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1. [FC®HIC
"R E W T E BWRENRDTEA S N2 HORBEER" TIEe L, YD Y SO
SREFTRHENEVENATE S, MBS RO VY NEE S 2500 Ly, Fox B—RICER
WL TWABERX, T YvaB TR Y NET Y T YN (Fagopyrum esculentum Moench)
MHEBND (K1A-C) . VARITHEBESLERE, TV =V LAEIIMMEOH 5/ %<,
BILFE T2 7Y U Y S EY O TITEEBREEIZTR Yy (Farooq et al. 2016; Zhou et al. 2016;
Zhou et al. 2018; Joshi et al. 2019) , RFEH bEIL, TOFRIIINT 7V =TT 705
BRE <, VT U EOBBBLTER O WY A 2% < & 7> (Bonafaccia et al. 2003; Kreft et
al. 2020; Suzuki et al. 2020) , Y NMIHARTIHE L 22085 EY & L T, (RENR AR
BO—DL LTEDOHLZZEENTWAN, BIT7TV7L0ns T - gd—ayX- T XY Bk
ETCELAEFEINTVDL T N—UREMTHH % (FAOSTAT, X 1D) . 1EWHIZiE ) D
fn, @A N L AMPERCH IR 5 2 =— 7 2B &, ERER ik b £ < FEo,
AIFHTIE, VMO DA Z e, FE_ETIITY U Y ANORMEEE T S, B
SETIXTY UV ADT ) Mg, SUECILEGE RO ERDT D, HhE T
=— 7 IR - B AR A F AT A YIS BT e A i T 5, AR LV BHER
TR ANICHEBEFFS TS NDARHEZHHEEED,
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2. V)N DEFREEA R E

70 Y NI EE DI AT E L, WIAVERE MU - sl - i R - BHERR
S - Boesk T - etk (pH<S) —CHEEHETH S (Farooq et al. 2016; Zhou et al. 2016;
Zhou et al. 2018; Joshi et al. 2019) , % _EFETIE, A BFIAM « A - BoeEMmE « W2
IZOWTORFZEERRN L, 7Y 7 Y SOREZE B L2,

2-1. £ FHIE & £ hEHk=

7YY ASOEFTHRIFE S, EEREE TIIREEN D 70~90 A CIENCEI 5, Bkl
% 5~7 WTBE L, RiFEZBFGT D, IHEH O MFEHZERIIBAME D RBpE L v, FiFERB IO
B0 BN %  (Takeshima et al. 2022) . HERMBEHROMEZ T R2HE1% <,
92« TR B HICBEN L DD, 2RO 70~80%DFE 173 Bk L 7= Befg TUHE]
& A 723 (Farooq et al. 2016)

70 Y NIRRT B ZARMG SRR S 5 B OMFEEEY TH D, FEF DR FEIC
FERERPVEATH D (X 2A; BB ZAMAE I LB TFELEHR) . ~NTF - F
2T e NT LT Y ez T UOM, FATHETEH G IERIZHERL TB Y, HER BRI
EaHE LK TS5 (Takiet al. 2009; Liu et al. 2020; Nagano & Miyashita 2025)

FHAEEL R OHEIIC K HFEE - WEEBORELZITICL L, o, BELZRLTE 5 HGE
HOTY 7y NRFEHHBE SN TS, Matsui et al (2003) 1%, BAEMEOITHE AR F
homotropicum & 77 N L OFEFMEREZAERL L, £ OHEFERNZ 7> v Y S L AR
52 LT, TV Y ANERISEWGEENSR "CIXTREEARE 15 Oull PL4, PL4) " BR%E
Lo, 72721, R K 252280 B IR Rb U EMEME <, RIZICHEE AR 13 K L
TR, ERRIZ, 7Y U Y NTIRIEHRERIC L 288 E OB LA RE SN TS

(Ohnishi, 1979; Ohnishi & Katayama 1980) , &1L 7Y U YV DI AZFHENT D 2 BARHET
D TE Y, ZEOFELAMEN DR TICEb s BT EEHEL TS (M 2B) , 4

X2 BAEERHRLAERFEY (A Y AROF{EREHR, (B) i

2-2. BXREMMHE
VNI TFEEEY L L CERE HIETHAFEENE HIZ< VW (Kreft & Luthar, 1990; Joshi et
al. 2019) , KFiZ, KU R BT BN E A TV B,
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Ty I AOIRY S, EERYE D O O ERAYRER Y ARG E 2D, TV T Y ROIRIT
FetE AR 27 7 2 —BIEERE <, KU VRIFIDSE L TlRARER & ORI EZ %2 < 4 /Zﬁ‘%’)

(Amann & Amberger, 1989; Possinger etal. 2013) . ZAUZ L 0 EEAEME Y o O RITE LRI MR
S5, Zhuetal (2002) 1Z7Y U Y ASHRE BT DL T, AT T LLEFEELE
UUBMOanF L L TI0 5 Vo 2WINTEL 2 a5 LTnWD, £z, &K &
KRIET T, EOBIREMEA T D Z LR HE SN TS (Svietlova et al. 2017) . 2D
NG ’gfﬂﬁk@’jﬂﬁ I, ARY UK TICBIT D NERES OMFHCEIRT 2 B2 6 T0n5
SOIZ, mFAED v 2 Y NE, ARERFM TICBWTRE T Y v Il alit/e Eof
H%ﬁ&@ TW A AN S, +3E D Ammonia-oxidizing microorganisms DAY WA T D

(Chenetal. 2023) . ZAUC KDY, ERABDRNM ET5LEXLTVD, EREUSMTY,
RS W END Y = UL Y SO TV 2 = Affithk - Berk HEEmE I =ML (Wang
et al. 2015) , A C<RENLWSND VI FUBROBRETRRIZT Lo 7 ﬁw&tr&
HE, Y AROT LAY RIZED S Z ERHE STV S  (Falquet et al. 2015)
D &5 72 Y IR T ORHE) I RE D 3 & Z 1S K D AR A T I/Xfl'lﬁ‘f@l‘%%%,
B X O A ETAE BLAE NSRRI BUIREE <, 5% OWTFEOERDZIIFRF S5,

2-3. ErZimmifE

FEE A R L AX Y NIZBWTHAFEOR TORMEDIR T2 E 25 & E 2728, FEEY
(ZHERZE OFEEE XKV (Slawinska & Obendorf 2001; Cawoy et al. 2006; Aubert et al. 2021)
Martinez-Goni etal (2023) 1%, 7Y 7 Y N[F/X 0 A LK « 200 b 3 AFTHA, TRARAC
B AKMABEBENE L, [fb= > X 7 X > & + net photosynthetic CO2 assimilation *
carboxylation capacity 72 & DD 3D 72y s LT 5, F£7-,Rangappaetal (2023) 1%, 7
V0 NIFRRRFIC BT B O AT E M 5 — 5, MOAF ZEMAIEET 5 L &
H1Z, FEO MLl TR ILE L - stomatal index I8/ S, ERE DOV F 7 Z/EORE LA S
¥5ZETRGEREHNTVD LHE L TND,

FLIEIZHRW—, 7 0V NHEIc5E, R, 7
RAED 9 ZKIFT OFEN K HERHA T OAEM T 23 %W A
ARTIHBENMEE 725, #@EA ML RIL, 7Y T Y0
FEAFPRE - FEO B D AT - AEECAEK O - THE
HORTZSIEEZ L, BUIUZEN S (Sugimoto & Sato
2000; Sakata & Ohsawa 2005; Koyama et al. 2019; Takeshima ’
etal.2023) , EPEBGICE T D 7Y U Y O EDL, BFE :/1—,09:”)( Iwrgy )¢
LML TR R I X 2GRN TIERB TE 572 | BN STl

(Takehsima et al. 2023) , $ARY 7R FEIRZ IR TRE M S FE D
BIFNMETH D, flT, Sugiyamaetal (2023) 3@ 51
(AR THRVMER MOk S v 7 F U Y S (F. cymosum)

(¥ 3) Loy "EoMEEMERAIEH L, 51%, 2 3. BIRMTEITICH#S,
OFEMHERE 2 O 7 e EEREOERS R S D, BEMNEBRLES v IFYUN
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3. TYIYINDY ) LR

EREEE 7R ) MEHIY, FE R B BRITORR e T ) ABEFEOHEEIZNETH D L L
2, EOEMTEOHELOWRBREZ I D B0 LD, BIEETOTY U Y ROET ) A5
Bsl (V77 LU RT ) L) OEFIZONT, RLIZE LD D,

R1. IYUIIIND)IT7LURT I LDERE

Reference Yasui et al. (2016) Penin et al. (2021) Lin et al. (2023) Lin et al. (2023) He et al. (2023) Fawcett et al. (2023)
L R4 XIF/dwE# X Dasha Xinong9976_hapl Xinong9976_hap2 Pintian4 PL4

Number of sequences 387,594 85,178 282 246 1,206* 3,041%*

Total length (Mbp) 1,177.7 1,211.3 1,234.3 1,193.8 1,219.3 1,266.8

Number of pseudomolecules - - - 8 8

N50 length (bp) 25,109 188,278 9,830,627 12,384,143 4,538,185*  28,714,069*
Number of protein-coding genes 36,763 29,514 49,546 49,080 38,078 30,608

Complete BUSCOs (%) 84.2 98.6 95.1 92.6 95.0 96.9

GC% (GC/ATGC) 39.1 - 40.5 40.1 39.0 40.1

* Anchoring BIJ0) Scaffold #1# £ T N50 D 1E

Yasuietal (2016) 1%, & Xk 9 2WARBRLZMD KLY ) LAOKREHEEMEZ @O RMHED T/
Lzffai L, 7Y U INTHIDTORT T N ) AEfEE - 7 — 2 X—ZATAR LT
(https://buckwheat kazusa.or.jp) . Peninetal (2021) %, v 7 ®OfMfE"Dasha"®d K7 7 k7
J LEREET D & L BT, Mk - ABBBEDER D 46 D RNA-seq 7 — & /)7 b expression atlas
R « 7 — 2 _X— A TAM L7 (http://travadb.org/browse/Species=Fesc/) ., Lin et al
(2023) 1%, HEOHFEXinong9976”? Haplotype-resolved ® K= 7 %/ 2 (hapl, hap2)
ZREE « INBA L7z, Heetal (2023) (%, HE® fLFE“Pintiand”?® Pseudomolecule (Jefafhi &
[ U 8 ARIZEM S NP EAER) ZEL, TREIEE ThHLI X v & DL T )
DEAT A 2N L 72, Fawcettetal (2023) (%, HADHIENET Y 7 Y N fd"PL4", J L OVHIH
PO IREFAFE F. homotropicum @ Pseudomolecule Z 4% L 7=,
Fawcett et al (2023) 3 F 72, #E I N72"PLA"SS XY F. homotropicum DENEEETR 7 ) LI
WA Tels, VY NOELFRITIC S B LA TS, £ ORER,
1) Y A\ZETe s TR O IIEAH TR 7,100 LAERT & 8,500 HAERTO 2 FIZH7 0 4
7 LEENEL TN L
2) TV TN HEET ) YA KN 270Mb) Xy 2N (HEES ) LY A X489
Mb) D7 ) AW A XDEND, WH ORI LTk DFFED Gypsy L b kT
AR subfamily OO ZITER T 5 Z &
3) IRy MEHEE OB ARERN 7Y U VSR LR b ERIICER TH D Z &
4) FREEFEOE Y@ R 2 N 2R OIEBRS Z H A, T bR O S By A
HR DB RS CEE SN TS 2 &
5) kit 3) L 4) b, TRETKESLD 7 A—7P i L7z X 512 (Konishi et al. 2005;
Konishi & Ohnishi 2007; Ohnishi 2009) , HAEHE SN TVL 7Y U Y SOEJFENF v
I B HCE OSBRI k3 2 "I E DS m W 2 &, B DI o Tz,
UED I 527V 0y D57 7 MEROEHIZ O 10 FTRESERL, VOl -
HIEICEAT 2MA b HEMINTE 2, FBUETIE, Zhbor )/ MEREEH L7V DY
INOBEREMFIEIZ DWW TN T 5,
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4. 7/ LEREFRALI-V/N\FE

7 DEREIEH LI FEE L - BB PRI R TRAIZITDIL TV S A3,
TV I NRNIBWTEDORRIIRON D, Flz1E, PubMed TRAJZEELFE (QTL) (2o
WTHIZRT 5, "Rice QTL"S°"Wheat QTL" Tl, =N 2H 1511 14, 1323 & v b3 573,
"Buckwheat QTL" CIF&E2> 10 Lk » K L722V (2025/3/1 BEA) . FBIUE T 720 7em
5 G EEENS ) DMEREZIEH L2 7Y 7 Y RO REE K - BInE B2 2R+ 5,

4-1. 3B ELTE7IO—X YN

BHCTRARIOIET 7 O7 I 0 —2R 1 7 2 00 F U a4 RN ARIN Tt
ICHBL, TI0—AGHEMIEE R Lol b DEET LS (@K, 2019) . £F
M, A X A FLF e abFXF -TY -FE-Fuay - NrAX - hUyERaT - BT -
T TP ATHE SN TWER, EFHEZRT 7Y 7Y NEINE THEINL TR 1o
7= (87K, 2019; Kreft et al. 2020) , & FMIIHERIRE ST T > 7 B IER TH D Granule
bound starch synthase I (GBSSI) A&7 DOHRERARIZ LV BEELT 5 (Tsai 1974) , Fawcett
etal (2023) X, 7Y U Y RDT ) KI5 OFIET D GBSSIHER 7 D95, WL TEsHl
LT % FeGBSSI * FeGBSS2 DFERERIHZ #/K % Ethyl methanesulfonate (EMS) TZH %235
LI 7Y 7 Y NEREMN ORI LT, £ D%, MZERKOZRZRDG feghssl/fegbss2 D
HARKRAEH L, “HEAREIHFEY ETFHEZ R T HEAMER L, kvt s
ROETFMY NP SN, ZOERKITIFEIR AL TH D720, BB L
LCHIHAFTRE CH 5, BITE, mEAKFEDRHLE R ETHEY SROREEREZED TV D, i
KOV N R D BER, b LT Y SN O% K/ARFERFFHE LU,

EFMLSMCH, TIn—R 1 7107 FUERLROERIIBIOHEEH OB IR
KEHENTWS, 7Y T YA 07 In—AgRE, AEEIC LY EITH 503, 21~36%FEE
CoBMEVEL, INETERT S o —X Y NIEHENTZ 2o 72 (Lietal. 1997;
Noda et al. 1998; Yoshimoto et al. 2004; Hung et al. 2009; Kreft et al. 2020; Suzuki et al. 2020; Gao et
al. 2023) , Suzukietal (2023) | EMS Z#LE[7)5 GBSSa (Fes_sc0005258) Bin1 DR
RSP L, ZERRDNEPAER & i U C 2% 7 I = — A G EMET L, M ERE L0 O FEE 6
WE SN FEL®RE Lo, ZOFHEIMLRBEOEREFHFEZMNNDL LT, ZNET
FAELRR o7 In—RAEGEEZILI I Ha 7Y U Y NMEO BRI RSN D,

4-2. FEFZFMmE
INERT O FEZDEMR L CRIEFET 2% FE  (M4) 13,
fro7F 7o - M EZIRTSE, Y S oMmE
ZRELMKTSHES (Hara et al. 2007, 2009; Gao et al.
2019) o 70 Y N IREFE M PE SRR O S AR R R S S B
D, THIVE CRBVARKE CHRER AN FER SN TEL
(Haraetal. 2012) ., L/»L, BEARGMEDO 7Y T Y8
& o T, FEFRIFMMED X 5 el FZ g (=HHR) (I8 T 4 EREOET
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PN C X ZIE OB, ZHERTICMHERTS 23] E T X 2185 A8 0 B FEAEBR O 505 12

WA Tod %, Haraetal (2020a) 1%, HIRO 2 2 MR LML O TZ O 4 HERE
ZHEE L, BAMERS X OVEYED &R T OFE L2 A LTz, R\ TC Takeshima etal (2021)
%, THHEMIZH LT QTL it FEhi L, M2 L7 6 2D QTL Z[FE L, #E~—h—%
BA%E LTz, &%, B Lok~ — b —OFRBIG~DOIFHANHIR S5,

4-3. RRAEIRMME - BRICE S - £8ER

7w NI E AR TH D BMRIAWVEE (B RS *@%ﬁézrmis D, O HEIRE
PEDIEND G 3 DOARERI IO TRV, 59WERL Z O EA-Z X5y S35 (Onda
& Takeuchi 1942; Morishita et al. 2020) , 8 L 7= ZERER L O IRE, %h%h@ﬁiﬁﬁfﬂﬁﬁ/ﬁ
BT ONEDORILICERETH LD, —MIZ, RASRMLE 20 @ E 72 135 £ &3
B CIIER SRR, FIA ML 72 5 B F SRS CIIMB T E L,

AERERNT T Y U Y SO HIE R DI FRE Tk L L72Z R Th 0, ot o 5Ry VKA
MO, BOEENTE Y B ASRMICHEIS LT ERNIRELTZEEZEZ BN TS (Iwata et al.
2005; Hara & Ohsawa, 2013) , Haraetal (2011,2020b) %, HEIZE U7=BATEAAEA D FLppit
WCEBRL, 7YY A "OARBICEET S QTL 241D TRt L7z, F-RREMEL &L
T, YuA XFAFTHEISEMESCBIESNCEE % GIGANTEA X° EARLY FLOWERING 3,
CONSTANS OFRE v 7t L7z, Takeshimaetal (2022) |, BRI RHFN X, BAIEHA
DR X D REEO A HECR RO R ENEE Th 5 2 & 2o L, EERRFEO F I
F - fACEE D D QTL Z[RIE L7z, BBREWZ 212, M L BB o QTL iIxz e R
IR DG TR L TNV, SO D, 7Y Y ARO RIS LTBER - sy
I, AL U7 B mihlE 2520 T D 2 E AR S e, BRI Tk~ — 1 — 3B
SINTEY, Zhb@®EE~—T—%2IEH LI AR UAEFTEOHEER RIS,

4. T 290w LY3y

277 AMERS LIET ) 2UA Rv—h—FHnir 7 Iy 7L 73y (GS) 1,
RO /INZNEELD QTL % 2h=i| ’%ﬁf‘%‘ @fﬁfﬁ@@ﬂﬁ ZHEKLAFS (Meuwissen et
al. 2001; Heffner et al. 2010; Hayes et al 2013) . Z, SEHIN OBIERIZERNED & < fhFiE fi'f
%57/?/ﬂiGSLiégﬁ%%ﬂmW:k#%ﬁéhéywmad(NBJMM
T N g EOMFEVEE ORI ERE L, EBEOa R N EEE L-FREER O A X -
HAREL - DNA ~— 7 — 8D b 2587, B3R GS TRARE L7, £, GS - K
Bl - RO FE QTL x5 & Lim@in AR D 3 FEE v I 2 L—y a3 LTl L, GS
MRBIERY - Bl FRIRK L D SO RBRSIR 2 " TS Lz, ZHITHiE Yabe etal

(2018) T, I =2 b—a U TIREINTZ GS TRICKD2BKEEFEIET D720, 7
VY SOILEM:Z BT 3 FERO GS M LTe, EOREE, GS BIEMEIC IV TREE
BRI D EOVBRBIRE R T I ENEIETE T, 7 AU A RRSBRUERIUSOEAMAL - &
WAL ELBIIEIC W T, GS DI &L Z DR E R KRB I EDH U I 2 L— 9 VB
X, 7Y ANOHBR L TIEM BB c BELE 2D EEZBND,
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5. JYDVNDOEBEERBRFMEEDT / LIBE LD THE

H5E 208, Al 2R TR OBRRERIS, BEAMEMWRH 5, MBI 2 B Z A
AL, EOBEBOZROFEIZ LY, R B ZAFEYE (Homomorphic self-
incompatibility) & L <ITZEEH A FZAF1EM (Heteromorphic self-incompatibility) (2 KB
S5 (De Nettancourt 1997; Barrett 2002) , FIEAER B ZAFEMEILZ S HIZ 2 DOIERN G
70 % HRIGEAEME (distyly) & 3 DOIERIN G 70 D = RUGEFM: (tristyly) (24000 Hivsd, A
FEAEPEL, B 28 B 200 B £V THRESN TR Y, ZOAHKID R LD 23
EIMNZICHEL L2 EZ BN TS (Lloyd & Webb 1992, Barrett 2019) , 25 13 ClE, —
REREVED W HUEARERI RN L B B OMFFERR & TaHRL L, TDR7 Y 7 Y 30 “ ARl
HMEIZRED D7 ) LS - 5 T - B EFRBEOERERELZ LI LD,

5-1. ZRIEHRMDELFHER
THREAENELE, FEREDR R S DOALEDMEWRAEFEAE &, 162V < F OALE DS m OB
B0, B2 DA O TORZHEPRALT 5 (K 5A,B) o ZOAF KA, /B8

ZRET DR L BFERAMG ML 5 & 2T R 2EEIEHT 5 H—8I5 7% (Slocus)
12X Bl =45 (Garber & Quisenberry 1927; Lewis & Jones 1992) , H BLIE(ZFHIIC, IRD 5 O
ORFPEFT S EEZ LN TV (K5C BB G, BFEE; P, MESMIARFIEME, 17, #EE
IARFIAHE P, fEMY A X4, #HOE S (Pamela & Dowrick 1956; Sharma & Boyes 1961)
72721, 7 FFO Mussaenda macrophylla ® X 5 2y A AL ClRl— OFE & F4ET
% (Wuetal. 2015) , FAEHAENBEMED ST A7 (G F,I5, P, 4) , RACKAE EED
sNTaBZAT (g i, p,a) ZFH, FACHERIT Sis ~7T 0B, RACHAEIT s/s TEVEAR TR
T, ZHERARTIL SIs GEAEFELE) @ s/s (RAEFEAE) =1:1 1IZ0BET % (Pamela & Dowrick
1956) o ZOEBEICHHETHETD OB, G-I L I"-P-A O THABRZ NEE 2 &, [FBRIED
DHZEME DM (Homostyly) NHELT 2 &2 5 TE 72 (Lewis, 1954; Dowrick

1956) . Ziu b il BLEIREAY 7R Slocus DFE T WIEE < O AR OEHTEIC L < BEA L,
B HEENTE R, EZAM, Lietal (2016) 25 “HUAEFIED Slocus D7 g Z )6
TR L7=Z & T, 20 Slocus DET /IR & 2Rl 23557z,

© s)\Jov1>

[ |
Revised model

AZEH A X model -
s)\oOov14> GLIs] 2HTPIHA

S-ELF3

G, TEAIE, IS, B RIRAIA M,

ETEHTE (s/5) SETERTE (/) 1P EBAIRIIAN P B D1 X A BS S
5. ZUYDVYNOZRERMEOHME (A RAHAL L EMAHAE, B) EREOTE/AFE
K. (C) S locus DAL, EBAIHHMBIRFHINISFFSNTELLET L, TRIIZY VY
NIZBTDHLOANI VA HAET L,

R. Takeshima - 7
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Lietal (2016) (%, —“BUEHNEDY 7 Z Y V& Primula vulgaris DEAGHAE (s/s) 8 KO
EHAE (S/s) D Slocus 727V L, s BEIOWSANT XA TD5 7 LAMEEEEK LT,
ZORER, ST mZ A L s T rH A FIITEN 278-kb DT MRS EIRFF L TRY, =
DFEIKIZIE S DOBLBTDERLTWDLI ENghole, ZO ST XA T RERIEET
E AU O 72 En D, Z D 278-kb OFEIKAY P. vulgaris @ Slocus DFEHETH 25 A HE
PERRBR STz, DF Y, B (Ss) 132 OMFEkE~I A TATED, Bt

(s/s) IXZ DA RBLTND LB BN, ZCEY, HHIBEFHICs T rZ A

TREFO L SNTEERBIN g, &, P, p, a-l3TFEE T, ST 0 X A TR I A~I VA A
ATE OB LY, TARREREMERRISL L TWD E WO FHLWET AREE SN (K 5C
TE) . Zhulkes, “HRIAEFANE Y —=% T J&D Turnera subulata, 7~ J&D Linum tenue , > 7
B 7> R T YWED Nymphoides indica, Chrysojasminum J&® C. fruticans (2T b,
ST a B A TREA oI YA T AEIENGFIET D 2 EDBWI 5T/ 57 (Shore et al.
2019; Gutiérrez-Valencia et al. 2022; Fawcett et al. 2023; Yang et al. 2023; Raimondeau et al.
2024) , FAEDTED I YA T AGIITEFRTS 2BUSFITOW T, BEREMRATIC L —RITE
MO B IEITE b 2 FNHE S NHEDH TV D (Shanget al. 2025) . ZiLHDOfEHRE, A
TEAEMED Slocus DFERENAI WA T AEMICHFET D L E2RIRBLTND, 5%, ~2
WA T ATEIR D FRASTIRFEC BRI B 72 HHRE DM 28 L ¢, ZARUEHEMER B2 D
TEMFECTED L DS ITHAL LT E o)y, Fodbmtt &M B ORI S D,

5-2. TV IDZBITEMEL S locus DT/ LiEE

7 I NORACKEAL L AL TIE, EREOR S - HOALE - fERORE SRR
2% (K 5A, K6A) . iz, LB LR, RAEIIEDD/ NSO #H 120 DIEkK
FO3EACHEAE L 0 2 <, BACAEIEIIAEm DK W IEm #3722y (Ganders 1979; Namai &
Fujita 1995; Cawoy et al. 2006) , (EZEITRAEHAL L 0 EAEHAENZ L, (EEFOR 7 n—25

b RACHEAC & 0 FHEHAED R (Cawoy etal. [ (a)
2006) . HZEAFERISITRAEHAE & FAEHAE
THERY, RIEAEIER O AR TR L1
Ry DD 1/2~1/3 FREE TR L9 2 DITkf

L, BEAEFEAER L OB CIIRIE - EAT 54 |(B)
W3 b7el, FIBEA LN FEEHO TET
19 % (K 6B)  (AEHF 1950, 1956; Matsui et
al. 2004) , ERBLEBMEE, b L TR
R EACTESAICBOTYH, ZORAKIG
ITFTRE S Av7evy (R 1958) . HEAFIE X 00 u
JtsIZ 1 protein phosphatases & Ca signaling 7> B RICEEXRIEETE

D5 AR S HE STV DD, E DL 6. VY NDIEMTELTIE RIS

BT TR STV ey (Miljus- (A) e ofEmEE, B) EEHER
DPuki¢ et al. 2004) . S OEAERETE DR FNE S i,
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7YY SO L AR AT A AL 5 Slocus DEEFRIT,

1) BREBIOT A VYA bk~—h—& L THWEZEHMYT (Ohnishi & Ohta 1987)

2) DNA ~—7—% W7 #EHAENT  (Aii et al. 1999; Nagano et al. 2001; Yasui et al. 2004;
Matsui et al. 2020)

3) “IRGUERIKENE AW AERIRE R 70 2 X 7 B ORI (Miljus-Dukié et al. 2004;
Takeshima et al. 2019)

4) Bacterial artificial chromosome 7 A 7 7 U —% H\W /= f##T (Yasui et al. 2008)

5) Wit —2 o —% W= fENT (Yasui et al. 2012, 2016; Fawcett et al. 2023; He et al.
2023) REICKVERLTEE,

2?95 Yasuietal (2012) 1E Slocus D~ A HADOME 2 U SEBIT#HE LT,
Yasui et al (2012) %, RNA-seq 3 & T 1,373 A Z 72 17T 22 5, S locus (2 5E 4 EH 5
HAEREIL T S-ELF3 (V1A X XF D Early flowering 3 REv V) %[RE L, S-ELF3 D7
J ATEEITEAERAE DO RHFIET D 2 &AL L, Bk K 5 1g, BIFE T AR
PE S locus DERITEAEHAED IMAFAEST DIV A B AR TH 5 Z &30 >TE T
%73, Yasuietal (2012) (X Lietal (2016) O#E X 0 FiIZ, ~I WA HAMEO R IKE A5 1
Z[RIE LT\ e, Z D%, Fawcettetal (2023) (2L 7Y 7 Y X Slocus D5 ) L DR
DMEI] S %, Fawcettetal (2023) 1%, FBAEHAES L OVEAEREAED Slocus DT &7, 28
BR % T B s FHEREfifAT, 36 LT RNA-seq ftir 2 &,

1) BAEEIED ST X A TR ~2.8 Mb D~ WA HAGEEN AT 5 F

2) NS HAFELD 2% b T v AR Y UAERTH DR 2 3R < I S D

3) I A T AFEIRIEFT D S-ELF3 DR SO RFTEMED 2 2% XELT 5 4

4) FEACREAC/ BAERAE DN AT RE D, ~ I WA H A G O JE D FEII 1 X R ACHAE e 2L/ 70 5%

BB I E LR WEEZRA LML,

[FIFRFHALZ, He etal (2023) & “Pintiand”® VU 7 7 L > A% ) KT 18 Rk D EACFEAL/HAEA:
TEMER D genotyping-by-sequencing 7 — & 7> 5, S locus 2 WA H AEK A FFE L7z, Zh D
DFERDG, 7Y 7 NZEBWNT I WA AR OEERR 12 & 0 ZARERMEASL L
TNDENINIFA TRETANEREINTZ (K5C)  (Fawcett et al. 2023)

5-3. ZRIFE4EME S locus DRI EFE

[ED LS e F] D Slocus BIEAE L7202 ] Z ORRAIIBFEORBE N IR O EHER
BT 5, Fawcettetal (2023) 1%, EHR & MEE O RFEMEE E T 2D S-ELF3 23, Y /3D
TR OREN T D RTOREINC T D8 s FEBEIC L o TRAE LAtttz r LT,
REBURIRNZ L1, 7Y L TICBT DR EMEE O RNIEMEZ BT D CYP734450 b,
BRI E ORI OBLEFEBEICL o TRALZEEZ B TWS (Huu et al. 2020;
Potente et al. 2022) . Z D X H IZEAEE T, Slocus DB FHEL, Bz FEEIC Ly 8
AEFEVE~DOF R REZ S L2 E 2 5T 5 (Shangetal. 2025) . 4L TlE, B HE
I X0 RAELEEELE RN ED L HIZ Slocus ZHKL LT=DIEA 122 DOET LN
EZBNTWD, —Dl, F—REK EOTHET 28I 2 1 BIOEFIZLY Slocus fk L
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72 &9 Segmental duplication, & 9 —DIL, ZAILECNMN LB CTE LB TFVEED
Slocus fb L7= L9 Stepwise duplication Td» 5, Oleaceae X°> Gelsemium elegans @ S locus JH#
FIBAR T D/T 1 7 VXA _EIZJER LT 5 728, Segmental duplication OE 7 /L35
Z B35 (Zhao et al. 2023 ; Raimondeau et al. 2024) , 7' U AT « ¥ —3%F « 7 < + N. indica
D Slocus FEFBAR T D /3T 1 73870 5 YetafR RIS LT 5 728, Stepwise duplication
DETIVHRE 2 5D (Shore et al. 2019; Gutiérrez-Valencia et al. 2022; Potente et al. 2022; Yang
etal. 2023) . 7Y U Y NIRIEHER T (EIGERFANSIE I, P, A) 23AH72728 Slocus BX
SO DV IR BLRITTE RV, 4%, HERTFORE & ZDOEFROMIAEZ B LIzuy,

Slocus EDIBIRFDAER & RFnEMEZ ILIZHIEE3 2 Dual function ZFi> 2 & 1%, £ < DOff
WFEC TAREREME SN, L T B L — R e LTE A IS, 7Y T YD S-ELF3 7Y
T D CYP734450 DA, % —3 T O TsBAHD i&fn13 X O C. fruticans O GA20x-S @51
bR L MEE O RFIAEMED 2 %32 (Shore et al. 2019; Matzke et al. 2021; Raimondeau
etal. 2024) . “HAEREMEOKIEE (EHERE - MESMIARTAME « HESAARFIEME - B A1
X H@ES) ST HBIE T 111 TREREE, S B FOEHR - FREPLEE R LM, 1
B CEEROWE G T2 iU, ZREHMEOMNSBHEITSE L B b5, 51T
EOXIICEBEZRLZ LEBEBE TR, TONRTarhoies ok S8, “RITEREMICBE D
% (D) B ES L5220, ZORGENMEL 725,

U EDX oIz, 770 8\ kdte “RGEAE D4 T8 5 ppe—
FWERIEE R AR 2 T D, BITE, E# 51E Slocus (2 A ‘%(ﬂ,’,,‘ .

CIN
d,«ﬂ}‘,?

T B4 AWK T, BT A XL RREHEICBED 5
F-OfFNT 2D TV 5, F7-, S-ELF3 12 X A IEHRE & R0 o
B MO H RS OfEIIZ T 1) C, S-ELF3 EMHAAMEHT 2 ¥
VR BR T OHIEE L T DOREEZED TS (K

7 . INHOfTEELT, 7YY A0 R
SRR AEH OMNCT D E & B, [ RATEREMEIT S <
OREMFECTHNL L CRAE - FIH SN TWDH0MNn?] v )
RV ZHRER LT & 720y,

™ — S-ELF3
— S-ELF3 paralog

— Candidate 2

X 7. S-ELF3 @*%J_HEEVEH%HE

E%ﬁi‘

ARKRFL, TS ORI L - AR L - ML - DR, R
@ﬁ#%j&’@j&, U= a7 v v a BRSO Faweett Jeffrey 181, EMFIERFPER
FORHEEME L, R RFEOMERZIEL - AHZITHEOFRENTFE - ZHob &
HWETEE L, £, AROBESY VU RY T AL, IST ACT-X (JPMJAX20BA)
DY R—= M 22T TEMBINE LTz, ZOGZED THILBE L RIFE T,

R. Takeshima - 10
BSJ-Review 16:58 (2025)



TR P EcHTRR 16:59  (2025)

5| Rk

Aii J, Nagano M, Penner GA, Campbell CG, Adachi T (1999) Identification of RAPD markers linked
to the homostylar (Ho) gene in buckwheat. Breed Sci 48: 59—62. doi: 10.1270/jsbbs1951.48.59

Amann C, Amberger A (1989) Phosphorus Efficiency of Buckwheat (Fagopyrum esculentum).
Zeitschrift fiir Pflanzenerndahrung und Bodenkd 152: 181-189. doi: 10.1002/jpIn. 19891520208

Aubert L, Konradova D, Barris S, Quinet M (2021) Different drought resistance mechanisms between
two buckwheat species Fagopyrum esculentum and Fagopyrum tataricum. Physiol Plant 172: 577—
586. doi: 10.1111/ppl.13248

Barrett SCH (2002) The evolution of plant sexual diversity. Nat Rev Genet 3: 274-284. doi:
10.1038/nrg776

Barrett SCH (2019) ‘A most complex marriage arrangement’: recent advances on heterostyly and
unresolved questions. New Phytol 224: 1051-1067. doi: 10.1111/nph.16026

Bonafaccia G, Marocchini M, Kreft I (2003) Composition and technological properties of the flour and
bran from common and tartary buckwheat. Food Chem 80: 9-15. doi: 10.1016/S0308-
8146(02)00228-5

Cawoy V, Lutts S, Kinet JM (2006) Osmotic stress at seedling stage impairs reproductive development
in buckwheat (Fagopyrum esculentum). Physiol Plant 128: 689-700. doi: 10.1111/5.1399-
3054.2006.00801.x

Chen W, Zhang Z, Sun C (2023) Different genotypes of tartary buckwheat can regulate the
transformation of nitrogen through the secretion of organic acids under low nitrogen stress. Eur J Soil
Biol 118: 103543. doi: 10.1016/j.ejsobi.2023.103543

De Nettancourt D (1997) Incompatibility in angiosperms. Sex Plant Reprod 10: 185-199. doi:
10.1007/s004970050087

Falquet B, Gfeller A, Pourcelot M, Tschuy F, Wirth J (2015) Weed suppression by common buckwheat:
a review. Environ Control Biol 53: 1-6. doi: 10.2525/ecb.53.1

FAOSTAT (2025). Crops and livestock products (Food and Agriculture Organization of the United
Nations (FAO). Available online at: https://www.fao.org/faostat/en/data/QCL (Accessed March 1,
2025).

Farooq S, Rehman RU, Pirzadah TB, Malik B, Ahmad Dar F, Tahir I (2016) Cultivation, agronomic
practices, and growth performance of buckwheat. In: Zhou M, Kreft I, Woo S-H, et al (eds) Molecular
breeding and nutritional apects of buckwheat. Elsevier, London, pp 299-319. doi: 10.1016/B978-0-
12-803692-1.00023-7

Fawcett JA, Takeshima R, Kikuchi S, Yazaki E, Katsube-Tanaka T, Dong Y, Li M, Hunt H, Jones M,
Lister D (2023) Genome sequencing reveals the genetic architecture of heterostyly, domestication
history of common buckwheat. Nat Plants 9: 1236—1251. doi: 10.1038/s41477-023-01474-1

Fukunaga K (2019) Origin of waxy cereals from a genetic point of view: From cultural history to genetic
history of waxy cereals. Breed Res 21: 1-10. doi: 10.1270/jsbbr.18J12

R. Takeshima - 11
BSJ-Review 16:59 (2025)



TR P EcHTRR 16:60  (2025)

Ganders FR (1979) The biology of heterostyly. New Zeal J Bot 17: 607-635. doi:
10.1080/0028825X.1979.10432574

Gao L, Van Bockstaele F, Lewille B, Haesaert G, Eeckhout M (2023) Characterization, comparative
study on structural, physicochemical properties of buckwheat starch from 12 varieties. Food
Hydrocoll 137: 108320. doi: 10.1016/j.foodhyd.2022.108320

Gao L, Xia M, Li Z, Wang P, Wang M, Gao J (2019) Changes of physicochemical properties and
correlation analysis of common buckwheat starch during germination. Fagopyrum 36: 43. doi:
10.3986/fag0010

Garber RJ, Quisenberry KS (1927) Self-fertilization in buckwheat. J Agric Res 34: 185-90.

Gutiérrez-Valencia J, Fracassetti M, Berdan EL, Bunikis I, Soler L, Dainat J, Kutschera VE, Losvik A,
Désamoré A, Hughes PW, et al (2022) Genomic analyses of the Linum distyly supergene reveal
convergent evolution at the molecular level. Curr Biol 32: 4360-4371. doi:
10.1016/j.cub.2022.08.042

Hara T, Takeshima R, Matsui K (2020a) Genes with different modes of inheritance regulate seed
germination in preharvest-sprouting-tolerant lines of buckwheat (Fagopyrum esculentum). Japan
Agric Res Q 54: 137-143. doi: 10.6090/jarq.54.137

Hara T, Matsui K, Noda T, Tetsuka T (2007) Effects of preharvest sprouting on flour pasting viscosity
in common buckwheat (Fagopyrum esculentum Moench). Plant Prod Sci 10: 361-366. doi:
10.1626/pps.10.361

Hara T, Sasaki T, Tetsuka T, Ikoma H, Kohyama K (2009) Effects of sprouting on texture of cooked
buckwheat (Fagopyrum esculentum Moench) noodles. Plant Prod Sci 12: 492-496. doi:
10.1626/pps.12.492

Hara T, Takahisa T, Matsui K (2012) New buckwheat cultivar ‘Harunoibuki’. Bull NARO Kyushu
Okinawa Agric Res Cent 58: 37-47. doi: 10.24514/00002088

Hara T, Ohsawa R (2013) Accurate evaluation of photoperiodic sensitivity and genetic diversity in
common buckwheat under a controlled environment. Plant Prod Sci 16: 247-254. doi:
10.1626/pps.16.247

Hara T, Iwata H, Okuno K, Matsui K, Ohsawa R (2011) QTL analysis of photoperiod sensitivity in
common buckwheat by using markers for expressed sequence tags and photoperiod-sensitivity
candidate genes. Breed Sci 61: 394-404. doi: 10.1270/jsbbs.61.394

Hara T, Shima T, Nagai H, Ohsawa R (2020b) Genetic analysis of photoperiod sensitivity associated
with difference in ecotype in common buckwheat. Breed Sci 70: 101-111. doi: 10.1270/jsbbs.19118

Hayes BJ, Cogan NOI, Pembleton LW, Goddard ME, Wang J, Spangenberg GC, Foster JW (2013)
Prospects for genomic selection in forage plant species. Plant Breed 132: 133-143. doi:
10.1111/pbr.12037

He Q, Ma D, Li W, Xing L, Zhang H, Wang Y, Du H (2023) High-quality Fagopyrum esculentum
genome provides insights into the flavonoid accumulation among different tissues and self-
incompatibility. J Integr Plant Biol 65: 1423—-1441. doi: 10.1111/jipb.13459

R. Takeshima - 12
BSJ-Review 16:60 (2025)



TR P EcHTRR 16:61  (2025)

Heffner EL, Lorenz AJ, Jannink JL, Sorrells ME (2010) Plant breeding with genomic selection: gain
per unit time and cost. Crop Sci 50: 1681-1690. doi: 10.2135/cropsci2009.11.0662

Hung PV, Maeda T, Morita N (2009) Buckwheat starch: structure and characteristics—a review. Eur J
Plant Sci Biotechnol 4: 23-28

Huu CN, Keller B, Conti E, Kappel C, Lenhard M (2020) Supergene evolution via stepwise duplications
and neofunctionalization of a floral-organ identity gene. Proc Natl Acad Sci USA 117: 23148-23157.
doi: 10.1073/pnas.2006296117

Iwata H, Imon K, Tsumura Y, Ohsawa R (2005) Genetic diversity among Japanese indigenous common
buckwheat (Fagopyrum esculentum) cultivars as determined from amplified fragment length
polymorphism, simple sequence repeat markers, and quantitative agronomic traits. Genome 48: 367—
377. doi: 10.1139/g04-121

Joshi DC, Chaudhari G V, Sood S, Kant L, Pattanayak A, Zhang K, Fan Y, Janovska D, Megli¢ V, Zhou
M (2019) Revisiting the versatile buckwheat: reinvigorating genetic gains through integrated breeding,
genomics approach. Planta 250: 783—-801. doi: 10.1007/s00425-018-03080-4

Konishi T, Yasui Y, Ohnishi O (2005) Original birthplace of cultivated common buckwheat inferred
from genetic relationships among cultivated populations and natural populations of wild common
buckwheat revealed by AFLP analysis. Genes Genet Syst 80: 113—119. doi: 10.1266/ggs.80.113

Konishi T, Ohnishi O (2007) Close genetic relationship between cultivated and natural populations of
common buckwheat in the Sanjiang area is not due to recent gene flow between them—an analysis
using microsatellite markers. Genes Genet Syst 82: 53—64. doi: 10.1266/ggs.82.53

Koyama T, Suenaga M, Takeshima R (2019) Growth, yield response of common buckwheat
(Fagopyrum esculentum Moench) to waterlogging at different vegetative stages. Plant Prod Sci 22:
456—464. doi: 10.1080/1343943X.2019.1670682

Kreft I, Zhou M, Golob A, Germ M, Likar M, Dziedzic K, Luthar Z (2020) Breeding buckwheat for
nutritional quality. Breed Sci 70: 67—73. doi: 10.1270/jsbbs.19016

Kreft I, Luthar Z (1990) Buckwheat—a low input plant. In: El Bassam N, Dambroth M, Loughman BC
(eds) Genetic aspects of plant mineral nutrition. Developments in Plant and Soil Sciences, vol 42.
Springer, Dordrecht doi: 10.1007/978-94-009-2053-8 70

Lewis D, Jones DA (1992) The genetics of heterostyly. In: Barrett SCH (ed) Evolution, function of
heterostyly. Springer, Berlin, p 129-50. doi: 10.1007/978-3-642-86656-2 5

Lewis D (1954) Comparative incompatibility in angiosperms, fungi. Adv Genet 6: 235-285. doi:
10.1016/50065-2660(08)60131-5

LiJ, Cocker JM, Wright J, Webster MA, McMullan M, Dyer S, Swarbreck D, Caccamo M, Oosterhout
C, Gilmartin PM (2016) Genetic architecture, evolution of the S locus supergene in Primula vulgaris.
Nat Plants 2: 1-7. doi: 10.1038/nplants.2016.188

Li W, Lin R, Corke H (1997) Physicochemical properties of common and tartary buckwheat starch.
Cereal Chem 74: 79-82. doi: 10.1094/CCHEM.1997.74.1.79

R. Takeshima - 13
BSJ-Review 16:61 (2025)



TR P EcHTRR 16:62  (2025)

Lin H, Yao Y, Sun P, Feng L, Wang S, Ren Y, Yu X, Xi Z, Liu J (2023) Haplotype-resolved genomes
of two buckwheat crops provide insights into their contrasted rutin concentrations and reproductive
systems. BMC Biol 21: 87. doi: 10.1186/s12915-023-01587-1

Liu R, Chen D, Luo S, Xu S, Xu H, Shi X, Zou Y (2020) Quantifying pollination efficiency of flower-
visiting insects, its application in estimating pollination services for common buckwheat. Agric
Ecosyst Environ 301: 107011. doi: 10.1016/j.agee.2020.107011

Lloyd DG, Webb CJ (1992) The evolution of heterostyly. In: Barrett SCH (ed) Evolution and function
of heterostyly. Springer-Verlag, Berlin Heidelberg, pp 151-178. doi: 10.1007/978-3-642-86656-2

Martinez-Gofii XS, Miranda-Apodaca J, Pérez-Lopez U (2023) Could buckwheat, spelt be alternatives
to wheat under future environmental conditions? Study of their physiological response to drought.
Agric. Water Manag. 278. doi: 10.1016/j.agwat.2023.108176

Matsui K, Tetsuka T, Nishio T, Hara T (2003) Heteromorphic incompatibility retained in self-
compatible plants produced by a cross between common and wild buckwheat. New Phytol 159: 701—
708. doi: 10.1046/j.1469-8137.2003.00840.x

Matsui K, Nishio T, Tetsuka T (2004) Genes outside the S supergene suppress S functions in buckwheat
(Fagopyrum esculentum). Ann Bot 94: 805-9. doi: 10.1093/a0b/mch206

Matsui K, Mizuno N, Ueno M, Takeshima R, Yasui Y (2020) Development of co-dominant markers
linked to a hemizygous region that is related to the self-compatibility locus (S) in buckwheat
(Fagopyrum esculentum). Breed Sci 70(1): 112—117. doi: 10.1270/jsbbs.19129

Matzke CM, Hamam HJ, Henning PM, Dougherty K, Shore JS, Neff MM, McCubbin AG (2021) Pistil
mating type and morphology are mediated by the brassinosteroid inactivating activity of the S-locus
gene BAHD in heterostylous Turnera species. Int J Mol Sci 22(19): 10603. doi:
10.3390/ijms221910603

Meuwissen THE, Hayes BJ, Goddard ME (2001) Prediction of total genetic value using genome-wide
dense marker maps. Genetics 157: 1819-1829. doi: 10.1093/genetics/157.4.1819

Miljus-Dukic J, Ninkovic S, Radovic S, Maksimovic V, Brkljacic J, Neskovic M (2004) Detection of
proteins possibly involved in self-incompatibility response in distylous buckwheat. Biol Plant 48:
293—6. doi: 10.1023/B:BIOP.0000033459.48057.8b

Morishita T, Hara T, Hara T (2020) Important agronomic characteristics of yielding ability in common
buckwheat; ecotype, ecological differentiation, preharvest sprouting resistance, shattering resistance,,
lodging resistance. Breed Sci 70: 39—47. doi: 10.1270/jsbbs.19020

Nagano M, Aii J, Kuroda M, Campbell C, Adachi T. (2001) Conversion of AFLP markers linked to
the Sh allele at the S locus in buckwheat to a simple PCR based marker form. Plant Biotechnology
18: 191-196. doi: 10.5511/plantbiotechnology.18.191

Nagano Y, Miyashita T (2025) Contribution of nocturnal moth pollination to buckwheat seed set.
Arthropod-Plant Interact 19: 11. doi: 10.1007/s11829-024-10117-x

Namai H, Fujita Y (1995) Floral characteristics associated with seed productivity in common buckwheat,

Fagopyrum esculentum Moench. In: Current advances in buckwheat research, 35: 425-435.

R. Takeshima - 14
BSJ-Review 16:62 (2025)



TR P EcHTRR 16:63  (2025)

Noda T, Takahata Y, Sato T, Suda I, Morishita T, Ishiguro K, Yamakawa O (1998) Relationships
between chain length distribution of amylopectin and gelatinization properties within the same
botanical origin for sweet potato and buckwheat. Carbohydr Polym 37: 153—158. doi: 10.1016/S0144-
8617(98)00047-2

Ohnishi O (2009) On the origin of cultivated common buckwheat based on allozyme analyses of
cultivated and wild populations of common buckwheat. Fagopyrum 26: 3-9

Ohnishi O (1979) Frequency of chlorophyll-deficient and other detrimental genes in Japanese
populations of buckwheat, Fagopyrum esculentum Moench. Jpn J Genet 54: 259-270. doi:
10.1266/jjg.54.259

Ohnishi O, Ohta T (1987) Construction of a linkage map in common buckwheat, Fagopyrum esculentum
Moench. Jpn J Genet 62: 397-414. doi: 10.1266/jjg.62.397

Ohnishi O, Katayama N (1980) Frequency of sterility mutants in Japanese populations of buckwheat,
Fagopyrum esculentum Moench. In: Buckwheat Symp, Ljubljana, Sept, pp 51-59

Onda S, Takeuchi T (1942) Ecotype of Japanese buckwheat varieties. Nougyo Oyobi Engei 17:971-974

Pamela V, Dowrick J (1956) Heterostyly and homostyly in Primula obconica. Heredity 10: 219-236.
doi: 10.1038/hdy.1956.19

Penin AA, Kasianov AS, Klepikova AV, Kirov IV, Gerasimov ES, Fesenko AN, Logacheva MD (2021)
High-resolution transcriptome atlas, improved genome assembly of common buckwheat, Fagopyrum
esculentum. Front Plant Sci 12: 1-14. doi: 10.3389/fpls.2021.612382

Possinger AR, Byrne LB, Breen NE (2013) Effect of buckwheat (Fagopyrum esculentum) on soil-
phosphorus availability and organic acids. J Plant Nutr Soil Sci 176: 16-18. doi:
10.1002/jpIn.201200337

Potente G, Léveillé-Bourret E, Yousefi N, Choudhury RR, Keller B, Diop SI, Duijsings D, Pirovano W,
Lenhard M, Szovényi P, et al (2022) Comparative genomics elucidates the origin of a supergene
controlling floral heteromorphism. Mol Biol Evol 39: msac035. doi: 10.1093/molbev/msac035.

Raimondeau P, Ksouda S, Marande W, Fuchs AL, Gryta H, Theron A, Puyoou A, Dupin J, Cheptou PO,
Vautrin S, et al (2024) A hemizygous supergene controls homomorphic and heteromorphic self-
incompatibility systems in Oleaceae. Curr Biol 34: 1977—-1986. doi: 10.1016/j.cub.2024.03.029

Rangappa K, Rajkhowa D, Layek J, Das A, Saikia U, Mahanta K, Sarma A, Moirangthem P, Mishra V,
Deshmukh N et al (2023) Year-round growth potential, moisture stress tolerance of buckwheat
(Fagopyrum esculentum L.) under fragile hill ecosystems of the Eastern Himalayas (India). Front
Sustain Food Syst 7: 1-15. doi: 10.3389/fsufs.2023.1190807

Sakata K, Ohsawa R (2005) Effect of flooding stress on the seedling emergence and growth of common
buckwheat. Jpn J Crop Sci 73: 135-143. doi: 10.1626/jcs.74.23

Shang L, Gad K, Lenhard M (2025) Converging on long, short: The genetics, molecular biology,
evolution of heterostyly. Curr Opin Plant Biol 85: 102731. doi: 10.1016/5.pbi.2025.102731

Sharma KD, Boyes JW (1961) Modified incompatibility of buckwheat following irradiation. Can J Bot
39: 1241-6. doi: 10.1139/b61-108

R. Takeshima - 15
BSJ-Review 16:63 (2025)



TR P EcHTRR 16:64  (2025)

Shore JS, Hamam HJ, Chafe PDJ, Labonne JDJ, Henning PM, McCubbin AG (2019) The long, short of
the S-locus in Turnera (Passifloraceae). New Phytol 224: 1316—1329. doi: 10.1111/nph.15970

Slawinska J, Obendorf RL (2001) Buckwheat seed set in planta during in vitro inflorescence culture:
evaluation of temperature and water deficit stress. Seed Sci Res 11: 223-233. doi:
10.1079/SSR200178

Sugimoto H, Sato T (2000) Effects of excessive soil moisture at different growth stages on seed yield
of summer buckwheat. Jpn J Crop Sci 69: 189—193. doi: 10.1626/jcs.69.189, 1349-0990 0011-1848

Sugiyama M, Norizuki M, Kikuchi S, Yasui Y, Matsui K (2023) Development, chromosomal
characterization of interspecific hybrids between common buckwheat (Fagopyrum esculentum), a
related perennial species (F. cymosum). Breed Sci 73: 230-236. doi: 10.1270/jsbbs.22063

Suzuki T, Noda T, Morishita T, Ishiguro K, Otsuka S, Aii J, Nakano A, Katsu K, Matsui K, Takeshima
R, et al (2023) Characterisation of starch properties, physical characteristics in buckwheat
(Fagopyrum esculentum Moench.) mutant lacking accumulation of ‘granule-bound starch synthase
a.” Plant Breed 142:711-720. doi: 10.1111/pbr.13135

Suzuki T, Noda T, Morishita T, Ishiguro K, Otsuka S, Brunori A (2020) Present status, future
perspectives of breeding for buckwheat quality. Breed Sci 70: 48—66. doi: 10.1270/jsbbs.19018

Svietlova N, Sytar O, Volkogon M, Storozhenko V, Kalinichenko O, Ganchurin V, Taran N (2017)
Remodeling of the composition of the membrane’s lipids of buckwheat plants (Fagopyrum
esculentum Moench) under conditions of phosphorus deficiency and seed bacterization with
phosphate  solubilizing  microorganisms. J Cent FEur Agric 18:879-888. doi:
10.5513/JCEA01/18.4.1980

Takeshima R, Nishio T, Komatsu S, Kurauchi N, Matsui K (2019) Identification of a gene encoding
polygalacturonase expressed specifically in short styles in distylous common buckwheat (Fagopyrum
esculentum). Heredity (Edinb) 123: 492-502. doi: 10.1038/s41437-019-0227-x

Takeshima R, Ogiso-Tanaka E, Yasui Y, Matsui K (2021) Targeted amplicon sequencing and next-
generation sequencing—based bulked segregant analysis identified genetic loci associated with
preharvest sprouting tolerance in common buckwheat (Fagopyrum esculentum). BMC Plant Biol 21:
1-13. doi: 10.1186/s12870-020-02790-w

Takeshima R, Yabe S, Matsui K (2022) Genetic basis of maturity time is independent from that of
flowering time, contributes to ecotype differentiation in common buckwheat (Fagopyrum esculentum
Moench). BMC Plant Biol 22: 1-14. doi: 10.1186/s12870-022-03722-6

Takeshima R, Murakami S, Fujiwara Y, Nakano K, Fuchiyama R, Hara T, Shima T, Koyama T (2023)
Subsurface drainage and raised-bed planting reduce excess water stress and increase yield in common
buckwheat (Fagopyrum esculentum Moench). Field Crops Res 297: 108935. doi:
10.1016/j.fcr.2023.108935

Taki H, Okabe K, Yamaura Y, Sueyoshi M, Makino S (2009) Contribution of small insects to pollination
of common buckwheat, a distylous crop. Ann Appl Biol 155:121-129. doi: 10.1111/j.1744-
7348.2009.00326.x

R. Takeshima - 16
BSJ-Review 16:64 (2025)



TR P EcHTRR 16:65  (2025)

A ERHE (1950): Y ROZHEINTET 5 A PRI (2), FEME OERHEIZOWT, B
WF5E4: 71~74.

Tatebe T. (1956) Physiological researches on the fertility of the buckwheat. (V) Further studies on the
behavior of pollen and pollen-tube. Jpn J Breed 6: 156—-162. doi: 10.1270/jsbbs1951.6.156

Tatebe T. (1958) Physiological researches on the fertility of buckwheat. (VI) On the mechanism of
heterostylism. Jpn J Breed 8:149—154. doi: 10.1270/jsbbs1951.8.149

Tsai CY (1974) The function of the waxy locus in starch synthesis in maize endosperm. Biochem Genet
11: 83-96. doi: 10.1007/BF00485766

Wang H, Chen R, Iwashita T, Shen R, Ma J (2015) Physiological characterization of aluminum tolerance
and accumulation in tartary, wild buckwheat. New Phytol 205: 273-279. doi: 10.1111/nph.13011

Wu XQ, Li PX, Deng XF, Zhang DX (2015) Distyly and cryptic heteromorphic self-incompatibility in
Mussaenda macrophylla (Rubiaceae). J Syst Evol 53: 166—178. doi: 10.1111/jse.12142

Yabe S, Ohsawa R, Iwata H (2014) Genomic selection for the traits expressed after pollination in
allogamous plants. Crop Sci 54: 1448—-1457. doi: 10.2135/cropsci2013.05.0319

Yabe S, Ohsawa R, Iwata H (2013) Potential of genomic selection for mass selection breeding in annual
allogamous crops. Crop Sci 53: 95-105. doi: 10.2135/cropsci2012.03.0167

Yabe S, Hara T, Ueno M, Enoki H, Kimura T, Nishimura S, Yasui Y, Ohsawa R, Iwata H (2018)
Potential of genomic selection in mass selection breeding of an allogamous crop: an empirical study
to increase yield of common buckwheat. Front Plant Sci 9: 276. doi: 10.3389/fpls.2018.00276

Yang J, Xue H, Li Z, Zhang Y, Shi T, He X, Barrett SCH, Wang Q, Chen J (2023) Haplotype-resolved
genome assembly provides insights into the evolution of S-locus supergene in distylous Nymphoides
indica. New Phytol 240: 2058-2071. doi: 10.1111/nph.19264

Yasui Y, Mori M, Aii J, Abe T, Matsumoto D, Sato S, Hayashi Y, Ohnishi O, Ota T (2012) S-LOCUS
EARLY FLOWERING 3 is exclusively present in the genomes of short-styled buckwheat plants that
exhibit heteromorphic self-incompatibility. PLoS One 7: 1-9. doi: 10.1371/journal.pone.0031264

Yasui Y, Mori M, Matsumoto D, Ohnishi O, Campbell CG, Ota T (2008) Construction of a BAC library
for buckwheat genome research - An application to positional cloning of agriculturally valuable traits-.
Genes Genet Syst 83: 393-401. doi: 10.1266/ggs.83.393

Yasui Y, Wang Y, Ohnishi O, Campbell CG (2004) Amplified fragment length polymorphism linkage
analysis of common buckwheat (Fagopyrum esculentum) and its wild self-pollinated relative
Fagopyrum homotropicum. Genome 47: 345-351. doi: 10.1139/g03-126

Yasui Y, Hirakawa H, Ueno M, Matsui K, Katsube-Tanaka T, Yang SJ, Aii J, Sato S, Mori M (2016)
Assembly of the draft genome of buckwheat and its applications in identifying agronomically useful
genes. DNA Res 23: 215-224. doi: 10.1093/dnares/dsw012

Yoshimoto Y, Egashira T, Hanashiro I, Ohinata H, Takase Y, Takeda Y (2004) Molecular structure and
some physicochemical properties of buckwheat starches. Cereal Chem 81: 515-520. doi:
10.1094/CCHEM.2004.81.4.515

R. Takeshima - 17
BSJ-Review 16:65 (2025)



TR P EcHTRR 16:66  (2025)

Zhao Z, Zhang Y, Shi M, Liu Z, Xu Y, Luo Z, Yuan S, Tu T, Sun Z, Zhang D, et al (2023) Genomic
evidence supports the genetic convergence of a supergene controlling the distylous floral syndrome.
New Phytol 237: 601-614. doi: 10.1111/nph.18540

Zhou M, Kreft I, Suvorova G, Chrungoo N, Wieslander G, editors (2018) Buckwheat Germplasm in the
World. London: Elsevier. doi: 10.1016/C2016-0-00602-2

Zhou M, Kreft I, Woo SH, Chrungoo N, Wieslander G, editors (2016) Molecular Breeding, Nutritional
Aspects of Buckwheat. London: Elsevier. doi: 10.1016/C2015-0-00352-5

Zhu YG, He YQ, Smith SE, Smith FA (2002) Buckwheat (Fagopyrum esculentum Moench) has high

capacity to take up phosphorus (P) from a calcium (Ca)-bound source. Plant Soil 239: 1-8. doi:
10.1023/A:1014958029905

R. Takeshima - 18
BSJ-Review 16:66 (2025)



