelectric focusing in gel of pH 4~6.5
(Yoon et al., 2000)

. Low pl type
Country (n)/Locality (n) A 5 B G
Korea (545) 85.0% 13.6% 2.7% 1.3%
Kyunggi (66) 100.0 0.0 0.0 0.0
Kangwon (36) 86.1 13.9 0.0 0.0
Chungchong (30) 90.0 6.7 0.0 3.3
Chulla (183) 78.2 16.3 4.9 0.5
Kyungsang (230) 85.4 12.2 1.2 2.2
China (213) 86.7 10.9 0.5 1.9
Northeast (183) 89.6 8.2 0.6 1.7
Central (19) 63.2 31.5 0.0 5.3
South (4) 100.0 0.0 0.0 0.0
Others (7) 71.5 28.5 0.0 0.0
Japan (134) 81.3 16.4 0.7 1.5
Hokkaido (69) 82.6 16.0 0.0 1.4
Honshu (54) 77.8 18.5 1.9 1.9
Kyushu (2) 100.0 0.0 0.0 0.0
Others (9) 88.9 11.1 0.0 0.0

Griffin and Palmer(1995)+ USDA 3 FdAY FEANA 100549 w32

258741 ¢] obgFol I 13%9) BARL AANA FAAPL 2AGTE Hvlo)A
FEH AL F EFES R} AT FHE} 2 el Sakga, Awsh
d-Fobilol $AEIEE oMU £UEH A4 LA LA AR, AN 9
$349 49 TRF Aom FAHUL. 1ES Fyopreld AMFE FAES

5] 5
Aco3-b, Dial-a, Enp—a Wl@AAte] WIxrl =k7] wjio] thE xJo] AujFy} v}
2o g ddsnh. g =& ATy TS WE ATy FHTLERY
Hoje] Hebs thEstohar Albsiith. Egk AwiF 1w Fe] Age dHbdo® A
W F 2 of A E AFitHE T ATt EYFTOERE Mol st sidE AwlE &
T T, 98, S wEAMEol X9 F#xF] 7B 7H7kRith. Unrooted
phylogenetic trees?7} ZH = A=H|, oFAT 15 stte] o5 FAds L AlF
THETH FEEAGT. gk ol A FAY AWE FHE 1S T A



FAe WA welel YA, AW F3 FAA FAe] IFE v @
w9 g-FobAlol £YEIRES FAT FPEN 1Y P WAL AUk B
dobrlote] 14 B9 AT FHES BEAQL, e TFT FEHAT

Table 14. Nei's genetic distances between groups of soybean (G max) and

wild soybean (G. soja) accessions (Griffin and Palmer, 1995).

G. max accessions G. soja accessions
Species and Origin” Origin”

origm Cul(tg)ars China|IndSCA |Japan|Korea| ManSib |[SEAsia|Europe |China|Japan |Korea | ManSib
G. max cultivars (P) | 0.020 |0.009| 0.042 |0.012|0.016 | 0.010 | 0.054 | 0.019 |0.115{0105|0.137 | 0.099
G. max cultivars (H) - 0.033| 0.055 [0.032]0.041| 0.037 | 0.073 | 0.050 [0.133]0.109|0.156 | 0.121
G. max China - - 0.033 |0.028]0.031| 0.007 | 0.054 | 0.015 {0.133]0.124]0.152| 0.110
G. max IndSCA - - - 0.054]0.061| 0.057 | 0.049 | 0.045 |0.155|0.148|0.151 | 0.156
G. max Japan - - - - 10.011| 0.035 | 0.046 | 0.031 |0.144]0.122]0.157| 0.131
G. max Korea - - - - - 0.029 | 0.064 | 0.034 |0.156|0.136|0.170| 0.143
G. max ManSib - - - - - - 0.086 | 0.022 |0.111]0.104|0.137| 0.087
G. max SEAsia - - - - - - - 0.080 |0.270(0.219]0.243 | 0.261
G. max Europe - - - - - - - - 0.142]10.161(0.177 | 0.134
G. soja China - - - - - - - - - 10.036]0.026 | 0.019
G. soja Japan - - - - - - - - - - 10.030| 0.040
G. soja Korea - - - - - - - - - - - 0.044
* P= North American cultivars developed by section from plant introduction; H = North

American cultivars developed by hybridization breeding; IndSCA = India-South Central Asia;
ManSib = Manchuria—Siberia; SEAS = Southeast Asia.
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eluete] AAE ol T2 /19AY wrhEel we) u Pdd SER P5HHol

U3k gene pools T3kl e+ FASATE E3F microsatellited] &3 oA
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e veglen, dud B ddde 8% AUE gl 0.809% 71E Ee
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Yu and Kiang(1993)2 d3te] ofAlF 67 AsS 177 sHaref 17H chal 2] of]
st 3571 S FARSE A3 HaE 94719 diHAA T 727017 EAEA Y. F A
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Table 15. Number of alleles at each simple sequence repeat (SSR) locus in

Korean, Chinese, and Japanese soybean germplasm (Yoon et al., 1998).

Locus Group of soybean landraces Total number of
Korea China Japan alleles
SAT1 9 9 8 12
SAT43 7 8 7 13
SATT1 8 4 5 10
SATT?2 8 7 6 11
SATTS 7 7 7 8
Total number of alleles 39 35 33 54
Total number of individuals 23 19 19 61

Table 16. Comparison of simple sequence repeat (SSR) diversity levels by
Nei's method in soybean landraces originated from Korea, China, and Japan
(Yoon et al., 1998).

Group of soybean landraces

Locus Korea China Japan Average

SATI1 0.843 0.853 0.840 0.842

SAT43 0.775 0.831 0.831 0.812

SATT1 0.836 0.678 0.580 0.698

SATT?2 0.775 0.781 0.731 0.762

SATTS 0.819 0.803 0.825 0.816

Average 0.809 0.789 0.761 0.786
Aukd © 2 Eukaryotic(f&A|3E) DNAOA = F71e] thhlxrt S o] FH EA)
shedl, o] S ol 27t gyAa dlA 14UHoR Mdsta dE 5T
typeS haplotypeo]dtal 3t} Haplotype =9 AHA7l 53t ejael Ao
2RE O 0 AR A3 aSd 0 B2 99 g @749 sty

A g aE dA WHes eE dHA Ut

Xu 5(2002)2 ofrloto] ofg yetol A FE 32659 ofA Aw) F FAA
o] &4 DNAC SSR(simple sequence repeat) <, cpSSRe] WolE ZA}el =,
oRAFA T EE WolArE wAHAoY AiFeAE 147FAR EAESIT
Haplotype< ok Fol+= 52717 SA6IS v Al Fol = 870TF EA18F AL, A&
o] 75%< haplotype no. 495 R rsl ot ofBFE A HH- 683 T HiH
o] 14 5 7Hwro] Bk, Aol EA8t= YA 7 haplotype §3& A

o
=
Aog Fxakgled, 3 3 mo. 21, no. 267 no. 48)> =EQlaL, sUd 7H7}9
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haplotype ©oFAE-9 #x¢ THEHA=H 1 Aol oAt & cpDNAE 7HA|
= AMFE tE oFA 9 genepoolZH-EH H= AuF I ofBF Ho FFH TGO ER
H o A 5gA oz 7|dsidvtar skl

T 5(2002)& ofAE 58% 3 AulE 249% ol 3 479 FEAS B4 A
ofAlFo] AujFel Hsto], FmAHEo] LA WF| H|s} =7t
FRoU, FHEAY A AT Aolete] FEE e glth

Tomooka 5(2001)3 Xu 5(2000a, 2000b)2 AEo|A Fxd L oy} F+
ol FE Hhol wxete HuS 17168, EHEFULkE), A1) A] i 4
o] M1, DNA FFol e FJou-Faztyo] w3k Atk oA, o] Ao
-2 gFdsHeldtal apglon, g o|a & AujE ] vt
Gl A FaF(hEDA S A A oAl Za, Asists B gk ohyAd
W o2 ofFo] AuFrRet Zu, dE FoAx= RAPD ¥ AFLP ¥4 <]3]A

ol
30 ril

M

Yee 5(1999)2 RAPD ¥ AFLP tg&4% %z‘sﬂﬁ, Ao F3 T gt
LRI Bt AL TR O R R S I VAN S R
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A& sk3laL, Isemura 5 (2001)2 TR A v’f—@u% oM Fopropel &y F
9] o o o]

) ulge] @ol Holdt f114 EAL AL 9ee FHSYL, P4 YA
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23 UF - Seke] B el f10F Pas 24 dede SeskgtiCid F, 2001;

Zong &, 2003a).
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w 5ol ofAFo| A Au|F o R o3 AHli=y EA o] rt. = I AES}
Q) E194NE AAFAT 1 oA ol ofAF W A

F wEsh to] viwg AAH A
T W/E EAF) 2AN Fo| J19L FFRGF} 1 o@ATE FEHL
F(1978)E FF WA B okgFel 1T PEUTHE o 2AG ] U
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A T3 59 35-45° A FA 7|Hhe FESSH

Hymowitz and Kaizuma(1981)F<2 T oA =3l¥ F ofA|o}o] oy xdo = A
o] 23k B ARETH A FFol FHEAH, o] AAES FY 23
ARz Al (secondary gene center)S X&3tthal &}913l, Kunitz trypsin inhibitor
(Ti)¢k B-amylase & E2(Spl=Amy3) &4 | ej78ste] ofAlope] 7 AL
SHE AL, o] FAHES 1D T %:'TJ"TLQ]' A9, 2) T3 THe B, 3)
?‘}%, 4) 9, 5) vk & oo}, 6) Sk HES UZ, 7) A% FH solth. 1E
= 7EARTRY F Ay A2E Adeed, AAR TS ] wzstr] uw
of HE Bty wAe dart ER Fgon, AR AAAERE Fo os
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Table 17. Nei's standard genetic distances between regional populations and

cultivar groups of soybean accessions (Hirata et al., 1999).

I:r?c%lgzilivz(iplglll‘iigrsls nHon | cHon | sHon | Shi Total KXU S Oki |Korea|China
Hokkaido 0.041]0.035[0.05310.054]0.053{0.053]0.120{0.08210.039|0.062
Northern Honshu (nHon) 0.005]0.017(0.02510.012]0.022|0.0670.061]0.034 |0.077
Central Honshu (cHon) 0.01410.026(0.01410.020]0.074{0.05710.032|0.073
Southern Honshu (sHon) 0.011]0.022]0.003]0.120|0.081|0.046|0.071
Shikoku (Shi) 0.039]0.010]0.151|0.111{0.058|0.088
Kyushu (Kyu) Total - - 0.04410.025]0.067

Autumn cultivar group (A) 0.12210.09210.044 |0.075

Summer cultivar group (S) 0.05210.07110.129
Okinawa (Oki) 0.056|0.056
Korea 0.032
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Table 18. The earliest archaeological remains and literature records of

soybean in China (Zhao and Gai, 2004)

Area Earliest remain Earliest literature Earliest civilization
Site Time Name of book Time Site Time
Northeast|Ning'an About 3000| (Yi Zhou|About 3000|Hongshan About 8000
China county, years ago |Shu) , {Guan|years ago |excavation, years ago
Heilongjiang Zi) recorded Yangshao
and Yongji '"Rongshu' excavation
county, Jilin
Huang-Huai|Houma city, |About 2300| {Shi Jing) About 4000|Dawenkou About
—-Hai valleys|Shanxi years ago |recorded years ago |excavation, 10000
"Houjie Yangshao years ago
planted excavation,
soybean" Longshan
excavation
G. soja relic  |About 6000| {Zhou Li)




Wuyang city, |years ago |recorded the
Henan distribution of
soybean
Southern Changsha, About 2200| {Chu Ci) , About 2200/Hemudu About
China Hunan years ago {Yue Jue years ago |excavation, 10000
Shu) Quijialing years ago
recorded excavation,
'"Wugu® & soy Majiabin
production excavation
Jiangling city,
Hubel

Table 19. Distribution of cpSSR haplotypes of cultivated soybean in different
regions of Asia (Xu et al., 2002).

cpDNA types/cpSSR haplotype
No. of T [ and
Region accessions Type III ?yepe 6111
tested no.20 [no.21 | no.25|no0.26 |no.29 | no.34 | no.48 |no.49

Northern Japan 21 4 17
Southern Japan 20 6 14
Korean peninsula 19 2 4 1 12
Northeast Chma and 19 7 12
far-eastern Russia
Huang—HuarHal River Valley 91 5 16
of China
Chgngnang River Valley of 39 1 6 95
China
Southern China 23 2 1 1 1 18
Southeast Asia® 15 1 14
South and Central Asia® 13 1 1 2 9
Total 183 9 1 21 1 8 5 1 137
a) Vietnam, Indonesia, Thailand, and Myanmar
b) India, Bhutan, Nepal, Pakistan, and Kirgyz
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oA 7= Bke} o] & (2002)2 F-Euetel= Aujge] dxFd opyEI} o7
Ago] A=A ow BFaa Qrta o s 111(1993)8 F4L A5go] vt}

Zong 5(2003a)& F&, Tw, A%, &, g, vlFE T 2 AwE 1233, oA
R x4 2345 AFLP primer 1235 ARgshe] £49 d¥ 2 f3Aeds A=A
AR = W D slEetel opBF, 2) vERE AE, DT T, 9 divt of
BZH F& AME, 5) $HoF FHF F oM 222 BERE & AN, SHoMA o}
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Origin of Legumes Cultivation in Korean Peninsula by Viewpoint of Excavated
Grain Remains and Genetic Diversity of Legumes

Yeong—-Ho Lee and Tae-Shik Park

<ABSTRACT>

It has been presumed, in general, that legumes in Korean peninsula have been
cultivated since they were introduced from Northeast or North, China in the
seventh century BC. Recently, carbonized legume seeds were excavated from
the Neolithic vestiges sites in Korea, such as Daecheonri in Okcheon and
Sangchonri in Jinju. However, classification and identification of the excavated
seeds were not clearly made because their amount was not much and their
shapes were not well-maintained enough for analysis. On the other hand, many
kinds of carbonized seeds of leguminous plants were discovered along with
those of rice, foxtail millet, broomcorn millet, barley, and wheat from the
Bronze Age vestiges sites, such as Odong in Hoeryeong, Namgyeong In
Pyeongyang, Yanggeunri in Yangpyeong, and Pyeongrari in Boryeong.
Leguminous seeds excavated from the areas include Glycine max, Glycine soja,
Vigna angularis var. angularis, Vigna angularis var. nipponensis, Vigna radiata,
and notably intermediate forms between cultivated soybean and wild type
soybean. Evidences show that leguminous family such as soybean and adzuki
bean have been widely cultivated in Korean peninsula since Bronze Age
(1500-300 BC). Although many theories have been proposed about the place of
origin for soybean and adzuki bean but, in general, China has been recognized
as the one. It has been supported by historic records, excavated relics, and
genetic variability of wild and domesticated legumes. However, Dolkong
(Glycine soja, a wild type soybean), Saepat (Vigna angularis var. nipponensis, a
wild type adzuki bean), and Aegisaepat (Vigna nakashimae, a relative of adzuki
bean) are widely distributed and soybean and adzuki bean germplams
demonstrate high genetic diversity in Korean peninsula, which has been
overlooked in the genetic analysis for soybean and adzuki bean on the global
basis. Lack of prehistoric records and genetic analysis on wild type legumes in
Korean peninsula made it difficult to estimate the legume cultivation in Korea.



Nevertheless, diverse types of legumes excavated from the Bronze Age
vestiges sites provide strong evidence that Korean peninsula 1s one of the
place of origin for soybean and adzuki bean. As considering Korean peninsula
was formed by rising sea level about 11000 years ago in the mid-Glacial
Epoch, it is presumed that wild type legumes in nature had been selected and
domesticated independently by the residents in Korean peninsula. These finding
and interpretations strongly support that Korean peninsula is one of origins of
cultivation in soybean and adzuki bean. Molecular clock by DNA analysis that
explains evolution of plants may provide direct evidences whether Korea is the

place of origin for soybean and adzuki bean.

Key words: excavated grain remain, genetic diversity, grain legume, origin of

cultivation, seed size, 1sozyme, DNA analysis, Korean peninsula



