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BLE Fim

WEY 7 —20 12012, [ZROLA] &b 5 5 N ErML & OKEKE= T o

258 %, KIKHICPHLAD b 7z KM EZH 2 2 & DTE 2KIK=2 T DI

7= 23 EBEBT TR O RIIC D 72 3 52 E) & FBA L . OKHA & RPDKEH 234

10 HHEMRCEEVIRINTELRREZHL 2L T, 2 DRI R RIRA

BORRKICIE, IT7vaeyFH A4 70 eI, RO AR HEuE, i

DIEE, BXUPHEEOR & O ZHRICKX > TAET S, 2 TE2 D 10 J7FEEH

DHHBLREPHRZ D> T3, XX 38 [EEANICEMm A L TLEE,

HER IZ N ORRFETEE) & 1ZB D D A (R L mBIH ARV IRL TE 7z, L2

Lo, 18 HicF oS Ea Ak, (LAMEIOHEIC X YR+ FH

Ko 23 DR EADPE o TWBE T EXKIKIT DD L2 > T

X7z, TOXIRWDF, 2021 FED ) —XAYHLE L, YO THR LR

EDWIFE T B 2 W RICHE b 7o, “IRILRFRIRIE (CO2) @ LA ZSHIBRREIL I

WET LI RMEET A IHFICEIIT CREBL 2Er S, KETY v R

P Y RFEOESNELKD, FA YA X ) TOLOWEFTL EHITRE L &,

KEFD CO2 2388z 2 LHRIREN L2332 &% 1960 FEfiIca vy a—&—

IC X BEMRMIR TR S L 2 ER L, HEKEEIL & v ) B R A RBR 2 Bl

ey Ial—yavrpllcxsd ko ichor, 2021 48 HiciThb v 7-5dEZ



BB 2 BUFE <4 v (IPCC) 135 6 KaHiiisHohc, [ NHOZES
KA S KO Z L 2 T2 72 2 LIci3EE S Rt 7w, KK T,
EOKE B L UCEYBEICE T, LRI A D 2l A2 BN T w2 ] & & il
54 (https://www.ipce.ch/report/ar6/wgl/) | HiERiRBR(L O ZN 25 AFHOTEH)
CHB L IIWHAL WS Lz, CE T IPCC oXBUT, [AHEMAIEH I
w3 42007 4F) | | TATREMED R TR (58 5 K 2013 4F) | L40&EL
THY, SHIFRDBARB L 5, [5E5 /A2 (2021 4F)] LHEET2
IR o7z, 19 HACRDARE, HIER SR OISR 2 0.3 225 0.6°C, i i 10 2>
525 cm ERLTHED, 0% LS HHEE ¢ TREHNEA 2 2 HeH LIS 2
k. 2100 FOFERREEEEMNNTIC K 2CERT 2 L FHE AT 5,
4512 71 1000 FRTO RAKE] GEGH) 2> 6 ROFEPKE GRIEH) <17
T 549 1 FERIC B TOHERIRIT 4~T°C LR L T 225, 20 HEfc o Kl
BRI DR 10 5 B 7o T B IIEL & SR LI L o
SR DR ENTE 72 T L 748 BEREDTHIE L T\ 2 MIE(LIE, R0 b oL
FEAIL CTEZ R TN RO RWRILE o TE T3, HR{LARICITARE
2200875 Y . 1200 [#E] Tb 5 1ok HEIG) Th 2, HEANL,
SEMEA A RIS L CHIEREBRLZIIH T 5 2 L TH Y, AT AL F B

a7 & 2 & &d5d . —J7, EISIE, WL D 5 REEAZZ L LTHHEE



B/NRICED 2 7-01fii 2 205K %25 5. HABIFIZ 2018 £ 12 H 1 H2» 5[5
RZZENE)GE ] & WO FTLWIERZMTL 72, SOERICE Y, HBEICHIT S
WG DIERAIE D F 2SR X v, Bl #7 AR, FHEE . BEIR EE -
1 U CGREICIR 2 HEE T 2 72 0 OIERMER A 03 8 S L7z, R3E TR & DEEED
HERATE, ik, 2oWRoTEmEA <., FHBERITEHICE DR 25
Hls OIS OB 21T\, REFZIFFEAICELTHHEICICED 5 X 5K
HHNTWD, e LT, BIGHRICE T 2 RO FEY o SRR 232 T 5 5,

CHARIC X 2 HOMRE PRI, BUKE L ERBL ORI -V 2

l

\

S BITEIRICHE L 22, X0 il SRS 5 2 LSBT s

P

%, WA REFHRELEROEIC, A A2RBET 2= 2475 (Chilo
suppressalis Walker) DFEREIO FHIBWEEL 72> Tk Y, Z DEE, Bikk
EHOEFEZRHERLINT WS, =H X4 Fi3dbiEE» b cHAS+
ic434i L (Hachiya 1981; Nozato 1982) |, FI# D=1 X 4 # (ZALiEH) (3 H
KD% L OHiE T 2 {t, ThbbiEIC 2 HRFEET I ELLLMMTLNATY
5, L2 LZAadb, 2060 ERICIZFAADS < olfic 31, Hiciz 4L+ %>

Sal—Yav Pl InTEsh (Yamamura2001) . =8 X 4 HOfth, 2ZE

2

Ynic

&

BrkizgdERD Y~ v 3 a4 (Nephotettix cincticeps Uhler) <t

A+ v v v (Lodelphax striatellus Fallen) 72 &b & EMRL T LERH



3, BREOAREZDOENIZ. 2NE TFHEL Rd o KR ENEYICILD 51

NbEZ NS 720, 5k, Mt RYECIHEME % fid 2 72 O B b HERIRBR(L I

B3 2SI HED 108 L TREARNARTH 5,

EHHOFRIC L B &, 2BUTH ORI 2 AR A 2021 F oK T 78 &
ANEHEGFE N TH Y, 2050 FFiid 97 BAIGET 2 L0 RTARL7Z, AOD
v — 2713 2100 SEEHD 110 fEA L E 2 b TH Y, St b o i X 2
KL 7\, ANBEIZZ OFEAD S 20 JTEDOELDIZ LA L EHIE o T & /2
P, FignC TaR OB R Z A L. B E I X S EEEEE R AN 2R A
ICIER X CT&E 7, 2 LT 18 Al IEE CHUEANZL o7z A0 18 thid oz
ICABICHUIRD 7o, Z UK - @ 7 EAKRZ AL F—icfRb b | LR
A LR 72 a O RHHICE 22 5, 20 S 1EC 25 (@A & B2 72 Rf i1,
B O MELR LR O KER AL EoBEES AR LT ADNBRIC X
ZHEREICR LT R 72, Chidfkic TigofEa] LikiEn (Davies 2003) |
1940 A5 1960 FUCH T ¢, mIESTEO B L EA, (LAMRL EM
AP PRI O BN 72 £IC X 0 AP R EE A A L R e D 1D
Thb, ZOHOWIEE FEL I KEORYE ) —~< v - F—m—21F 1970
FIC ) =V PRIE RS S 0T, o FEGmoRKRW R RMERRIC, A ¥y aT

Y #HEN a2 L F (Triticum aestivum (L.) Thell.) @ f#E ‘Sonora64’ 7z & D

4



BlAH 5, TOaLFEMOBBICITHARD BN 4 FYEkE HE 23K
CEBRL 720 R 13FBRUEGF Rhe-Blb & RheDIb #{3FL., <L U v
DY T IFNMEEERHET 5L TPEENEE . 7253 (Peng et al. 1999)
COEEF Rl R EE O a LXFoga, REOERILE O A ZE L
O ECHEIRT 2 DTt U, BRI IR 2 203 X K~ & 2T %, 55
TR OMFMERERIERFED EEE L7 AV haLFD ‘Glassy Fultz’ | HiC
Fraa ¥ ‘Turkeyred & OREAFRT, 1935 EiC M 10 5 RERH
L7z (Noda 1986) ., ‘=Hk 10 5 13#kfe, Wz2EY ., F—w—2IC X2 aL¥
EINE SR E R OA L LA Sz, oM oREEAC X -
TAFTaid, 1944455 1964 4ED B X % 20 T, a6 X0EEELKH6
fFic 2, 2 2 ¥ ol AED bEHE~O#RIE % B 72 L 72 (Fujimaki 2000)
ORI XY, PRBERSTE: REO(L AR Z A Gbe CEL S 7263
TATTIE, BLECTYTHIRICE T 242 (Oryzasatival..) ORBEIRICH
MAINT, A VT 4 A (O.sativaL. ssp. indica) 5hiE (KIS chkT 2
FEVER T sdl OT Vi34 A5 1 FaRICERET 5 (Maeda et al. 1997;
Murai et al. 2003) . ZD 7 Y VTS ARENICE L 72 SINEA v T 4 A RfEEE
K3 % 7z 0 I EIRICH v S, IR . IR36° XU IR72 O X 5 &M 7T

VTDIFEAEETOHENEEF> T b (De Datta et al. 1968; Peng et al.



1999) o SdI 13XV ) v ARG R O BIARRS % il 32 GA20 4 ¥+ X —
Y (OsGAZ200x-2) % a—F 325, KHER o84, sdlE@cFoxxy v 1
LI XV v 2 REUMHEEIC 383 bp ORENRDH Y, BEKEEL STV
(Ashikari et al. 2002; Monna et al. 2002; Spielmeyer et al. 2002) , 4 A D ¥ ¥ K
=51 %4 (O. sativassp. japonica) \ZB\Tld, £ b D “+44° (Kikuchi et al.
1985). ‘Calrose76’ (Mackill and Rutger 1979) . ‘L 4 X 4’ (Futsuhara 1968) 7%
Hy, znzxhzxy v 1, 2, 3 ho—HRIFFAZKELIC X 0 BFEREVE 2 &
L2, 2o BET I v, HROHEILH T (Toriyama et al. 1967;
Yamazaki et al. 1987) U0 (Okada et al. 1967), BX ULSH L7 x L =7
(Rutger 1983; McKenzie et al. 1994) IC B W TEFHREREY v R=h WML B K
T 5D EI N, A 4 DikDFfnte b bk Z2E D O FIEMERMA Y Y —
AINTICHED ST WO KK D BIE £ C. BE LA R BEMERRIEE
1 bRl b SdI BIcA LT Y vicEfMEhTws, ZoMHD 1 DI
. RER. HiR OO FB. FINR B X HERSEINR 7 & DG 7R
T sdl EEAEANET LRI T3 (Koshioetal. 2000) . F 72, Murai
5 (2004) Z¥ v K= ‘B 65 5 OEMEMERZHAW T, KSR
D sdl 7V VHIMENRME % B3 2 R RICB D 2 T8 7 2 DD ER S, 5 4 i

W2 ofEECoRSIOEA L, H 4 HEREOHMTSH S Z & 2ME L TW»



%, sdl DEERERFIC X 24H Lo EHMAAE 4 HifcREI Tl L
D, EEE~DT XY v FERNRBICED T 2000 Ly, —HT, I
FCANHOBREEICHHAINTI Ao ZRTOREDOELRS, 20 Y]
DT VEZT DONLEKDKIIARE, k4 SEEMEZ I ERI L Tw5, &
HIIC AR & 7 RN R O i RERE % R A3 T KW~ KIS 3 5 &
LIC X BKADEREBIDHEA TS, £ LT, HURKREIIRHUA T > 728
BWTHTYTRT 7V HOHITIKARL LTHWTHY, kI LIZE
2\, Thbb [HE oo | kDo THE Y, LadZoRESRMmIT
IRFEPEH 232 1 DR ATRE R i dy T 1 L7 & 7 v, LAERLE & b TR
HEFRT 2720 O HERIIENEORAE L F-1 5, 72, EimCEiRext
T35~ ORIGP, FIX2oPHK~ORE LR RTH B, 2D X 5 AR
BT 27010, SHZERFCNE TICAVARERZFEREL, 21 b % [H

E AT e RkDLN5,

A CiE EREE RO D Lo, 4 ARHEY) O#UE T 3 X O TSI 7
32 HAZRZHO»ICT 2 Z &2 HWIC, WMERROEAMEICH 57/
2 DNA @ 3 fHIRIC O WTHEEZTo72. TTHE 2 HICEWT, 4 4 DD
MICEBR L 2 8E T SdIICDoWT, A A FE5HE O. sativa, B X OCBHEHS R O,

rufipogon % M Z 7=MRIE WM RN Z Vv, ZOEREFEL 72, T2, HEFREER

7



FRREBEH LA v T 4 IR Y v K= H %4 (O. sativassp. temperate
Japonica) . B X OBV Y v R =7 %#% (O. sativassp. tropical japonica) % i
Z0RiD SdI 7Y it onwT, ZoRBISNREZHRAEL 72, SdI BIETFDOKT
UNDBRECE 2 25081 OnWTERT 5, H 3 BICEWTE, k7524
FRIDNTHFIECTH 2 4 2% VY VA L (Sorghum bicolor (L.) Moench) ®BA{EE
(G HIEER 2 2% 1. 2 2% (Miscanthus sinensis Andersson) @ B{EEIET
MsiHd1 O B % 51 L 72, A2 F @ B, SRR isic s 3 54 4=
PN X —EY D FE BN & 72 o T 5, F 72, BITE IR HUIE S 2 H~ 05 1
MR G 2 EBELRIVETH Y, N4 A~ AKED =D D, BREMICEE R
WETbH 25, AAFFHARCEWTERL Y FERRCKE OFE L L TFH]
A2z icBlloAEHICETCONT b DD, Z oS EHEITHKN T
BHotze ZD-OBABMEEORHYLTH 2 BNER F VA v 7SR OFEN L
WD wiEMRlch s e ExONE, RTVTICHET 2 22 F R2 %5
R LI H MR 2 & BITEEIG T MsiHd1 23452 HiEEH) 708 10 % R % B &
DI LTzo & DHHIENT I, 2 X ¥ B OBEEEF 2 o U 2 Ry oM & 7
5, HABEICHEWTIE, A 4 OBEFHBEBZNRICHEZTT o 7. 30 FH
B bhde b7 LTI, 2V 083 —F3 3% VHEIKIT 2%

EEbN, L ODEKEYT ) LB W T EEFREMER L. oTiEY y v



DNA &I, ERZFRWEBLEZ O TWwz, L2 Larxs, ¥ —7
v AN AR O 1A i X0 T AT & Eig ORI BT b E
LRSS R I N T 2 BPIBME I NTE L, £ 2T, A4 Waxy (Wx,
EF) BB FRIEERE D) 200 kb I Z MR IC, B FREBEBICHE T 2 HA
ZEICOWTHEL 72, DLEOIIEMR ZH E 2, REDOH 5 Tl BELN
CBAL T, 2o BRET 2 LR HAK R 2 RE - FE L. AR B ERM &
LTHHS 2 LOA[REEERZEBER L, v — 27 Z VAT 22 Lick v, AH
BT INEFEDY -7 v REMEBEFREICHMTZ C L oEEEZRAEE

TR L 72,



B 28 A 2 FEMEELRT Sl

BEWETCICMONTWAHKRED 1 2ic, a6FL 3BT 3 (o
#ifir] 235 % (Pengetal. 1999; Hedden 2003) ., #IH 4 HiH L HigL 7=
mOFEMmIcEB T, bvERaY (ZeamaysL.) $aL¥, £ L TA 4 DME
WHDBFTbNTz, 3 LF24 4 OEIUR SR (High-yielding varieties, HYVs)

Tld, HEVIAR DG 2 2L & & 7= FE T

\\\
fmv

kY. REDOERMIESEE T ICHT
LiMEIRYE L ST EEL 72 5 L7z (Harlan 1992; Khush 1999) , 24 b
DB D ET- 2 JFIREETIX. YR Y v (GA) AAEBRREOFE IS LT
V72 (Peng et al. 1999; Hedden 2003) , 4 x DA, 4 ¥ 7 4 HfwfED (K
542" (Dee-geo-woo-gen (DGWG)) TR & =0 EME LT (Semi-
dwarfl (Sd1) ¥ 7-1% OsGAZ200x2) 7* HYVs ® ‘IR8 ffiffl ¥ #17-, HYVs (%
Zo%, BRAEE»POMITIC) ) —RINZICHBELLT, mNEEZ D 2O TE
EEET IR CEORARZTINTHEZEAHL2 LAY, FETAEEICE T
% Sdl JEDELE % E AR X 17z (Kikuchi and Futsuhara 1997; Monna et al.
2002; Spielmeyer et al. 2002; Sasaki et al. 2002; Ashikari et al. 2002) , (K5’

ICHRT 2 BBET U vz A A5 1 etk RO sdl BEICEFE L (Aquino and

Jennings 1966; Suh and Heu 1978; Ogi et al. 1993; Murai and Yamamoto 2001;
10



Murai etal. 2003) . LAF D 2 DD %R X 0 itEIRIEEZED 5, 1 23FEED,

Fric TEEi oM Tch v, b5 1 2135 4 HiMAKOMIE2E0 2 2 L icd
% (Murai et al. 2004) . ZOREMET Vi, BRI O KELAICHEG L 72 50
BA VT A AMEZRET 220 ICETRICHA I, WET7T U T7ICHT 51
LA EETo HYVs 28 L Tw 3 (De Datta et al. 1968; Peng et al. 1999)
EIELR O sdl GG, =F Y v 1 ¥y v 2 OFEBEIC 383 bp D REDT
L, VL) v EEEEOBAE % 2 > T\ 3 (Ashikari et al. 2002; Monna et
al. 2002; Spielmeyer et al. 2002; Fig. 2-1) . H{E, SdIMEICIE, EHER DX
KT IN%ZEDT 4 DOPEHEEARERT VARHONT VWS, YyKR=A
mfED A I EEERIC XA RHBERT Y Cch Y, FEOAL VT4 A
TEK 50 fE Aijiao-Nante’ & ‘Zhaiyeqing 8’ (%, 2bp DR %k & —H B R % %
NENFED (Asano et al. 2007) o L2 LS s, sdl OFRBAGHE IO A
EHEET L OMAGDLRICHELZ T 5720, 7V A OISR LRI
hE I B3 2 A3 4 A TIRRE E T\ 72 (Aquino and Jennings 1966) . %
7oy sdl 1T X BREBMIRE IR, BV COBITEEICB W TRBEEERETH Y,
FOXIBREERT VABERBICENTED X 5 ITHER XN T X 72D 2 5EH
3% % (Jennings and Aquino 1968) , LA Lo X 5 7% SdI ORI & P
TUADRES X OKHMEZHS T3 2 L 2HME LT 4 4D o

11



qiay ] ICEBRL 72 Sd1 P OFHE % FHl L 72,

B8 MRBLUOEE

(1) B Y 9 A1 R A 12 V> 72 REIE R

MHRICHMHT % Oryzalg&® 10 ffi, 256 Rtz il SdIEICEHEB T BT Vv
DR AT DO W TIRHEZAT o 72 MEHTIZ. 140 ZAK ORI A £ O. sativa
& 58 Rt DBt O. rufipogon % & A 72, O. rufipogon (3% 4 & —4F4
i<, 72 O.satival3A v T4 AL V¥ K= DX A TS s (Oka1988;
Morishima et al. 1992) ., EEEAAIfENT Cl3sEIC, 8 DDfE (O. glaberrima, O.
barthii, O. longistaminata, O. glumaepatula, O. meridionalis, O. officinalis,
O. eichingeri, X " O. meyriana) % & 58 R % M2 7z, AL oM EHIIE L
BAREHERT (Z&H). & X CHEEERVZERT (International Rice Research

Institute (IRRI), Los Banos) X Y AFL 7=,

(2)7 Y v D [FEE
AV T4 htEkiEch s EHER (DGWG) D sdl ETHE TN T3 D

GWG BIRET VIV vix, Yy R=nifo HAE ofcdl (hep://rgp.dna.affrc.

12



gojp) ICHDEFF I NERNA L1 794 ~— (5-CTCGTCTTCTCCCC
TGTTACAA-3") 353X U R2 794 ~— (5-GTGTCGCCGATGTTGATGAC-3")
72, 256 %RAFICDO\WT Polymerase chain reaction (PCR) %{7\», A

VKBNS, WIREY OBBIREIC X VER T EZHE L 2 (Fig. 2-1, Fig. 2-2)

(3)DNA o Mg FE e H1| e iE

5' BEsEiEE b 2 2% v v (1,874 bp) $TD DNA 75 27 A v FlzDWn
T, 66 2 DIEHAHY| % PeE L 7= (Fig. 2-1, Fig. 2-3) , Big Dye Terminator
Cycle Sequencing Kit (Perkin Elmer) & ABI 3774 — b+t v —2 v % —
(Applied Biosystem, Inc., Foster City, CA) %3 —2 T v ZRJGICHER L 72,
DNA {id%1ix DDBJ (DNA Data Bank of Japan: https://www.ddbj.nig.ac.jp/

index.html) 7 7t v a v%&H5 AB213460 2> 5 AB213479 I & &k L 7=,

(4) AT AT
B TR OEED 729, Kimura (1980) @ 2 XF X — 2 —E%H\Ww/z NJ
% (Saitou and Nei 1987) % H\~7= (Fig. 2-3) . EJEMICl@EEE X 7= 0588

(O. glaberrima, O. glumaepatula, ¥ X U O. meridionalis) D¥EILECH % T v

13



F oA —TE LTCERLZ, AT —&2x_—x ko ‘HAR (AF254556) .
‘Milyang23’ (AF465256) . ‘IR64’ (AY115558) ¥ X U O. rufipogon (AY115559)

D Sd1H| % ZAEREE O BICEM L 72,

(5) Sd1 Tl ts D %Rl

DGWG B 7 Y Vilifiic 351 2 Gt ff i o DNA £ 2 &3 5720, 32
D4y T-~—7H— (KS3, RM8278, RM1387) fHisk# fH\v>7-, KS3 ix PO0O05H10
(Rice Genome Research Project; http://rgp.dna.affc.go.jp/) 1CH:o % it L.
RMS8278 & RM1387 i3 =2 — 4+ L K% (http://www.gramine.org/) D<A 7 0¥
FIA b=w—h—ICHOEEKEH L, KS3HD 75 4 =—HliZ 5'-TTCGGCC
AGCCGCACAATATTT-3'. ¥ X 18 5-CGATGGTGATAAGCAAATGCTAGC
AAA-3'" %7z, KS3, RM8278, RM1387 D EEHIN FofiziElx, #hFh
108 v FELHY (M) . 108 cM, 121 <M TH 3%, ‘A58 x W107 Dfffaz
HIE RO EAERICIK D E, sdl OEFEMEIZF 1 Fofhk Lo 114 M I

fIE2D T b d,

14



(6) 3L R

FRERH R % FE L 72 Fs EREE X, A8 (% F=H 4 #) x W1944 (%44
WP A ) ORHMED b HELRFRIC X 0572, AL (Ibf& 43° 037 ) 1C TR
L. gl s 7 AlC X 2 RIFAIGR 2 WK T 2 720 RAVRIC EROR & %l
E L7 (Fig. 2-4) o 7V VO¥EE AREi (2) FICEKIM L 2RO FEIC LY

HIE L 77,

(7)'IR36’ BB FIC X 3 sdl ¥EFEEIE T R M OB K

IR36" @ sdl JE#BWLL 2 2D 4 vF 4 hifEL 300 ¥ F=HhifE (5
WOy R 2 ZMBLXUOEBE Y v K= 1 %) icthk+ 3 SdI x> 5
O DHEFEEIE 22 B L 7= (Fig. 2-5) , 1980 FERICHFE 7 7 Tl b I
WSR2 o T2 DGWG 7 U L % {1554 % ‘IR36” (Peng et al. 1999)
RRERE LTHGE, SdI O FF—E LT3 MEDY v R=h& 2 {EDA
YT A ARGz, ‘2 e n ) [THAORK R T, BT RV ATHEIA
TR, W IZHADTERED 1 9 TH B, ‘Silewah’ 1. A Y FA T DR
2 FIEOBGEY v K= AR TH D, XS A W THRWINGTEZ R
3 (Satake and Toriyama 1979) . —7/j. ‘Karalath’ (34 ¥ FodwifEo 12

. HARD EEAEYERNTOY — v v 7 X0 AF L7, IR5867 1%, IRRI
15



DA VT AHBERRKETH %, IR36° BT R ICHED 5 D OMEREEE T
%Afic, 36-Koshi, 36-Shin, 36-Sile, 36-Kara, ¥ X U' 36-5867 & # LE¥ N4
1772 (Fig. 2-5, Table 2-1) , R LMEIIZnZh, 17, 16, 15, 17, B X
K17 [Blic b 72 Y T 72, 36-Koshi B4, ‘IR36’'x 2 v 4 V' D F1 (5d1/sd])
IC ‘IR36’ (sd1/sdl]) %R LAHEL 72, BiF1 HfRic ks wC, RRED Sd1/sd1 ik
% ‘IR36° LRBLL. Bi7F1 TR L M2 4 VIR L 72, Bi7F1 ¥ o fd+
Lt 4 S DHEREEE TR H D BaF1 Y O T2, FETT Lk 33° 557 )

2 HALIRT (JBA&E 43° 037 ) ~E D, R LRMEZ MG L 7=,

RFREIVE DHIE

AR IR36" . FF—Hl5 . LU 5 2D BaF2 £/ %, 2006 44 H
25 HICIBREL . ALIRH s X OMETH OBEE TR L2, 24 HEBE L 72 2 20
ZHGEAY b (N 15.0 cm) L 2, BT —7 4 v 7 IERD
ECOLONGI180 (Chisso Asahi Fertilizer) #HlL L CT5H 272, 5 2D BnaF2 &
MoxnFh 12 225 40 DX Y~/ 2 DNA ZHiH L. Sd1/Sd1 O s T8
REOREZEKL 72, AR ICE VT, 3~9 fikoRABRREZHE L 72
(Table 2-1) , Rk, 52D FF =L IR36" IOV TH, 5~9fE{kDERK

BMREZHEL 72, EEZFEHUES 279, 6 A 20 H2 5 HFEH % <D HifH
16



(. PR 5 K 30 702 & B H AR 7 I £ O HALBEEEE PN CHREFTALEE L 7=,

(9)DNA ¥ — # — 4 ¥t

HERVE R TR B 1T 5 ROREIRTEIE 2 E 3 % 72912, Simple sequence
repeat (SSR) = —# — (Akagi 2000; Garris et al. 2005) ¥ X Uf Single
nucleotide polymorphism (SNP) <= —3# — (Feltus et al. 2004) % fv>C DNA
< — /7 —D% B % F# L 72, RM5501, RM8085, RM5781, RM8278, RM472,
RM431, 3 XURM1387 ®» 7 5® SSR~—A—&, M1, M6, M7, M8, X *
M9 ® 52 SNP ~—#—%HH w7 (Fig. 2-5) , HEEY|E#H L Gramene
(www.gramene.org/markers/) ¥ X U’ Rice Genome Research Program
(http://rgp.dna.affrc.go.jp/E/publicdata/caps/index.html) X Y {57z, SNP ~ —
#H—D gSHI (=KS3) % Onishi et al. (2007) A3FAFEL 723 D% A7z, SNP
~—7—13, PCREREY OB 24—+ v — 27 x4 —ABI3130

(Applied Biosystems, Inc., Foster City, CA) Z{#H L CEMGRTHZFEL 72,

(10) ¥R EEIE T RFICE T 5 SdI 7V )V D HERCHI & §%
IR36" . ‘2> e Y’ [ @S] | ‘Silewah’ . ‘Karalath’ . ‘IR5867" IC¥J %
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SdI XA E ZnZi, T2 kv v a s AB538264 75 AB538269 & L

< DDBJ e &4 L 7-.

B3E ER

(1) DGWG #7 V) v D MBI 53 4

Sd1 <D DGWG B 7 Y v OB AT ic DT, BG4 4 21 (15 7 H
WCHRET % O. sativa s X OF O. glaberrima) . X U444 2+ 8 f (17 HEHIC
k) & AGH 256 R A L7z, SdIE{5 T PCR HiE & &5 kE)
X b, BT AT L7 (Fig.2-2) . DGWG I 7 Y v % Fo 2 & 23 BEICH
527 HYVs @ 3 Zftofiic, O. sativa ® 1 Z#is L & O. rufipogon © 2 %
2, DGWG B 7 UV ZLRFFL Tz, Hizic o072 DGWG R X~ ) T
ThH5HIFMIE. 4 v T 4 AERED Liu-tou-tv’ . FAEMLH O. rufipogon
D W1944, 5L U W1718 TH o7, b 3 ZMFETHhEBkTcH L L

226, DGWG BT U v D3 s HIERINICIRE L TW 25 2 & 2B L 7z,

18



(2) 8d1 DL T-F s DI

Flxxy v 22Xy vBX05 BEHEW (774 v 2 v K 1,824bp)
DOIFERLA %2 e L . DGWG R * v U 7 % & 66 Fifit O HEERLH % i L 72,
O. sativa & O. rufipogon ® 62 OECH|IC X, BAEZR 20 DT v X4 TREEN
Tz, NJBLETFRFEEIZ, 200 T w24 7% Al L A2 075 20D%
b7 N—7inE L (Fig. 2-3) » 2D &t O. sativa- O. rufipogon $£H]
IZ. 2 RHD SdIBIEFBERET DT LR LT, O. sativa DIECH| I T, Al

TN —F B TOAmE X,

Sd1BIEFEEDO LA RET 5720, 5§ 1 R0k Lo SdHBIEF2 5 6~7
M B 7-f7iEICH % 3 2D DNA = — 47— (KS3, RM8278. & X 1 RM1387)
25, DGWG ¥+ ) 7CdHh % ‘IR36" . ‘Liu-tou-tu’ . W1718, I X ¥ W1944 ic
BPOWCHEINZ, CODNA~—»—fEBZHAETS22Lick b, DGWGH

RET Vi GO G R OEJEA, IRS 7 &'d HYVs @ X 95 7 i A

1}

ORI & 72 iRESCHED A REE D HEZ AL T E 5, FAEDORE. W1944 D A4

23, 320D DNA »—7—fHOETICEWT, ftho*x > V7 & ITER2854ER

FFFET 7 DNA 8% /R L 7=,

ZDXO P AEEG T IIFEHEEEICENT, FOXIIREINTE

DEDHH55? Sdl 7V N ORBEMDZE R | ‘AL (Sd1/Sd1 HEVE+ EHET,
19



Uy R HTEHRFE) & W1944 (sd1/sd1 %M+ AT, DGWGH * v V) 7 D
B 2% & ORI Fs ZMEMICHEWCHAE L 72, W1944 13, $HECER%
w9 (Fig. 2-4) . SHEEBROMERIE, BRICH T 258k L 72882 = L.
W1944 © DGWG B 7 Y Vv 0 zh R DM EAFFIBIZ T & DA A DEICE
THRET 5 C L 2 EIR L 72, HAMFHEE T OFfFAEIL, ‘A58 & iR L it
& B3 W1944 %R, 13- & 0 & LAEEREMO AR EAHTHEELEICL -
ThIFrI s FHEREW) . 20w 2 HARICE T, DGWG BT Vv &£
DRI PREZ RN T 2 2 & HEA XA DERNERICEVLT, Fh

FPAERTIALE L THFEEINTE 202D L7k,

(3) HRIEEZ TR e RRHAE

Table 2-1 ic, LB & FETICEH 1T 2 KIEH IR36’. 5 2 DHEREEIL T 5
. BIXUOEFF—HoBE%Z/RT, Silewah’ (3. 5 2D FF—H DR THL
STEWIREZRLZ, 4 v T 472 Bk, iy vy R=7 2 F#H LV D E
72072, 5 D DMERIEER R R 1E. ALBEH & FETT O Zh 2 i BT 20.6
~41.7 cm X 18 30.5~58.5 cm, ‘IR36" X 9 b Eff%ZR L7, 5> DHERE®
(GF 2R DFER X, 36-Koshi = 36-Shin = 36-Sile < 36-Kara < 36-5867 & JId

fir o &z, ALRHORRIREET XY 16.9~50.1 cm €<, 11 0F =2 D
20



2%y M, BAWICEWHEBEBIR2E®H 572 (1=0.911, 0.01 K#ETHE) .

(4) HEFVERIG T 2RI BT 2 ST D EHasE

5 DOHERE BRI T RMEICH T 2 Sdl OYfkBIHIRZ IRET 370 1C,
Sdl ifEd DNA ~—h—%#E L7 (Fig. 2-5) . 36-Koshi o iB#asElg i3,
gSH-1 ¥ M-sdI-d DRECHEAE L. C OfEIE ‘HAR # ./ 2.0 38.191 Mb #
5 40.112Mb ORI 4 %, 36-Shin 1%, EBiKREHEIDO M7 ~—75 — % T Sd1
BEHAEI 2 H o b D | FEBICRIEHANZ RM5501 22 CHH, IRETE b o
720 36-Kara |3, RM472 & M-sdl-d & DD b 5\ CERL L Ty 72, 36-
Sile | M1 & M9 =—# — & Df], 36-5867 | RM472 & M6 DEic Sdl &
TIHSAE L 720 YA L ORER, 5 D OMEFREEIZ T R D4 THABEHLFEIBIC SdI
REATEY, WEEBGETRAMO SdI fEB IS CRERO N —#lichisks 3

ZERNLT,

5) A vF 4l y R MM E T 5 SdIFEDHEEEA| D2 5
Fig. 2-6 35 X 18 Table 2-2 12, ‘IR36" & FF—$l5 RikicH T 2 SdI D 2 —
FfEIIC B W CIERIZRER 2| 27 I /e iEEEH oM E# R, ‘H
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A O SAIHREE %Y 77 L v A e L& . =%V v 13 299bp (7
I EBEE100) LT¥ Y v 30D 1,019bp (7 3/ BEEE 340) KB NWT, 4 v
FTAHEY v R MRS RINFEL 72 (Fig. 2-6) , RiFs X UBE Y v
A= 3 WMED ‘aves Y’ | S | Silewah’ (X, HAWR &[F-—oDfS]
RO L, A v T 44 2 WD IR5867 & ‘Karalath’ (Z=¥vV v 1 &
IFVVIRLBNT, AUAVEIVIER 220G (Vv y)  A(TArrIy)

o G(TAF=Y) ~DIEFEBNAZ LENED N7z (Fig. 2-6, Table 2-2) .
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(b)

DGWG
383-bp
Deletion

Fig. 2-1

The gene structure and nucleotide sequence of Sd/ (OsGA20-oxidase2) of Oryza sativa

L <R PCR primer

L

»

>
ctcgtcttctcececctgttacaaataccccaccctectgecccagacagectecgececctgcacacacacacacactcaca
ctcacacacgctctcaactcactcccgctcaacacagecgectcacttctcatctccaatctcATGGTGGCCGAGCAC
CCCACGCCACCACAGCCGCACCAACCACCGCCCATGGACTCCACCGCCGGCTCTGGCATTGCCGCCCCGGCGGCGG
CG! g CCTGAGGATGGAGCCCAAGATCCCGGAGCCATTCGTGTGGCCGAACGGCGACGCGAGGCCGGC
GT( IEXO]]] FCTGGACATGCCCGTGGTCGACGTGGGCGTGCTCCGCGACGGCGACGCCGAGGGGCTGCGCCGC
R --TGGCCGCCGCGTGCGCCACGCACGGGTTCTTCCAGGTGTCtGAGCACGGCGTCGACGCCGCTC

TGGCGCGCGCCGCGCTCGACGGCGCCAGCGACTTCTTCCGCCTCCCGCTCGCCGAGAAGCGCCGCGCGCGCCGLGT

CCCGGGCACCGTGTCCGGCTACACCAGCGCCCACGCCGACCGCTTCGCCTCCAAGCTCCCATGGAAGGAGACCCTC
TCCTTCGGCTTCCACGACCGCGCCGCCGCCCCCGTCGTCGCCGACTACTTCTCCAGCACCCTCGGCCCCGACTTCG

CGCCAATGGGgtaattaaaacgatggtggacgacattgcatttcaaattcaaaacaaattcaaaacacaccgacc
agattatgctgaattcaaacgcgtttgtgcgcgcagGAGGGTGTACCAGAAGTACTECGAGGAGATGAAGGAGCTG

TC TGGAACTCCTGGAGCTGAGCCTGGGCGTGGAGCGAGGCTACTACAGGGAGTTCTTCGCGGACA
GC GCGGTGCAACTACTACCCGCCATGCCCGGAGCCGGAGCGGACGCTCGGCACGGGCCCGCACTG
CG. CTCACCATCCTCCTCCAGGACGACGTCGGCGGCCTCGAGGTCCTCGTCGACGGCGAATGGCGC

CCCGTCAGCCCCGTCCCCGGCGCCATGGI CATCAACATCGGCGACACCTTCATGgtaaaccatctectattctecet
ctcctctgttctcctctgcttcgaagcgacagaacaagtaattc}{gcttttttttctctctcgcgcgaaattgac
gagaaaaataagatcgtggtaggggcggggctttcagectgaaagcgggaagaaaccgacctgacgtgatttctetg
ttccaatcacaaacaatggaatgccccactcctccatgtgttatgatttatctcacatcttatagttaataggagt
aagtaacaagctaaaagtttttttagttttatccaaatttattgaaaaacttagcaacgtttataataccaaatta
gtctcatttagtttaatattgtatatattttgataatatatttatgttatattaaaaatattactatatttttcta
taaacattattaaaagccatttataatataaaatggaaggagtaattaatatggatctcccccgacatgagaatat
tttccgatggtgtgacgacgccatgtaagcttecggtgggectggacggeccagaggtgccaacagecacgtccaaca
acccctgggtccccececctaacactccaaacagtagtgagtagtgtcectecgtegegttttagtatttgatgacaaaca
aagtgtgagttgagttagccaccaccaacttgcacacgagcacatacatttgtgtccattctcgecagtcacttee
atctctagtcctaactcctatctagcgatgtaagcggataatttcatcatccgtatataaacctgtttgttatagt
taatttcctatataatactataacagtatacattttaaaagaaaacaaaattaggataaacaggccctgctcctat
ccatccatggcacttggaaggaccagactcggtcatgccatgccaagccaagatatgggttatggaagagtagaga
agaggagagatgagagataagcatgcgttctcctcctegttggatgtgtattttggagggatttgtgtagtagtag
cagcggcgccgecggggacggatgecggatggtggegettteggtggegttttecccgggggggttttggtttggeget
tgggggggatggcatggcgecggecgtgeggectgcacgeccacacacacgcgecgcgcacgcacgtacgtecgtegtegee
gcgggcggacggtagecttagggtggtgtgttececgegegegggegeggattgtteccatgecgatecgatttggegeca
ccctegeecgeggetcettgtegegtegtgegectetectegegeggtttgtecttgtegegttgetcageecggegacyg
ggggcacggacattggcgatgtagccctgcacgtgtecggectcteccgttgatgaatgatgatgtatgtatgtattt
ttttttgtctgaaggaatttgtggggaattgttgtgtgtgcagGCGCTGTCGAACGGGAGGTATAAGAGCTGCCTG
CA TGAACCAGCGGCGGGAGCGGCGGTCGCTGGCGTTCTTCCTGTGCCCGCGGGAGGACAGGGTGG
TGWGAGCGCCGCCACGCCGCAGCACTZ—\CCCGGZ—\CTTCACCTGGGCCGACCTCZ—\TGCGCTTCACGCZ—\
GC GCCGACACCCGCACGCTCGACGCCTTCACGCGCTGGCTCGCGCCGCCGGCCGCCGACGCCGCC
GCGACGGCGCAGGTCGAGGCGGCCAGCTGA

ssp. japonica ‘Nipponbare’. Sd1 gene encodes a gibberellin synthase.

(a) Three blue boxes and a horizontal line show exons and non-coding region, respectively.
Arrowheads indicate a pair of Polymerase Chain Reaction (PCR) primers. (b) Blue letters
represent the positions of three exons, and gray letters represent the 5’ upstream region
and two introns. The area surrounded by bold line indicates 383-bp deletion of sd/ in

Oryza sativa ssp. indica ‘Dee-geo-woo-gen’. A pair of horizontal lines with arrowheads

indicate a pair of PCR primers used in this experiment.
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w8
= &

1.1kb -
0.7kb -

Fig. 2-2

w1944

Six carriers with the ‘DGWG’ allele

‘IR36’

‘IR64° IRRI accessions
‘Milyang23’

‘Liu-t'ou-tu ’ landrace

W1944 O. rufipogon China
W1718 O. rufipogon

Detection of DGWG carriers from 256 accessions of Oryza species. Six carriers with
DGWG allele were detected by the electrophoresis. ‘IR36°, ‘IR64’ and ‘Mileang23’ are
International Rice Research Institute (IRRI) accessions that were known to have DGWG
alleles. ‘Liu-t'ou-tu’, W1944 and W1718 are novel DGWG carriers in this study.
‘Liu-t'ou-tu’ is a landrace from China. W1944 and W1718 are wild progenitor, Oryza

rufipogon from China.
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(Nipponbare’, C90717, 7087, 5447, 446’ 5367, AS’, 3257, A136,

99 S1 N8', T657, 6277, Hanfeng’, 2217, A58’, Koshihikari’, Ac27591")
_L S2 Shiranui’
— S3 160!

0 RS1  (1075%, 8681, 4141 108 4351, 145%, 717", 706!, 147", W1952P)
ﬁl-L (IR36!, Milyang23!, IR64!, Liu-t’ ou-tu!, W1944P, w1718F)
R1 (W120P, w1062, W1074, W15514)

87 RS3  (Kasalath, 1331 132], AY115559P, W16814, W1714%)

—.| Al
4+ R2 (W1865%, W6304)
66
7 P wr P
100 R3  (W2107", w2108P)
74 Re  (WI1970P)
R5 (W1943P)
11045P
100 99 R6 (Wl )45; )
L R7 (W149P)
2' R9 (Acc105416%)
68 R10  (Accl05451%)
66 RIT  (W2005%)
A2 Rz (W172F, w1204, wig07%)
84 RI3  (W2014%)
60 (96 R14  (W593")
— RS (W1990%)

GLA1 (W025)
GLU1 (W1187)
MEl  (W1239)
ME2  (W2080)

1
!
Outgroup

0.001 substitutions /site

Fig. 2-3

Neighbor-joining (NJ) reconstruction of the genealogical relationships among 24 Sd/
haplotypes in 66 strains of wild (Oryza rufipogon, green letters) and cultivated rice (Oryza
sativa, blue letters). GLA1 of O. glaberrima, GLU1 of O. glumaepatula, ME1 and ME2
of O. meridionalis were used as outgroups. I and J show indica and japonica types of O.
sativa, respectively. P and A show perennial and annual forms of O. rufipogon,
respectively. Sd1 gene phylogenetic tree had two major groups (A1l and A2). Six carriers
with DGWG type allele belonged to haplotype RS2.
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—n

L1 Homozygote for W1944 allele

20 77 Heterozygote

Homozygote for "A58” allele

7]
£
5
s 10
Z
5
V22
0
30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Culm length (cm)
Fig. 2-4

Frequency distribution of culm length observed in the 96 Fs lines of ‘A58’ (Sd1/5d1) x
W1944 (sdi/sdl). The allelic state at the Sd/ locus was determined by the method
described in Fig. 2-2. Two vertical arrows in the graph represent the average of culm
length in ‘A58’ and W1944, respectively. Bar is 20 cm.
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500 bp

Glu / Gly 100 Gln / Arg 340
Met 1 STOP 390
e Exl — Ex2 Ex3
P

383-bp deletion of
‘Dee-geo-woo-gen’

Fig. 2-6

Structure of SdI gene, and two putative amino-acid sites polymorphic between Oryza
sativa ssp. japonica and indica. Met: methionine (translational start). Glu/Gly: glutamic
acid in ssp. japonica/glycine in ssp. indica. Gln/Arg: glutamine in ssp. japonica/arginine
in ssp. indica. Numeral off to the upper right of each amino acid: the number of amino
acids from the translational start.
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(1) DGWG BB IR T sd]

BREEXHWE L7z 1960 FRO4 2 [fERoFdr ] B v»T, BEOYHE
MrekmfEcd 2 KSR (DGWG) &, 4 v FA YT ORENENE Peta’
DB O D HYVs & LT ‘IR 2V Y —RI iz, DGWG oD
v ) 7RO SdIFHZREE L Tz & S iR (Fig. 2-2, Fig. 2-3)
X, zhz v ibioRichd s L 2R"BLTWw5, DGWG R 7 ) v o
ICBHL Tl BEHLOBFECE U7 h, B 5 Iz O AR Z Rk L LT
T D OIFEIEL T2 D0 EEMMRK S, H 57 Y ADREEICIE, JEIHEE D

DNA ZE PRS2 2 &£ 225 (Wang et al. 1999; Innan and Kim 2004)
Sd1EH S8 M Dfificd 3 3 2D DNA ~—7# — (KS3, RM8278, RM1387)
DRI 1T o 72 % DFER, WIT18 IIIZERMO REN 2 B ETE /2
otz WI1944 12 3 ET R CICEB W THEHISM & 13874 5, AR RN RIE
HEHThH s e ZHLPICTE 7z, DGWG BT VL% & W1944 o JLtafk
FEIIL, ERETETH B HYVs 205 W1944 ~DiiERMETld 7 < . B LR
DR OFEL T LR TH o L AREE R R L 7, —RIIC, PR
ME IZAAR CIE. HIESGM 2 E Ol <, BF I L AR AR EERE T

HrLEZOLNT WS, L2LAaBb, HIGA £ ‘A58 (8d1/5d1) &
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W1944 (sd1/sdl) & D Fs s8R 96 kDT 2> 5. DGWG BT V) L% &
TEATHET 2k TH > Td . RREZ R T oBEG Bl I N (Fig. 2-4)

BN EEMR 7 (Quantitative Trait Locus. QTL) Dl A& b8 RKE T
DGWG BT UV ApfEn =228 & L THAEA A EBBINICR C ZITfk2 ., ERE
FIHE L 72 2BR I E T 2 E T I AD 1 22 LTHIH I N T X 2RISR
BN, 2D LiF, WI944 & O. rufipogon 75, SdIEET LR U 1
Qe fRiC SRS 2 Btk o R EEIR TR D ¢SHI (Konishi et al. 2006) %

oz bt —89 2% (Xiongetal. 1999; Cai and Morishima 2002)

B AR RS E N B Z LTk b, ECAEEEDSE b 0 EELE
Foik, MERIC BT 255 2 BN & 5, B4 LT & DR 0 & DRI
X, BRAROA RiEPEDO P L —F A7 LT LIFLIZBIE I NS (Grime
1974) . A A 0EGE. TN M & EHEEROMY 2 ¥, 1
BRFEDIRT 25 E 2 7, forhic, R I3 ALk % s/ NRICHT 2 . JA7
Bd 7 oEIlEREN 2 AEAH T (Tanakaetal. 1966) . & D#EMERBARIT
PRI ORI MifE2S, BT 2L ERHIC X o CTRA S 2 L 2% T

o [FERDFidr | LTI, PR TR S 1 5 (A2, R DY) CHERL
N BMAEEE L KL <, BYINECEL CTRWEBTEEN 2oL 3 PRI

TThabr ol RFRITFEEMED BALHNS 72 ) OINEDI E - T & 2RI
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IR L TWeZed, 4 A DBHAFHEF N OIRERERH I NE ) INVTF v —
TicBWT, BINEZD 72O THEMEY SRR O CHER IGEITN TE
D72 %5 (Jennings 1966; Jennings and Aquino1968) , AZiiC X 2 fH 513

RKOBECHFET 2R CHENEEZE S -0, DGWG AT U v & Z DHAEH
EETZRIRL TR, X2 —ERIZEA Z{EREICHE I T
E72 2 L R L 72, LR AEICE T 2T OSRIEIIFEE L, 4 20D
ERICRA RIS DTH o 72, ZAL LEE T 3 T BT, kbl 2 RAID
BEBRTIINIET 2720, HAZRBR I VLAAGHETH L LEZLRD

(Ruttan 1999; Tilman et al. 2002) ,

(2) A vTF 4 h-¥ry RK=nlifEfic BT 5 SdIEET

—fRICA A DIRRIZMES Y v F=A LY b A VT 4 7 DIERMED T 58
RERT, WY vy R=D e A v T 4 hOERSEIZEE ICE W TERE L 2010
ZFio T3 (Matsuo 1952) , Z oHiffHICH T 2RREWEICE 2 5 SdI D%)
RrREST 2 L2 HWIC, EREEEFRHOFEHZFHHE L 72, KFEICH W T,
AeimEALIR T & SRR EET O 2 @A Ic B W, IERLIC IR36™ (4
YT 4 ) ERVWERERE LRMICLD, A VT A BV YR H

KD SdI ik ENZENET 55 O0HEREBLL TR L RAMOBEFEZ L
33



#: L7 (Fig. 2-5, Table 2-1) , BZO#HRE, Wb 4 v 74 ko SdI
ET IR, Pr R AHKD SdI FEDOZRFEL Y b ERERN L, BdEY
¥ R=7®D ‘Silewah’ (X, 2 2D0HEMICEWTEL > THWEELZRL -
(Table 2-1) , H#E[FEEEE TR FED 36-Sile 2. FF—HOBRERRD EHWITH

Bbbd, PyFR=hDFF—IV—7IET 52 L I3FEHICET S,

SdI EOHREAN 2 i L7z 2 A, =xv v 1 exFxyv3iczhzthl
fEFT DIEFRIFEILA D btz (Fig. 2-6, Table 2-2) , 5 O @ HE[FEHEIG T2
. FNEFND FF—HIcHkT 3 SdI o §tafkifi i % & A CTwi= (Fig.2-5)
ThWwi, TV 10299 bp TOLM, XUz *Y v 3TD 1,019 bp T
D %A1 (Fig. 2-6, Table 2-2) 728, ETiCY ¥ F=H FF — DHEFRIEEE TR &
AvFT 4 A VF—%FHLoRRICET2ERZG X L EHEHTE 5,
INEY vy K= kD SdI EICAEL = WIREEAZRTH L EZ LN, %

nWEn% SDI-in(t) XU SDI-ja () &A4MHTCliFEEXBIL 72,

Tanaka et al. (1964) OWFFEIC L iF, HET7 Y7 L BEBICHKT S 6 004
VT A NGEORBRED 141~213 cm TH oDk L, HAHRD 6 oD+
K= A FHEORRIL 81~103cm &, NI WREZRL 72, SDI-ja(t) ©
X% )7 Ch3 Silewah’ 1%, SDI-in(t) ¥+ I 7D Karalath® X v FEE,

FLIRT T 69.2cm. FET T 38.9cm &< (Table2-1) . 2D Z & i, sdl LA
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40 QTL BBEIEICHEELZ 52 T 300 Lk v, { 2 OBREICED 3
WL DD QTL 28, 4 Ak g e T3 (Xiao et al. 1996; Lu et al.
1997; Yamamoto et al. 2001) , Ishimaru et al. (2004) 1Z. % 1 ik FOBRE
CBART 5 QTL @ 1 2534 2D v afiV) vRGKER ICBET 2861 L [F—
THHEMELTEY, TDEI R QTL 24 v T 4 B X UBG - IBH Y v F

=AENcE T B O. sativa iME ORI ERZ | Z KL Z T DD LNz,
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35 RAXFIEELRT MsiHd]

2 2 * )& (Genus Miscanthus) 3. W7 ¥ T7THEXUVA L7 =T IcHET 5
TXE2ET 3%F4 4t <cH % (Hodkinson etal. 2002) , & Z ¥ & (ZHLE
IR RIEA IR IC BT 3 AL A 2 A X — YD FEBERED 1 5Th 3,
ZAXBIENHE L. v vEw Iy Y AH L (Sorghum bicolor(L.) Moench) .
BLOY + Y F v (Saccharum officinarumL.) & & %12 Andropogoneae ffZ1C )&
L Tw3% (Hodkinson etal. 2002) . Miscanthus fED 5 5, A A ¥ (Miscanthus
sinensis Andersson.) . & ¥ (M. sacchariflorus (Maxim.) Franch.) . ¥ X O
DHETH B v AT v I RH VY X (Miscanthus x giganteus Greef &
Deuter ex Hodkinson &Renvoize (Mxg)) 23, N4 FZ A V¥ —{FYofEmiL L
THEHINTE 2, AXFEIRT T EHRMT O TICHAELTH Y EFIT 265
fk<dH % (Lafferty and Lelly 1994; Sacks et al. 2013) , A ¥ b E-HT7 VT H
FETHY, 2HEEB L0402z G, TEBRDIZEA L DA FIT 2
fERTHh 205, HRHKROA ¥ 4 fihTH 2, ARXFEEMHWHAELTO
PAERI 7 N4 F~ 2 EFEIR, R A F LA X ORI Ufalk: % 77 72 7o Rl E
ETH 3 Mxg 25, 1930 4£40IC Aksel Olsen iC X > THADHEL O F v ~=—72

KRB ATN, ZOoH—7 80— VEIICRE TN T 3b (Greef and Deuter
36



1993; Linde-Laursen 1993) .

GG 1. HilE 3 X OFHi~0@EIC 2 AT 2HEELRIBETH 5, 72, A 4
< A BEZENT 2 EEREMMOLEED -0, B L, EEAENFECH H
2, HROEHE S X CEEEHIcE T 2 2 2 F 3 KEE L EEE O b 0 X
DHRELIFEL, DFVARXFIIERDECDD LKL T 2 2HRLHES
% (Adati 1958; Anzoua et al. 2015) . Fi{ERHAZFAHEI T 2 72D DERA A =X
L, % DY THBS T 5N Tw3, CONSTANS (CO) & Heading Date
1(HdD 13, #hFnsnu 4 X+ ) (Arabidopsis thaliana (L.) Heynh.) & 4
A+ DEEARIIC B T 2 HL A HFIR T <cH % (Valverde 2011) . CO & Hd1
i, BB LE T2 oD L72A—Y v 2 TH Y, CCT (CONSTANS. CO-
like, 3 X0 TOC1) £F—7 & 2 5® B-box # zinc-finger F A4 v &2 &Lk
Ry BEa—FLTw3, CCT £EF— 7 L3RBT 7 FArdigin
(Robson et al. 2001) . B-box 13 & v < 7 ERMHAEIERICEGS LT3 & EZ2 5
N<Tw3 (Khannaetal.2009) , COlZvuf XFRXFicBnT, EHEHET T
DAFEERIEHEST 225, 4 2D HdIIZEHEET cRBEE 62— <.
FHSME T Itz iREST 2 L vwH . HRERIGICN LT HHEZT S (Yano
et al. 2000; Shrestha et al. 2014) , IZ B\ CHLEE X 7= BATERRETE R T 1,

fthic b Ehd1 (Early heading date 1) . Ghd7 (Grain number, plant height and
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heading date7) . OsPRR37(Pseudo-response regulator 37, ¥ 7-1% Hd2) 7t ¥
3% Y FRIC EhdI (%7213 Hd14) 3 B, A4 A FHCRER I 720 BEfe 857
TH Y, HAIIFFET THOAET 2 (Doi2004) . Ghd7(F 7213 Hd4) 134 *
A BEIIGLEE 7 ©. RAZGTIcE T 2262 (Xue 2008)
TR 2 7 4 v 2 3B A S S ., diRE 7 &R iR B U o R o
4 B3S U FEMD ghd7 % RFiT 22 Licky, RAEDOKRBEME IR T
(Shrestha et al. 2014; Fujino et al. 2019) , BH{EMIHEE T D 1 > TH 3
OsPRR37 1B W T, b7 0 FAEMEO N34 & OsPRR37 D HRER L
DB ER E T3 (Kooetal. 2013) , PRR & v 7 B (x4 H I EHC B D
LY B ZEE T 77 3 ) —D 1 ©5CTh Y., A0 HERIGZE BRI A
FLFX L aLFICHOEET S (Turner et al. 2005; Beales et al. 2007) , A &
DITAFETH 5 VL H LTl 2 2 DBIEEMALIN T TH 5 ShCO & ShEAdI 7
SR MEBITEIC B3\ CHERE S 2 (Yang et al. 2014) , SHPRR37 & SbGhd71%. *
Nz SbCO & SHEhd] DiEHZEMEIL . RHEFTICE W CHRITEZEE X &

% (Murphy et al. 2011, 2014; Yang et al. 2014) ,

KD DNA f#bTIZ. W7V TICHAETRIAHAR A A F R 2 NRIITHON
7o ARAFXFOIEHETH B4 A2V A HLORLELTHIHAEEELZSEZICLT

BRI BT 2 2 A F O EATELR OB R BALRZHAL TS C

38



ERHMIC, AAFX HIlD+E®u 7O 1T- 72,

B8 MRBLUOEE

(1) Btk

HASE& 2 SINE S AT 5 M. sinensis 24 FifK. FEKRED S D
M. sinensis 14 Zft. ¥AEE-E 25 D M. sinensis3 Zft. HARD M. sinensisssp.
condensatus1 %, HARD M. floridulus1 %#t. HARD 2 5K M. sacchariflorus
‘Robustus’ 1 Z#E. X O 415Kk M. sacchariflorus 1 Z#i% &, Gal 44 DR

A * & & BIE T I 72,

(2) DNA/RNA d#iitH$ & U8 cDNA &5%

DNeasy plant DNA extraction kit (Qiagen, Tokyo, Japan) ® 7'vu b 2 —
WD & | 200mg DFKIED H A A ¥ 28 ZifiD 7 /7 1 DNA ZiiHi L7z, 5%V
D16 ZMDT /7 L DNA X, 4V 7 A R¥E»roRfEI N, =% RNA
(JM0079-2 ¥ X 18 JM0125-1) (. TRIzol i3 (Life Technologies Japan, Tokyo,
Japan) Z{EH L7z, lug® F—% 4 RNA #§#1 ¢ L, TaKaRa AMV kit

(TaKaRa Bio Inc., Shiga, Japan) %#fff L C. 4V =dT T % cDNA % 50°C
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T30 AR LTz SEEEVIOR T T4V 7S 4 P BLOKRHEFA F 2ikE
T57-01C, AL7ZcDNA L 7+ 7 —F 754 ~<— (5-GATCAGGAGAAG

ACATATACACCC-3") %M\ T PCR K)JG%TT > 72,

(3) DNA it & IEEBLH DR E

AAF OEBIET, ot T /) T—vavEREEDYATLYT ) LD
10 Yk Licks T 282 kb © CO/HAI &% n ZfEBICH S %, s7n—=v
FSHDAZAF 754 ~<—%FKe L7 (Fig. 3-1) . 5" BX O 3 JEFIREKIC B
»C, TaKaRa LA PCR in vitro Cloning Kit (TaKaRa) #{ifl L TX 2 * D
DNA 7 7 7 A v b %47z, BiIC, 5 B~ 3' Bz &8 DNA 7 2
7 AV b (2~25 kb) %, ¥EN7 754 ~— (F14: 5- GATCAGGAGAAG
ACATATACACCC-3' X U'R17: 5- GATCACTGACCACTCATGGTATAAC-3")
& Taq polymerase (TaKaRa) #{#F L CHlE L 7z, PCR 45413 96°C 30 #,
50°C 30 b, 72°C 3 4% (30 44 2 L) Tffotze v 77—k Mg?t i
X, A=A —D~v=aTMfEo7z, a— % &D PCREYZ. pGEM vector
(Promega KK., Tokyo, Japan) ICZ u—=v 7 L%, &RfFEIcBLTHELN
12025077 AN ru— vl ZRE L, 774 v XY ML

IZ1X ATGC software (GENETYX Co., Tokyo, Japan) # W7z, 55
40



7= DNA %1l DDBJ (http://www.ddbj.nig.ac.jp/index-e.html) &, 7 7 %
v ¥ a v AB973600 25 AB973675, F X U LC010137 25 LC010211 &

L8k L 72,

(4) R o

T oRESEIC . GENETYX software, version 10.1.4 (GENETYX Co, Tokyo,
Japan) % f#ifl L 7z, Neighbor-Joining (NJ) i (Saitou and Nei 1987) I%.
Kimura (1980) @ 2 XJ X =X —iE% W THET L, RMEHEORD T v
FNA—F L LTYAH LY ) L (Yangetal. 2014) % L7 (Fig. 3-4, Fig.

3_5) o

B3 ER
(1) MsiHdl =EQ 7 DHEE
M. sinensis ® CO/HdI *+%&wn 7% B 27201, HARIEICHKT % 23
R, HEHRKRO 3 %K. X OHEERKD 14 Zficn LT PCR HiEZ1T o
720 FEEM7 2~25kb © PCR EVZ 2 TR bHE7-, RT (Reverse

transcription) -PCR OfERICEK SE, PCR7 77 AV FHNICBWT 22D %
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vk 1oD4 vruavyrsind M sinensis CO/Hdl Y % [EE L. MsiHdI
4T (Fig. 3-1) o MsiHdI 13, 2 v o3 7 ERMHBAERDIRA & 72 2 AlHE
MWD BH 2% 2 2D X N7z B-box zinc finger F A 4 >~ (Ben-Naim et al. 2006;
Wenkel et al. 2006) & X OKRENLS 7 FrvicBlE5 92 CCT F A4 v
(Robson et al. 2001) %#ff>, 400 O7 I /% a—F LTz (Fig. 3-2) .

MsiHAdI DA T 74>V TH A4 MY AT LEL 2DHDIT—ELL . PolyA I

H A Mk a Py o 159 bp MiRiCEFEE L 72 (Fig. 3-1)

(2) 7V ADE & ER T R AR

2R TH B ARXT ) LOKZRMD O 2~5 FED MsiHd1 7 Y V% [[E T
%7, LT R ORENS, D 1 D3I L7227 L — F 2B T 2 48
GTHETH B E# 2 biv., MsiHdlb L 4 4+)7- (Fig. 3-1, Fig. 3-4, Fig. 3-5) .
BRZELC i, ) —HD7 L —FIic)@d % MsiHdlal3, HAHKDIZIT4
TR (22/23) 2347 d 1 DU EORRERERT VL Z2REODICH L,
HER R H SR O R iE 2T (17/17) PHEREI R T VL Lo Tnird o 7z
(Fig. 3-3, Fig. 3-4, Fig. 3-5) ., HEKEE L HASIE D 2 D oHlgfIic 1T 5 2 2

FEMIC BT HEREN 72 MsiHdI D 2 ¥ — 8 DZE L WAERNPI LD L ko7,
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(3) MITE F 7 v AR Y v B X MERMT VLD [FEE

R 7 K bmfiE (Terminal inverted repeat (TIR) : K /5 1) [ AZ LA
Target site duplications (TSD) : #ERYEAIEE) 2RO L WX A 7D 5 5D
Miniature inverted transposable element (MITE) 7% MsiHd1 7V M iZ B\ C[A]
# & h. MsiMITEI-MsiMITES & % {13 7= (Fig. 3-6, Fig. 3-7, Fig. 3-8) ,
MsiMITEL & MSsSIMITES 3 MsiHdIa \Cf7E L. ZDfhd 3 5o MITE (%
MsiHd1b \CF77E L 7z (Fig. 3-6) o MITE (3B FEfF ICEBEICiEST 5 2 &
DHI S T % (Bureau and Wessler 1994a; Feschotte et al. 2002) ., HAHk
DR T D BB E N7z MsIMITEL &, fAIC X W #&iba Py 2L,
MsiHdla DF¥SRER K% 5l &2 2 LT\ 7z (Fig. 3-6, Fig. 3-7), —/. HEKEE
HRD% { DRz, MsiIMITEL OBERBICHKT 5 L Z A b6 EIRET )
A% b (Fig. 3-3). MSiMITEL Fi3l o iz ic b > T 6bp D7 v b 7V v b %
1L C\w:7 (Fig.3-7) » MsiMITE2 % X Of MsiMITE3 1%, MsiHd1b D 5 JEH
SRR IC BT & v F LIS AL TV 72 (Fig. 3-6) o MsiMITE3. MsiMITE4,
B X U MsiMITES 12, JM0125-1, JM0058-1, ¥ X Uf PMS007 TD &, ZiLZ

i x n7- (Fig. 3-6) o
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Primer F14 R17

> <

start (ATG) stop
MsiMITES
(in PMS007)
\/
MsiHdla
A A
MsiMITE] Poly A

(in 13 Japanese acc. )

MsiMITE4
MsiMITE2 (in IM0058-1)
L] v v
s - —

MsiMITE3
(in IM0125-1)

500 bp

Fig. 3-1

The gene structure of Miscanthus CO/HdI homologues, MsiHdI. Two types of
homologues, MsiHdla and MsiHd1b, were detected. MsiHd1b is a putative pseudogene,
given that its sequences are discriminated unambiguously from MsiHdla by a common
MsIiMITE2 insertion and additional indels with deleterious mutations, including one
crucial, 1-bp insertion that causes a premature stop codon. The positions of the start and
stop codon and polyA addition site are shown. All PCR products from the genus
Miscanthus in this study were amplified by a pair of primers, F14 and R17, depicted as

arrowheads above the figure.
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Asian Mainland

Japanese archipelago

Fig. 3-3

Geographic distribution of Hdla alleles in M. sinensis accessions from East Asia.
Information regarding MsiHd1b was omitted for simplification. The site numbers on the
map correspond to map numbers in Table 1 in Nagano et al. (2015). Pie charts with one
to five pieces represent the number of detected alleles in MsiHdla. Blue indicates
functional alleles and red indicates non-functional alleles. R, revertant allele from
MsiMITEL; M1, MsiMITEL; and M5, MsiMITES.
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. . n e A
] Mainland of Asia e
O Japanese archipelago 2o A
n e A
[ ] Functional alleles J & 4 — STOPinexont
. o e A
[ ) Non-functional alleles el
v Insertion of MsiMITE1 "
g e
PN Footprint after retransposition of MsiMITE1 g
v.-¥ Insertions of MsiMITE2-5 in M. sinensis g s
Y
IMFL M. floridulus e
. . Oe v} STOP from MITE1
m M. sinensis ssp. condensatus Dev
EXXE2N) M. sacchariflorus (2x) H
Ll
EXXEE%) M. sacchariflorus (4x) e Hd1a
Y
g e
n e
n e
n e
=] : —— STOP in exon2
[ 3
o : } STOP in exon2
I
n e
E : —— STOP in exon1
Oe } 20-bp deletion in exon1/intron
E : junction
Bev
g STOP from MITE1
n e
[ 3
3
L3
o
3
H
IMO125-1 O e —— 2-bp insert in exon1 ——
™ : 126-bp deletion in exon1/intron
e junction
n e
n e
g e
o e
o e
n e
n : STOP in exon1
L3
[ d
[
[
:
Msacxl . .
// Sorghum
0.01 (Outgroup)
.
Fig. 3-4

Neighbor—Joining (NJ) tree showing the relationships among 54 CO/HdI alleles of 16
accessions of Miscanthus sinensis, six CO/HdI alleles from one of M. floridulus, five
CO/Hd alleles from one of M. sinensis spp. condensatus, three CO/Hd 1 alleles from one
of M. sacchariflorus (2x), and eight CO/Hd1 alleles from one of M. sacchariflorus (4x).
To facilitate viewing this figure on a single page, only about half of the accessions
analysed are shown here (Fig. 3-5 in next page is complete tree in this study or see
Supplementary Fig. S2 at JXB online for the complete tree (Nagano et al. 2015)). Sixteen
accessions of M. sinensis that represent a range of MITE insertions and latitudes of origin
were included in this figure. Sorghum bicolor was used as an out-group. The phylogenetic
tree was split largely into two clades, which were classified as two loci, Hdla and Hd1b.
All detected alleles of Hd1b in M. sinensis were non-functional. Major mutations that
caused loss-of-function are shown to the right of the red circles, which represent non-
functional alleles. The double slash on the out-group branch indicates shortening of the
branch length by approximately half. Bootstrap values for nodes supported in >50% of
1000 bootstrap replicates are shown. The unnumbered squares, circles, and triangles
represent the geographic origin of accessions, putative gene function, and the existence
of MsiMITEI1, respectively. The numbered triangles show MsiMITE2 to MsiMITES.
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MsiMITES
(in PMS007)

v

MsiHdla

A

MsiMITE1
(in 13 Japanese acc. )

1-bp insertion MsiMITE4
MsiMITEZv (in JM0058-1)

vitars I —

MsiMITE3
(in IM0125-1)

500 bp

A MITE

Fig. 3-6
Insertional sites of five miniature inverted transposable elements (MITEs) (MsiMITE1-5)
are indicated by filled red triangles. Miscanthus accessions in which MITE sequences

were detected are indicated in parentheses below the names of the MITEs.
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(A) Double-strand break in exonl of MsiHdla

Thr Thr As Val
5’ -ACCAACACCAAGGAC|ICCAGTTTCA-3"'
3’ -TGGTTGT|GGTTCCTGGGTCAAAGT-5"'

target site

(B) | Structure of MsiMITEI |

5’ -ACCAACACCAAGGAC {CAGGGTTTACAAT| MsiMITE1 ATTGTAAACCCTG)>CCAAGGACCCAGTTTCA-3"

TSD TIR (476-79 bp) TIR TSD

© ‘ Formation of revertant allele with footprint after retransposition

Thr Thr ) W-BlProAsp Val
5’ - ACCAACACCAAGGAC[HPNYPFYICCAGTTTCA-3"'
3’- TGGTTGTGGTTCCTG[JeRh QI lGGTCAAAGT-5"
/ 6-bp footprint

Fig. 3-7

The structure of MsiMITE1 and a schematic diagram of its insertion and retransposition.
(A) A target site before insertion of MsiMITEIL. (B) Miniature inverted transposable
element (MITE)-like sequences are recognized by terminal inverted repeats (TIRs) and
target site duplications (TSDs). (C) Revertant alleles contain a 6-bp footprint which
encodes two additional amino acids (proline and aspartic acid) at the insertion-

retransposition site of MsiMITE].
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KBTI, MsiHdl SAZAF 7 ) LB W THEBE2Fo 2 L 2L L
(Fig. 3-1, Fig. 3-4, Fig. 3-5) , EEEDIFIEIX, CO/Hdl % B—ECHo v v
AL, byEB L BLOA L EIRIC, AXFETITEENRFETH
bLEZONT, YNALT 7 LWL 7= Miscanthus J&\C 35 1) % 4 U7z
7 LEEOME (Kimetal. 2012; Ma et al. 2012; Swaminathan et al. 2012) &,
CO/Hdl JED a v —foERz —HHHT B8 TE S, Hoicksd M
sinensis D KIRET 7 7 LFENTIZ. M. sinensis (x =19) 2% x=10 O 5 D
SR R E I L 72 4 50 CH 5 2 L #HL 2T L7z, M. sinensis I
[[E X N7=EE D MsiHd1 FEx. 47 7 LEH (MsiHdla ¥ X O MsiHd1b) &
AERZFEC K B RPT IR T EHE (MsiHdla D2 v 7 hav—{L) itk ->T
FlERZ I NLFRESEZ b D, BIETEEIIHNL WEREZERT 2729

DT r 2D 1 2THY H 32 (Ohno 1970) . EHE L 8@ F+D—5 1

N

EELBRNFENIC X 2 RiEEL 220 2 081235 2 (Hughes 1994; Force
etal. 1999) fEEUbIC X 2D MsiHdI FERIC 33 % 815 FHERE D TUREDS.

MsiHdIb ~DEBILTLZREEIC L 72D 22 d L7z,

WeHEN 72 MsiHdIa 7 Y A DRICBIL T T & 7 KEED KN & HARD KN & D

BT 2 HEE b, sREOKHAIR KR I P EREE O BEHE (L7 22 7)
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20 HARVE~OBEIR, 7TV T RECETZ2IEL YRI5 0
Clark et al. (2014) @ Afi# & —33 %, Clark et al. (2014) 3% 7=, WO HA
D M. sinensis LMD, 1 DOMHER IV —TL LCY v A—F Y 7R |{%
BEERY, 207V —T 3B % b IFFEWAEFBICN 3 28012 30 T
HARER I, — 5, TV T KEED M sinensis KR FTEREIIC A 72 Y i
MECT, ROEFBHBZROHIBICE Yo T eEELL, L2 LD,

KEICEH T 5 MsiHdl O%ffE. BRI L 7T KbEzlR< 2R 2 L
— F&H8E L ep o 72 (Fig. 3-4, Fig. 3-5) » 7TV T KL HARICH*K T3 M
sinensis I AT A & . BERERI 72 MsiHdI 7 V) A DEUZ T > T 7228,
BIL 722 b INE S N ER 0 T, HEoE cH T o nzkfic
FELLL 2RI 2 R L 72 (RERA) . C o2 i, mERE L&
HMOMRE 20726 LAanbd, BAZEGTHICESOCEEA =X L2 H
OTREMEZTRB L TwWd, v uf XFRFClt, BfE2FET 2 70 ) Ky &y
A28 FT @ Bt 6 kb NIicd 3 CAATT £F — 71C ABC & v o8 7 HE AR
BAL. 22~CO v "2ERMEHALC 7 n~F V&R 2 Fe, FTER
TRAZEECLI L2 LI ETABRIBI N T2 (Laloum et al. 2013; Cao
et al. 2014) , EERFD ABC 2 v 7 HEKD 1 2GS 34 DA —
v 23 Ghd8 (Hd5) BT TH Y. Guo et al. (2021) IZRAF5 /7 LD 13
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BLOH 7TREE I, 2E N MsiGhd8A & MsiGhd8B % [RE L 7=, MiiE(s
T OB MFAE LRI 2T o072 T A, WD22DRMICENT
MsiGhd8B D3B8 M FIERFIIIC & 2 5 2 5 WREEA R S ey A A F 34
= ADINE & WHE % BT OBl R 2> D 8GR S 5 13, o FTEIHELE(R

xED, IOBIMEVILETHILEZONDS,

M. sinensis ® CO/Hd1 %€ v 7 IC[FE S N7z 5 D DOHHL MITE FREEFE A+
(MsiMITE1-5) oftiic. MsiMITE] O B4 HE S 3 6bp D7 v F 7Y v
b o IR T ) L2 B X e (Fig 3-7) o B L7 5 50 MsiMITE
EH P TFE VAT L AL F T TRADYT ) LB WT, FURY OFIEH
BHS 2> 7o 72 (Fig. 3-8) , TIR & TSD 23 x i, 25D MITE 23
A FEHEVFERIC BT I NT VB Z & ZRB L 72, 1990 FR D)0 LA
Ko AR P TEOaLD Waxy (We) BIETHEHICE T, 2 Z N MITE 28
HE I NH (Umeda et al. 1991; Bureau and Wessler 1992) | b + #& L)
CHYICEBNTHE D MITE 77 IV —2FEE I TE 7 (Feschotte et al.
2002) ,MITE (337E.6 DD R —»%—7 7 I Y —(Tcl/mariner, PIF/ Harbinger,
hAT. Mutator, CACTA, B X Micron) (¥, I T3S (Luetal
2012; Hanetal. 2013) ., 276 DEFRICTE T, MsiMITEL, MsiMITE3,

B L R MsiMITES 13 ALAT A —>%—=7 7 1 U — (8bp ® TSD, >5bp ® TIR)
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IZJg L, MsiMITE2 3 X U MsiMITEA4 1% PIF/ Harbinger A —-3—7 7 1 U — (3bp

D TSD, >4bp ® TIR) iZJ®3 % &z bn/ (Fig. 3-8) ,
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EAE (24 LOBEFEES

Thomas (1971) IC X > CTIREIN/ZCHED T Vv 72, Thbb, B2
HOBMLTORIIEAWICHE L THEZDIC, 7/ a4 XANRKRELERLZ L
ICBEE L T, B x4 AR L DR & BEEEDIRIT S T & 72, B L~
NERXHR =27z 2P L ~ v & O HEHTZE i, En oA RIE
Pl worzr ) AERERD, 4 ART 7 LI W T PR EICfREFEES T
VW3 Z AL A E o7 (Galeand Devos 1998) . L2» L 72235, Shrunken2
(Sh2: A2 v —REMEEE) & Anthocyaninl (Al: 7 b7 = v AEAHKEEER)
LT IC BT 28 TREROEREES X, PvEray | YAT L 4 XD
TEH L ®7 Y (Chen and Bennetzen 1996; Chen et al. 1998) . 2 D DB T
M OYHEREREEIZ, P YRR IS Y AH L A FDZENE K 140 kb, 20 kb,
20kb TH 3 L #Hifi /- (Chenetal. 1997) , Zh b DWFFEIR. ITHFIERM O FE
b 7w 2 BREROMME MRS 2 Lo, BETHEIRL Y b7

DT BEL TWDB L ZRBELTW5S,

1990 F DM E A T4 fk (Bacterial Artificial Chromosome (BAC)) 74 7

ZV =Y AT LDOFHICX Y YRR o 2K & |l 4 OB FEICE
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0 T HEPIER I fRIT S KIRIC R % 1 7 - 72 (Shizuya et al. 1992; Zhang et al.
1996; Nakamura etal. 1997) , #{RFEHEIZAEY) C L ICH e ) | &R ELEEMIX %
BT 21 LCTh, HF~v—Hh—DEICIIMREDH 2 7% (Kurataetal. 1994) |
l v FEALHTY (M) OF 7 LEEX T CHBPEINLTI hdr ok
(Bennetzen 1997) , 100 kb %z 2 DNA WiffD 27 n—=v 7 ZA[REIC L 7=
BAC 74 77V —ofMHiE., FHEETOHROALL LT, ZhE cHEfch
ST M ICb7z57 ) LRGN Z A[REIC L 72, @il 72 BACZr—Vv D
YT AT R TEERAT Y 7 ORE L W EHIKIC X 2 TR, B0 XA
— I TV RGN OB ) v — 7 Ty AR O LT E 2, —H T
V=7 TV AT — X GBI TNE P BRI O Z R A REE T 5 D IR L
bb, 7 LM OYIRLEE R EDOERNT — X030 ERGEICII+aT
F7av, KB BRAEYYT 7 L0 FEEBRERTH 5% { O KERINIL, Fic
~ A F—EYEOEAEICIE, DNA 7 =24 _XR—ZX FICE AR E N Tnnm]
BEELH 5, v —r v v IrEMoRbY I, ¥F N[ TV XL L= a v
BIIMKARLE LCTT 7 LR T 217 A O RIEWEBITT 2720 0 &5 HEY

LT THD EEZLND (Springer et al. 1994)

Waxy (Wx) JEIZ, H 042 by oy CEBIITHITA L K HEA T

W5, . SRR B L GRS T 2 2 L IZREETH B 25,
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fEfrchnida — FRISZH T, BEEE T cREORELH O v LT (FE
ICRE) LS RER) ks TR IKIITE 3, T FEoZ BEAkFE L
ML, FrfkiCEs T 2 v A T~ o EIRICHE KO HEBTE & 2 SR
Yz Affi %2 KD 72 4 A O EEEHIKAES LT & 7 (Li et al. 1968) . Wx
PRI AL s L O Ic BT 2 7 I v — 2 &I 5T 2 Rt SET v 7
vEK#EEZ a2 — F LTw3 (Sano 1984; Hirano and Sano 1991) , Z D#{EF
DEBUIEFDOT In—XAEFRBICEELZLE X5, TNETIC kA WxT Y
SR % B GBI FOMTEN R L L CHH ST %7~ (Sano 1984; Okagaki
and Wessler 1988; Makenzie and Rutger 1983; Cai et al. 1998; Hirano et al. 1998;
Isshiki et al. 1998) , AFEICHWT, Y¥ R=HA4 5D BAC 7 u— v EHHL
T, Wx BEERFK) 200 kb OB 2 f55E L, BI5 T MBI HEE S 2 HARZ
BICOWCHHE L 72, 200kb 07 ) LA 1 N—F 5, 60 DX AV (F
P4 X57kb) 27 u—TICHWT, ¥ HF v 7Y X4 = a VRN ET
ST, BMAE =Y T IFNERBTE2 N4 7YV XA4 =y 2 v 3z — v I3 RIENE
FCAICEER T 2 2 e B PRI N0 FRIEEHEBOENFREZ A 27/

LT — A= L DI LIS 2T L 72,
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&2 8 MBS L O ®

(1) BACZA 75U —DRI ==

Nakamuraetal. (1997) OFEHEH DB Y . O. sativa DY v K= Wl ‘> EF &’
D7a b7 I7AMCHKTS 21,504 7u—rhpninb BAC7A4A 77 —%2R
7Y —=v il L7z, BAC 7 m— v i fc@mBEE~ ) v 2 AL T A
DID7 42— L, WxBin TS % &L DNA 7'v — 7 (Hirano and
Sano 1991) # 4 70 X4 XL, 8floGEs v — v %257 (Fig.4-1) , ¥
YA 7Y XA ¥ = g vicld, ECL (Electro chemiluminescence) i#Efn 7 H

v A7 2 (GE Healthcare Pharma, Tokyo) % L 7=,

(2) BAC/a—vo¥T7rso0—=v7

8D v —v D55, 200kb % A N—T& 2 2 20FM7% BAC 7 1
— ¥ DNA (125-G1 & X 8 120-H10, Fig. 4-1) % Sau3Al Tk L. 10~
23 kb D% 0.6% 7 Am—RA7 VX YRR L7z, 7HEIL 72 DNA % A DASH
7 7 —3Y X7 % — (Stratagene, California) ® BamHI {H{t¥ & 7475 —> a v
L7z, 287 —Y v 7%, GE Healthcare Pharma 0 f5iE it o7z, 77—

71— v DFEHEL T, Sambrooketal. (1989) 12 X A J5iEICHE, 200l 7 7 — %
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vy o Ty T L, LA — N =Ty T 7=V ru—VvEN (avT4

7)) % dlRIE R I 72 (Fig. 4-2) o

B) 7/ v oY NATURAE—2 3>

THDA 35575 14 %4 (Tabled-1) 27 ) I v 7% F "L TV X4 ¥
—> g VLA L7, F—2% DNA IZ, Hirano et al. (1989) Dit#koi@ h H#
Bt L7z, Hindlll THHL L 724 DNA % 0.8% 7 /v — A7 L CEXIKE L 7=,
THR—=A7VHNDDNA %+ 4 v X771y (Biodyne B, Pall, New York)
~ERE L, ECL Bzt v A7 4 2fHLC, +72n—v 737X v %
Ta—7L LT TY XA X LTz, AV 7L IF 0.5M NaCl, 42°CC 20 %y

fil, BHERY7x ECL &&fF < 2 [MeiF % 1T - 72,

(4) RAEEIZ DR & [RE

55 6 Yt AR IC B3RS 5 W FEILEE DAY 200 kb DS, 2 0D A4 A7
Ivrsrua—v (T7xyyavES AP000559 B X U8 AP002542) X v 155
N7z, 200 kb OFECH|%Z 500 bp 225K % 390 D7 A v MZHEIL, K7 A

v b % BLAST (Basic Local Alignment Search Tool) ¥ —F (version 2.0,
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http://www.ncbi.nlm.nih.gov/blast/) @27 VY & L THZE L., &&FT 75 ETo
KAgME R L7 (Table 4-2) ., 4 47 7 & EcEmwELEZ2 53 2 K18
W CT 74 v A Y P EERL. 200 O RED b BN T O #iFH % 15 &

L7,

B3E ER

(1) #IREEYBHHOBEE YA 7Y XA~ 3 VBT
215040 /v —v & AAXABAC 7477 ) -k, Wxiifn ik 7 m—
ZWICHWT, 8o se—vEx 27 Y —=v 27 L7 (Fig.4-1) ., BACZ 1
—VIFHEIC, 26 DA 77—V N7 Z—~DFTr7u -t TNLDA VY
— MECHIZ RIS 2 2 Lic X b, K& 260 kb icb 72 % HindlII i IREERHLN %
MEEL 72 (Fig.4-2) Y'Y F=Ah il ‘vE* %2 ©F 7 L DNAIKK L,
260 kb fHIZICHK T2 60 D7 T 7 A v b (FH 5.7 kb) &7 u—TIHWT,
PFUNATY XA X = a Vi 2{To T, BoNTenf T X4 X - a v
NRE—=vh o Wy IIrar—NvF (7721)  AMEHEERZRD
PV AY—RNYF (F2F5R2), wAFaAa—NYF (25R3), BV

B =NV FOR (7524) D 4>D27 5 AL 7= (Fig. 4-2,Fig. 4-3)
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INLDOANZ—VDFERIZ, 60 DEKT 77 A v MTE )b IR Of#%
Kid 2 L E 2 b, T, 720 Oryzal@BiEICHk$ 5 14 %45 (Table 4-1)
DDNAEKNL T FLCLHHF vy TV XA X =2 a3 VEITEITo 72,
il CEF XN LT T R4 ICHEINLET A P TiEL 14 REICE

bHELULZFEav—to M 7V X4 —va v " x—vPHRInzC L
26, KIGHECH O SKAGHEE L fEMEIC, AA 7 LFERTIC B T 2281 013 H £ 0 171E
LAV R RE L, —H. 2 7234%A4 b (Fig.4-2) <lE. 14 Z#FRicE
WTEL(EARAZ2av—HoER2RHE L7z (Fig. 4-4) . O. sativa, O.
rufipogon \[CJ&T 5TV THED A 2R 1Z. FHONA TV XA - 3V
S OFAERILEDIK L, O. glaberrima . O. barthii, O. glumaepatula,
O. meridionalis. ¥ X O° O. longistaminata |+ 2 B TR Ear—n 2

TR L 72,

(2) 200 kb DA 27/ LT — X X=X & AWz RIEHERS OFRR

2001 FFDORERICB T AT ) LT —Z_XR=AH b, INETHELCEL
A A Wx FEJE 260 kb ORI D 5 B, #) 200 kb OHEEAELH 3 AFARETH -
720 200kb DFHIE % 500bp ICDEI L7z S XV N A RT ) LT — X _— AL

et d % BLASTisED 7 =V & L7z, Table 4-2 ICF &7 X 51T, 200 kb
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DT LEE S 75 O RBVERS 2T & 72, 75 D5 B, A1 IR OER
MERFELEZ=A 703774 FEAITH Y., 7R Y D 34 [ZRFE D B F72
272, KIERT O KA IC Terminal inverted repeat (TIR) % 2ok W Ad%l &
XU 2bp £71% 3 bp @ Target site duplications (TSDs) % 3 % A D
Miniature inverted repeat transposable elements (MITE) A%l 23 & H & 7=
(Bureau and Wessler 1992; Bureau and Wessler 1994a; Bureau and Wessler
1994b; Bureau et al. 1996; Tarchini et al. 2000) , HERZFEWZ i, 7T X 31T
SHEL 7=, WxDH50kb EjiofEK (Fig.4-2) 1, 7L btr v A LRTHD
A2y v a4 LA (Rice tungro bacilliform virus (RTBV)) (AL % 7~
THBBEE L2 A XY Y 7 ufRIZHET VT IR ET 2 VAV AHT
(Hibino 1994; Saito et al. 2019) . Z D v 4 V27 7 LICHENE %2 B2 ECH 25 4
IT ) DICEBAFET 2R F v, TV XA -2 a VORFER» LIS

& 7o 7= (Fig. 4-4)
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125-G1 (171 kb)

130-E7 (148 kb)
123-D4 (86 kb)
109-H4 (126 kb)
52-A12 (144 kb)
120-H10 (168 kb)

Q== 47-H8 (83 kb)

O==213-F10 (83 kb)

()()()(l)()()

Waxy

Fig. 4-1
Relative locations of the Bacterial Artificial Chromosome (BAC) clones that were
isolated by probing the Waxy gene. Among eight clones obtained, 47-H8 and 213-F10

were identical. The numbers in parentheses indicate the size of each clone.
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Fig. 4-3

Classification of the DNA segments using Southern blotting patterns for the 260-kb contig
around the Waxy locus. The panels exhibit the typical hybridization patterns for the four
classes: lane 1 shows the class 1 pattern, giving a single fragment of a few discrete
fragments without a smeared background: lane 2 shows class 2, which shows a single
fragment or a few discrete fragments with a background smeared pattern; lane 3 shows
class 3, giving multi-discrete fragments without background; lane 4 shows class 4, giving

a strongly smeared pattern.
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(kb)

23.1—

94—
6.6 —

44—

23—
2.0—

Fig. 4-4
Representative patterns resulted from genomic hybridizations in the 14 lines (Table 4-1).
Class 3 probes (fragment no. 20 in Fig. 4-2) gave a multi-discrete fragment without a

background.
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Table 4-2. A list of repetitive sequences found in the 200-kb region around the Waxy locus and the classification as to trabsoisable elements (TEs).

Class Family Subfamily RS no. (Position) Reference
1 p-SINE p-SINE1 41 (B:90136-90259), 42 (B: 93272-93396), 64 (B: 124352-124461) Umedaetal. (1991)
I CACTA-like CACTA-like 48 (B:99148-100167) Tarchini et al. (2000)
Tourist Castaway 63 (B: 123684-123948) Bureauetal  (1996)
Ditto/Type F 16 (A:84793-85042), 27 (A: 121759-122008) Bureauetal  (1996)
Gaijin 56 (B: 112132-112282) Bureauetal (1996)
Type C 12 (A: 80473-80735), 34 (B: 72197-72530), 37 (B: 78729-79073) Tarchini et al. (2000)
52 (B: 106052-106315), 57 (B: 112314-112654), 74 (B: 155068-155319)
Type E 59 (B: 117784-117985) Tarchini et al. (2000)
Tabito I 1 (A:44224-14419), 21A:46779-47024), 68A: 131694-131892) Nagano etal. (2002)
Tabito IT 3 (A:45815-48961), 7 (A: 68719-68871), 9 (A: 74458-74609) Nagano etal. (2002)
Tabito Il 5 (A:62279-62406) Nagano etal. (2002)
Tabito IV 10 (A: 75414-75763) Nagano etal. (2002)
Tahito V 30 (A: 133780-134025) Nagano etal. (2002)
Tabito VI 58 (B: 115872-116008) Nagano etal. (2002)
Tnrl/Stowaway Tnrl 25 (A:120553-120778), 35 (B: 73010-73256), 43 (B: 94109-94346) Umedaetal. (1991)
Stowaway-Os4 44 (B:95126-95334) Bureauetal. (1994a)
Stowaway-Os6 70 (B: 137134-137200) Bureauetal (1994a)
Type A 20 (A:98815-99051), 69 (A: 136718-136965) Tarchini et al. (2000)
Type B 14 (A: 83018-83258), 21 (A: 109869-110107), 45 (B: 95600-95843) Tarchini et al. (2000)
61 (B:122424-122661), 65 (B: 124952-125186), 66 (B: 127346-127569)
Kiseru 1 17 (A:90206-90432) Nagano etal. (2002)
Kiseru Il 29 (A:123860-124122) Nagano etal. (2002)
Kiseru 111 88 (B: 81992-82218) Nagano etal. (2002)
Kiseru IV 47 (B:98292-98457) Nagano etal. (2002)
Mu-like Mermite 54 (B: 110574-110978) Tarchini et al. (2000)
Onaga I 19 (A: 96437-96575), 39 (B: 85285-86938), 40 (B: 86993-88410) Nagano etal. (2002)
50 (B: 103062-103426)
Onaga Il 53 (B:107036-107754) Nagano etal. (2002)
Akan Akan 18 (A:91324-91919) Nagano etal. (2002)
Mashu Mashu 26 (A:120622-121088), 75 (B: 155536-156804) Nagano etal. (2002)
Saroma Saroma 33 (A:137816-138389) Nagano etal. (2002)
Shikotsu Shikotsu 55 (B:111333-111487), 67 (B: 128728-128985) Nagano etal. (2002)
Toya Toya 62 (B: 128362-128471) Nagano etal. (2002)
Unknown Basho Basho 41 (A:57083-58173), 46 (B: 96817-98291), 49 (B: 100171-100705) Turcotte et al. (2001)
60 (B: 120882-121251)
Explorer Explorer 28 (A:123621-123805) Bureauetal (1996)
Wanderer Wanderer 8 (A:69603-69824) Bureauetal. (1996)
Type Unique ~ Type Unique 32 (A:186026-186128), 36 (B: 75964-76185) Tarchini et al. (2000)
Moiwa Moiwa 73 (B: 151334-154187) Nagano etal. (2002)
Rishiri Rishiri 71 (B: 139698-139937) Nagano etal. (2002)
Shari Shari 51 (B:103834-104257) Nagano etal. (2002)
Taisetsu Taisetsu 31 (A: 135339-135595) Nagano etal. (2002)
Teine Teine 6 (A:65425-65665) Nagano etal. (2002)
Tengu Tengu 15 (A: 84494-84563) Nagano etal. (2002)
Youtei Youtei 72 (B: 153655-153790) Nagano etal. (2002)
RTBV-like RTBV-like 23 (A: 112058-119385) Nagano etal. (2002)
Microsatellite =~ MRG6379 11 (A:79154-79181) AY024054
MRG0415 13 (A: 81499-81522) AYO18090
(AT)n 22 (A:111644-111987) Nagano etal. (2002)
(AT or AC) x 124 24 (A:119462-119713) Nagano etal. (2002)

RS (repetitive sequence) no. is indicated below each red box in Fig. 1 in Nagano et al. (2002).
Numbers in parentheses show the nucleotide position in accession no registered in AP000559 (A) or AP002542 (B).
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Deshpande and Ranjeker (1980) (% Cot fi#h7 (Flavell etal. 1977) ic Xk b, K
BRI A 27 ) LOEHED 50%% 5% 5 L #EE L 7z, Tarchini etal. (2000)
. A A5 11 1 0kic BT 3 Adhl-Adh2 385 TR 340 kb DS T D H
H% 28.5% & FHI L. Turcotte etal (2001) (34 #%°/ 4D 910kb DF 4 5 .
BETFOEIGE 19.9% L& Lz, RETIEA AT/ L 0BG TS %
#H9 5 HI T, WxEREFED 200 kb 122 W T 21T\ 2RD 15% I/ 3
2 AERE E R L 72, BXE T 5 1E DNA 13, EAEYO 7 ) L BRICE T 5
AR 7 L — LOREH K EHE TH 5 (Britten and Kohne 1968) , % <
D& RAERLHIZEEFZ IR 1 (Transposable elements) T®H Y | i 2 2D 7 7
R IND, 77 ATix. RNA HfEfRIC X o CHEWICEE T 2L bex
LAV EFTHY, 77 AN IZIEERRO L X T, DNAWEA Y b7 v P
— 2 MEEX THEH T % (Charlesworth et al. 1995; McDonald 1999) , K{gHEC4
T O FEREKERTH L L PHAILNTED, FyET I LTI,
Adh1 (Alcohol dehydrogenase 1) FERZAD 280 kb © DNA fHIE A, 2 v —%&
7 MRERCEE L TR b7z (Springeretal. 1994) . by ET IS )
2 DNA @ 280 kb @ 9 5 D AT 197 kb DFHEBSKEWN DL 7' A v F 725 72,

COHERIFZ, PyvEnassy ) LD 60~80% BN KERHE ST L WS
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Flavell et al. (1974) % Bennett and Smith (1976) 7z &', Z Do WHEEE &
YL TCWi, FyERaLS ) LTIE. L b TV RARY VD XD RiERE
K7 2385 7 sE I /A EE L T w72 (Bennetzen et al. 1994; San Miguel et al.

1996, 1998) , AREICIH\WT, WxJEiEEED 200 kb fEI 2> & 75 O KIEK T % [F]

W

E L (Tabled-2) . 2 OHND 41 [ZBLICHRE D B 2 G ERERCYITH 5 72,
7 L 7-fE 12 12 LTR (Long terminal repeat) %52 X 5 7 5kb iz 3 K\
FAER T BFEE T, SETEERE 2 7 2 11 QBT 2585 7 MaEE i
FEELTEY, UL X5 B RERS ORI, 41 A D27/ LIRED R L b
—%3 % (Turcotte et al. 2001) , [EfRIC, v X7 bAhvuaA XFXFDT )
LICh 7 7R ] OWBRTF KNP, 7272 1 BRI EEICE T

NA{EAIDLBHRE XN TS (Le et al. 2000)

Rice tungro bacilliform virus (RTBV) 7/ & i A1 % 2B 23 200 kb 78
AR TN, A 27 7 ZPICEB ORI DFED I b 2> & 7 > 7z, FEY)
D7 L FuyALZO DNA L, HELRORICHEHEE CHAIA T N 2 HHHH
HIN T2 (Jakowitsch et al. 1999; Harper et al. 1999; Ndowora et al. 1999) .

AAY VT afRIZAET P TICRET I VA VAT, ENERDODI a0

g

i X b, RTBV & RTSV (Rice tungro spherical virus) & O3LEY I X b 5]

%ifd 2 X 15 (Hibino 1994; Saito et al. 2019) ., 2D 7 7 X 3 DEEZ 7 u—7
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W2 Oryzalg 14 RIS T 29 F v T X4 ¥ =2 a VIENTIX, TV
7 HIBIC A $ B R ICE VT, RTBY S E a v —Ko s 7 F ki
Hy 2oL, 77V ez oftotihko 2 ciifiar —KTh s C
EERES T L7z (Fig. 4-4) o, BRENZ L, TVTDA AR E, T7 V) hin
YZEDMoHID A & Tk, vy uEien T 2 EZERRER S LB
NT\w% (Kobayashi and Tkeda 1992) , 7Y 7 DA A3V v 7 affici&Yd 2
bOD, MTEETICRELRVDICH L, T7V DA 113 4 HETL2E
ICHIBER L Z 5, 4 4D 12 KOPEEKICII T A VAT ) LOWi R 3% 8. F1E
T3 LePMERINTEDY (Liuet al. 2012) | 7/ LITES X0 727 4 L Rk
FeH % EREK 3% & RTBV @ 8 kb @4 AECHNICHEMLL 72, 7.5 kb @ NTELE
RTBV #RECH]. eRTBV fcHll & L CHIIT 2 Z LA TE 7 (Kunii et al. 2004) ,
ZONTERSNIZ, BHEECRIICHEE S NANEE 7L ra vy A v e LTH
HEI N/, RTBV T3 2fRERPIEORRE L . v 4 L ZAEEEHIN A © 2 v —
B OBERIHEEI N2 o T &b, BIEDMHALED SN TwE (Livet

al. 2012; Chen et al. 2014)
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BOE REER

o

AV FASTEROE Y v K=H Silewah’ 3. M@ QTL #H+ 3 2 &
26, dLi#HE A A ofitmEiElbo 2o o FEMAARRKE LTCRHHEI L TW S
(Mori et al. 2011) , Z OERMFE Silewah’ ZINE L 72 2> T @ H MK (25
HLAHEIT L. BECIHERXIcB Wt 2 b comEidfibnit k-
TWw3 (Ebana2018) ., 7z X 5 ZRPLIFHAEMNICHEE T2, 1956 FIC
SRR I N ‘aveAh ) 1 F 1979 FrHHAET T2 MU TE2KE 5 &
TEMERES 1 i 27% 25 77 v FKE ko> T, Nagamine et al. (2000) I

T TEREBST IC O W T HABENO R 2 N RICHEZ{To72 8 25, 5%
74 eI ITEE 10 FRICEML Tz, BE, THEL & #it 0T,
RO 2 Lic X0 R OEY OBIEER TR L T 5, C DIRILITFFIC,
oo Fa 2 ic, MEERICET L2 BR Eo LA R ALY %D

MER -7z LCKREDOREYEE ) —~ v - R—u =271 ) — L ERIE A 1970
TG INB, 2D0—7C, OFmTIEL < OMER DRI N T3
WERAITON T E ASHI R BE TR 2 L T 2RI 3B E D o 7
EWR R, IR, R BN, BRICER I N, 2D XS s
BEOTERVWERBRIIEMOBEICHT2NT, - HEERKL OB EOIKE

RINTF5Z bt elolz, £7-. IRS & HYVs DEAIZE/ AL TF v —{L% M
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LAEED | A EIE L 2RI, 2D TIIRHIOEE o i E 25D | 20 % Bl

TE7ZIFTORADLS TlIRbIIz, T DX 5 ic, KRB D D L HiPH 7n B2 H B

kv ErHINZHICHE ~DBERGEZEAT LI LIE, T TTV

AR TN T KNOENEY) S LMY I L OEERICKE 2 b D 7=

T, MR LT, BFEDRIC, AL -EINE YD Mz, 2 Tl

FREIC 3 O o 72 i3 T O LIEMHECRERBIC X > TEL I NI HE~ LR

T 5, SRIZRMN B RIS o T, EEOIRICHIBIC 'S 2 KB EE

FORFEEED T LERH B,

A A ZHOKIE 2 FF oY) CH 2 23, W ORIGA + FRIREICD 72 %Kik

LT CIERETE AW, NV IFF v a, Ixve— ZALEDEHETYT

DEYVA—VHUIBTIENZTICL D, HEERA — PVOEIIET 5 KB FE

T2, COMIBICHEIG L 723% A4 4 & v ) B S LR O 4 4 13, 287K

BREGICR LT b, il 2 S0 Icf R & &, BA7ZE L 2 K FIC R B RS % HHHL

LCZ DR RERZ A XS (Kende et al. 1998; Hattori et al. 2011; Mittal

etal. 2022) . B TKDBEIWEHZHIEFHICEFT L, 20HBDOENL INEL R/

TENTE DL, ZDFA AL W) HiH R OEEICE < DI Snorkell (SK1)

B X Snorkel2(SK2) L9 BEDOREA 2 IR0\ 2 20BIEF 5

4 % (Hattorietal. 2009), L TH 5 1 2EHEARZ &1Z. ¥/ L7 4 FENTIC X
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STHLL o7z, FAAMERORMICHBEL 25 EKD SdI TV D
e H 5, SKI, SK2. % L THA AR5 SdIT I vt DflAGbEic X
WK D 20E 2 fiE R Ot ic B O HENAMREMEZ AT C &
DB A E T3 (Kuroha et al. 2018) , Sd7 T IZ AR DHE 2 #ET
b o 72 H. SdI FIBIGA A OBRER KB T V vic s CRBEIRE 2R T 0
R L, A A TR HI RIS 0 BELEE T & L CHE T O 7 i ol
MEINTnEZ &I REERE Y, ZOFA RN T U Oz B 4EA
+ (O. rufipogon) % E&DRMTHEL MR, 7Y 7HE T V7 0E
AFRICEBVCTZDONAT R4 T2FoRMBR BTN, ZORIBOEE A 458
Ma &R mNBEL RS2 Sdl TILVTHBE I LBHELPICINTE
(Kuroha et al. 2018) . ZD X I AHMET 7 DE v 2 —vHRick T 2 Ko
IS & B THKEK ] 1T Snorkel 3 8IG T EETH 2 Dicxf L, —J7 T, FHRH
DEFRMWICT L 2 KK ] & IFIEN 2 ERIKER DG IKEITIZ, 4 45 9 Juta
K FiC B3~ 2 Submergel (Subl) DSEEAE% B7-3 (Xu et al. 2006) ,
Subl QTL DEKIZ 3 2DBIET D2 7 A2 —CTHEKENTE Y, SublBk X
O SublCD 22D % v T LEIETIE HARE Lol LABEHEOALRICDH
REINT VB0, SublA XKD H 5 ZFICDORFET 5, IRRI TlZ
D SublAEIET % EA L CIKIit % 45 L 72 [Scubarice] ZFHFEL, A2V
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TN 2 HUIB DO R/ E~ O PIKFE SH 1KLL T T 5, 7272 LIEF, 2 oMlg Tl
WEET~ DK D FER S N TE Y | 57K x CEEmE
o724 A DFE D HVE L 7> T\ %, Kitomi et al. (2020) 14 Y FA> T D
A 4 inff ‘Gemdjah Beton” 23R¥F3 255 7 Yetafk Lo MIRRE(L T ¢SORI %
Yoo ~EAL, #FEEEEPCHEST RS EEETRAHMET S X
WAL A BECLZNERDHS FIF = F 1T 15%8E L 72,
Z D qSORIEEFIIA v F A>T O—H D W dEfED B H3REF L T 5, gSORI
BIRTOFERZEAADINDIEVCOFET 22 b, RAEAKRBITXZ b
7ET LKA X (Glycine max (L.) Merr.) 7z EMEY) OlitigEckE1c b A

MTH s EWFINTRS,

BIALPIEE o 72 L I 1 HERURE, T4 o, (FYORRIZ A
DGR E . BRITIZMBARE O 2RI X - T BRI - JEEGRI ICBF A 2 &
FREAEY) ~ DR DK % 201 THEA T &E 72, 1900 ED X v 7L DR R D FFFE
RZRRC, BAEREIRFEA R ICE S W CEHE IC/EY o R % st < 2
T2, BIoFHZEYMY T /7 LiRER EDOFEMOBEN BT B WTH
r S R ORI ZMBEMETH O, ML TR o 2 o BEERRNTTEE Dl % )4
F. BERIEZ DT HEEFOMAGDEDR VD D% fLiRD ., #EEK L., S

ELTHIES 5, & DBRRIC I, B#IKS 2 BN, @RI DT A A R K
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TH DA, b EER L EACEEERMR S ARRICHFET 2L ThH
%, IEMECHE A P cBE Db 2 85 Ticg L. BEAHERTIZZEN 1 D
TR T Z 2 HHE D7 | HEOBIETHHAED I L TYID TR BT
TE2Z, PIZEY Yy F=HKROET 3 u—2KDRHIC W EET LA TH
% %% (Hirano et al. 1998; Isshiki et al. 1998) . 4 ¥ F 4 /1 RS R T 5 WA’
W ~NEETERL COMEEYICT In— A BE K T2 L3 TE
7257 (Mikamietal. 2000) , 2D Z &, H2ECTHE ‘A58 xW1944 (O.
rufipogon) D EEEFIORER & FIE<, HAEHT 2 ho BT ORFEICK -
CTEMNECFHMCIRIPEZHBICEE CE AW L 2EBRL T3, EE, Z
N1 oOTHOLWBLMELZFRTEZ 2 L) TURERETOWMEFEEI AL
(Zhou et al. 2019) | FAFEIIHE L HBLRIE R EHE L 2 ¥l % L Tl ST
Hb, INTETITHONTEMHERRE DL 1, FHEHN 7 2 OISR # Rife &
LTITONTE TS, Lo LIS, FHENORKEPHEHHE T N T 5, B
DEEIT, RONTZ VO MEICKTE LBECTE Y, SBBESKE LT 3
FeErD X ABBEAE2 > CRELZE2 02 PEETH 5, L I3, HEE
T OB EHAGDLEEZRT L L RHT L TE 5, HBRIRELITH W,

ST HTT ORI A 7 & 0B ERREOHE L &0, AL E
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HiASEEREMICIAfE 4 2 720 ic, HIBRIREE 2RO N T v 22 EEB L - HET T v

EREREL T e BRETH S,

3 RESCHICIEE 0BG T, 7o NIcEnFREESIcE W THE ED C
X7z, A A SdI ZXRE L7z BB 13, /R L 72 BRI E &R TR O A3,

EAIRZIC L > THED MR TH Y . sdI ZET VNV ZH T2 A A FHESE~
DIGHHFE NS (Rana et al. 2021) , R X F[{LELR T, HD1 % v
Ny LI ERE I T 5 GHD8 Of%Eh, 2 X ¥ Ghd8 (MsiGhd8 ) @
RNA T — 2 D25, Guo et al. (2021) X > THBEEIN T3, F
Too AZFF 77 by =271y ZOBERSIIGHRD 2017 FIThflEThizZ tic
LY. MsiHdI ®° MsiGhd8 % &t FEBFIEEIE T2, AAXAFD 19 KOGt
Rlicey 7352 L2A[REL 72 5 7z (https://phytozome-next.jgi.doe.gov/
info/Msinensis v7_1) . A2 THS 2212 L 7z MsiHdla % X 08 MsiHd1b O X
) IR A A FIFDIR T EBIEDORFH A, D% D AR FFLBERLETICEBNTD
AR CHo7/ze CORRFT ) LDOF T 7 P =2 v AEREM AT, AR F
MsiHdI Wic R & 7= 5 o MITE fid%| (MsiMITE1-MsiMITES) 23, &
AFT ) MCEWTEBRICEEREL T0E 2 & hERTE -, 44 200 kb 77

J LEED O B & L7z RTBV BREA D At D FA TlE. 4 47/ NI /A
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ENF T ANZBRES D, RET LY v 7y AL 20 RTBV TlrAal., %
DT AN RITRFES KD b 2 &, WELLD 4 Xy + BEEEFETH
27T LR EN, A XA DML BIE L OBIR 2 OB, EI T3
(Chen et al. 2014) , 200 kb DA S R op > 2 FEAKBERNTTH 3
MITE BcH D 1213, 4 4D 12 RICHBIAE L TRIES 2Rzl L,y A +
QTL #Miid 30 T~—H»—& L TEBICH A X 7z (Onishi et al. 2007)
LLED X5, RIFFEH b A 4 & Z ORI ERE, b PICARFBRET 5%
HEHARAZEREZHLMICTE, ZTNOHALRZEA TV S, WE, RHIER
EEMEEEBEME L CGEHTE 22 BT E 2, SR MYEH D
HAZRP RO — 27 2V REREIEN L. Hie 2 IUECTRE R L Rk

FEOHICHE %l 2 72 AR~ O EMAHFFcZ 2 b D LER 5,
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2B

A ARMEYINE. A+ (Oryza sativa) ©REINB X5 BB LT, 7.
WTAETIE A R F@HEY) (Miscanthus spp.) D X 5 734 d~ Z&FEEY & LT
bEWEEMYCH 2, SHTHRINZHER Eo AN, 7 & I HBRIEIE I
Y 2RREFHORIEITIZ, A FRHEW O B/ THENIKRE L, 2 D720 DER
OB BEARTRTH 5, KL TIE, 4 & 2 OIFRE AR O KIc AR
FlobnT, FTERBREREICHEET 2 8ETHFICOVTY—7 T v A f#lT %
T, 77 LOHARLRZTEL 72, ZOfER., MY EMPICIIHALELSE
ICRIFFINT B 2 L 2L I TE, SO ICE T, BHICA L

NZHALREZNMNT 52 L DEEW®ZREL 7%,

AREEL HI L L7 1960 D4 » @ [fERoHdr] ok nwT, PENEE
T Semi-dwarfl (SdI) OZET V%A izHEO S ENEFELFEFE I N,

mEFRMAL T B T 2RI, MEREE melETAEEZ b 7263, Sdi

o

BEFIEY_L Y VESKEEED 1 2TH 3 GA20 MEfLEEE (OsGA200x-2)
ZaA—F9 2,813, A v T 4 aaiED KGR (DGWG) HiskOERER
KRERERT VABFET D, 2OTINVOHKREFET 2720, BEA % 8
i X ORI A 4 2 R DG 256 R HE T, KRBT 217072, £ D

fEd, DGWG 7 U VidfEEA #7210 ¢, 44 % (O. rufipogon) O %#k
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W1944 75 B I NTe, SdI D D M DEREEIC H 2 HEFCH % L L 7=
&5, DGWG 7 ) vz & Qe ta Rl 2w E MR & W1944 ~falt
BIERZME L -0 TlE s L, B IchR T 2 Rt R S Nz, —IRIYICH
AR T, R E R HBESM R S ofiT. BificZ LA R EERE
THBEEZLNT WS, LALADBDL, &4 424 A8 (Sd1/SdD) &
W1944 (sd1/sdl) & @ Fs ZHEHEH 96 kDN 425, DGWG 7 U L% k&
BacHT Ak THh > Th . BERE T TOMEASBE S W, BVPEER
FJE (QTL) o#liaEbEXFET DGWG 7V ARENLER L L CBA 4
EHNICE LS ZTMANGEREERIGHE L 72 BB EIcEm T 2287 I v 1D

ELTHIHENTEZIRIARE I N,

BIEA A O. sativalTiZIA VT 4 e Y R D OMENTFEL, 4 VT4 H
RIEBY ¥ R A FZHME Y P LTRETH 2 &\ 5 —Mki il 23 4 A0
REDHTRHMIN T\, £ 2T KIEBIC TR36 (4 ¥ 7 4 A fddE) &M
THAR LS XD A VT A BIOY v R kD SdI %z nthn
f9 2 5 DOUEREEIZ TR E2FEHR L, BRIPEZFHAEL 2, HLiRTs IO
EAREETICE T 5 2 Do TOBIROME, wIndb A v T 4 hlk
D SAdIEEHT 5 2H08. Y v R=h kD SAIEOZRFEL Y b RBEERL 72,

Sdl JEDSFEERH Z L7 25, =FV v 1tzxyv3icznzhnl
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FrOIERIFBEIL RO bz, TNIEFY ¥ K= AHRKD SdI BICHE U755\ iR
HAMZERCTH L LEZ LN, ZNEN% SDI-in(t) BXO SD1-ja(t) L4400

THi#E % XHl L 7z,

2 2 %@ (Miscanthusspp.) 3. W7 P TREDLELE C4 VI TH Y . HiK
HISIC BT 2L AN > 2AFFEYTH 5, FTEIL, HE L FH~ 00 %
KEHAT2HEHERIVETH Y NMMAYAEERLZNET 272005 M L, HEZ
ERE T & 5, BILHAM IO R &E %2 5724 CONSTANS/ Heading
datel (HdI) BT D+rER 7%, 21508 CTH 5 A2 * (M. sinensis) 7/
Lo rua—v{b L, MsiHdl £ %41 7-, Bic, HASIEHED 22 * 23 %
e, PEAKMERKD 17 ZHEHV, &itT 131 oxEns%2 70 —=v
L., HEEINZRE L, 2 BERTHE2RAAXTT 7 LOKRHErLHIE, 2~5 1
D MsiHdl TINVHFRETE /2, 1 DDORMD 5 BEOT VL% R4 3 7=
DITIE, 3 OB T HERBEL B b, ARAXT ) LiTiE, D7l td
30D MsiHdI EDXTEES 5 2 & 2B L 7, MBI TR OEEL S, o 1
DML L7227 L — PR T 2B T TH 2 EE 2 b, MsiHdIb L4
fFF7z, YD 7L —Fic)ET 2 MsiHdla l3EIRGE N C Lo, BHARRDIZIT
ETORM (22/23) P75 b 1O EORERERT VY L2 FFoDicxf L,

hEREERR D RARIZ T (17/17) RN RT VL LR > T o 7,
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INHDOFERICTE Y, AAF MsiHdI FEITPEKRE & HARYE /KD 28T

1. BATEFRETRERE~ DIRTFEE DS K &  F72 3 AIREMED IR S Tz,

A A Waxy FEIZ, BRALEEMOT I v —2&KIcB b 2 NSRS v 7 v
AR Ea— P45, Wx L 200 kb oW LS FHE S ., HEO
WRETIThbNAEFF g 7Y XA ¥ — 3 Vight & BLAST fi@rid. 2 ofEs
CHFIET % 75 i b o KBRS % H S i L7z, KIEWEBERKRTo—/ETh 2
Miniature inverted repeat transposable elements (MITEs) %% Z DI D FH 7%
JAERCH (45/75) TH Y KIGEHIGE DR . 5 D OH# MITE % [FE
Lizo 72, BPAEA 2 5 B, BEGA 4 2 FMERH VI F A7) X4 %
— a VIENTIX, Wx LR 50 kb ICFEFET % Rice Tungro Bacilliform Virus
(RTBV) #ECHN AT P THEY ) LB REEZ RTDICHL, 77V H%
TAY AKERROECTIIKary—$Thsr L 2HLIC Lz, MITE A4
X, AR F MsiHd1EIRFPIC S 5 RO MsiMITE1I~MsiMITES & L ClRE
ANz 5D MITE X7 — 2 X—ZARBICL D, YV H L Py FE XA
Y F T ADY ) LITH T8~90%D i W [E M % B o BAI A TFEE L 72, ML ED

FEEOY  MITE 284 287 ) LB WAL D H T2 L2 RB LT3,

AHFEICHB T, O — 27 TV R OFREED S . 4 ARMEY 2MEE T 5 B 7x

BRI, ZZ81T VA OKES X OHBER S, 2 L CRIEHERS O fE7E % B
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LT BT LHTE L, HHRAARLEZERA L T 2 LN AHE R,

KRR ERmEN L LCRITE 2 WA & TRRAC & 72 HALR A

V=7 TV REMOTEMIE. TR LINECARLFH IS L 2BREEX v

TS DFE & 1 2 7= R FERIS I B C % 2 LHIRE S LB,
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Summary

Poaceae or Gramineae is a large and nearly ubiquitous family of monocotyledonous

flowering plants known as grasses. It includes cereal grasses such as rice (Oryza sativa)

which provides staple food, and perennial biomass grasses such as Miscanthus spp. for

feedstock of bioenergy, which are important for human. Grasses would continue to

contribute a major role toward the expected future growing population on the earth and

happening climate change due to global warming. For that purpose, the development of

elite varieties is a key issue as future investment. In this study, sequencing analyses of

genes for major agricultural traits were performed in rice and its wild relatives as well as

Miscanthus spp. and natural variations in the genomes were investigated. Sequence

information from the present study revealed that natural DNA variations are abundantly

conserved in the plant populations, suggesting the importance of utilizing the natural

variations for the development of novel varieties in the future.

The "Green Revolution" of rice was initiated in the 1960s to increase food production

in order to alleviate hunger and poverty by introducing short-culm and high-yielding

varieties developed using mutant allele of the semi-dwarf gene, Semi-dwarf1 (SdI). The

short culm rice plants provide lodging resistance and high seed yielding under high level

of nitrogen fertilization. The Sd/ encodes GA20 oxidase (OsGA20o0x-2), one of the
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gibberellin biosynthetic enzymes. Sd/ alleles include one of the defective alleles from the

indica type variety ‘dee-geo-woo-gen (DGWG)’. In order to investigate the origin of this

allele, phylogenetic analysis was performed on 256 accessions belonging to eight wild

and two cultivated rice species. As a result, DGWG-type allele was detected not only in

cultivar but also in wild progenitor (O. rufipogon, W1944). A comparison of nucleotide

sequences in the vicinity of Sd/ showed that the DGWG allele-containing chromosomal

region suggested the origin from wild ancestors rather than recently introgression from

high-yielding varieties into W1944. Generally, in natural condition, semi-dwarf trait is

considered to be poor competitive and deleterious by insufficient sunshine due to shade.

The phenotypic analysis of 96 Fs lines of ‘A58’ (Sd1 / SdI) and W1944 (sdI / sdl)

showed that segregations with high culm length were observed even if genotypes were

homozygous for DGWG allele. This experiment suggested that depending on the

combination of quantitative trait locus (QTL), DGWG allele has long been kept in the

wild rice progenitors as a hidden variation and has been utilized as one of the mutant

alleles that contributed to semi-dwarfness adapted for modern cultivation system under

high level of nitrogen fertilizer.

O. sativa includes subspecies of indica and japonica, and general tendency has been

recognized that the indica type varieties were higher in culm length than the japonica type
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varieties. Five near-isogenic lines (NILs) with Sd/ locus derived from both indica and

japonica varieties were developed using ‘IR36’ (indica variety) as the recurrent parent,

and the culm length trait was investigated among five NILs. Field observation at two sites,

Sapporo (Hokkaido University) and Nankoku (Kochi University) showed that the NILs

with Sd1 locus derived from indica were longer in culms than the lines with japonica Sd/

1. Comparison of the nucleotide sequences in the coding region of Sd/, one non-

synonymous substitution was found in each of exon 1 and exon 3 in japonica type. A weak

leaky mutant allele occurring in the Sd/ locus derived from japonica was identified and

SD1-in (t) and SD1-ja (t) were designated to distinguish between indica and japonica Sd/s.

The genus Miscanthus is a perennial C4 grass native to eastern Asia and is a promising

candidate bioenergy crop in cool temperate areas. Flowering time is a crucial factor

governing regional and seasonal adaptation and is also an important target trait for

extending the vegetative phase to improve biomass potential. Homologues of CONSTANS

/ Heading datel (Hdl) gene, which plays a central role in flowering regulation, were

cloned from Miscanthus sinensis and named MsiHd 1. Furthermore, using 23 accessions

of M. sinensis from Japan and 17 accessions from mainland China, a total of 131

homologues were cloned and their nucleotide sequences were determined. Two to five

MsiHd1 alleles in each accession were identified, suggesting that MsiHd 1 consists of at
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least three loci in the Miscanthus genome. The phylogenetic tree indicated that one of the

multiple MsiHdl loci is a pseudogene locus without any functional alleles, the

pseudogene locus was named MsiHd1b. Interestingly, in most Japanese accessions 50%

or more of the MsiHdIa alleles were non-functional, whereas accessions from the East

Asian mainland harbored only functional alleles. These differences in MsiHdla show that

the dependency on functional MsiHdla alleles is different between accessions from the

East Asian mainland and Japan.

The Rice Waxy (Wx) locus encodes a granule-bound starch synthase involved in the

synthesis of amylose in endosperm and pollen. A 200-kb physical map construction in the

vicinity of the Wx was planned, and southern blot and Basic Local Alignment Search Tool

(BLAST) analysis in the process of the map construction revealed 75 repetitive sequences

existing in this region. Miniature inverted repeat transposable elements (MITEs), one of

repetitive transposable element, are the major repeat sequences (45/75) in this region, and

five novel MITEs were identified due to the typical character with terminal structures. In

addition, southern blot analysis using five wild relatives and two cultivars showed that

the Rice Tungro Bacilliform Virus (RTBV) -like sequence at 50 kb upstream of the Wx

locus showed highly repetitive in the Asian species genome, whereas African and

American species had low copies. MITE sequence was also identified in MsiHd 1 gene of
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the Miscanthus genome as MsiMITE1-MsiMITES. These had sequences showed high

similarity of 78 to 90% in the genomes of sorghum, sugar cane, and switchgrass,

suggesting that MITE is widely distributed in the grasses genome.

The information on genomic sequencing of grasses in the present studies revealed the

abundancy of DNA polymorphisms possessed in grasses species, the origin and

geographical distribution of mutant alleles, and exist of the repetitive sequences among

intergenic regions. Various natural variations supplied by wild grasses populations could

still be used as effective genetic and breeding resources. Utilization of natural DNA

sequence variations from sequence information would be expected to contribute to the
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