EhEAEI RIS 112:57-71 (2011) 5
55 fRA R R B2 #E

B AR R

wW o =

BHR RS RBIEY) BESE ] 7 Ryl i #48(Fagopyrum esculentum) R S50 5 28(F.
tartaricum) > R E AL 1 3(EF A RET r SE PE B g - BB Es
ZAH T (F. esculentum ssp. ancestrale)fyjf/f&EE 4 & 4 HHHT - AFLPREiG 8 me 3
N6 ) 78 2 S e B 3 7 2 (R ) R L RIS 28 T 2R (U RE R Ry (i > o B SR R 3
16 o 534/ e Sy TSR SR » SRR AL R R U 1 16 1) e 2 2 U ey SR P
A T e i T R (LR o I g v R e i o B I AR B Ry 2 P K
{5 B o (B e AR B A R AT IS R e T Bl S B R R O AR
B -

BASERA @ TEEA - BEEEL  F - ERERY

H 5

% 28 B3R} (Polygonaceae) & 22 & (Fagopyrum) » 45 210 F Bk E » 43 7l B i il 3 25 (F.
esculentum Moench) J B ¥H% 28 (F. tataricum Gaert.)? - BERREFHNESKAREE » BE
WAMBERA BFEEEHED  EREFRERNA BRBEE > a Pl - HnSaE/ VI
M RS RAEERE RN A TS - HEEEBEIEY » MR > E1E5
Z ISR R A (pin) B ffE SR8 B (thrum)  JB A (T B8 E AR F R HR A Hos g B # g (Y
B B 2 R BN 1 S B ) o B9 A TR AR AE S 2R (F. cymosum) R B B A8 R B AN » B S M > HE
FERRE TSN > SRR HEREEE?  BAERES S EE L SRR
KRR By L EEH ~ o f RAGIRTE T » E B A Be S ENERD » JRAlEEEEREY - 5
& B £ FEE 22 F. homotopicum B8 H ACREJ) > B i@ E F TR EAN RS EELR AL
FEFE R ES -

TEYIHA BRI BT IE BB EBUEEI E EER - B EE RAR > #Eiffa RIEYX
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S EEERER

B RTINS S B0 R R R A P8 B R 55 (Siberia) B[] B BF 7T (Amur River) >
,mﬁﬁﬂituﬁt,m/i%aiﬁﬁﬁé@é%ﬁ‘ﬂf‘ﬁfiﬁfﬂﬁﬁﬁi_?ﬁfﬁﬁ o FERR SN R A B E L
B +H S TE R BT AR 7 AR FE 5 25 F. cymosum © o Kishima®5(1995)H1FFISmal ~ Pstl ~ Kpnl ~ Sall
PvuII)S’axm@?ﬂiﬁ%ﬂ?&%%% T S A8 7 A~ R T AR R Y AR TR RS S R AR #EDNA (ctDNA)
HETTAER o3 B > 35353 4 5 2 AE 7S (B 8 22 0 1 ct DN A B 55 7/ N 7 78 22 (19 ct DN A K 8 47 D
ARG > e E 2 28 ¥7 4 fE fR fl 8 28 LT {E Sal LR XhoI Wi 3% % 2 75 B 85 K [5] (Table 1) 5 $1%f
=B E BT AR R (Fig. 1) S35 85 2R B 55 AN & HURR & B (A - B ABERRTE
LB A7 1 3 3 5 R R 7 (3% -

Table 1. Summary for ctDNA fragments generated by six restriction enzymes in the three Fagopyrum

species (kb)
Mo. Smal Bsil Kpnl Sall Prull Xhol
escul tarar’ escul’ escul ratary escul TALAT CYmas escul Tatar/ escul Talar Cymos
CYmos tatar/ S0 CYMOS
cYmos
1 40.0 40,0 230 10 3240 5L.0 5.0 5.0 49.0 400 6.0 311 6.0
2 20.0 200 210 30.0 30,0 19.0 18.0 18.0 .0 1708 210 18.5% 1852
3 15.5 155 16.0 26.0 260 18.0 16.0 16.0 250 350 18.5% 143 143
4 11.0 11.0 13.0* 18.0 18.0 16.0 13.0 13.0 19.0 10.0 10.5 10.5% 10.5¢
H 8.0 8.8 10.5 13.0 130 130 1082 10,82 10,0 420 10.0 1.0 100
] 748 744 958 89 g9% 10.8% 9.7 10.0 8.0 30 9.0 90 Q0
7 56 L.6° 6.6 7.4 4.0 LI 9.2 9.7 4.2* 2.6° 49 49 449
g 5.08" 4.4* 6.4 6.0 56 4.5 9.0 9.0 10 1.75 45" 4.5% 4.5
] 4.40 3140 56 56 52 78 45 45 268 408 4na 4002
W 140 28 5.4 52 0.9 [ 1.6 1.6 1,75 s 16 14
il 18 1.75% 50 16 1.3 13 iR [N Lt
12 1.75% 0.88 1.5 0.9* 0.8 La®
n Wk
14 0.5*
Tatal 155.6 155.2 1558 1555 1554 1558 155.7 155.7 156.35 15635 155.0 155.0 155.0

Mean fragment size was 155.5 kb, Species designated as follows: ¢scul, F. esculenrum; tatar, F. tataricum; cymos, F. cymosum.
Mnnhlat BTrinkat

(Kishima et al., 1995)

F. cymosum hetero- styly

(wegetativa)

F. tataricum .
{autogamous)  homo-styly I

E EECHIEﬂfum hetera - ﬂt'.l'"g'
{allogamaous)

[ [ i i | [
0 10 20 30 40 5.0

(renetic distance
Fig. 1. The phylogenetic tree for three Fagopyrum species inferred from restriction site changes based on
Wagner parsimony method. (Kishima et al., 1995)
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3 7 AR Y RE TR HE B — E AR T > ELEOhnishi (1990)7A 1 B 55 5 4 S5 7 — (5 il B 2
A=A o R R HL P RGBS 3 B AR I A IR AR DL > Lo B A T AR AR T T A AR 0 LT
AR T AR RS A 2 75 5 Ry HLAE - BAE PR M /)N - HAE T BB 5 PR R R AR M o 5 B A= Al R
M A RIHANEE RIS A & > B DLOhnishiff 5 H Fy 3t 288 78 28 tH o » 1 Hoan %4 /% F. esculentum ssp.
ancestrale Ohnishi ® © 534} > Ohnishi (1998)#+ % A o B K 6 Fir k11135 5 b 16 T &2 B 316 i
BE 11 3 4 T 2R T R 1T 40 AF b 1% B4 H (Table 2) > 25 FR [ T F. tataricum ssp. potanini ~ F.
gracilipes &z F. cymosum (4X)4h > Ho &k B A= 18 o3 A1 0 1 Sk B0 45 v s o B e S0 Y 25 e S VU TS5 34
& B EIERNEFEIEEYE - [NIHEOhnishi (1998)HEsm Gl &AM EE T EHER S
pEALHE® -

Table 2. Distribution of wild Fagopyrum species in China and the Himalayan regions

Locality Fagopyrum species or subspecies-
1 2 3 4 5 6 i 8 9 10 11 12 13

Northern Chine
Shaanxi province +
Gansi province +
Qinhai province +

Central China
Hebei province =+

+ o+

Henan province +
Southern China

Guizhou province +

Sichuan province =+ -+ + +

Yunnan province + + o +
Tibet +
Northern Thailand
Bhutan
Eastern India
Nepal
Western India

Kumaun & Gharwal

Kashmir + +
Pakistan

Karakoram -+

Chitral +
Afghanistan +2°"

R

—

' Species key: 1. F. esculentum ssp. ancestralis 2. F. homotropicum 3. F. tataricum ssp. potanini
4. F. cymosum (2x) 5. F. cymosum (4x) 6. F. urophvllum 7. F. statice 8. F. leptopodum
9. F. lineare 10. F. gracilipes 11. F. pleioramosum 12. F. capillatum 13. F. carianthum

(Ohnishi, 1998)

Konishi% (2005)F] FH ##14 / % £ F& 2 B (amplified fragment length polymorphism, AFLP)
Sy AT e R B PE R~ SE R R U A (] 1 iy i 5 Y 3 2 78 28 (F. esculentum spp. esculentum)
tH % (F. esculentum spp. accestrale)jZEEf(Table 3 ~ Fig. 2) » #5322 FT A A R R 5 W %
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2 [ Y (R (o Sl T R 4 S AR I TR MY - 2 SRR o LU16(E AFLPS | {53961 £ R B
Horp A 37 {E LR BT 26 B M 3R (BR 1 55 93.7%) 5 3 3 25 2R AR B A (e RN 2 382 (B AL R g » L
cF A 30 1l KL PR By B A % BUVE (BRI B 78.8%) & 35 478 785 28 1 S T (5 I 2 3 04 AL R i » Horn
363(EEL R B A SRV - EEB592.1% (Table 4) 5 s Eikif@s 2 HABNERESA =S
HYIE SEVEEAE - (B M em 5 & A i se 2R e E I B AR AN B hRE
MRy EEES -

Table 3. Samples of cultivated and wild populations of common baucwheat used in this study

Code Taxon Accession Location n*
number number village, town or city district province
1 F. esculentum ssp. esculentum C2002 Yanjing Mangkang Tibet 5
2 - C2004 Zhoba Mangkang Tibet 5
3 - C9401 Degin Degin Yunnan 5
4 o C9009 Yongsheng Yongsheng Yunnan 5
5 - C2005 Batang Batang Sichuan 5
6 - C9706 Muli Muli Sichuan 5
7 - €008 Yanyuan Yanyuan Sichuan 5
8 F. esculentum ssp. ancestrale C2009 Yanjing Mangkang Tibet 4
9 - C2013 Zhuka Mangkang Tibet 5
10 « C2016 Hailu Mangkang Tibet 5
11 " C2008 Adong Degin Yunnan 5
12 - C2021 Jinan Lijiang Yunnan 5
13 C9922 Guanmei Yongsheng Yunnan 4
14 - C9805 Boke Muli Sichuan 5
15 - C9510 Jinhe Yanyuan Sichuan 5

*The number of individuals examined.

(Konishi et al., 2005)

KonsihiZ 171 Fineighbor-joining (NJ)JA ffi 51— BB A AU (HREREE - J0 R 3 &
Gitul(Fig. 3) BURFTA B & 0 & & RS Tl 2 B0 [F) — B 45 b » 1 RE SR R 02 7 ol v 8 R
AR B e e 5 e A S A I B B R EL N A (S

SRS TRVIEIR

B R PR = S AL S Lt & R R E MR - EEER BV 2
Fitk > AIESEA RERMTEITRE > hEZtE N RN EZE S - BHERN EZREET
22/ > EEMETE > LRG| R E - FATCATEt CASSE R EATE RN D - SRR 0] oy By i oo fl
(Fagopyrum tataricum ssp. tataricum) iz 7 4= o & (F. tataricum ssp. potanini) > ###H & 2887 4 o
il AR B R S L&~ P R 2RI SR 75 > Tsuji and Ohnishi (2000) £y B 5 2 40 %5
ZEHTEEIR - FIHFEUI ~ ErF ~ Pak - S AT IH M U SR AU A B ao A - B9 AR oo fE K A
ETE R TR TY 22 BEDNA (random amplified polymorphic DNA, RAPD)%3#1(Table 5)
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SR A2{H Ry - H o S R P AL ED Ay B i R B AR A R IRAY R (Fig. 4) © I RSB
BB AA —(H L RAOVEESE - BB R ATA Byt 5 R LUK 2K B 7 ek o 0 R EE AL T SE AR D
AYEP A cifd - 55 RE R E RPN IL IR B AR no e - BB =B R K H WU R B A B AR i o Hop
RIR32 K33 FEERIAE S i 56 —BF - (USR Ry 34 B AU T HI Y 58 = Bf (Fig. 5) - {E H ARV
BE > ACE DU RS e 7Y AL EP LR P ek o B R IREE R EA T IL R A S B R > HZ
i1 YT 53 3t 75 T R B 26 T A R IR AT (VR 7 (Table 5) » B0 T BE Ry BESH B AR AU RE TR -

— PRI i 4 3 S R A B B AR R A (RIS R PR AT R HR M - (H B S AR B ARG A BLAR
HEM: 7T e s ok L T 2 Rl 55 T (R 1) P i S ot G 1R B2 0 M 2 B AR R AT X EAE RS
BERIER G > P DAVS el 5 oth 16 Y B A2 A B0 00 HU S IR R 2K B S i SR A - 2 ol B A Al R £
TR & B (R R BT -

Fig. 2. a-c Location of the accessions used in the present study. The areas in gray color in (a) are yunnan,
Sichuan and Tibet in (b). The area enclosed in (b) is magnified in (c). o:F.esculentum ssp.
Esculentum, e:F.esculentum ssp. Ancestrale. Numbers indicated are code numbers of

populations(see Table 2).
(Konishi et al., 2005)
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Table 4. AFLP’s result for the ssp. esculentum and ssp. ancestral

Primer ssp. esculentum ssp. ancestrale
combination T* P % T P %
"E-AAC/M-CCA 22 19  86.4 23 21 913
E-AAC/M-CCC 20 12 60.0 22 18 818
E-AAC/M-CCG 3 27 1750 38 33 868
E-AAC/M-CCT 22 9 409 22 20 909
E-ACA/M-CCA 10 6  60.0 10 9 900
E-ACA/M-CCC 31 30 968 31 27 871
E-ACA/M-CCG 29 26 897 33 32 97.0
E-ACA/M-CCT 28 17  60.7 28 27 96.4
E-AGC/M-CCA 22 20 909 22 21 955
E-AGC/M-CCC 37 35 946 37 36 973
E-AGC/M-CCG 12 10 833 13 11 846
E-AGC/M-CCT 19 15 789 19 18 947
E-AGG/M-CCA 23 19 826 23 21 913
E-AGG/M-CCC 22 12 545 23 21 913
E-AGG/M-CCG 17 17  100.0 17 17 100.0
E-AGG/M-CCT 32 27 844 33 31 939
Total 382 301 78.8 394 363 92.1
Mean 23.9 18.8 246 22.7

*T: the number of total loci detected, P: the number of
polymorphic loci and %: percentage of polymorphic loci.
(Konishi et al., 2005)
@12

913

so_ °® @10

100. 0 881 @5

30

60

Y
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10”7 ©2
Fig. 3. A phylogenetic tree constructed by the neighbor-joining method based on the genetic distance
estimated from gene frequency. o:F. esculentum ssp. Esculentum, e: F.esculentum ssp. ancestrale.
Operational taxonomic units (OUT) are represent by the code number (see Table 2). The numbers

on the branches indicate their bootstrap values of >50%(1000 replications).
(Konishi et al., 2005)
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Wik Cultivated = Weedy  Wild Wild
o Sechuan Schuan  Tipet and Pakstan  Yunnan

0w L LJ L " 1
N 1535020231302928272863232 171718181515 14 14131313 M

be,
1w =

B
min

1580 = i~ marker band®
13— { )

[Na. 5)

-
o=

-~ marker band®
(No. B)

Fig. 4. A RAPD profile generated by the primer OPD-16.
(Tsuji et al., 2000)

Wild subspecies from
Sichuan and
northwestarn Yunnan

|l S——

Cultivetad landracas,
wild subspecies from
central Tibet and
northern Pakistan

Ly O
_E Wild subspecies from
0z 0 . wty? northwestern Yunnan
. 1 "
11

genetic distance

— TR

Fig. 5. Neighbor joining tree based on RAPD markers.o: Cultivated landraces; ®: wild subspecies from
central Tibet and northern Pakistan; A :wild subspecies from Sichuan; v : wild subspecies from
northwestern; ©: weedy type.

(Tsuji et al., 2000)
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Table 5. Segregation of critical marker bands among the individuals examined

Type ERepion Code no. of Marker bands Tyvpe Region Code no_ of Marker bands
populaticn 1 2 3 4 5 5 population 1 2 3 4 5 5
Wild  Sichuan 1 o 1 0 1 0 1 Wild Yonnan 11 1 0 0 1 0 1
Wild  Sichuan 1 o 1 0 1 0 1 Wild Yonnan 11 1 0 0 1 0 1
Wild  Sichuan 1 o 1 0 1 0 1 Wild Yonnan 12* 1 0 0 0 1 0
Wild  Sichuan 1 o 1 0o 1 0 1 Wild Yunnan 12* o 1 0 1 0 1
Wild  Sichuan 2 o 1 0 1 0 0 Wild Yunnan 12* o 0 0 0 0 1
Wild  Sichuan 2 o 1 0 1 0 0O Wild Yonnan 12#* o 1 0 1 0 1
Wild  Sichuan 2 o 1 0 1 0 0 Wild Yunnan 12* o 0 0 1 0 1
Wild  Sichuan 2 o 1 0 1 0 0 Wild Yonnan 13* o0 0 0 1 0 1
Wild  Sichuan 3% o 1 0o 1 0 1 Wild Yunnan 13* o 0 0o 1 0 1
Wild  Sichuan 3* o 1 0o 1 0 1 Wild Yunnan 13* 1 0 1 1 1 ©
Wild  Sichuan 3* o 1 0 1 0 1
Wild  Sichuan 3* o 1 0 1 0 0 Wild Tibet 14 1 0 1 0 1 0
Wild  Sichuan 3* o 1 0 1 0 1 Wild Tibet 14 1 0 1 0o 1 0
Wild  Sichuan 4 o 1 0 1 0 1 Wild Tibet 13 1 ¢ 1 ¢ 1 0
Wild  Sichuan 4 o 1 0 1 0 1 Wild Tibet 15 1 ¢ 1 ¢ 1 0
Wild  Sichuan 4 o 1 0o 1 0 1 Wild Tibet 16 1 0 1 0 1 ©
Wild  Sichuan 4 o 1 0 1 0 1 Wild Tibet 16 1 0 1 0 1 0
Wild  Sichuan 5 o 1 0 1 0 1 Wild Tibet 17 1 0 1 0o 1 0
Wild  Sichuan 5 o 1 0 1 0 1 Wild Tibet 17 1 ¢ 1 ¢ 1 0
Wild  Sichuan 5 o 1 0 1 0 1 Wild Palistan 18 1 0 1 0 1 0
Wild  Sichuan 5 o 1 0o 1 0 1 Wild Palistan 18 1 0 1 0 1 ©
Wild  Sichuan 6 o 1 0o 1 0 1 Wild Pakistan 19 1 0 1 1 0
Wild  Sichman 6 o 1 0 1 0 1 Wild Pakistan 19 1 0 1 0 1 0
Wild  Sichuan 6 o 1 0 1 0 1 Wild Pakistan 20 1 0 1 0 1 0
Wild  Sichuan 6 o 1 0 1 0 1 Wild Pakistan 20 1 0 1 0o 1 0
Wild  Sichuan 6 o 1 0 1 0 1 Wild Palistan 21 1 ¢ 1 ¢ 1 0
Wild  Sichuan 6 o 1 0o 1 0 1 Wild Pakistan 21 1 0 1 0 1 0
Wild  Sichuan 7 o 1 0o 1 0 1
Wild  Sichuan 7 o 1 0 1 0 1 Cultivated  Sichman = 22 1 0 1 0 1 0
Wild  Sichuan 7 o 1 0 1 0 1 Cultivated  Sichman = 23 1 0 1 0o 1 0
Wild  Sichuan 7 o 1 0 1 0 1 Cultivated  Sichman = 24 1 ¢ 1 ¢ 1 0
Wild  Sichuan 7 o 1 0o 1 0 1 Cultivated  Sichman = 25 1 0 1 0 1 ©
Wild  Sichuan 8 o 1 0 1 0 1 Cultivated  Yonnan 26 1 ¢ 1 ¢ 1 0
Wild  Sichuan 8 o 1 0o 1 0 1 Cultivated  Yunnan 27 1 0 1 0 1 0
Wild  Sichuan 8 o 1 0 1 0 1 Cultivated  Yunnan 28 1 0 1 0 1 0
Wild  Sichuan 8 o 1 0 1 0 1 Cultivated  Yonnan 29 1 ¢ 1 ¢ 1 0
Cultivated  Tibet 30 1 0 1 0o 1 0
Wild  Yunnan o* o 1 0 0o 0 1 Cultivated  Pakistan 31 1 ¢ 1 ¢ 1 0
Wild  Yunnan oF o 1 0 1 0 1
Wild  Yunnan o* o 1 0 1 0 1 Weedy Sichman 32 1 0 1 0 1 0
Wild  Yunnan o* o 1 0 0 0 1 Weady Sichman 32 1 0 1 0o 1 0
Wild  Yoonan 10 o 1 0 0o 0 1 Weeady Pakistan 33 1 0 1 0 1 0
Wild  Yuonan 10 o 1 0 0o 0 1 Weedy Palistan 33 1 ¢ 1 ¢ 1 0
Wild  Yunnan 10 o 1 0 0o 0 1 Weedy Palistan  34% o 1 0 1 0 1
Wild  Yuonan 10 o 1 0 0o 0 1 Weedy Palastan 34 o0 1 0 1 0 1
Wild  Yunnan 11 1 0 0o 1 0 1 Weedy Pakistan  34% 1 0 1 0 1 0

1: Have the band, (: do not have the band.

*: Polymorphic populations.

(Tsuji et al., 2000)
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EBEEERHEEER

bR T A FR R SR M A B R 40 H A~ 5 B K JE H B SE AT A i A B 2R 5S> Ohnishi (1988)
ST PR~ H A R g B P UL R A B 2R (Fig. 6)MEfT A » 20 b 1218 % fir B Z 9 198 & K
JE 2 S IV > SE TS RRE AN 25 AU I BE IR B 2 A EE R RS I 09 A R K AT (L (Table 6) > 40
Fr A R EE h pgm- 20V FEHE E RAER &P B — 20 EH AR P EAVERT > pgm-209SEHEE
R B R AR f£Sdh-1E R E LAV USHEE R - Dia-25 R _FrYSEHEE R AT
Rt H % — BRI o B (E R (8 B DU B M R 26 B M EL IR R 1 4
FARAEIT(EET(Table 7) > ZZRIMERFEE 57 F9101231.6~42.1% > FHFERE M 550.110~0.138 >
W% = 1A 3B Y A AE W) o I P I B T S DR P B T A A £ ST R B 11 28 {3 FE B (T able 8) »
SN S E B LR > SEAEHOAEESEREY - WOPrE S EE L B EIEY
EA B RNEMNYE - FIH RS BENEBEN > HILEBREREA » ERHE SO ETE
Y ERE o SRS RS B T 09 ST R i (AR 2 LM B R > T DAE BN HE IR
ER B EIERR A CIY R 5 M B AR E R R B o B L 77 09 B R 2 R d o
B 7 0B R R K — L > BUR SR E LR E P AR H A -
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Fig. 6. Location of the populations studied. 0:Only the name of province is know, ®:Exact location is
know. (Ohnishi, 1988)
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Table 6. Allelic frequencies at polymorphic loci

Locus Adh Dia-2 Got-2 Mdh-1
Allele 8 F N 3 F N u 5 N F N

1 Furen 00, 0.0, 1000 3.0, 0.5, %5 23.9, d6.6, 205 17.0, 23.0
2 Noheji 0.0, 0.0, 100.0 7.1, 0.5 929 10,7, 529, 364 159, 8.1
4 Kuzumald 00, 0.5, 9%.5 70, 00, 930 110, 618 2.7 239, 781
4 Iwate-F 0.2, 0.0, 98,8 6.8, 03, 039 13.3, babh, aL2 16.6, 835
b - 00, 00, 1000 843, 00, 9.7 9.8, B46, 85T 20.5, T4.6
6 Miwa 0.0, 0.0, 1000 6.8 0.2 90 147, 534, 819 159, 841
T  Kanasagoh 0.0, 00, 1000 6.8, 05 027 28, B5aE, 354 17.5, 8256
& Arakawa-F 0.0, 0.3, 9.7 25 02 073 0.7, 478, 415 218, 782
] " 3 0o, 00, 1000 L0, 03, BET 19.0, 538 212 160, 850
10 Kannarmi 0.0, 0.2, 9.8 6.5, 05 9.0 11.6, 530, 355 23.6, T8A
11 Togakushi-F Lo, 0.0,  100.0 1.6, 0.0, 985 28, B6E A 25.5, T4.5
12 - 3 0o, 0.0, 1000 0.8 0.0, 922 6.0, 678 262 35.0, 650
13 Takane 0o, 0.0, 1000 3.2, 0.2 96 14.0, B.1, 319 21.56, "78.4
14 Niimi 0, 0.0,  100.0 6.7, 0.0, 933 116, 613, 271 243, T
16 Geihoku 0.0, 0.0, 100.0 43, 00, 957 128, 538 334 2.5, T75.5
16 Kanagi 0.0, 0.0, 1000 6.9, 24, 9.7 119, 510, 3871 16.5, 83.5
17 H-lyayama 0.0, 0.0, 1000 5.3, 0.8 944 13.4, 526, 340 19.8, 80.2
18 M-Iyayama 00, 0.5, 49,5 3.8 0.0, 952 9.8, HEd  3L% 225 7.5
19 Chiran 00, 0.5 09,2 a.8, 0.8, 964 115, B4, 345 178, 822
20 Shiiba 0.0, 0.5, 09,7 34, 0.0, 968 14.7, 466, 387 0.8,  79.2
21  Takeda 0.0, 0.0, 1000 6.0, 0.5 89347 13.6, b3.8, 32T 20.8, 79.2
22 Fukue 0.0, 0.0, 1000 9.0, 13 87 10.3, B8.0, 3LT 209, 701
23  Izuhara 0.0, 0.3 09.8 5.5, 0.3, 042 16.6, B35, 30.0 23.8, T2
24  HKamiagata 0o, 0.0, 1000 50, 0.5 945 120, B0, 250 218 782
25 Che-ju 0, 0.0, 10000 20, 00, 880 155, 513, 332 252, T4.B
26 Je-cheon 3, 0.0, 0.7 4.0, 0.3, 8.7 11.0, 535, 355 274, 724
21 Dun-nze 0.0, 0.0, 1000 2.3, 00, 98T BG, 523, 852 a3 T
28 Chilin -#1 0.0, 0.3, 8.7 3.8, 0.0, 958 0.0, -50.8, 849.7 232, 668
20 T #2 0.3, 03 094 28 00, a7d 120, 505, 375 7.3, 62T
80 Inner Mong #1 0.0, 0.2 0.8 23, L0, 88T 115, 593, 29.2 489, BA.1
k| " #2 0.0, 0.2 1000 25 0.0, 975 11.3, 558 529 435, EBA.G
82 Kuyang 10, 0Z BB 5.8, 00, b 11.8, b59.0, 29.2 429 BTl
83 Hujuoxien 0.0, 00, 1000 3.3, 00, 98T 110, 603, 287 413, BAT
84 Wuchuan 0o, 00, 1000 43, 05 952 168, b55.8, 284 368, 642
36 Bhensi #£1 0o, 20, 980 a5 03 962 14.8, 5a0, 302 4.1, 55,9
38 - 2 0.0, 0.3 09,7 43, - 05 952 113, 6585, 302 7.8 622
a7 Yulin 0o, 0.3 099.7 g0, 0%  9L7T &0, BaO, 370 46,5, 535
38 Hunan 0.0, 0.0, 100.0 3.2, 0.3, 965 10.8, 543, 349 35,_5,. 64.5
30 Beechuan 0.3, 0.3, 90.4 17, 0.0, 983 3.6, BB 480 37.0, 630
40 Kwelchow #1 0.0, 0.5, 99.5 3.5, 0.0, 985 2.5, 438, 47T 2.7, 70.3
41 - %2 1.3, 2.3, 9A.4 o 44, 03, %3 10.6, 536, 358 38.5, 6L
42 Yunnan #1 ) 06, L5 480 24, 00, 978 4.0, 518 342 312, 6HE
43 - 2 0.5, 3.5 960 28, 03, 960 126, 50.0, 375 32.9, 671

F allele: fast allele; S allele: slow allele; U alléle: slowest allele; N allele: neutral allele.
(Ohnishi, 1988)
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Locuz Mdh-3 3-Fedi-1 Fam-2 Sdh-1
ation = =
Popl Allele 3 F uf N 5 F N B F N 5 T u
1 Furen 13.5, 1638, OO, 702 7.0, 0.6 924 4.3, 37, 84 51.2 488, 0.0
2 Nohej 9.5 228, 00, 676 1.0, 0.0, 9.0 .5, 24, 411 47.0, 530, 0.0
3§ Kuzumaki 12,5, 223, 00, 649 88, 0.5 00T 43, L0, 947 B0.4 493, 0.3
4 [wateF 18.0, 250, 00, 520 5.1, 0.0, 943 128, 54, 818 62.0, 480, 0.0
5 "8 185 178, 00, 589 0.0, 0.0, 100.0 28, 9.0, 882 7.2, 628, 0.0
6 Miwa 12.3, 228, 00, 649 18, 0.3, .9 50, 3.8 912 4.8 507, 0.5
T Kanasagoh 76 258, 00, B56.7 15, 0.0, 9.5 51, 57, 886 53.0, 470, 0.0
§  ArakswaF 12.8, 206, 07, 5.8 25, 0.0, .5 40, 48, 912 GL5, 480, 0.5
g " B 9.3, 200, 00, BLT L5, 0.0, 985 07, 43, 8.0 322 678 0.0
10 Kannami 155 255, 08, 584 45, 0.0, 955 17, 32, .1 520, 480, 0.0
11 Topakushi-F 16,8, 165, 00, &7 120, 04, 8.7 &5, 25 80 47.0, 530, 0.0
i2 T8 0.5, 200, 00, B85 163, 0.3, 84 &0, 7.0, 8.0 4.7, 553, 0.0
13 Takane BT, 233, 00, 676 1.5, 0.0, 9.6 &5, 22 653 49.8 500, 0.2
14  Niimi 154, 241, 00, 605 83, 0.0, 807 53, 3.3 914 48.8, 511, 0.0
16 Geihoku 186 188, 00, 6648 4.3, 0.0, M7 6.0, 4.8 892 487, 513, 0.0
16 Kanagi 129, 214, 00, 5.7 13, 0.0, %7 154, 3.2, 844 4806, 514, 0.0
17 H-Iyayama 16.5, 175, 05, 8.5, 1.5, 0.8, .2 53, 35, 9.2 B5.7, 423, 2.0
18 N-Iysyama 08 838, 00, 56.4 08, 00, W2 50, 45 885 535 465 0.0
19 Chiran 13.5 258, 08, 5.9 03, 0.0 M7 6.5, 7.5 862 85.0, 470, 0.0
20 Shifha 14.5, 215, 00, B4L0D 0.8, 0.3 939 40, 4.5, 9.5 56.7, 428, 0.5
21  Takeda 12.0, 245, 00, 635 L5 0.0, 985 B3, 4.5, 87.2, 2.0, 480, 0.0
2 Fukue 18.3, 218, 00, 53.9 17, 0.0, 9.3 59, 42, @9 4.0, 560, 0.0
23 [muthara 18.3, 223, 00, 584 0.2, L0, D88 43, 4.4, 853 B 445, L0
24 Kamiagata 14.3, 238, 05, 619 0.8, 05 92 148, 6.0, 897 525 475, 0.0
25 Che-ju 175 215, 08, 0.7 0.2, 0.0, 098 4f, 37, 918 55.5, 440, 0.5
26 Je-cheon 16.8, 175, 05, G&2 0.7, 0.5, 98B T3, 4.0, 887 6l.h, 485, 0.0
27 Dun-rae 15.5, 220, 045, 620 L8 00, 982 6.8, 5.3, 89.9 4a.0, 570, 00
28 Chilin #1 184, 176, 04, 638 24, 21, 956 1.8, 7.3, &0.9 46.1, 537, L2
R T 183, 168, 11, B48 L0, 33 %7 120, 0.0, 78.0 50.0, 496, 0.4
30 [nner Mong  #1 16.0, 175, 02 664 L7, 19 94 &8 4.3, 8.9 47.4 513, 0.8
no- #2 19.1, 129, 10, 67.2 48, 15 97 153, 55 812 541, 459, 0.0
82 Kuyang 19.3, 125, (8 674 23, 045 9.2 1.4, 6.0, #3.8 5249 468, 0.5
% Hojucxien 205 125, 03, 66.7 30, 15 %5 1.3, 53, 84  6L0, 380, 1.0
34 Wuchaan 18.3, 168, 045, 644 25, L5 960 180, 54, 825 53.‘2; 415, 0.3
35 Shena #1 18.6, 115, 10, 685 a0, 08 92 148, 4.8, 8204 622 471, 0.7
% " 42 155, 180, 03, 65.0 a0, 0.8 0.2 145, 4.0, 815 525 471, 0.4
37 Yulin 16,8 180, 00, 702 20, 03 8.7 143, 4.5, BL.2 oo, 402, 0.8
38 Hunan 186, 113, 18 683 18, 18 4 145 T8, T.T 453, 534, 13
38 Szechian 204, 132, 28, 546 0.8, 38 0.4 120, 6.0, 820 6.7, 524, 0.9
40 Kweithow #1 o500, 218, L0, 527 L2, 00, 088 148 20, B3 468, 543, 05
a4 #2 184, 188, 05, 639 18, 05 .7 9.0, T.5, 835 458, 498, 12
42 YVumman #1 215, 177, 05, 601 83, 0.0, 967 5.8, 13.6, 766 3.0, 552, 18
43 -1 15,4, 178, 0&, 666 &5, 02 3 ng, 7.8, 8.2 484, 600, L6

(Ohnishi, 1988)
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Table 7. Average heterozygosity (H), percentage of polymorphic loci (P), and average number of alleles

per locus (A)*
Mo, Population EL E(9%) -

Japan
1 Furen 0122 368 1.6E
] MNoheji 0118 Z6.8 1.52
3 Kuzumaki 0122 26.8 1.63
4 I'wate-F 0.128 36.8 1.52
5 - -8 0,116 1.6 1.47
5] Miva L1166 6.8 1.57
T Hanasapgoh 0,116 F6.8 1.57
-1 Arakawa-F 0117 Z6.8 1.63
o - -= o113 365.8 1.52
] Hannami 0124 36.8 1.57
11 Togakushi-F 125 B6.8 1.652
12 T -5 O 124 31.6 1.58
13 Takane 0. 110 36.8 1.52
14 MNiimi o127 26.8 1.52
15 CGreibholua 0122 6.8 1.52
16 Hanagi 0,121 a36.8 1.57
17 Higashi-Tyayama 118 36.8 1.63
12 Mishi-lyayama tils 1.6 1.57
19 Chiran 0119 1.6 1.57
20 Shiiba LU B L 36.8 1.7
21 Takeda 0122 Z6.8 1.52
Z2Z Fukue O, 130 6.8 1.57
23 Tzuhara 0127 36.8 1.57
24 Kamiagata 0120 21.6 1.63
Average of Japan o120 35.7 1.56

Korea
25 Che-ju 0.117 21.6 1.52
26 Je-cheon 122 F6.8 1.63
27 Duan-naae 0115 a36.8 1.57
Average of Korea 0.118 35.1 1.69

China
28 Chilin £1 0134 2658 1.63
29 = £2 0, 136 6.8 1.63
B30 Inner Mongolia =1 0125 A6.8 168
a1 = #2 0.134 368 1.68
32 Kuyang LU B - 42,1 1.68
3 Hujuoxien 0129 I6.8 1.63
34 Wuchuan 0.133 a6.8 1.68
a5 Shen=i #1 0136 421 1.78
36 = HZ LU et ] 3I6.8 163
37 Yulin o133 BE.8 1.67
as Hunan 0. 133 36.8 1.68
39 Szechuan 0134 26.8 1.68
40 Kweichow #1 0133 26.8 1.68
4k % HZ 0, L35 42.1 1.79
42 Yunnan #1 0,135 421 L.73
43 e #2 0. 135 42,1 1.73
Average of China 0. 1338 BR.5 1.67

*Inchading the alleles with a frequency of more than 0.5%.

(Ohnishi, 1988)
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Table 8. Average and range of genetic distance between the populations

Summer North. Central South. Inner South. West Kumaun

Region - type Japan Japan Japan Korea Chilin p ongol. Shensi Szechuan'cyp;,. Bengal Nepal g Kashmir
Summer type 0.0035 00028 00026 0.0029 0.0026 0.0038 0.0058 0.0063 0.00659 0.0033 0.0039 0.0116 00134  0.0053
in Japan ()* 11- 61%*  2_ 53 3- 52 5- 59 8- 47 23— 65 23-110 24-126 40- 83 23— 64 21- 95 61-201 45-268 33— 91
Northern*** 0.0011 0.0011 0.0011 0.0012 0.0030 0.0044 0.0049 0.0051 0.0031L 0.00256 0.0087 0.0106  0.0051
Japan )] 2- 20 2-31 3- 40 5- 27 17- 40 24- 59 26- T4 37- 65 14- 48 8- 50 40-131 24-1%0 30— 71
Central*** 0.0012 0.0011 0.0010 0.0026 0.0037 0.0042 0.0045 0.0027 0.0024 0.0082 0.0102  0.0045
Japan )] 4- 27 3- 26 6- 19 11- 87 11- 57 17- 66 33- b4 O- 43 9O- 41 38-129 25-200 29- 66
Southern*** 0.0010 0.0010 0.0025 0.0036 0.0042 0.0043 0.0026 0.0022 0,0078 0.0095 0,0054
Japan (6) 4- 28 4- 20 18- 32 13- 52 18- 66 31- 63 15— 42 8- 44 32-133 17-213 389- 73
Korea 0.0010 0.0018 0.0028 0.0034 0.0031 0.001% 0.0020 0.0070 0.0096 0.0045
(&)] Ho 4- 16 8- 28 12- 51 12- 62 24- 85 9- 28 6- 39 27-134 16-198 30- 62

Chilin L 0.0003 0.0014 0.0014 0.0012 0.0007 0.0017 0.0039 0.0082  0.0058
2) > — 7-27 6- 27 11- 13 3- 19 11- 23 16- 87 12-177 42- Tl

Inner 0.0005 0.0007 0.0029 0.0021 0.0024 0.0039 0.0072  0.0049
Mongalia (5) 2- 18 2-15 23- 30 9- 53 B- 44 15- 892 10-186 36- 62
Shensi : 0.0009 0.0029 0.0021 0.0024 0.0032 0.0070  0.0053
(3 " 5- 13 24- 34 7- 51 10- 37 10- 72 8-148 34 T2

Szechuan —  0.0015 0.0030 0.0043 (.0102  0.0088
1) —— 10- 19 19- 40 25- 83 22-187 T2-103

Southern 0.0012 0.0021 0.0048 0.0101  0.0063
China (5) 4- 23 8- 37 19-113  9-196 356-117
West 0.0008 0.0043  0.0073 0.0060
Bengal (B) : i 4- 14 7-74 183-130 36- 83
Nepal 0.0021 0.0090  0.0113
(In 4- 42 14-186  72-159

Kumaun & 0.0094  0.0128
Garwhal (4) 33-196  60-193
Kashmir 0.0015

(2) —

* Number of populations included.
** Range is given in 10000 x range, hence for example 11-16 means 0.0011-0.0061,
=rESummer type buckwheat is exeluded.

(Ohnishi, 1988)
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Study on the Origin and Dissemination of
Buckwheat*

Yi-Lun Liao, Yu-Hsin Chen and Hsun-Shih Lin?

ABSTRACT

Buckwheat is crop belongs to the Genus Fagopyrum, Polygonceae family. There are
only two species that the common buckwheat(Fagopyrum esculentum) and tartary
buckwheat(Fagopyrum tartaricum) are cultivated. On 13 species of buckwheat among
Himalayan area, and most of those are in the Yunnan in China, found a wild variety
F.esculentum ssp. ancestrale‘s and its phenotype was similar with common buckwheat.
After analysis by AFLP, the genetic distance of wild common buckwheat with common
buckwheat was closed, suggested that Yunnan province of China was proposed to be the
origin of common buckwheat. Analysis of tatary buckwheat accessions indicated that there
were higher diversity in Yunnan and Sichuan than other places, Yunnan and Sichuan was
thought to be the origin of tatary buckwheat. The genetic distance of buckwheat between
southern China and Japan was shorter than northern China and Japan. This may infer that

dissemination of buckwheat was from southern China to Japan.

Key words: common buckwheat, tatary buckwheat, origin, genetic diversity.
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