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9H > N (Fagopyrum esculentum) & 1 A CIIME T2 EET L L TE L WH %T*ﬂ%‘l‘ﬁi
TEICTH Y, FHFEIIIBER ORI AL 2CESLETH S, AL TIIIRMICEESLIN
BEMELASET 5720, BRMEME Y NEHEORFIZIAT COREBEOIZE LT - 72 T 1% VAR
AR A A8 F. homotropicum % 2CHL L CHRMAEMRFH L EN L7ce S ORMOLE MV N & O HE
A - MAEMEE A Lf_, £, BFEMEMUXLEET S 13 S supergene WO Z I L ) AL
T2eHEETE T, Tz, Tl NH 5 EIE X N7z Pennline 10135 BifalE 2 /R4 A%, BAEHAL &
[l s W vViE{nF%H-> CTH Y, Pennline 1005 Ab44EI1X S supergene P osml@Em-ick
KELEN TG L SNz, —T, TEMLAZBRMEERKICE RSNy o FERER T
2 DOMNNEIET D EWOHEELET (shtl BE W sht2) ICX YV HMENTWDLZ LD 5ho
tomﬂﬁﬁ?@@ﬁtAE@ﬁ%@K%ﬁ@*%ﬂ?%%éhwSLE?V&E%LTw% &
WG H o7 sht2 BIETHEZE L CTlX, Sht2 B X U sht2 O )5 OxF &5 1758 //\%lq:
AL TND DG o7 FRMINCT-FEIEFENED R 2 EIHT 5720 sht 1 @{aTHEIZ
$H9 A DNA~Y—H—ZFF L7z,
X—7— R v, BIPERBRANEN, BRI, #EE, &EEr, ~—7 -5,
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2n=4x=320 1 {FEFREYTHY), BA, &
EZHDETETITRLRAY, AF VAR, 77
YAZREOI =1 yoX, SHITET A A ERER
B FF R EOIKICESL T, HREDILWIRGT B &
O AT Hb IS Tk ST b (Campbell 1997) .
Tl NS TR TR 2 ApES 5 2 LT &
ZWVHZEANGHED TH Y, #HEICIITERER LD
BB A L 72BN EETH B, BROIGE)IE
M2 EDORBIZRESELAS NS0, FEHICR
HANEE) T & o\ & ) ERBEDS W 72EI2IE, v
NOPRBEIEFWLTHIENEZONL, 72, HE
AEWTH D20, TLVFE Y 7)) —SDO8HT
7 B R FEO RO S ANEN T X 72,
HEAFEMEE Y — 7 1 YO SEH ST
ETREDO1OTHY, HEES X OMEEOREITIE
WCTHAHIZHDDOY, F—EENE I CE
TR ZFEOBARB TIIZERTE 2 WHEEF ),
HRAHEEIAH GRS AAER & BfR§ 5 R
AET & FERL LA BIRR 22 WIRITEAE R KRB S b o [
TEAERNZ & H I FARRL & FLB RT3 B 15 25,
FIRAERIIB O L ZARF RO RTENL, V
NFERBABRO ARAMEMEZ L LTWw5, 12
TR X, B OAFE D LB AR RO E
ETRTHREENL DT, TT7IFTHRELICAD
N5b, —7, EBAEOBRAMEESERBER S5
FEOBIZ TR L D AREDRE S ND S DT,
FARBLUONTR R EICALND, HiHlV N, T
778, FARES DWW O BRAFEER,
EIRFHENT 5 1 B FEOXIEET-H 5\
BOLEIE I DB I TWT, ZOEETHE
S eaFironTtns, 777 FRHICALN LA
AN I X OV AN T BHI A 5 L4 BLiE ik
BB RAMEERRE L, 51 LNV TZ O
RS NDODOH 5B, L IZT 77 FRTIEMESEHE B
L UHSEROAMEMERF2HEE S, £hEh
S-receptor kinase (SRK) (Nasrallah et al. 1985,
Takasaki et al. 2000) 3 X 0 S locus protein 11/S
locus cysteine rich (SP11 /SCR) & %fIFo6hnT
W5 (Schopfer et al. 1999, Takayama et al. 2000) o
INT R ENZH S N EURARR B ZAEVEI IS
W OFE-F-13 RNA 70 ffl## (RNase) &) 2 &
50, S-RNase & %11 5 Twb (Anderson
et al. 1986, Cornish et al. 1987, McClure et al. 1989) .
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7o, B, EHBMoOATEETENTIXS
haplotype-specific F-box protein (SLF/SFB) &
Wy Z LA S 2L % o 72 (Entani et al. 2003,
Ushijima et al. 2003, Sijacic et al. 2004) .

FIRAEAHER O HRAMEVEIZIE 2 TRAER B L1083
TACELD 2 BIDHFEAES B0 YV /NIE 2TAERIT, M
MR CHEEPE W RACEAE (Pin ) & A <
SRR WEEAE (Thrum &) © 2 DOfERH
HGHET D, ARAMEMEZZ O L B IHEE L,
ZHEZZ D2 ODTBM DA TITHILS (Darwin
1877, Eghis 1924, Garber & Quisenbery 1927), %
TEACBL D H ZAFN G % 750 EEAEW 38V N D
ATH DN, BEZERY I IBREAEI TR STV
b0 27V (Primula) &2 OMREWHY T
HY, VNEFL2BAMBRAMEREZ R,
DOREPETE <25 2 TEAER 0 B ZAH S VERT 72 D4
BeELTHHSNTEBY, 77V 7OWETHEDS
MTZERD Y INDIFZEIT L C K E N T WD, HE
AHERS L ORI 2 LR L T 5 BRI S &R
FHEEZHEESFE L T 5 & a3, BAHALOBIZ TR
FYRED ss TH Y, FAEHLIINTTD Ss TH
bo ZD7280, BT TIXRACHAE & WAHAELH
121 1ICHFFE L CTw b (Eghis 1924, Garber &
Quisenbery 1927) .

HRAH AR EMEDME LT 50X -
TH22ZKHNTE 5, 5 LI EMES I L
THIEENAEITHY, 77T FHIIAROND, 62
AR EMEIHEEB L o h CELET 230
Thhbo ZHUIIET AR NN T Bl EOEUMBEARTH
FAMEERL Y NBLUT 2 TV 9% &0 2 ALK
THRROARASHEEDEITND VN DEHEM
RALEPEH A T 5 RACAHEACIE A O MEE |2 HAEAE
AR DAEKy % 2 72356 & £ DM OB E TIIALH
B2 AR ETCET L EHESI LTS
(Schoch-Bodmer 1934, Morris 1951, B ¥ 1956) , —
75, FIACHAC O RES \ACHACDIE R & 2k L7285
AIIHFEAN TR EMEIMEIET 20123 L, FfE
MACIZBACHACDAER & 52k L 7255 6 1340 B 25t
BofH2,/ 3 FCHMELIFCELT A EIHS
T % (Schoch-Bodmer 1934, Morris 1951, ## 8
1956) o 1 < 2 HAEFEDE T X ) AERE MR O
IEEALAS 72 B 2 LI O K E S DR LHEED
RSLOMEMBRICELZEZEZLNTVEY, Th



MBI BRA A

5 EBEEAMEEDBR L TV B 2IE k721
2N Ty,

INIZBIT S E?’i%ﬂ”lﬁ%ﬁf’ﬁkﬂ@%ﬁ&lik% <
201205, B LIZHEMEMEOFHATS
D, BE2IIERERONMTH L, v NEITEE Y
NEEOISHEIZ EH L Z LG EShTBY, 71
WA L, BERRDNA, MEEFOEERHNIZED
SR IR B R D 53 H1 H B
& urophyllum Z )V — 7 ® 2 D2 kKl EhTwb
(Ohnishi 1998a; Ohsako & Ohnishi 1998; Ohsako et
al. 2002)o % ORI EIEALT O ARAEH %R

S, BEIERMEHTH L, 2OREMISY v
c4 ‘/@ (F. tataricum V&S v % I N) Thh,
Gy yyNEE Y oNE LI, HARTIHIbEES
RALHIRE D —FECTORIF ICR S T B9, &S
BV Z &S, P CIERER T Y T R E DR
IR CTHIE SN TV B, ¥ o & NI EESIIE
THY, \mVF 2R TH, oS & ETwEE

B & 7

, cymosum 7 )V — 7

DL LHIZDOFMPIZIEHE L T, 2T, <D
ﬁh%bi@ﬁ@%ki@,yyy/yﬂﬁﬁﬁT
LHEFRMENE R LY N EAT LRADFTDIT

& 7z (Samimy 1991, Samimy et al. 1996) , Samimy
etal (1996) XIREEREICX D ¥ & Ny
INOHERE ) INOVERIZ BT L7223, Z OMEFEIT R
AREEEZRL, BEZTICY vy ¥ Y NHEROH
FAEVEBIEF D5 NI EA Sz e v ) IER
R

HRHEM % R B AT I F. homotropicum 7%
%o ZOMEIX19914E 12 Ohnishi (1998b) 12 & b %5,
SNFET, HRAEWHEHESEMEORESNEL
IAE'—SETE@TE (Long Homostyle) DAERITH 5 &
LA IE & @ v 2N @ #1 96 # F esculentum ssp.
ancestralis kﬂ)f(b‘éo % 72, F. homotropicum &
SRS S, Bl NOMHEETH L F
esculentum ssp. ancestralis \(ZHE T 5 L HEG S
C % (Ohnishi & Matsuoka 1996 ; Yasui &
Ohnishi 1998) . Campbell (1995) (33 /N & F
homotropicum % ZEE. L, F. homotropicum & [i] L

AL 2 b 2 HFEA G HREDIE )
LT, ZOHFKMEMERME BAEHAEIZSER L
THONTHEORZRMA LS, BRMAMIZEEE L
LaEEL, 1EBETXRETHLZEPHLNIIR -
Twb (Wooetal. 1999), 2D Z & nb, ZOxf

B RANTY iR 3

VEETIES EATFeNnTnwDE, 20 8" itiriE
ETIE s X L TUIEETH D38 12xk L CTldgs ik
THhHIENnhroTwhb (Wooetal 1999), L
WLAEDS, 2O S EE TR EHRAA
X ERITOPRITP-TBELT, ZREIDL)H
LBEHERICD Db 5o T,

NLHNZ BRM G IR RAR 2 VR 5 5 i

ZBIF 5 A Sharma & Boys(1961) 12X - T
WD T bz, BHIEH Y <UL E L = F v
ANV T x4 (EMS) # 2N ENEL D
RN L, HEMEHERFOMEL I L Tw
bo FIHREROR LA LD E &L,
ZNEEE L 72HbFTET 5, Garber & Quisen-
berry (1927) (3 #)& TEqam Y NERF S HRH
BV o7, BB (1953) 1ZRACHEAECTHE
W EGERSE 2 R ER A B R L, 2 DR Ry
HAFAEL Tb, 72, Marshall (1969, 1970) &
BEETEAEAE (Short Homostyle) O &5\ Bl fa 1 %
R EfR % #iZ L, Pennlinel0& &) 7=z H
L C\wWh, Marshall (1979) %2 @ Pennlinel0%
SFSE LB MEICKEL, BT RSRELRD S
FEEFLRHBAREEH L TWEDY, $§XTOHIE
RANIEBCBUZ IR, HIEFEC L - TR, &
PEDME T L7z £ 345 LT 5, Pennlinel00 & F 5
BHIZonwTE, ZOHERERICO2D2DS T,
Marshall (1979) 258% 5 < 2 2P EOEHELT
PHAETAH7259 ETFUL T L5 0HREIIRS
72678\,

F. homotropicum \&, BFAEETD 505, B4
TETH 5 72OBKMEE R T . T ORRPEIE S
% O % Bk &4 (Ohnishi 1999), 2 d 2
L5, F homotropicum 75 HFRMEMWE X EA L
e B AR EE b, TOZ LI, 2O

TR % L0 B 2 VR ) B RAE MO a5 1 H
DRV ERRLTWA, —J7, BRI AR
R 2 R BN BEICAEm 2 RELL T A 720,
S D BRI R OREE 2 T A 2 & %N
HTHHI L, S5, BRI —FITHK 572
OEBICE O TRELET L ﬁfﬁiﬁi@iﬁﬂ—i“(“
Hbo FRWICEMZAT) 7201213, HIEER
KSR ETE L HESLEE 72 %o

VNI BT B Bk :Ut%< 7‘“(2@*5&56

LIdHERE 2 L, B el SN
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Bikid 5 b 0T, FAMIZALNS (Obaetal
1998a) o 45 2 IZFEEMICA SN, B OIS
g, BAMICEEIED L I L idhvhs, HEESe
MM TZOREICENI A SN S  (Obaetal
1998b) o

FEHZ IV EOBIE S8 Y SO HEAMEED
S supergene |2 X ) L ENTWAHZ L HFFEL,
S>8">s OBEBHEBRIPAFAET HHHEZHS 2 ICL
7o F7z, SHHBIETUNOBETICLoTHE
Higfek 2 /R 2 L ZHOL NI L, & 512, il
VN TEBLFEMEI 2 DO BT S BT
XD ERESNRTWLZEZWSICL, BHICT
FIEWLE R % 32K T % 5 DNA ~— 7 — DR
AT o727,

AWFFEIE, 20004E 72 5 2004512 D 0F T IUPN T
FW7et >y —VEMRRRRFEIIC B W T T o 7o —
D72 %= (Matsui et al. 2003a, 2003b, 2004a, 2004b,
IE - FH 2005) 2H) FLDbDTH 5,

KEFE % BATT AI1CH 720, IR RFHE - dHl
BEEH KGR 2 2 IR E L i 2 o 7o F
7z, RWFZEORHE, FTBIUW) FLDIZHh7z-
TIIHACKFHIZ - TR L% & N REEEY &
JEEZEAT - /MAH BT A OHTR & 2 1 - 72,
72, HECRFHIE - RV A I B H 2 b
RRRAEL TTHWZ, T2, KWROZITIZHZD,
JUNDIHBESENTIZE 2 > 7 — - FIRBEAKISIEHGH
YRS 2872, SHICHhREEMIEL Y ¥ —
i - M EREEL, et - R EnE
+, HAKRS: - gL, JUN PR R SETE
Yy = REER, AR R IS
DRIREAL, R RFEIZEHEAIIEE O RSN,
HARR BT B 7R E O BRSAL, 38 NI IuH
MEENTTE X > & — OBIREALIZ ISR D57 &
WLETERE TR VWi, T 2ITEALIC
o LR IR OBE LT b,

I. Fagopyrum homotropicum |\ ¥ %
B XM EMEEETF DREN

Ml NOHLIEHE F esculentum ssp. ancestralis
(AL 72 A B A= FE F. homotropicum & 38 /NOFE
BIZSHEIC X D, BRMEME Y NPER STV S
(Campbell 1995), = ® HRKHEHERMKOLEITE
216416 (Long Homostyle) T 0, 1:#&{EFLE
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EENTw5 (Campbell 1995 Woo et al 1999), =
DEEILEZ LR L TV B LEEFIE S &4
fHFon, BAMEEOX BT s & HAEtEE % b
72 B TAGRIZTS £ DRI S > 8" > s DL R
BHDHLZENPHLPIZENT WS (Woo et al 1999)

Lo LD s, S"5d (i 2sHRME %2 R B
B, $7%bb, BERMEWIemHo S REK
W& 2b5D%00, MEMOSEEOREIZLS D
D, HEVZZEOWMHIZEDSDLEDONR L4
CHLMIZENTV RV, $728>8">s DEHE
b 726 THELHALNIZEI N TRV,

Dowrick (1956) (&[] U 2 JEAERI A ZAM G %
RYHY 277V (Primula) T, HERAMEM X
BLd % S EAL TR IZAER M O FRRRF M 2 g
5 ELT, MESMORERMEEREE L e T 85T,
HELROES, EORS, [EHoRkE s, HEE
RO K& & % HET ABET2ERL T &
9% S supergene s x PR 2. 72, FOMIIE, T
ETOREPET—HICTHET200Thb, $72,
FESMHEIEEOES L HEDESZHE L T
LEMETEOMBBZ L) BIL, BEAHEAMEAE
DL L BEHFMEWRERT O, (B O
MEPET 5 EMET L HEORS 23T 2 E5T,
HES OFERRF B g T A EIEF LR OR S
XL TV AEEFVERICESE L Tnh 7oL
EEELTWh,

Sharma & Boyes(1961) 1% S supergene 5 /32
BT D EEZ T2, VY NIZBWTHIER & BREA
FE TR CERTH 5 2 LIS NTED,
T 72 RACHAC DRI EAEHALDIE £ 0 /S
HEMON TV, 22T, vz v oS
supergene (21X 5 2D TiELT, G MEE, IF:
MEEM S AR, IM: ALk M S B IZT, P Ak
AZXBLOA HEEEDPHEREL TS EIRE L,
S BT EOEACAEALIEEE L T bl n T34
THMETEAEACIHESE L T 2 (a3 4 TEE
TH) < & 3N, BACHAL O EETRIT g% pal
gi%i"pa £ 720, WEIET s IHVEDIREETHEE D
RS2EAL, MEZELTL, $72, MEBLIY
HESEMO ARAMEGHER 1312 s 1272 5, —H,
WAL D EETRIE GIPT'PA/ gisi'pa & 72 V), x)
VRfa TS IERORETH SRS ZE L, #
BrRELT R, $72, MEB L UTHEDOARANE
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HoOFRMANIILIZS 1245 (Fig. 1),
%,/n@&&%%%??VWuﬁmf%:ﬂ%%
T BT DHIERZNO DONEFB L OHSEEEE L F
ZIEo &N 53ho TV,

b L, E N2 D S supergene LT S &

Fig. 1 Flower morphology of pin, thrum and long
homostyle. The plants with pin or thrum
flower morphology are self-incompatible, and

the plant with long-homostyle is self-
compatible. A, Pin; B, Thrum; C, Long-
homostyle.

Lo L7z

CRVPANTY iR 5

BoE L728h, BEMEAEROER I S & "
DECTHIEb-72dbDEEZONSE, 22T, E%
AEFEAED S supergene A CHlIftb > CTE7-D0 %
O PZT 5 LR, WV EE T OB S
>S">s kb2 &%%%ﬁét IZRDOBF5E %
1T-o72

1. MR LUHE

1) WEEEEZ W72 ARMEME Y N OEH
HERMEWEO VY NZER T 5720, Ei@ Y N0
¥ FF % 1 (BTN) 2% A # @ F. homotropicum
(C9139,C92558 L 1F C9414) XKLL 720 F. homo-
tropicum DT IR F O RKHEEZ L ) 578 Td
Wiz, B S ~ 7 BRI E®MB L, 70% =%
J =T 1 L 72, 2% ORHIERERT b
) LTS L 7o, 2D, 3% a b,
1 mg ./ INAA (naphthalene acetic acid) B X O
0.8%FERK %Iz 721, 2 MS(Murashige & Skoog)
Bidth AR L7z, Hi2 325 C12K M H RO L C
1To720 MEFETHE SN HIEAKD 9 bHIFZIE
L C9255% ZR L TR oN7- % Fe ¥ CHR S
L, L BRMEESRERORMEEH L,
JuF% SC2(KSC2) &4fF1F720 2 DRkt % T

T EBRE AT 72,

2) MEFReME, AERREE, MEHESEOWE
HEMEEOFE Tt B X 0Lt o B %
TR D 72D HERMED KSC2, & SO M-T)#
XEERL ‘fy‘k L UOHSF 213 E KSC22 R L 72 F,
VT, ENZTNORmOMEF RN, Bk,
MEEL LOBEEEZE L7z, MyitkidiesE 2
Kw D, FOHR TGRSR T4
TRME L7o. MEHESRIE 1 R/Md 720 3EERE W,
RS 720 STEFMH L7z TEMRZRIE 1 RFEd 72
0 3k E HVy, UK 72 ) 50RO TR L 72,
W LM T CEBE AR~ 72, 22—V
7 b =7 (Mac SCOPE, Mitani Co., Fukui, Japan)
W TIT > 72,
3) EGHARAT

S BT HNIERET 5 EE 2 5N LHEHESE,
FEREDS X TAERAHEEDEIZF-25EHH L T

B WY B 720 247 o 720 EHTIC
ERACHAEDHIT I RFEAEZ R L TTE

72F % B L THE S - UOEMAE D S % B Fo B
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HE % Wz,

4) fEmEMEBIZE

HRHEHEREOSHEN G - NFIAEEEHET 5
7%, CHEMEOBS Y1772, APV
TWOELY, KE AN T T ATV T—H20C DR
FITE Tz, B A XGOS AE R R S
10 oL TR ATV, 0.8% DFEREFH I E R L
720 BRIHERRRRLZ ATV, RELLTH 5 6 B L 24K
Witz ME2WHEY, 60CH 1 NAKEERIL)S b1
v LR T304 FALER L 72#2, 60T ?D0.1% D7 =
) U7 —T 1 B gt L 72, BIET B R
(Leica) # MW TATv, IXKEMAR LD, Lh
CEH 3OoDIETIT- 720

5) ZEBCEER

TR E M EEIEECHE L -5 MAES X ORI
B EROR T AL TV 22 E 5 2012
T5720, NI E BB X 2 RREREITS 72,
RRBAIIGEEEROENC L 2 EELEZEL,
HIF#1E, ikl 5B X OHEREAERD 3 BEE H»
72o JUMHIBIZ BT, FFF2IXERE, BEL S
T, BERAERIIMAETH B, TREIZHARIIA
A MR EZ VT, BT A2 &% LI -7,
HARBRE T I2BWT, vyNIdEERRZ AL 72
MATTHON DL DT, RIfETH BB L UNT 2 Hwn
TR ER AT - 720 BEEHWZRIE, 1XKA
B 4 m, BEME60cm @ 206 7 5 X % 2 I8
1To 720 KIZHH OMEIZIE B EMEMEAEE % 101E 14,
b ) B ORI IZFEAEAAL £ 72 1T RAHAED HRA
AR 2 10 ARE 2, ZRERA 5 HATA S v X
IR CE - 72 ZREEBAEIA IC e 2 o i
BT ZEIilkiTo70 NTEHAVLZRIX, BR
AR EAFEMEMEEE 1EET ORE IR,
AR D HDSAS v &) 1B A TE Yy, BB
NI A ORI T 2 LI LV iTo5 72,

6) DNA 4747

JIAEAEAE & KSC2A %L L T C & 7MWk s 2 o
MOZBICEL > T TELI L EHERT LD
DNA 5T 247> 720 HIEE S EfnT-HEICHEET %
<= =& T, FORARD R O3 L E AT
o Tw b TAT o 720 4 DNA 12 DNeasy
Plant Mini Kit (77 ) # FHHWTZFDOFHHAEIC
fit > THIH L 720 Aidietal (1999) (26t~ T S (%
FAHEB L TWAEY— 5 — SCQTsaD T I A< — %

55475 (2006)

B LT TIAR—DY = AT+ T —FT
54 <—75"CCCGATGGTGAATTTGGAGG- 3"’
THhH) U N—ATF 4 < —» 5 -CCCGA-
TGGTCACTCAAGGTT- 3° TH b, /N N
&1 Adi et al. (1999) @ FFEIZHE NV, B KE) X
PCREW % Alul THAL L 721%, 2% D7 A — A7
Ve HWTIT- 72,

2. TR
1) MBS Z W2 AR Y NOEH

3 DD F. homotropicum 52iE DAEN; = 421X D
FACAE LB L OEACAE IR L, MERE Y N DR
ATz MEAITHACAL £ 23RS L F
homotropicum % ZCHE L 729 X COMAEHE CTHERT
&7z FUITEAREZ AR L LTI LA
RACGEAE A AR L LCRALT 5 £ 0 b M 1M
AEM T 52 AT ES (Tablel ), FHAEHAL %
ARICLU TR L2 DRENTH S Z &1 Woo
etal (1999) ICX->THHMHEIN T, fEHER
7ZERMEME VY NRFED D B, C9255% KB 5 2
LIZXoTCTELRMEFETCHRSML, B8
BIXUHZRMAEDPEHE TS 72428 % Jufi SC2
(KSC2) &L, fehEMERLEB & OB RERIC
w7z,

2) BB X OO

KSCZOAEI I MEE L HEE O R S TTIFFE LW E
AL TH 72 (Fig.1, Table2), fEFEIZHE%
M T, ENENOREAMEN T 5 HIEHE 15 %
N7zKER, BACKEAE B X ORI CEE L
Mozl xf L, KSC2ix H g fli % e L 72
(Table 2 )o Z DiEFH 5, F. homotropicum O HFK
MG &L S ASKSC2IZEA SNz e E 2 5
Nize L LA S, KSC2OMEIZHTTZIXT0E
TR LVEL, T4, BLNTEMRAEL Y bE
Motze INHLIEFHEMCHEROEVIZLIZODLE
2 HN7z,

R AE A A8 o AE B AL £ & Schoch — Bodmer
(1934) RHEL (1949) OMAEICH B L 912, FHAE
FAEDAEA AR L ) b HEEI/NSHh o7 (Table 2,
Fig.2). %72, KSC2OAtHffE & KSC2 & 213
XML TCCTEF OIEMRESERICER RO %
PolzZ e, FEREIEEIC L DOBMEEET
Lo THBE ENTWVAEZ EEZ SN,
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Table 1. Hybrid seed production by the cross between F. esculentum and F. homotropicum

Flower morphology ~ Pollen parent

No. of pollinations

No. of ovules developed No. of F;
and excised (%)

hybrid

of egg parent (F. homotropicum)
(F. esculentum)
Pin C9139 1105 17 (1.54) 0
Thrum C9139 3561 273 (7.66) 33
Pin C9255 2151 107 (4.97) 8
Thrum C9255 2640 178 (6.74) 37
Pin C9414 189 7 (3.70) 1
Thrum C9414 2504 139 (5.55) 25

Table 2. The morphology and seed set of self-incompatible and self-compatible common buckwheat

variety
Seed set” Flower morphology
. Fl
Variety t;),;/:r No. of No. of Pollen size(um)  Style length®  Anther height”

bagged  obtained + standard error * (mm) (mm)

flower seed (%)
BTN P 52 0(0.0) 37.6+04 a? 2.08+0.16 1.030.11
BTN T 116 0 (0.0) 513+15 b 0.66=0.07 1.97£0.07
SINA1 P 269 0(0.0) 37.1£05 a 1.99+0.10 1.09+0.05
SINA1 T 317 0 (0.0) 50.9+03 b 0.66=0.02 1.98+0.11
KSC2 LH 517 91(17.4) 48.1+0.1 bc 1.33%+0.09 1.50+0.21
BTN/KSC2 LH 767 279 452+0.5 ¢ 1.860.06 1.89+£0.05

(F1) (34.0)

a) Seed set, style length and anther height were measured using three flowers in 3 plants of each line.

b) Diameter of 50 pollen grains was measured using 3 plants of each line.

c) The same letter indicates that the values are not significantly different according to Tukey’s HSD test

(P = 0.05).
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Fig. 2 Pollen grains of pin, thrum, long homostyle and F, plants between pin and long homostyle. A, Thrum;
B, Pin; C, Long-homostyle; D, F, of pin/long homostyle.

3) AT

M2 XD EEFAL &L KSC2E2 LR L T TE-F,
EROAERNZ, REFLEAL & BAAAEA5106 3412
SEEL, HRTEEOMEETHERS 11 (4=
0.038, 0.80< P<90) |Z#4& L7z, HARMES X
OO RESSENRZENS | 1 OMFS I
AL, TRTOBENFEEIHHAL TV DI L%
Molze SNHDZ NG, S"EETFHEZ S EET
JELFBIZTTH Y, BRGNS #BETE
DEIZTICEBDDTHENT LS Do720 LAL
A, SEEEAOTER DK & SIXFTEAEIER & )
SN THEEAA. 5 m D548, 1 4 m F THIE
L7z2&n5, fEHAORE SIFREICSELRT
W E 7 IIAC R & SRS A IR AL T AN I AT
ETHZEeENEZLN,

4) fEMEMREEZEL L UORERRICL 206 - A
fEHokE
RSEAERO A RMEEDTEN £ 721 3MEE D S B
REDOXRINZ L 2 b D2, F7203 S EInTHEN O FLHR
RICEDLDONEWHSNIZT B720, 3OO

THELRZITV, [EHhEMEBIE2ITo72, T
ENBLMEMEDO I % Fig. 312k L7ze b L, HE
MAEWREOIRE N ETOMRRORERE TITEL
7o8t, TR O SEEREDSRINL TWAH Z L %
EIRL, $70, BRMAERKONEEI & TORLR D
EHE 22T AND % SIXMEED SEREN b N T
Wb EEZLNL, T2, ARNEWEIEHRB LD
MEEDBRAMEMEZRIFEL, € OEIET B OB
WAL TWE ECGE LGS, BRMAERTO
?%iﬁwﬁwwﬁﬁbﬂbfiﬂAﬁfﬁb <l
TERAEDOMESE I L CIAGHERT, T2, E
%*T@m%iE%wA@%ﬁ@Mﬁ LT
AHEWETH Y, WA I ETEIT R S,
ANEBTIE, HHELEICBITA2IEHOREFIT 6
%, ETOMAETIIBWTELESN, BIAHELICHE
AEHAEDIE & 2T 7236 B L 2o T, 1Bk
EHVRECEET ORI NIz, —T7, A
AN HACREAE DN & 72356, EmE ORI
H%Wﬁmiém’ﬂL RACAAC ICRACAEAE DAL
e 7256 13RS OMESEHEDR 2 /3
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(a) (b)

Loss of S function in pollen

d

o Pin  Thum LH Thrum Pin
G/IF AP gt aliP
Pin - + + I_F_ _.I._I-—
Thrum + _ + /\
,
H | +/=|+/=] +

Loss of S function in style A
Q d bin Thum  LE \
Pin - + | +/- \
Thrum | + - | +/-
wm |+ |+ |+

Recombination in the S allele

2 d Pin Thrum LH

Pin | - + +
Thrum + - -

| - + +

/
4

¥

Long Homostyle

fSAW

Fig. 3 Expected compatibility interactions between a pin, thrum and long homostyle plant. Expected compatibility
interactions caused by loss of S function in pollen or style or recombination in the S allele (a). Model for cross-
incompatibility/compatibility by recombination in the S allele (b). Crosses shown by arrows are compatible

and by arrows with broken lines are incompatible.

BEOEZIATIEE o720 INH DK HEIZ Schoch
— Bodmer (1930), %6 (1950) 8 & U Morris (1951)
DL —FH LT,

FACRAE DAL % H KA A MERM KSC212 %8t L
72Nty, AR 6 RERROBIS TSR T THEL
72D WHERR S NIz, BACHAEDAEH & KSC212%
L L7236 3Rk T CHRIEL 2o 72 (Fig. 4,
Table3 ). F72, KSC2O1e#y % EAEHAE IR L
7L, IEREAIEE THEELTVWADITHL,
FACAEACI SRR L 723 BB E IR CTHIE L C
Warolz, THOFRFEIEARAMEGERELICB W

THRREATL O BRAME VI BT 5
CLEERLTWAE, Thbb, S"HVEMETIES
supergene WOMHBLZ IZ X D ELTWDL Z DS
NEZpo 726

L2 Lads, EAEAFEOMEICH T XL
KSC2%ZZE L7z Fi DAEk % %8B L 723956, Fi DM
SICRAIEOE 2 KR L 72556 B L OFAEAE
IZ KSC2DAEHs % 28 B0 L 7235 & 1A & A Ui
FCEBLTVDE I EAMHER SN (Table 3 ),
BRI IZIT > T ws, BZ6 L I iddER
HWERT 2D ARAEMEOm S 233 58
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Fig. 4 Pollen tube growth on a long-homostyle self-compatible plant. When self-compatible line was used
as female plant, pollen tube growth of pin was stopped in the style (A), pollen tubes of thrum
reached the ovule (B).

Table 3. Pollen tube growth in each cross combination

Pollen parent
Egg parent BTN (P) BTN (T) KSC2 BTN/KSC2 (F))
BTN (P) 0/3% 3/3 3/3 3/3
BTN (T) 33 0/3 0/3 (3/5)” 13
KSC2 0/3 3/3 3/3 NT
BTN/KSC2 (Fy) 13 3/3 NT NT

a) Data were show as no. of pollen tubes reaching the ovule/no. of flowers tested.

b) Values in parenthesis is at 24h after pollination.
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O ) & {5+ (Horisaki&Niikura 2004) 12 X %
D EHERL 72

5) FRELB L URHEEHWA-ZRLC & AT
FRMB LRV E L, BRI
KSC2DAEH; % 28 HL L 7235 & D JEI S 1= (X AEAE
I KSC2o ek XX L 72Ea L )V b & o7
(Tabled )o L2 L7&D5, HHIEAEIEIZ KSC2% %
L L7236 Th, a2 dpEsIhs (Tabled, 5).
ZIT, NTORETHON- 2 EFHREL, fehl
R L7, TOMRE IRSIFEL, EeREoE
fFHiF7z0 & OERAAR L AL O K & KSC2
DEBIZE ) TELLDOPEHLNICT L0, S
HEFHEZHESE T A DNA Y —h — &2 HWTHER L
720 TOFER, oMK, FAARACREY RO
BT & KSC2HRD#EE T2 A LTz (Fig
5)e BZEHL, ZORKITGOIEHEMERBLZET
bR oM, RHEHERIEA S RN TR L7 Ek
EEZ SN,

3. ER

HRAFE VR 23 B RGP % 51213 S
FEEERERDVD B, Bl2IE, ZRERIZL HEH
F 7S O R 0N, S EInTEN D%
FEETIC L AEEF 7213 SBIE TN OIS OFE
W RE 2 Y B AR & AEAY O RERRIF I & X
By A EZFOMTOMIRRIZEIZDLETH 5,
F. homotropicum \ZH1k$ % S" X LR FAYH K
MEERBTLBBIIWES &> TV, KA
78T, HEMEMERKOIEI AL O MESE 3T
L TREIAMETE TRACHEAEDMES 13 L TG
ThbIerML, S5, RGO A
RMERHOME I L TCARFIAEETH Y, HEiE
FEAEDAEHH T B R A VR OMESE I L TR&
ThHhhHIEEZHLNIZL T,

F7, B, S, BRMEMESIEE S X e
KR AR B2 & (RIS 22 L 2o n
IZL720 ZOMERIIMEOATEME ST it 2SS
DEIEZZMLTVLEET L HEIEHL TV 5,
HiE, ZHEBHL WL I L EEKL, TR
DAME BT DPHEEDOR S 2 i % &5 T
a LA U CEBIGEH L TV A 2LEEHL TV
PEEERT L, Thbb, YNOBEFRAEMIZH
522 S supergene (2 & ) ZEE S, S"ELTIE S

EPOMOMIBPZICL D EFHHTE 5, S ELTHE
WOBLER NS0 EETATHITE
(Fig.6)o $2bb, {LOREIEIINL OEET
il 4 DEHEBTHHTE S, T 5DDEMLT
D IERER N 3 HEE T E 2 h o 7225, BRMEGHR
O DK E S DFAEHEAER!  (Table2) T
HILEEZDE, AR OKE S LR 5iER
T p BIEH O EWER T BIOEEDORS 2
FTHET 2 EIET a 1T EHER S 7z,

Ohnishi & Matsuoka (1996) # & UF Yasui & Ohni-
shi (1998) 13- FFHINIFE 2> & F. homotropicum |
B N Mg T H A F esculentum ssp.
ancestralis \ZHIRT 2 W BB E W & ity L Tw
2o S" XL 1% S supergene NI Z 12X
HELTWD LT HRIMFEDRERITI NS Ot %X
HI5L50THD, VNLAT S supergene PIDFH
Bz X WAERESTE - LA STV B IC
77V Hb, Y7 IV TEIZIEVYNNEER
U HBAL &L RIEALZ RSO AFIET 5o Ernst
(1955) &, [FIZACHE & RIZACE O ZMEAR S %
A L 728530 5 O 0 D [FEITAETE X EIAEHE 2>
bWk 5 & HEE L, Wedderburn & Richards
(1992) FHEELDRITLAERE L S EA5 T EN DM 2
WCEDELZEHELTWS,

F. esculentum & F. homotropicum % %2 L T F,
MEfE 2 R BB, FAEMAEZ AR L LA EAR
MAEZ R E L2 L ) b EWERTHRYI L7z, [T
£ BBEHD Woo et al.(1999) 12X > THESNT
Wb, ZHEBEE5  SHEIRTLEH L2 EE%E
LY B E{E A post-zygotic (272728 & # 2
55, postzygotic |2 < HRAMEGMEIZ WD
POREY) CTHE ST A (Crowe 1971, Lipow &
Wyatt 2000), /3D S supergene (213 B# 5 { Bl
FEETICHE SN TWS 5 ODMETOMIZ, F72
MBOBIETIEEL TWAEEEZONL, EEHD
7T TR OKRE SOELEEZTIET 5 E
LRI ELETZOMIC S HEEOBEETHS
supergene IZFEFE L T WL EHE I N TV D
(Kurian & Richards 1997)

ARWF7ETIE, —IRICNEEMAEGEEERZ DN LM
A8 OFACHACHES & REEHAC O, REH
TEMESS & RACHAE D ek B L O F. esculentum WS
& F. homotropicum DL OMEH TH T %155 2
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Table 4. Seed set obtained in the cross between self-incompatible lines and the self-compatible line by

hands.
Female Male No. of flowers No. of F; seeds (%)
crossed obtained
BTN (P) KSC2 33 7 21.2
BTN (T) KSC2 30 0 0.0
BTN (P) BTN/KSC 22 5 22.7
BTN (T) BTN/KSC 26 1 3.9
SNA (P) KSC2 65 5 7.7
SNA (T) KSC2 63 1 1.6
SNA (P) BTN/KSC 47 15 31.9
SNA (T) BTN/KSC 53 5 9.4
KNY (P) KSC2 38 13 34.2
KNY (T) KSC2 62 2 3.2

Table 5. Seed set obtained in the cross between self-incompatible lines and the self-compatible line with
bees and flies.

Bees Flies
Egg Pollen F1 seeds Flower
parent parent morphology
No. Repeat  Average No. of No. of seeds P T LH
of no. of Fy seeds germinated
plants seeds
BTN KSC2 10 2 8.8 24 22 1 0 21
(P)
BTN KSC2 10 2 4.5 2 1 0 1 0

(M
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Fig. 5 Confirmation of hybridity with the S locus-
linked marker. Lane M shows molecular
markers. Lanes 1 and 2 are pin and thrum
plants, respectively, of F. esculentum. Lane
3 is line KSC2. Lanes 4 and 5 are F, hybrids
produced by the cross between pin and KSC2,
and between thrum and KSC2, respectively.
The arrow indicates a polymorphic band
derived from KSC2, and the arrowhead
indicates a polymorphic band derived from F.

et

el N B 5E 13

EHT &2, SIx SCV— )L (de Nettancourt 2001)
X2 L, BEAMEEEOMESE IS A1E 2 2¢H L
1A IARA & e A ZFDOHOMAE TITHAIZ
%A, ZZTIE, F esculentum |\ F. homotropicum
ERE L7 A IS S EM AR & 25 (Hirose et
al 1995), A OFERIL, IS DA GO [EEE
DORNTRIAEREEZEZ BND, BE (1953) 1&
A AR caamattr At L7z, 20R%IEH
KGR & FACAEACIE R DA SO TR % 1R
5 LHE L Cwb, Sharma & Boyes (1961) (344
AR O EERfEE B L TWwa, ZORMKIE
FE VR & FACHACTEAA DA PCEHE T3l -2 1F
HTELRDolbHELTWS, YNNI 7TV
BFEo TWBH DL L &9 B AMEMED S % S H
T L EMEML T % > Tw b (Mather & de
Winton 1941) &HEHI S5,

4. &0

gl N IERACHAL & FAEHAE 2 /o 2 TEAERL O
HEAMEWEW TH L, VNOAFRAHEN, {E
BB X OTEBmR ok & 1% S supergene 12 & ) SHE
ENTVBHEEZLNT WS,

AKWFSE 2 B\ T, F esculentum & F. homotro-

esculentum. picum % ZEHL L CHESFRHAT C L RAAPED /35
fre Ve L7z BRMEHRT O RELHAL
Genotype of the § locus
s/s Sis Skis S§/Sh Sh/Sh
thanotyﬁ)e (;f stﬁle y
engt! an
anther h(egight @ | 889 Ggda | ggda | Ggd4d | gg
Phlenottjiflp(e:g ()Jf stgle GA A A A
eng an a
anther height (@) g g g g
: Long Long
Flower morphology Pin Thrum | gomostyle Thrum Homostyle
Dominance relationship
e ¥ — s<S | <Sh | SELS | —
e Sallele

Fig. 6 Dominance relationships between s, S and S” alleles based on the dominance relationships of the style length,

g, and anther height, a, genes.
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Fig. 7 Flower type of Pennline 10. Flower morphology is short homostyle.

RICAER T A ZILEAEAEAED b DIk D o 72, FAb
FEAE & RS2 R L CTT & 72 FL OfEH RO
KESFREMFARIE , B RE S 13E
Rl R B 2 &% ot L7z BRAGEREY O
A T RACAE OIS 1 L CldfaETHh by, 5
DO ZNIZEIATEETH o7z L LEDDH,
FACEACDIER 13 B RAF S ERED OMEEEITHT LT
EIAFEMNETH Y, FAEAELOIEH IIMEETH -
72

NS DOFRERD S BRME M EET ST R
AR OAMENEELZRFELTBY, £11ES
supergene NI Z 12X Y E Uz EHEE S N7,

II. Pennline 10IC& 7 2 =BEIRMD
E{=HECAZAR

HAEFTICHR T2 AL L > TEVHER
Mo IRV INREDPEH SNz L v ) Bl o
M SN Twb, Schoch-Bodmer (1934) ZEAE

HAEZ S OHFNEUEDOFAE LMD THE L T b,

B (1953) b HAREMH 2 & BAEAE L O B jifE 1
EA VAR %ﬁHﬂ LTw5b, ¥7:, Sharma &
Boyes (1961) (X358 NIk ER 2RI L, &
TETE/H:@EMOFIVETIE%\%L%VE;E LTwa, L2L%

5, HHPMER L7z HWTH LKER S
728 i I3 AFAE L 22 vy Marshall (1970) (%58

VNSRRI E WV B E R T A SR R RO,

Pennline 10 & & fHF, @fEE$k L T4, Marshall

(1979) X Pennline 10%;’1“67) &I 5% OHEAMK
2R L, BIERMIIERMIZIR, HIESEDYR
HeEbihsh 4‘”%’]%&“@%’%]@& EDOMHIZHBWT
WOBRLNIZEHE L TWAE, ZOEDITHS

T3S, Z @ Pennline 10234 F 7 % & Hidfs
PEER 2R LT, BRAE D an s B 5 13 2L
Feds CAtbNTwizwv, & 512, Pennline 1023%F
T 5 HMEETIC D W T OBEIERIIIEEA H 2B
Z5 L 22 EOEMETICHR SN TS EHER L
TV 5 UAME A v,

% 2T, ARHFFE T3 Pennline 102 E 3 55 H
FERSIEADS S* A AT LR L & 912 S EIATHD
SV ERETFDO 121285 b D%, £7213SEIEFHE
DA DBIZFIZL D HIEI SN TR D D02 L I
THLOI, [EHhEMEBEL F. BIUOF.00E
BT S AER D58 2 FAT L 72

1. MBS LUHE
1) HESATEL

=\ BRI 2 7R 9 R4 13 Pennline 1038 £ O°
JuA SC2(KSC2) @ 2 D% M\ 72, Pennline 1013°K
2 B4 R EMTZERT (USDA-ARS) £ 0, 4riElH
Wz INHOHEBEMERMICINZ, Wil SO}
ZIEBLIOER 1 5% L7z, Pennline 10131 i
EEPLIECESEHETH S (Fig. 7).

Z @ Pennlin 10% 451213 F 7213E18 1 5 125CHL
L Fi %1372 /8% 1 5 & Pennline 10% % L THs
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Fig. 8 Pollen tubes of Pennline 10 reaching the base of the pin style (A) and the thrum style (B).
Bars indicate 0.2mm.

SN EEAAERID F % FIP & &40, EAEFAE
BIOF, % FIT L4172, EHIC2n6 F & Hl
LCF. 287,

2) femEmMmEBIE

Pennline 10D MM E B L AR EEZH S
255720, [EMEMRBZEZITo 72, IEHOME
BISIIHIHI CIT - 72 2 R LT T o 720 EDMY
WB R YELY, KEANZT T AT
20COMEZEITE N2, B, [EDWE XG0 72K IZAE
R LU0 B LBRIEAZ ATV, 0.8% DIFERETHLIC
BR L7z BERREZ 1TV, RELLTH 5 6 B &
U24Wsit4, MESSZ2E) ) Eai (Mg =% 2 —
=3 :7) WRLEE L, EEKTIyEMkEE,
60°CD 1 NKERALF b ) w7 AP CT12045 LB L
7oo PRHIKTHENTR, 60CD0.1%D7 =) ¥ 7
V—"T 1 REffgeth L7z, Jethfz, ZRRIKTHERL,
FOCPAMEE (Leica) & W THEIZEL 72,

2. R
1) Pennline 10DZHER & - ANFIEME

Pennline 10D AE#; = RAEHAE, WAL L O
EHEEHAEOM SRR L7:K, EhE I3k FE T
HEL 7 (Fig.8, 9). 9% b5, Pennline 1004E

IS 2 & TOMERII S L THIAEHETH D,
Z M1 Pennline 10D AE43 1 O F2 3R 4 2 MEFR RE 2355
BN TVEIEERBL TS, —F, SEFSEh
1 DIER % Pennline 101225CHE L 72354, B4
MRERIARLETH 72 (Fig9)o & 51, BibH
fb& F1P, FI1P & F1P B X U KSC2¢& F1P = 7K
L7285 & S AEMEMEC X 2 A A 1A% E
Tholze LLEDVS, MOREMETIZEITS
A EMEOAHEMH EIHETH - 72,
2) FiBXUF 2517 A {ERF4

FEA A D S HRBE DR IDT S supergene N D i¥ & (%
FDOREIZE DD D2 F 7213 S supergene LIyt o1&
EFICE200EHL T 2720, F BLUF,
YOI & i L7z, #FFZ I3 L FiR 1 7O RAL
HAEB X CEAEHAED ZNZF N OMEEIZ, Pennline
1001 % TR T A 2 L 12X ) AFF25kK O F il
T &G SNERY MWz, FIAEFEET
O —AF ¥ Yy N—=NTHER L7z WAL 2 BRI
M 72854, Fiia oI EerE e & RACHAED
SrBEL 72 (Table6)o, = L C, BABHEACLZ AR IC
L7261, FiliiofbBlid & TR TH o
7z (Table 6 ). 4L J} % (£ & Pennline 10 ® %2 g 12
Lo TTEF B3ETHBEET2Eo7, LAL,
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J'

$ Pennline

Pennline 10
Pin
Thrum
F,P
F.T

KSC2

Compatibility

Pin Thrum F.P F.T

KSC2

3/3
202

- Incompatibility - Intermediate

Fig. 9 Pollen tube growth in each cross combination. Data are presented as no. of styles with
pollen tubes reaching the ovule/no. of pistils pollinated. Upper values are findings at 6 h
after pollination, and lower values are those at 24 h after pollination. Values in
parenthesis are from results of second chapter. NT, Not tested.

f5i% 15 & Pennline 100K L D) T & 72 Foldfd
T2l OFhnhrELIbT NI LEET
Holze TNHDFERD S Pennline 100 & H b fs
HIEEENERICEESNL 2 EFEZ LN,

EACMHAL L 23 EEEAE 2o, 23
Pennline 100 M ORI L D EH E N7 8 DD F,
Ml 2 [l (RS L, BT A GRAT L72, T ORER,
F CHEABMHAEZ R LRICHR T 5 F. 2 50,
ETO FEFPICRIEHAEEI RSNz, 82
D FEMDH B, 2208EFH02AL10 & 02AL1312 13
WEFAA ARSI L e o7z, 2L C, ML
HEEE D S BACHAL L ) /1 & 27 Pennline 10 &
D HRVWHEBIOLZ S OMEMELLBLL 72 (Table
7)o

3. £
VN 5 7 B2 AR O HRAAYER

F 12 Ssupergene I X ENTWAHEIAOLN
(Dowrick 1956, Sharma & Boyes 1961), A& O 4%
I, T#TH INEEMT TSz, BRMEMMT
S EIET PO Z 2L ) B L 72 & v ) Hig s
W< o9dh b, Wedderburn & Richards (1992) 1%,
Bt TVl BIT A BRMAMETEIL S supergene
NOMIEZIZE DAL EHEELTWD, 72, F
1#EIZBWT, V23D S" &5 S supergene
DM ZIZI DAL EHE L7, b L, Pennline
100G 9 5 FEAEFEAED S supergene P DL 2
WCEDARELZEEZ LSS, FOEMETRIZ
GFi'a/GFi'a £ # 2 5N 5 (Figl0), = DE(E+
Bo4, RN EERELO LT AL
DOMEEIH L THIAENTH 5755, RACHIEOMEEIC
L TREIAMEMEE 2, FEACAACOMEE AL
HACDLIER I L TIAHIEME L % 2 D RAEAHEAED
AT LI a2 b0 F72, FEMAAILD
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Table 6. Flower morphology of F, plants

17

Cross-combination

Flower type of F: plants

Egg parent Pollen parent Thrum Pin Total
Botansoba (T)  Pennline 10 (SH) 3 2 5
Botansoba (P) Pennline 10 (SH) 0 4 4
Shinano1 (T)  Pennline 10 (SH) 6 3 9
Shinano 1 (P)  Pennline 10 (SH) 0 7 7

Table 7. Flower type of F, plants
Line Flower type
(Cross Fl ke
combination) Thrum Pin Short-Pin ~ Short-Homostyle Total

02AL10 Thrum 6 2 3 0 11

02AL11 Thrum 19 7 9 2 37

02AL12 Pin 0 48 27 1 76

02AL13 Thrum 33 21 3 0 57

02AL14 Pin 0 24 7 3 33

02AL15 Pin 0 17 1 1 19

02AL16 Pin 0 18 14 7 39

02AL17 Pin 0 25 4 2 31
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AER T RSFFAAEDOMES T L CTARIEMEE 2 D,
ZOMPEGEIC B TOERENLE R DIETTH L
(Fig.10)o & 512, WACAAE & WEAEAEIEDSCHIC
Lo TTELF IS EAEAL P HEALAELIC R D
(Fig.11), RABAEAE & HEAAAL 2 R L 7256,
F3a CESMEEEIC R 5133 Th 5 (Figll)s,
L2 L& s, KEFFEIZ5 T Pennline 10D 64
FETORITT L THEETH Y, Lard, Hik
HAE & Pennline 10% Z2AL L 72 F oI I3 EAEAEAE
RIZEN L o720 S 512, EAEAEAL & Pennline
102 CE L7236 0 Fl i3 —, BAAIEDAD
W, EEEHEIEN o720 TE OFEER

JUM AR SERTZE & > & — il

554775 (2006)

5 Pennline 1020#7F 9 5 FEAEAEAE 1L S supergene
NOMILZIZE > THELZDD TRV EHEESN
725

Pennline 100 B & H1&14:%5 S supergene N I*
BIUADORKICE - TR 22T 5 L, HEAE
1€ & Pennline 10% %¢H L T T & 72 FIT 12 D kAt
TII AL L HEAEIED 3 ¢ L IChEET 513
T T b, £72, AT ZIEILELL
Pennline 10% %¢Hc L € C & - BALHAERL O F, (F1
P) 1 3KACTIIFSEACAAC & BRACAEAED3 © 11250
T 2139 ThHE, LLEDS, FITHRDF,IZ
EEAEAEAMEEDIEHN, S5ICETOFEHICE

Short Homostyle
G/’

Thrum
G/I5 AP

a/i

P

Long Homostyle
si T AP

Fig. 10 Expected compatibility interactions among a pin, thrum, long homostyle and short homostyle plant. Crosses
shown by arrows are compatible cross and arrows with broken lines are incompatible cross.
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Genotype of the S locus *

8/8 A Sh/Sh SshSsh o Ss Shis  Ssh/s S/sh S/Ssh Sh/Ssh
Genotype of style
aixettllxﬁhh(egi;l?:l?a) ggaa | GGAA | gedd | GGaa | Ggda | ggda | Ggaa | Gegdd | GGAa | Gegda
Phenotype of style
length (¢) an ga GA gA Ga GA gA Ga GA GA GA
anther height (2)
Flower morphology | Pin | Thrum | LH SH |Thrum | LH SH | Thrum | Thrum | Thrum
Dominance relationship
of —_— — _— —_— S>5 Sh>sg | Sh>s | S=§h | S=§h| —
the S allele

Fig. 11 Expected dominance relationships among s, S, S" and S* alleles based on the dominance relationships of the
style length, g, and anther height, a, genes. The S* are tentatively designated here if short homostyle are

occurred by the recombination in the S supergene.

* 1 Genotypes of S/s is normal type for thrum under natural environment. Genotypes of S/S and S*/S* plants are
tentatively designed here, because these plants should not be produced by self-incompatibility action.

FEMEAE L D S MEEDSFLNER B L7z, Lk Z
& &, FIP O HIERICUEACHAEDOEARA B L 7%
MmoloZ b a#E 2z AL, Pennline 100 S iB{n1-HE
BACHACEL D s TH V), S IR TSNS R 2 X
g 2 ERFHPFIET B EERZ b,

S ERTEEDANO @) F 7213 En T Ic kD,
HEAMEGHWdebN b 2 L34 { O CHuE &
nTBy, 7IVHA 7 7 a—3 (Townsend 1969),
7 77 5 BHiE¥ (Nasrallah & Wallace 1968, Hina-
taetal 1983) B L I8 XF 2 = 7 (Tsukamoto et
al. 2003) = ERBHIT LN L, AIFFETIEF, OfEH
PEAMACE 72IZEHEThH o 72720, ZThbHo
BHBLTIEIANT OO OE otz EZ LN
720 L2 L7785, RAEAEAEIZ F1P, FIP IZFIP B
L U'KSC212 F1P DML G OY &L BRI
RELTWEho/l b 2EZLE, ARANEME
BATEEED» L 7ZEEB AL IR EER LN
bHo P EFITAL NIRRT EZ 6 CLH
BIZFOWLOPPRELTHTEZEZEZ LR
5o LT, BEBEEHELIIINS DOENER
TOTRCHREDRBEIC o728 SITHBT L%
Z BNz,

AWF7E T & Pennline 10 % M35 & L 72354 01t
DTS & DFNENE - AHEMREE I 5229 5 2
ST E D> 72, Pennline 10% HIH L 7284 1246
MEPIEE TICRLEL 22 o 28 i, E1EET
KA GRBEICI)ZEIN-OE Ll vy,

Pennline 10 % 35 & L 7256 O A& B X AR
EUEEYSPITT B IR EPLETSH B,

HERAMEHEOEE T2 EMR IS L) LR S
NTWwb ET 5MEIF4L v (Nasrallah & Wallace
1968, Crowe 1971, Richards & Thurling 1973,
Horisaki & Niikura 2004) . % & { Pennline 10D
= HERETEE NS OBELRFIZL 2D LHERM L 72,
S5, YNOETAEEITHERREICERES,
BT ORBULS $ S BRERMFICEESNS,
HERAMEMHOIRESD QTL T IL £ 72V /N TldAT
bILT W2\, QTL T I BIEACE 3 A & 1 FE
MEMHT 5700365 EHERME LTINS
LEZHNA,

4. &

BICACE H FAMGTEDOALR, ekt s L O H
FAK AL S supergene 12X ) HE XN TW5B &
EZONTWh, RETIIESMEALDOIGR SC2E
& AEHAE @ Pennline 100 2 2 O & H il a4 A
% H\C, Pennline 1005 Hjff 25054 SC2 & [F]
CThrorfitLiz,

Pennline 10D fE¥3 1E & CTOERI O MEE 23T L T
MEMWETD o 720 BRACHAL T 7213 HAEHAL &
Pennline 10% ZZfit L €T & 72 F I3 BABAEAL & &L
L72BAIIE TR TH > 2013 L, EibkE
16 &2 L 725 8 I3 RACMHAE & BACAEAE AR AY HE
L7:.F % Hil L CT& 72 F LMD 0 558 %
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HL7zEZA, ETOEMICRAHAEEIZON,
T 72O K S D RACEAL & 0 B DAL &

D EVWHBEIORI SR Sz, $72, BietEits

Pennline 10% ¢t L C C & 72 F 4N IEBAEAAE
EEDSHIR L TZ e dr o 72,

INHDZ EH 5, Pennline 1005 HiEfa 3L
F SC2OREME L TR Y, RAAL LR U s 4738
ZT%F->TH Y, Pennline 100X S &
BT IIRLZZEMNEEFICL) LRI TN DS
ZEpHEE SN,

V. FEBEMEDERFRVEER

A E TIC, VN E R REZR B X AE M
UNREEEH L2 L2 iE Lz L2 LR D,
RBCBU BRI T & % drir ¥ LEAE B homotropicum
R L7720, 138 AL OBRMEM RO

55475 (2006)

PExRIRL7z0 I NOBREIEAEBEEZRIIAE <
G T2 HTHIENTED, 61 IIBHMHIC
Herg 2 e (Figl2) LCESICYUIW 243 51
T, FAEMICE SN S (Obaetal 1998a), % 2 1%
Bif 2 TR L e WAL CHEEREIC R 5% (Oba et
al. 1998b) . ARARTIZIRFELZ #2728, FIH % T
EWEE LT, BEERRMSE LIRS, $72, TE
T WVE L e\ 2 & & IR L IR OY, BRIAEEE AV
WL w EERR T & MR, R BRI SR O T %
BEEIE L 2L 2 00@ETFICHE S Tns 2
&% { (Hancock 1992), F 4 4 FTlE 2 DDH
FREEFICE ) H# S Twb (Takahashi 1955,
1963) s COFEBLELEEZRLR Y, BIREIZER
BIEFICERENTWAS Z DLWV, FEREER
BRI L, BEAETRTOMT2% LT
(Ohnishi 1999) 7zOINFEIZEHEE 25, Tabb,

Fig. 12 Abscission zone of brittle pedicel line in buckwheat. An arrow indicate the abscission zone.
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COE R B 72\ R Y F homotropicum % 7%
Bl e L7z HFEMEMEMEORIELH ) 155\,
VSO BRI B S 2 B R P ISR I B £
TIZZ L ENTE 7, Obaetal (1998b) LV /N
DR IBAEOTREE L B L, £ D@ IIHE T
WADEEIZ L ) BESNL ERELTnD, F72
BAEDOREEIZZDERE LS CHERH L 2 L2 5
2L TCTWwWb, F72, Funatsukiet al. (2000) (3ff
T ORI E B TEORBRICOWTHRHAEL, BRILHE
FORAT AT L ZEEZWS I LTS,
ZO—JT, TEREEICETAIRIEIENILS
ClEgasnTwi v, L2 L %25, Ohnishi
(1999) 1%, BV NOHEH TH 5 F esculen-
tum ssp. ancestralis DIEWLFE I B ED 1 EIEZT
IR ENTWE EHELTWwDH, £72, Yasuiet
al. (2004) 1%, F. homotropicum \ZH%T %1
W 1 DOBEEEETICLVHEI S, Z20EK
T3 S B THICHEE L TWA EHELTWA,
55 3T EIEFRAMED BRMENE Y 28 % 7E
g 2@ TYNOFERENEIE 1 BB TR
WZ L EfERE L7z, £2°C, FEIEHREEOBARM
BRI MEEICERT A0, ZOFEREED
EIAREA T JEETIC X VS MCTH 2 & L L,

BLUTICHTT A8 TICE LTI, F homo-
tropicum RO T E LM 2 AT T 5 72 O BERETE
JS IR D - FEE TN % W P51 & WO, B % IR VA
LRl SN

1. MRBLUEE

1) HEHAEL B & OV fRAT

Wl NI, B RGO LR SC2
(KSC2) 3 & FOLAMU2 % i % 1 0 38 {2 B =X 1%
DO DOMEE L7ze KSC2E0IAMU2IE W of Rk
THY, H2ETHBRRED, Ihs0RkEIEHTT
21X & F. homotropicum % Z¢HL L TIREGEE % HV T
Fi28li L, TOHRARIHICLEDER SN,
T A X B A T & FER & 1 SOk S 5 5 Fs ity
THF 51, KSC21IE Fs i £ T, 01AMU2IE F it
RETESHICHEZ D 72, KSC2IRIEHEMETH
D, OIAMU2IZBL%METH 5o KSC20 Ytk D%
1316 (Figl3) CT¥@YNEFBTHY, 72, 56
2 EIZB VT KSC2L RALAEAE D4 21X % 28 L
TR & N7z FLEFOER O 55 Bl AN RS IEAEAE &
RACHAEA 3 @ 1IZhHEL 722 & 205, KSC21d 4
R TR W ENgh b, FAERITKSC2E L O
OIAMU2% ftFF 2 13~2CBE L, BAEMIIC Fi O3S

Fig. 13 Mitotic chromosomes of the self-compatible buckwheat line, KSC2. Chromosome samples were prepared by
the acetocarmine squash technique. Number of chromosome of KSC2 is 16 same as common buckwheat
(2n=16).
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and, BRI DAER L 720 BEMEDFAIL
F.B X O F, ML Ty, F 22 FEICAER o 5B
b L 7o SEIRFHE L FEBEMEELRTFED
sht1 & O AR HE A4S 213 & 01AMU27% 28/ L
TCE34MMRE Y 202 Fo.ooBEM 2 VT, &%
TFEIZ LY RD T2,
2) TEREEOHE

L&V HERMEME RSB L O FAIZB VT
EZENENDOIEEICEE T, BRI HERE -
IR DNV TV B2 THE L7z, BRAMENR
FAZ DWW TUIL BRI 112 %2 20, B Sh
FEF-HTREATHL I Z DV TV 2 22 THIE L 720 Fofilith
IZBWTIE, BB 2 & W izo, 5
A DA EDOH I THE L7z,
3) sl NERTIZ B B EIE T Shi2 47 AE
FEOHRA

el NEFFIC BT B T ERE MBS T O
sht2 \Z Sht2 & 3812 she2 3 B R DR % 087
NEMENO D720, HiHlY /N6 miE, Bol' shevik
4, Minchanka, Kazanskaya Krupnozernaya, B4 W
1%, Bkl s B XURMBAERENEN 1 EKE
KSC2L R L, 2O F WPk DI E D % 7
L7z, HY ¥ MIZHKET % Bol’ shevik 4, Min-
chanka B X UF Kazanskaya Krupnozernaya O f& 7
(AW EVEITFERT & 0 rRETH 72,

2. #ER

BEEME RO LT E A LT R TS %DL S
72, BEEOHEIIRSICTE 7 (Figld, Table
8)o HLSFZ L1364k 594 A%, F 7z KSC2id H i
T F-B5R B3R AN AT L, FEWBEMETH D 2 &
HER SNz (Table8), L L%&dH, ZOF,
BIOHSFZIZE0IAMU2E R LT TE 7, M
FoAIE 3 X TR EZ R L7z (Table 8 )o

HIF 21X L 01AMU2% %¢HE L CC & 72 F .40 dE
MO BivEE & JEBEEIX293 0 1011208 L, 13 (s
FE OSB3 ¢ LISEVERT L7z
(Table 9)o SO &ML, HIFZIEOIEFENME
SO 1 BIEFICKRENTWAE EEZ LN, 2
ZTlX, T O#E(ET% Ohnishi(1999) B X OF Yasui
etal. (2004) 12 X o T4 117 & N 72 non-seed
shattering (sht) 2% 75 % 1\ non-seed shattering
1 (sht1) LT 720 —77, HFH2IXIT KSC2% ¢

Fe L CC &AM TR EN IR EMED
266 : 197|257 L, 220 DML &5 2 IR HE L
9 TICHWHERTYTIEE o7z (Table9), =
DT LN, KSC2ZDIEMLIE T AL 2 13 D IEL %
VEEET L E R 2500 1 BEZFICER I T
bW hol, T2 TIX, non-seed shattering
2 (sht2) L&fHF72. $%=bb, HFZIEE KSC
22 XML CCEF.ORE®RIMTEET S
Sht1 & Sht2 D 2 DOH BT OMEICL B L
EHEE 7z (Table8)o 4h:FF 21X & 01AMU2%
RELL CTEFAEMOGEED S, BiEke BR
AMETEAEGE L TWD 2 EDHEE SN, T DEH
EHWT, fEROGEEEZTAL 72, SEOET DA
7o DS ESACRAL & LR T A3 fm T St X RAEA:
BT 2 ELEFsITHLTERETH 2
(Woo et al. 1999) . srBEFRAOFEF, RS~
b O & RACHAL 2 Fe O M4 25296 © 9812 5rHE L,
1B X RO EE I ICE R TH T E -
72 (Tablel0), # 2T OEREHWT, FERE
VAR T shtl & ARAFEGMEEEFHE S DD
MR Z ML LI2E A, S MIETHE L sht] &%
TFHEOMB 2 AT L V5.46+1.18 (%) L
ETE,

S 52, Tl NEFIF T O shi2 K EE A
TEDH M5B 720, KSC2% @V N e LR L, F,
WA CRLEE AL L 72, Mol v NMERIC she2 i
BT PHFAET I CIHEREEE 20, Sht2 #En
FDEAET R F AR EEEZ RS, HAD R
TR L AR L CT &2 PO BREMES X O Ik
WA D T ZFRBEEAN 2, 72, [HV ET Pk
D 3 R EAH L T T & 72 F oA 05 4
DA T BIGE L, BENE L IEREEOMIZE
DEEE I/ (Tablell), SO L5, HEmy
INIZ1E Sht2 B X U sht2 DT )7 DRk ST IEAEFDAFAE
TLIEDNWS e o7z, Bk & IEBEM O
EARDS 738 L 72 R0 3 L 72 BAR O8RS
Sht2sht2 D ~T O RITH V), BiEHED ADH N7
SN L 728k O @5 1R S Sht2 Sht2 O k€
MrZzz b5,

3. R
TEMC BT A EEE, WEOKTFZFISEIL,
BB LOARREECTH L LFFFIC, £ DIEWOHEAL
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Fig. 14 Buckwheat seeds with stem. Brittle pedicels (A), non-brittle pedicels (B).
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Table 8. Shattering habit and designated genotype of parental and F; buckwheat lines

Line Flower SI Pedicel Deduced genotype No. of seeds attached
morphology Y or to branches/total seeds
sc® produced
Botansoba P SI Non-brittle shtlsht1Sht2Sht2 59/64 9
or

shtlsht1Sht2sht2
KSC2 LH SC  Nonbrittle ~ SnIShtlshi2shi2 53/55
01AMU2 LH SC  Brittle Sht1Sht1Sht2Sht2 5/51
Botansoba LH SC Brittle 1/66

Sht1sht1Sht2Sht2
/ 01AMU2
Botansoba LH SC Brittle Sht1sht1Sht2sht2 0/32
/KSC2

a) P, pin; LH, long homostyle.

b) SI, self-incompatible; SC, self-compatible.

¢) Young seeds were bagged before maturing in the SI line, and buds were bagged before flowering in the

SC lines.
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Table 9. Segregation of brittle-pedicel phenotype in two F» populations
Original cross No. of  Phenotype frequencies (brittle:non-brittle) x> P
progeny Observed Expected
Botansoba/01AMU2 394 293:101 3:1 0.08 0.70< P<0.80
Botansoba/KSC2 463 266:197 3:1 76.04** ¥ P <0, 01
9:7 0.27 0.60< P<0.70

a) ** Significant of P =0, 01

Table 10. Linkage relationship between flower morphology (S) and brittle pedicel (sht1) in the F.

population derived from the Botansoba/01AMU2 cross ¥

Long homostyle Pin 1> (P)
Brittle  Non-brittle Brittle Non-brittle Flower Brittleness X 2*L(P) b
morphology
284 12 9 89 0.00 0.08 291.57
(0.90 <P) (0.70 < P <0.80) (P<0.01)

a) The recombination frequency between the S and st/ loci was estimated as 5.46 = 1.18 (%) by the

maximum-likelihood method.

b) * Independence (9:3:3:1)
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55475 (2006)

Table 11. Evidence for the presence of the allele sht2 in buckwheat cultivars using KSC2
(Sht1Shtlsht2sht2) as the tester pollen parent.

No. of F; plants

Female Origin
Brittle Non-brittle

Kanto 1 Japan 4 3
Shinano 1 Japan 2 2
Kaida Zairai Japan 4 4
Bol’shevik 4 Former USSR 2 0
Minchanka Former USSR 5 0
Kazanskaya Krupnozernaya  Former USSR 3 1

EREALDOBIEEWHS DT A ODEELE T
bdbo FF LFITII/ERENEZ LT 522D
BV L E(R T Birl BX O Btr2 47 1E L, %5 3 [A]
B OB BE I EH L TR L T 5 2 DY
5 Tw5 (Takahashi & Hayashi 1964, Komatsu-
da & Mano 2002) . # 7% & X8 A= FE 0 85 (xRl
Btr1Btr1Bir2Btr2 Td V), FIGMIT ) O EIZF
JEN R 2RI LTHBY, WIHED berl E{n1H
(2, WHLELAS btr2 AR IRICERDPEL T b,
O LG, HER L VA0 G2 SR LT T
SLF IR EEZ RS Y NIZBW T M
Tl - R OZEN &) BiETEZ R L7z &) il
B4 EThV, ZOZENPLEBELLIEFLEALELT
DRI I H D BT shtl BIZTFZ2FioTwb
&% 2 5% ,Ohnishi(1999) & F esculentum ssp.
ancestralis |2 113k 3 % Bi & 1% O & {5 % F. escu-
lentum ssp. esculentum & 2CHC L 728 OHTIC X
D, FEBHEEEHED 1 BRI EHEL TWd,
Yasui et al. (2004) (&, F. homotropicum HE D,
EEZ 1 DOBEOERF IS, SHEETFE
HEHLTWAEHEL TV L, SROFERICED 2
DOIEWLE BRI, shtl B X U sht2 3T 5
CEDHLNE LS, Doz b aEZ b L,

Ohnishi (1999) B X OF Yasui et al. (2004) 2%+
L 7z sht (ZAW78 THs L 72 shel & 7] L8R BT
HHZENHER SN, ZOHERNIZ X Y, K2R T
b sht LWV ELTRLEE HW, L2 Lad s,
IKRZ S H53E ) BARTFIE & W) ITReEIFFR S LT
W5 720, SRINHMREZIT ) DENH S EER
b5Nb,

4, £EB

VONORREIZIEEE RO A I X 5 oD
Wb, BEEZ R A ANTEAEREICH S5 28,
BEMICIIE SN v, AFRTIIEEE 28T 5
KVEx TEBEEEE L, BRL2WEZ Biktke L
2o ol v N & FEBLEMRMMOLAMUZ % 28 BE L
TT&72F,, BIOE@E Y N EFFEIEFEMERM
KSC2% &R L CT& - FIBig 2R L7z, il
VN & PBLENERAROLAMU2D S EIZ ISk § 5 F. 46
FUIBEEE & FEBE I 3 0 1 ICE Vg
RCUBTIET Y, HFFHIEIHEET B IER A RS
o 18I5T (shtl) XRTHAHLEZ NIz, &
N & JEBLEVE R KSC2O SR I3k 4 5 Fo 46
R & FEBLE AR BELL 9 ¢ 7 108
KK TIZT Y, KSC2O P EMEEZ LR L TWD
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BZT (sht2) dshtl BIaT L dR7% > Tz,
Thbt, VNORENEL 2 DM EET 5 ENE
D EBIATICE ) ZE SN T Wiz, shel E{n T
WESHEETLHEBHLTBY, ZOMIMZAHIL5. 46+
1.18 (%) TH L ELiEshiz, WEEETOR N
TH 5 sht2 122WT, Sht2 B L U sht2 DI, X7
ARG Y N EF PR L T,

V. FEFFREBRMEERBED
MEBREFEDRRE

FERFEEDFIE I BAIN % 5w e 5h bk
WZENDL, BFREETHIBICE S OEE RS,
2L, TR L7253 AE SR L, BN O
HOHEMBALTLE ) F72, HTHEMLEL
HIWFC & 5 REICIEREIC Z ORI e & Rk S & T
W5 7280, Z O DO R ARIZ 2 0 B D
HREILTA, TOLH R b, BACRNICH %
WP ESEP T B TELHEPLEL L, &
DJEED 1 212 DNA ¥~ — 7 — &2 FIH L7z @05
NEZSHNDLDNA~Y—F—IZHWEYE %/ LT
WHBIZTFZDOL DR ZNIEE T L EET D
DNA iEDARZRINT 5 b DT, ZORYEL
EDL ) RIEERAE L TV Ehx ZOEEN LI
WTED, TOAEZIIIERERY ZHATHRINT S 2
EDTEDN, —Mli~—h— L LTHRIAT 5121
2 M T & 2 EAKE COBBI EDE Y, § 74
bHEEIE L CTHRIET 5o TFES THEYFRIEAM A
L, HBWES DT~ —I—DRENFTES
X9k o7, 2o T RAPD (Random Ampli-
fied Polymorphism DNA) 3% % 72% < OfE
WCHH SN Twb, %7, AFLP (Amplified
Fragment Length Polymorphism) #I3H B4 &
SREZROMMFEDE S D, EEEOBELTHEH
WIERL R O~ — 7 —VERC % R S Twn
5o F DB 12 H SSR (Simple Sequence Repeat)
< — 71 — % SSCP (Single Strand Conformation Poly-
morphism) ¥ =74 —7% &% L DOFEPHIFE SN T
BY, MERLHWIZIS L THEHS 2~ — 7 —OfEH
BB DD TH 5,

B~ =5 —2AER T 2D 1 D123 7k
(BSA; Bulked Segregant Analysis) 7°®% %, Z @
Hikd, vEEEROMEKE, BT AEETFORE
BE 72IEE TR X ) #E v =T L, 2O

TEME RO HETH L7720, WHOREIAF
FELZ L CORMFRMIIY = — 2T A2 LD T
2%, EBL L OEWTI OV T E AFLP %
TRlAGDLE CGHIE~Y — 7 —2EH SN TV 5,
A, MuEn oY avEMNNRRIUSEELST
rhm (Cai et al. 2003) X°, 7 7 7 FFOHMR fEL
+ B (Negi et al. 2000), 4 7 @ Striga gesnerioi-
des race 1 23§79 A IGLMEEE T Rsg3 (Ouedraogo
et al. 2002) % EDH 5,

EBEOBFBHT~Y— I — 2 HWTERKT 2546, M
BEBDOPARXEFMTHL, AFLP ¥ — 7 —
FHBAEPE S ODOFME I A NP b, £
T, ZL{ TN TWwE DN, v—75—0DSTS
(Sequence Tagged Site) 1L Td %, STSALIZZH!
N L7y FORIERCY & &id, £ DN F7ET
% PCRILTHIESE 2 HETHAH, AFLP BI
RAPD ¥ — 7 — 3B~ — 4 —Tdh %25, STS btk
B~ - — I TE 583 H 5 (Matsui et
al. 2001) o

HBEE B2 EH$ 5 DNA v — 77 — I3 H M
BT 5 @EK~Y— =723 TR, BEfFrru—
=TT AT — - LTHFIHTE A
(Map based cloning)s 79 ¥ R 7Y AR h< b2
& T3 Polygalacturonase %°24-beta-glucanase % D
P& VEICBIMR T 5 a2 BEICHLEE S LT B 78,
YNTRIZHESI TR,

V. BIZBWTEMEL 2 DOMV (5T 485
T-shtl & sht2 IZX ) LI NTnWDH I EEZHL D
W2 U720 F72, iy N OZE TRBLE PR A2
B LZaZnwZ ehs, Eai@ Y NI SR T shtl
ELEVEORERTHRAL TS Z LMLz, T
bb, Tl NERE L THHEEEL RS VR
ORI Z O RFEN I L AEAR T shtl 5Dk
ERTHRLELZETHRER L, £2T, K
T3 AFLP 3k & BSA % fila AT shel B{n 1K
T 5% — 7 — DT EAT) L RICEROFHE
B~y IR—270—= Y ZICFHT 5720,
COAFLP Y=/ —%STS~Y—n—Il#iz 52 &
L L7

1. MRELVHE
1) HE#ELS X OF DNA OHfit
HFABETHALL, @y e BRMGMEARK



28 U R SERT I £ - & —

OIAMU2D AR T 5 F £ 2 & HAE 41210
TEHR D IEBETE IR B X US04 o [ 7 VA 14 % 3
ATZDNA IHEM RO WEEP SR L 72, 3D
TR D S FREL L 723213 KER TR Pk o 7214, 7%
BAKCTREE, 100mg EE LK, v 270F2—
TIZAN, MRS FEChRIEICH Sz, HiREEFE]
A7 OF - TEHEIRL, MELEVWE I,
Ry AN e W TEEZHRIRIC L2, DI OEIEZ
DNeasy Plant mini kit (¥ 757 >) % H\vy, FBHE
(ZHhE> THIH L7z BiEMES L OEREEO 1 E
NOMEARD Sl L 72 DNA X Z 12 5 k3o
FEREET2MONNI 7 LRI ZAER L 72, BEED
NV ERZEB1BIUB 2 L4060, JEREMED
FHZEN1IBLION 2 L4072, ZROMHIC
ZEFIFB1IBLIUNIL ZHV, ZOBREIIHET
ELDICEHLTB2BLIUN 22\,

2) AFLP 4#fr

AFLP 7343l % » b (Gibco BRL) % fw
T, Mano et al. (2001) D EEZUR L TiTo 72, 4
DNA 1d EcoRI B & U Msel ® 2 D Ol [REEZ %
T37TCI6HE T ITIHAL L 720 EcoRT 3 & UF Msel
THAL S NZERALIC Z 2 N D I BREE R AR Rk SR AL %
o7y 7y =&MLz 74 7% —4m337C
6 B T o720 T4 7 H —ZAINE 7z DNA #
$ERIDNA & L, FliEz 2= N—=H% LT J A
~—EO0BLIUOMOTIA~Y—%2HVTIT>7-E
0BLUOMO FI4~—DY—4 Al Tablel2l2
L7z BIRMEIRICHEH L2794~ —137 457
Y =Dy = v A3mEELFMLIS D% W,
7F 4 < —13 EcoRI il %313, Msel 5240451312
DG EH 7z, BXIKENL T %R T2 ) VT
SNBSSV EHAOCHA » F 2 R—F —DHIT,
9, BTN EHEINT AE112200V T304 fH T i
IKEIE ATV, Z DR300V T4 FEfAT - 720 7LD
P lI O NVRAMNZTA U Fy b (FHTF4) BH
WTATo 72, ZRIOBIZHBLTIT - 72,

3) HEEHEHT

Fo 4[5 & R4 121021848 % 3 0° DNA % filj i
L7z 25D DNA I3 AFLP M T & % &
I, HIREEZLBEB X 07 575 — &AL 72,
INLoHPL ETIMERE HWT, ZRERLT:
DNA O OFMmEZHEE L72e 2D ) bEaITH
L TWDHDIZDOWTOREED S8R ZE v T

-

55475 (2006)

SEFRAT L 720 HLILAM (X 2 Y~ Y% (Kosambi
1944) CHXFEREIC 25 L 72 %4, Mapmaker/exp 3.0
(Lander et al. 1987) # W TCHEHE L, #hzHw
CHESAM & R L 720

4) ~—75—on STSAL

WE L TWA EHEEE NNy FldR—8—F 41
TERHWTE VL, Fv 7OHRTTrVERNTE,
YA 7 0F 2 —T7OHIZANI0G K EIZEW72,
Z Dk, 20074 CTHMAL L, FE, KEIZH >
TIVOIRENR T A5 F THHE L 725 14000rpm T10
SrEELEAT, REAE DNA il e L7z,
SN DNAFE T 2=N—H LV TIFA~v—E
0BLUMOZHWTHC1455C 1472C 2
DA 7 V%2047 > T DNA 28 L, Zh %k
BIDNA & LT, BELZMERLETI7/4~—%H
WTHIRL 72, MIEEN/-DNAIZTA 7 u—=>
7% v b (Invitorogen) % W T pCR2.1X7 ¥ —
o7 —=v7 L7, 70—=r 7 OEIEIZIX
pCR2.1X 7 & — IR A IR F-HF & FIH L
7= M137° 9 4 ~—% M\ 72, BEIE S 72 DNA (345
BB A LY by —r T A28, TIAIFNE
ML Ty =7 v A% To 7. ¥ — 7 » A3 Big
Dye Terminator version 1. 1% Hj\», ABI3103 — 7
% — (Applied Biosystems) THH L7z,

2. #ER

1) fERIB X OB &M 558

AR A |28 A 72 Fo AR REEAEAEAE & RACAEAE
M5 2T EEL, WIFFEEIL 3 L 1 ICE R
(y 2=0.118, 0.70< P<0.80) THTIkEhH, F
7z, WA & JEBLEMEDSTL C 314 LR bt
3:1 (y2=1.518, 0.20< P<0.30) 24Tl
F oz INHDFERN SR EZ LR L T 5 EE
TS B LUIENHEM L LA L T2 E{LT sht] 1T
ZNEND 1 BIEFTHHEL TW D &Il L 72,
2) AFLP |2 X AL RIOkEH & & O g AT
Shtl %A T AW RICHNLT0% 8 2 5 %R
HIRTINY R DOV 7 6Lz, 25
DERNCHBMAH L OHh, F7/-8E L T 5 EE
VDD B DDEFRDDIZ, b ) —DDNV 74
a2 HWTHAE LA, 2O/E, HIERI00LEH
BoNTz, HEEOFEZHEN T 2720, 14EED
F.4£M%ZHWTHA (Figls) L7z#EE, T
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Table 12. Selective primers

EcoR1 Msel
Primer name Sequence Primer name Sequence
e51 E0 ¥ +TAG m03 M0 " +AAG
e52 EO+TAT ml0 MO+AGC
e53 EO+TCA m21 MO-+CCA
e54 EO+TCC m35 MO+GAG
e55 E0+TCG m45 MO+GTA
€56 EO+TCT m46 MO+GTC
e57 EO+TGA m47 MO+GTG
e58 EO+TGC m48 MO+GTT
e59 EO+TGG m49 MO+TAA
e60 EO+TGT m50 MO+TAC
e61 EO+TTA m51 MO+TAG
€62 EO+TTC m52 MO+TAT
€63 EO+TTG m53 MO+TCA
e64 EO+TTT m54 MO+TCG
mS55 MO+TCG
m56 MO+TCT
m57 MO+TGA
m58 MO+TGC
m59 MO+TGG
m60 MO+TGT
m61 MO-+TTA
m62 MO+TTC
m63 MO+TTG
m64 MO+TTT

a) EO0,5-GACTGCGTACCAATTC-3’
b) MO, 5’-GATGAGTCCTGAGTAA-3’
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Bulk Fz

Bl N1 1 2 383 4 5 6 7 8 9 10 11 12 13 14 M (bp)
. |

|
e 1500

$ 1000

M---------
‘H“hlwﬂu“hwi

!n- ,/‘ "‘;‘"

‘ 200

‘‘‘‘‘‘

B N NB BN NNDBDB B BB N BB

Fig. 15 Representative AFLP fragments derived from the bulk of brittle plants (B1) and non-brittle plants (N1), and
estimation linkage relationships using 14 F. individuals. B is brittle plant and N is non-brittle plant. M is size
marker. The arrow indicates the polymorphic fragments which were produced using primers e56 and m21.

DINY FHPHEFEL T0BE EHEETE, TNHEDH 3) AFLP v— % —® STS 1L

54 SR Ny FIZoWTHR ) 88 A% v BR~—H—L LT, EBROFHEICFHT 70
CHESAFFNT AT > 720 ZOFER, Shtl &H#EHT 55 (258488 L7 2 2D AFLP /8 K (e54m58,7610
DOY—H = ENTZ, TLFDHIED2D00 B X Febbmd6/320) @ STSAL % 3k & 72 e54-
7 —7— (e55m48/5908 & 1F e55m46/320) 13JEML ~ mb8/6108 L 1M ebbm46/320L b 7 1 — = ¥ 7tk
BT LR e B L7 20D v =7 v AT & (Figll), ¥ —7 v A1
V=N —ETOEPBEHED 2 MUANTH -7 AT IA Y —% AH L7 (Tableld), eb4-
(Fig.16) o mb58/6108 X 0¥ e55m46/320 & &, #EE~— 57— T
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S
3.9

shtl

e54mb8

e55m46
1.0

eb6m46
1.0

\1 e53m60

eb6m21

5.7

SCQ7s00

Fig. 16 Linkage map of AFLP markers linked to the
shtl locus. Distances (cM) between
successive maker pairs are shown to the left
of the schematic chromosome segment.
SCQ7s0 is STS markers developed by Aii
(1998).

ol (Figl8)e TNEND T IAY—D — 7
Y ABLUPCRDOSAM% Tablel3IZ/R L7z, 215
DY —H =M AFLP ¥~ — 71— % W#EW 7 { STS 1L
L7225 DTHLEIxHENPO LD, AFLP ¥ —
71— T L 7250 BESE I O 5618 AR 2 F v Tl ga %
WEfT->720 ZOMRSTSY—H—LETDHT—%
HAFLP v~ — 71 — OfEH & —3 L 72,

3. EE

B 4T L7 & 912, shtl IR THEE S #1E
FHEEEHPA L TV b, RFFED S 2 O PIREHE
3.9cM T % L5 T &7z, Alietal (1998) 1S
BIZTH#EET 5 RAPD v — 7 — 2 L, &
THE CHNCEESE L7z E 5 LT b, AHFZETH
& Tshtl ML 72, £2°C, S kshtl, B&
OARIBSE L7z~ —7 — & Aiietal. (1998) »%Bi%s
L7cx = —DOERRZAA 72012, Alietal
(1998) 7SBAZE L7z~ —H—D 12 TdH 5 SCQTwn %
T, BT 24T 5 720 ZORE, E£B5O5PH
DU 7o~ = =13 o BB 7o~ = — L [F L
ZHEIRES B e h o720 T DFEFRIT S B G T
BLOZFOT OO DNA 258 WIREEZ A L
TWAHILERLTVAIEENEDLH S, EOETH
i 7=A%, V3D S E{E T L S supergene & b -
I, Pl Eb5O00BIETIHEELTNLI L
PHEEINTWD, Lad, Ssupergene (3 /35D
KRR TS TV EREBRZ T &) 5f
WEH o> Twb  (Dowrick 1956), LL Eo Z & 2
5 ZOELTEHEIEIBZL L HBMPOERIZLY
MILZ RIS ZONTEEEZ NS, HE
Yasui et al. (2004) 3 F. esculentum & F. homotro-
picum %R L C T & 72 F .4 % HvT AFLP ®
X 2 ER L, S & sht 3B FRA LIRS 5
EHELTWE, BZHL, TOIZEH,S Lsheft
EOBEEFOMBPR P SN TEHHD 1 ST
HBHEERZLND,

T [ 2 | LB AR R L AR T B BREE DA T 5
JRIBGEICTER AR COHMTH 5 HRMEME R &
XY NICBAT BB LA R TETH B, L
PLBDE, BAMZ SRR WS 7260, HfH
M X o THB S NZRMITE DY ERE LD
ML B, FA72H W55 Y /N & F homotropicum
B L CH R L 7RI BEE 2 R 328, i
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EMEIZF U2 RWT YN REE L ga, il

JUIHIPHEREENTFE 2 > 7 — i 4T (2006)

A. STS-e54m58

GACTGCGTACCAATTCTCCAAGATAGGGAATCTGTTGGATTTGATATAAATATAAAGGGTAGAT

TTTTACTTTTGATTCTCCATTTTAGAGAAGAGTTTAGGGAAGCTGTTGGGGATGCTCTTAGATCC

CTTAGCTCCATATCGCTCCAAAAAGGCTTAGGAACCAGCGGTAAGGGGGACCGAGGCGGGTTT

TGGGAGATTCTCGTGTCACAACAAAAGTTGAATTAGAACAGGATATGACCTAATAAATAAAGAT

AATAAACTGGACTTGTTGTTGAGCATGATTATGTGATGTAAGCTGTTTGAGTGTGTATGTGCCTT

CACCTTGTTTCTAATGCTTCGAATATGAGCTAATGGTTTTATACCGATTGTGATAGATTGCCTTTC

AGGTTAGGAATGCGGCCGAGAGATCCGGAAGAGTGGGCAACCGGGGTCCGTACATTTTAGGAA

GGGTTTTTGGTTGGAGTTGAGTTGTGTTTTGTCCTTCGGTTGTTGTGATTTGTATGCCGCGTGTA

TGGAGCTTGGCCTTCGAGTTGTATCTCAGCTGAAGTCTTTTGTTGTATTCTTTCGGGTTCCTT

ACCATTTGCATTACTCAGGACTCATC

B. STS-e55m46

GACTGCGTACCAATTCTCGAACTTTATGAATCCTTATATAGGTGAGTTTCCTAGAAGATAAAA

GACTAAAATAATCCTACAAAATATAGGATAGAAAAATATAGCCTCTAGAATGTTCAAAGCTTTGT

ATAAAAATAACTAACGAGACTCTTGACTAGATATGTCGAAATCTCGGCTGGATGCTAGTGAATCT

CGACTAGCCACTTTTCTTGCTTCCTTGATCATCCTCACTCGTGTTTGGCATTTCCTCAAGTCTTCC

TTTGCTACACATGTCACTAATGTGACTAAGGAAAACTTGGACTTACTCAGGACTCATC

Fig. 17 DNA sequences of AFLP fragment. Sequences with under line are primers for AFLP and bold typed

sequences are primers for STS markers.

TG —EERT A LICLDTREE o

LB BB OREERI T, $7/2, 7

BN RO PRI o Z 812X D, i
EWETIERITIREED EV. 22T, BB
BEE L SRR AE M2 £ 72 S IRB A M0 % )
ET A IEPLETD > 7205, shtl Bi5FHEIZHEE

STS ¥ — 7 — 13 Z DEE S 2 5 EBEOFMIZHE
LA LR T W= —Thb, 5FTIZ, KED
7TSraTY) vy N REE AFLP THET 5 )
PR KEORMERER(ZTI2#EHT 5 RAPD ¥ —
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Table 13. Primer Sequence of two STS markers

Marker Primer Sequence Product Cyeles

size (bp)

STS-e54m58/610 TCCAAGATAGGGAATCTGTTGGAT 064 94C (Imin) —65°C (Imin) —72°C (2min)

GTAAGGAACCCGAAAGAATACAAC 30 cycles

STS-e55md6/320 TGAATCCTTATATAGGTGAGTTTCC 275 94C (Imin) —60%C (Imin) —»72°C (2min)

GTCCAAGTTTTCCTTAGTCACATT 30 cycles

M F2 individuals

1500
1000

500 e
100

BBNBBNNBNNBNNNIBNBNIBIBNIBIBB

Fig. 18 PCR products in F, population using the STS-e54m58/610 primer (a), and the STS-e55m46/320 (b). B is
brittle pedicel plant and N is non-brittle pedicel plant. M is size marker.
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H— DB LA RZBIT BRIV bR
{ZFI23H359 5 RFLP %2 D% L DT~ — 51— 78
MEsh, Z0O% LB STS v— 7 —~Ef &,
KT T, shtl BIZFHEEABER HV2 DD~ —
B — %D STS v —H —~EHf|T 52 LD TE
720 TOX—N—TERECTEIRET)ICELART
HobrLEZOLND,

4., £&H
Mi@ﬂ%?%’lﬁ% BIAEETICHE S 2 720, shel #iE
TR ES T BT~ — T — DS 2R A T, FEN
FNEDL Y N E LD HRZAG Y N & & ZZ B
L CTEF. 0 M2 5 DNA Z 8 L, BidsEr:
BLOIERBFEED NV 7 215 L72o AFLP & H\w
BRIB36D T I A Y —HMAEETAZ ) —= VT
AT\, FL 128 % v CHEEEOHEE 21T o 720 Bl
EVEEIE T IEME L T b E# 2 515100 AFLP
DPHERTE e TNHON, MRS 2o 72
52D~ — 71— 2OV TH ) 88ME A % F v T g
Wi # 47 o 72455, e54mb58/6108 & UF e55m46/3200
2007 =7 — D sht] BIZFHEEMIBZ 52 L%
LT, RO D3 DD~ —Hh— b 4T shtl H
52 cM UPIZHESE LTz, MifRb S oz 2
OO —H—kra—=r 7L, WEERY % ET
LHhZiizLhnso~vw—n—xEMEo STS v —
A=t LTHHATAIEDRTREIC ST, 2NLHD
Y= h =%l LIZLD, SEEROT,SRhE
BN IEEYEB X OFEBEE O ARASBIAERT 12384k T
EHLEZLND,

V. MEER

RIRFENSABTEPENEY C & % 3558 N % BIHIEVEY)
NYRL, ZOMELE XL 720208, BRM
EMOBEENHY, BEEOBEHKHES L O
FEBLEM AR DR =R RIS OFITEZ 1T > 726 D
Tk

ﬁ%ﬂ‘iﬂ/—\'ﬁﬁﬁvlfﬁﬁﬁﬁ@—f%'lﬁ
ﬁ%ﬁ“@ WY N ERT A72012, ¥
EZRLRLTEERD 726\/‘0)75‘ EPT-NEREC AR ORE
E NS Y RN i N L AV N = E - = s
WL LD 2T HZ LWL P E o
720 £ 113 F. homotropicum \ZAF4E 3 5 HE A

GVERERE, 7 H S supergene WO Z 12X 5
bDOTHY, %52 2% Pennline 1005 Eﬁl_%\‘]‘éﬁ%ﬁ
Tbb, BRAMEW @S 57200 ERE
BT 2R SEL L1285 %)@“C?)Z)o EPZiiky
PO Z BT 5 72901213 F. homotropicum \ZH
KT L2ARMEUEZTZFAHTHIEPLET LW
LEZOND, TOERBEELT, RD2OH L
FToNnb, £9, % 1IZF homotropicum \ZHRT
5 HAFRMEMWD 1 BIZFXRTHHZETHY), H
I LBEIRBLOBEEPELS RO TH 5,
Pennline 100 & B a4 X F &) 2 BB F2FE T
b EEZLNDED, WEIGHEROELROIFET S
CEDHER S ND ZOFHEOHEAEIZIIANMNETH 5,
% 213, F homotropicum \ZHI¥R$ 5 BEFMEHEH
AR LB L TV HHETH L, LR BRAAEHE
WL T-HEE R $ % Ssupergene IZHEL SN TW 5B 72
W, TOWEERLZ LX) BHEMEWE P ANE
Wzt ET LI ENUETHL, ThbE, HK
ﬂ%ﬁ%@%ﬁ&TéW@“%V—ﬁ~tbfﬂm
TE, SOIICMHE L 72356 (AR AR AR 2 PERR 5
éf:&)@ﬁ2357~77—k1,“(%)$”m’(§5 Lo L
BAL, COREEIRE~Y—-F—L L TIRETE
W E BB L TBALEND L, TETHRVEE
&, S"EMLTE s BIATATH L TIIEETH L7290
AT R EEICHRT A2 2L DITE VW LR,
ZOIE IO E TH L7720, R KL
HETE72E 2121, BRMOEE L ZZ/ L T 5
%ﬁﬁ%étbféé H Rl & A e
% 72O AT FACHI LT O JERE CH)E T & 2 IRREIE
x E§L§f‘=ﬁ’ffﬁ MTAEZENEENS,
HEAMEEOFMICE LEZE L 2 < TR 54w
DHFHIEGEH DM E T H %, Marshall (1979) |
Pennline 100112 Z O @m T2 FIH L Tw < oh
DOHRMEFER L TWD, LeLads, BRL
TTEAMIITNTHIES 2R L7z EME LT
W5, BZ5 L, F homotropicum HFRD S" &t 378
ZFEFALZE L COEEHE RSB N TH
5729 HAlig9E A5 = 5l ae ikl imb\t MEhs,
LA Lahs, BUEHEE SN Tw L@ Y /NIZIER
ERBERVPAIEL, B2 ITHEDERITKE CNEDPS
WA TEIR LR T W AR, WENHERIR
FEIZHIBR S N2 RMEDIEAET b0 TNHDRMEE
S LRk 4 70 A BUR IR & 12 BB Rt & VR
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L, BEHFEEZTRTAZEICLY, FHEBMBENIC
WNEDPZCEONLREREICHWRE KELL T, L
WBHEETHEEEZONL, & IT, JUNR
BT T RE I B S R 72 0 SRk e FR AR R
FECTEXLOTHESLHILMB L ILigd 5 &, Btk
VNWEIEHO G IE R EWwEEZONE, T 72,
Fy sy INIZHBERTHAHICHEDL ST, Hil Y
NERIBEOWNEMNEDL D L, 5y 5 v I NP eEH
WINEWEZ R T OPIERIZRBHTH 255, ik
BT OMAELEICLDEE Y NS Y v & I
EFLEHICTELMEEMRIEE W,

F. homotropicum \ZH®$ % HEXMEMELT %
FIRT 2B & ICHEBRAIA CHRE L 7 5 D73,
BEEOMETH 5o KRR SPFEEIID % &
D2ODEMLETICHEENTVEEIGNY, 0D
ALD I DIESHELTHELEHLTWE I L
Mo7ze Tb L, F homotropicum 75 S" XJ 3.8
BF 2B AT BB SR T Shel Bl
BETOMD AL S &2k b, M@ /N1d She2 xf
VAEIE TR RA LTV AEEDN L VO T, FHEERE
D\BIETPEZ R E WL H 12T 5 121E shtl Kt
(RS R BLED D B, PLELEDH)
ENIHE DS L 72 R IZHIE T B 7280, FLiETEEAR O
HFIIESICE S OMF 2% E L, ROFIERIIZ
LT A0, #FL (VT & JikifET &
D|RAEZFIERI T, FIT, REFFETIZYIED
DERE TS 5 72012 shel BIEFFEIZHSET 5
~—N—%[E L. INOEMEATLEIEICLD,
shtl X 3. 85T % R B IO MK O RIEDE S 12
TE5 L)1kt

ZDE)%HDNA~Y—H—%FHL-EREIZSE <
DIETITbN T Wb, YNDOREROSE, — K
shtl X 3. 851125 BE & 5 FEBL A M O B 5 Rk
PER S NIUE, TNERRRICHWS Z EI2X
D, BREETEBEELZRT I LR ERTS
ZENTREL %2 B 414 F homotropicum 3G §
B TR Em P & OA ML % E AT A
I3 COREEIIHELE 25720, ZNEDF
ISR L~ — T —3EHTHLEEZLD
N5,

T 72, FEBEMEICT B LI she2 BIn T & K E
CFf 7285 HEDRH LD, ZHEEREDB L O3
5 ETWL ODOREB X ORI EZEH > Twh,

9, MESTHAHAS, % 12 F homotropicum
O H AP AT S" B VERT LB (5T Shel & EEH
T 5720, sht2 W ELT %R EAT 2 F TICHE
ML LCHN, FHEARETH Y, BEIKNETH S
DB NS, 213 Shtl BIETERFEO7-0
2, CTOMHDEE Y NELZRT S L, ROILTEK
PRI B 2 R TR W T b b,
WB Y NOFEME HIR TSR/ H L
EWEZONDL, ZORMERIET S L EITIIED
DEWPED L) infid EO L) ik TE D X
IR L T iR L0 B ICHEE T A 4%
BB FIRIEZ OAFRFEHIL < E R L72HE,
Tl INDIERF DD D o 7 A I BE I 2 R
Z ORISR L HETE 20T, HiR#HKE
AT CHERF T2 LR BB 2L TH D, K
HEBARDS S WA RGBS O & e B 7o R
DEF % T HLENHTL ADT, ML EMET
MRS 5 2 LD BRIC R B

2. BRMAEMYNREREOLRELS LUFHE
EAHERERICE T

HEMEE Y NZIRERSEL2OIZHFME
HEREIRAET A I ENETE LWEEIES v, #1
\2, JeoBRAE YL@ Y NG EE KO ] fg O Ar
THEHICN2S, BRMEMRKEHETE S
WERE 7852 Thb, 20X BEx
Fie® b2 82k, BEEHE 2, MWiEEE T
RBERERRTHIEDNTEDL, £ DIEYWTIZE
BOBHOBY CIE~Y—» — 2 L CREB X
O FEDMERRICFIH ST b, BIAERTOE 121
L DB HHDT, SHE<Y—— L LTHAT
ELEANRODLIRERIIEVEEZ O,
HRF A 3R % BYLCEEIc 35 L7254,
ZORMIIAFRMETH b0 HME T 2K T 5
A, BEETA-0RRALEICIVMIEDIT) . Z
T, EINDOPMIEZTHIETH B, PATEZHIE
(3Gl WEEIC LTRSS 2 ®mO L 2 L, HIE
AEDOMEFNIHERLZETH D, 4 AT F LF
BEIIEZ O L) RIGEDHEAET DAY NI
L/, SBEREROREE R IR RE D
R FH L CTERT 208D 5,
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m =

3/ 2N (Fagopyrum esculentum) 13 % 7 Ft (Po-
lygonaceae) &S % 1 SEAEEARIEY TH 5, il
VNI FEER %“C Fanboo, HHROGHEET
RSN, UNOFORBEEEEZ DL E45HRIHIC
B HFEDEINT 5 &L RSN L EEZEY D 15T
5

Wl NE 1R TR T2 AT H I ENTE
TWHRANEGHE TH A 720, FEEICITEGE
EORREEA LBV ETH L, $72, HRE
AHEWETH L7720, F L WERMERZEEH L v,
Z I T, MM BREELIWEE Y N D720
HRMEGWE Y NRHEEEH L, BRMEHE //\nnﬁ
FFE BT TOREBENINIE 21T 720 5617
BRI TO®E) TH S,

1. BXMEMYNREDOFEES JUBRMEM

BinFDOEEFRIAZEA

F. esculentum & F. homotropicum % ZCFC LI5S
FHA 2 T ﬁ%{%ﬂ/\@@ //\3‘\,’ 2R L7z,
COHEFMENEY /Rl &l SR OFER B
E#%S X U‘ﬁ%ﬂ‘n%lﬁi D, AFEVERE % 7
FL7zo 72, BRMEMERM EAMEU R
L TCTEFEAZHW -BRAMEM L fER
BLUOIEHREDO TS RA L7, ZDOER, F
homotropicum \ZHR$ % B ZHEGVEX LER T S"
ERAT B VR Lk SC2) 1ZHRIEAETLDO A
GUEEEZRFEELTBY, ZOMEHIEEHIEDME
B L CIIMETH o 7225, WAAEOMESS 12HF
LTEARETH -7 T72, ILRSC2OMESITE
AEAEAEDAER 120 L TRAHI G T H o 727, FAE
HAEDAER 12 L TRAERTH 720 2D &
5, BRMEMEX LT S" 1L S supergene N D
AR X DAL EHEE L7z, [AFEIS, F homo-
3@ N DY F esculentum ssp.
ITEEHEN SN,

tropicum 13 & 3

ancestralis £ 1) %1

2. Pennline 10177729 2 BRMAMEEET D&

= RIRZER

SR D L% SC2 & H 5 {64118 @ Pennline
100 2 2D HZEMEMEARM Z H\ T, Pennline 100
HEMAEMWA IR SC2E R L TH 5 0% it L7z,

Pennline 10D fE¥3 13 & CTOETEOMEES 5 L THI
G TH o 7oo RAEMEL T 23 HAEHEA L
Pennline 10% 2¢HE L € F, ZfEH L 725 Pennline 10
LR E R LTEFdeTRIEFEET
HolzDIIH L, HEAHMLELKRLL TTE/LF I
I EABHAE & HAEEAE R Bl L 72, Fr e B L
TCEF.EFOTEOHEZHE L2 5,
ETOEMICRIEAEBEI A SN, TLAEOR
SHRACAHAL & 0 DAL & ) BV
DI R 517z, T 72, EFEHAE & Pennline 10
DAEIZHRT 2 FolEfhz B L TR L72 F 46
HU IS EAEHAC R S e o 72 STHHD
Z & » 5, Pennline 1013 EAEAEAE LA U s T %
Ffo THB Y, Pennline 10D EAEAEAEIL S B n T
NOBHEETICE )L INTNDE Z EAHEE S
N7z,

3. FEEREMOBIEFAIEZRR

VISORIREI RS 2 2 5 0 TR L % v
B2 Wz 5o HEFE 2 TR 2 BT AR
LNBH, BRHEICIER N2V, AFTIE, #E
T AR % FEREMNE LY, B L%
H%*T]":‘E LR, EE Y N & F homotropicum & DAL
CEDEHML72Z K ORMABEE LR L2 L
75\ 5, ARWFZE TIEBLE LD BB 2 17\ LA DS
En kD niE fﬂ%ﬁ%a‘%#%ﬁﬂ%# g hsZ Ll
L7z0 MAEHZIZE#E Y N & F homotropicum & D7Z
muibwméﬂtzo@E%ﬂA%n<MAMU
2B XL UVKSC2) & M7z, Y /N & g MRt
0IAMU2%Z R L TTE/-F, BXUEmEy Nk
FEWLHE AR KSC22 2L L T T & 2 F 3B H %
L 7ze il N & B RFEOLAMUZD A AL 12
HIsk 9 2 FLEENIB I & IR 1 DS I 5 Bk b
3:1 ’%w%$ﬁﬁfuioto:®’&#%%
X CHFET HIERBEEIHED 1 ERF
(shtl) XM TH DI ENEZ OLNT, El YN E
#ﬁ%ﬁ%hK&ﬂ@ﬁM’E%T%ﬂ%ﬂ@%%
P& FEBLFENEDTIRFE D HELL O @ TITEWIERTH T
FEo7, TOZEND KSCZ@?FHB?L?@']L&L%SE@E L
TWbHEET (sht2) Esht]l Ein T LR E 2
Dotz Thibh, VNORERIE 2 Do

SAERT A EMEOMEEETICL DA SN TS
Z Lo Tz sht]l BIL TS BIRT- L EH L



MBI BRA A

TWBZ b, ZOMIEZAMIL5.46+1.18
(%) THHZEDHETE 2, WREEEFORS
TdH 5 sht2 13858 /3 6 il & KSC2% 2K L 724
B S, Sht2 B XV sht2 O, X7 E{nTH3 %8
VNERIFZIZIFIE L TWA 2 L% 72,

4. FEIEFEBRMEMERMONDEAERF E

DE%
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A genetic and breeding study for the production of self-compatible
buckwheat cultivars
(Self-compatible buckwheat cultivars)

Katsuhiro MATSUI

Summary

Common buckwheat (F esculentum) is an annual crop and is widely cultivated in the northern
hemisphere. The cultivated areas of buckwheat have been increasing because it can be grown in
relatively less fertile fields and buckwheat provides high nutrition. Common buckwheat exhibits
heteromorphic sporophytic self-incompatibility and needs insects or wind to mediate cross-
pollination between pin and thrum plants. The yield of buckwheat is influenced by insects because
the movement of insects is restricted by the weather. The breeding of buckwheat is also difficult
because of self-incompatibility. In this study, I have combined the basic science of genetics and
breeding in order to produce a highly constant yield of cultivar in buckwheat.

1. Production of self-compatible buckwheat lines and a genetic analysis of a self-compatible gene

Self-incompatibility, flower morphology, and pollen size are governed by the S supergene. We
have produced self-compatible buckwheat lines by an interspecific cross between F. esculentum
and F. homotropicum by embryo rescue. The flower morphology of these lines is a long homostyle,
and the pollen size is similar to that of thrum. The pollen size of F, plants produced by a cross
between a pin plant and the self-compatible plant was similar to that of the self-compatible line and
segregated together with flower morphology without exception. The pollen tubes of the self-
compatible plants were compatible with styles of the pin plants but incompatible with the styles of
thrum plants. On the other hand, the pollen tubes of pin flowers were incompatible with the styles
of self-compatible plants, but the pollen tubes of thrum flowers were compatible with the styles of
self-compatible plants. These results indicated that the self-compatibility allele, S" retains
heteromorphic incompatibility and suggests that the S" allele was derived from a recombination in
the S supergene.

2. A genetic analysis of the self-compatible gene in Pennline 10

The S supergene is thought to govern self-incompatibility, flower morphology, and pollen size in
buckwheat. Using two self-fertile lines, one with long homostyle flowers (KSC2) and the other with
short homostyle flowers (Pennline 10), I investigated whether the locus controlling flower
morphology and self-compatibility of Pennline 10 is the same as that of KSC2. I assessed the pollen-
tube growth in styles and flower morphology of F, and F. plants produced by crosses between
plants with pin, thrum, or long-homostyle flower types and Pennline 10. The pollen grains of
Pennline 10 were compatible with the style of all flower types. Both plants with short-pin flowers,
whose ratio of style length to anther height was lower than that of the pin, and pin plants
appeared in F, populations of thrum x Pennline 10 as well as in those of pin x Pennline 10. These
results suggested that Pennlinel0 possesses the s allele as does the pin and that the short style
length of Pennline 10 is controlled by multiple genes outside the S locus.

3. Genetic analysis of brittle pedicels in buckwheat

Shattering in buckwheat occurs because of brittle or weak pedicels. Brittle pedicels have been
observed in wild buckwheat but not in cultivated buckwheat. Using two self-compatible lines,
01AMU?2 with brittle pedicels and Kyukei SC2 (KSC2) with non-brittle pedicels, produced by an
interspecific cross between Fagopyrum esculentum cv Botansoba (non-brittle) and F
homotropicum (brittle), we investigated the inheritance of brittle pedicels. F, plants derived from
crosses between Botansoba x 01AMU2 and Botansoba x KSC2 had brittle pedicels. The F.

Department of Crop and Food science, National Agricultural Research Center for Kyusyu Okinawa Region , 2421
Suya, Koushi, Kumamoto 861-1192, Japan. (Research Team for Biomass and Industrial Crop)
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population derived from the cross between Botansoba x 01AMU2 exhibited a segregation of
brittle and non-brittle pedicels that fit the expected 3:1 ratio, suggesting that non-brittle pedicels in
Botansoba are controlled by a single recessive gene (shtI). Another F. population, derived from
the cross between Botansoba and KSC2, exhibited a segregation of brittles and non-brittle pedicels
that fit an expected ratio of 9:7, suggesting that non-brittle pedicels in KSC2 are controlled by a
different single recessive gene (sht2). Thus, brittle pedicels are achieved by two complementary
genes Sht1 and Sht2. The shtl locus is linked to the S locus with a recombination frequency of 5.46
+ 118 (%). We investigated whether common buckwheat has the allele sht2 by crossing six
common buckwheat lines with KSC2. An analysis of the preliminary data demonstrated that some
of the F, had brittle pedicels and others had non-brittle pedicels, suggesting that some common
buckwheat lines possess both the Sht2 and sht2 alleles.
4. Identification of DNA markers for rapid selection of non-brittle pedicel plants

Brittle pedicels in buckwheat are produced by two complementary, dominant genes, Shtl and
Sht2. The shtl locus is linked to the S locus; almost all common buckwheat cultivars possess the
allele shtl. To detect molecular makers linked to the sht1 locus, we used an amplified fragment-
length polymorphism (AFLP) analysis in combination with a bulked-segregant analysis of
segregating progeny of a cross between a non-brittle common buckwheat line and a brittle self-
compatible buckwheat line. We screened 312 primer combinations and constructed a linkage map
around the shtl locus by using 102 F. plants. Five AFLP markers were linked to the sht1 locus.
Two of these, €54m58/610 and e55m46/320, co-segregated with the shtl locus without
recombination. The two AFLP markers were converted STS markers according to the sequence
of the AFLPs. The STS markers are useful for marker-assisted selection of non-brittle pedicel
plants and provide a stepping-stone for map-based cloning and the characterization of the gene
encoding non-brittle pedicels.
Key words: buckwheat, self-incompatibility, shattering, abscission, genetic analysis, marker

assisted breeding.



