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TAVEFALA LAIENBHELD FHEOEVWICL > TERKBBRICE LD NV
Fe L TafICEMNTES &I ((E% 1974, HUNTER and MARKERT 1957,
MARKERT and MOLLER 1959), ZRINSEHL poHER R TLOEKGEERE LT
o Fl FH 48 ® &5 v (WEISS and  GREEN 1967).
TAYVTALOBEZEEHZLE L CTORBREUTOWL THDS,

1) BIZTOBEEEDTHH, HIBLNVICEB T2 EEERE U TH MR,
2) LEORKETHRIETE, RBEC2»2 2 A MR MHTH S,

3) VB EZETFOBVASHIEKICEZ 2RI/ LrEOoNLL, ERD7T

AVFA LD BIEZTPHEYAROIERE RREEEZHET S22 L RBEEICL WV,
4) EfitE» L HERORBBED SN D,

5) BEOREL2ZIHL, BEFEHPZEL TV,
COLOTHBEEABEL T, ¥/ ABWIC K 2 R¥ 7L (NISHIKAWA and
NOBUHARA 1971), HAREM DX R A2 F|H U 7z £ H#E (&5 (SAKAL et a/. 1971), &
SICHKLERICHESTIHEEZTFLOHEBEOREREICHAHTES (/M - A
1987, KONISHI ef a/. 1989, MEDINA-FILHO 1980) ,

HEOANEZXZ2BLVEELBYODO 1L >DTHBA & (0ryza sativa L)X, %
DINEBBIGEEIC L D REHE > SEBETITHEE I TVS, Z0LOR
ML oMEICHESIZ2ME L L THEHBENATWS, 515, SHBOEBETIEER
BICELOWESEMBERROOND D, REAICHEEM 22 A b L AWM
ARMIBOBEBEEANSA T BLEELD (HE 1992) , 612, HFM
ICTFHENZ2AEGEEBOBEOZOICHEMOEZFECIEZEZELC S Willw, VW
LD &R, HEAECBVWHEGETo®EBEICHAS NS 2 L AT
GEABER TS CEBEIND, LEB->T, BEECER»OZBEOA ML R
M EESEHEZER2ER T LY, SKFITETEELLRS I, TAVY S
FA LG E TRIZERE L TEEOREEMENHEARHS N, BICEH 3
BIZBEHROERANOHHBPFZON S,

ek, 1 *BOMEBCHENZROFHIEMBHORECIEE - FHMEHED
EROWMA»SHOMIZENTE R (HUEE - ALl 1928, JnEES 1928, R
1952, MORISHIMA et a/. 1961, 1963, OKA 1958) . 2k, AEICHATEZ 27
AVHTA LBIEFPENLCECERL L THVWLND LR o2

PR CRIEECEGELICE I 2EE 2O THEHE: 0o HBBERYCEER O
e RSN, 0. sativa OFFHERIN . ruf/'pogon’C“c%Z?:&’@Etié,’f?ﬁ‘}i




A E T2 - HFELEEERMPAEEI N TS (MORISHIMA ef a/. 1961,
1963, OKA and MORISHIMA 1967). 2Dk, WHMBICE I 574 VYA LADEIRE
BRoRERLBTothysiTbh, FEBRIBERENLNNA-F X ¥ - ol
(TS »IC &Nz (CHU 1967, CHU and OKA 1967, MORISHIMA 1991), 2O 7
AVHTA LBEFIHEELZEOEFERREE 2 XE T2 EEFHREEHEAL THD
(MORISHIMA 1991), X 51, 7A VYA LABIETFIRA XEOMHE LU AR D
BEREBLZTFLARXLTHSDIZTL2ZLICHRILEL, 7O7TOHEETH S
0. sativa OB 0. rufipogonTH s 2, 7 7Y hOFEEH,
0. glaberrimaD B D 0. breviligulataTd®H 3 Z L DBHEZR XN 7= (SECOND
1982, 1985),
HEMICBWTEAS Y FECHABOBEZMEROHMEY, 7O T7T0#EETS
BEOHLERELIMECLTA VY TA LABEFBHHEINTWS, CHU(1967),
SHARL. et al. (1969 ), B UPAL ef aly UST)R IV ~F&H 24 =+, PAL and FU
(1977) e UFPAT et a/. (L9TH)IBBMEET7 + A7 7 7 —EBIZ 20 Tili i FEEFIC K Y
WIFEET S EEETFE2HS I L7z, MORISHIMA and 0KA (1981)ix1 1 @
JCHE - HHMBEEE T7A VA LD 1 2BOFABE» Sl FEEOLICIZERD
BZFPEELTWSEZE, SHRXT7AVYS LBERTFHECES W THEEZME
BEOHEZITY, MMHEEOSILOREZHS»IC Lz, GLASZMANN (1987)i
15BOT7AVYTALAIODVWTOEZEBEBRINICKXOBNEN T T7TOERER 2
iR RE DS, JERE - HEWMIBEE s, oA SNz A v FEIE H AR (0KA 1958)I1ICFHY
THZLXRENEFNOTAY YA ABEEFRZET2MEOMBE) 5 HZHS »
KLl 77V ADO. sativabf Y FRLHARO2ODOGEHEANDLEEL
TWaZeD, COLILMEBIRENLRT7A VYT A LABEF2POHPICE
7= (KOCHKO 1987), — /5, NAKAGAHRA (1978) Kz T*NAKAGAHRA ef a/. (1975)i3 =
AT -LOIBOBIETHAEDLEDLS, 7271083 2HBA 20HEIETE
gEobhopBerw, 74, SFAARVCEECEEZB2MBICHL L, ZoOR
e OBEEEREBL T d.
CNSDOHERUCBEED 7 A4 VYA LDZRIFE (SECOND 1982, 1985)» 5,
1Y REIE HARBEOEFEIZO0. rufipogond Bie 2 Hk» 5 2 tMICIRAE L 72
CHMlEN TS, ComERImMETREBICAT SN EERES /) LD% R
(ISHII et al. 1986)%° 0. rufipogonD LA HEND T A VT A LADOBELEERE
E—HLTWS (FRE 1988) ., CoLr el IXEEZEMCHILLTE D,
SHICHEMPIRHCHROLI2IEELHLIEEMELT WSS (NES 1928,
MORISHIMA and OKA 1981, SECOND 1982) , AWK TIdA » KB & HAR 4 i fF
ICH S 42 ML L TRHEDT




TAVYALARERE - AHNBEIC XD R Nz 2 §EEEO M5 h
(GLASZMANN 1987, £ 1991) X, {K@EHCHTPE(0KA 1958), oK I &
% K5 B (NAGAMINE and NAKAGAHRA 1990), {Ki#RIC X5 7 1o X (CHUONG and
OMURA 1982)ICBH ¥ 2 MO MBI T L E LD, TA VYT A LOFRBENSY — 2
Mot eMEETZTF—2oMEIhTWDEY (EF 1987) , HHEREL To
PAVYTAL LLEMEHLEOBBERZREFPHO»TRW, £, 74V TA LLEBEID
B oBEEIC > W TIZEME» RS, BTFOBRKEZFHTTORFLET LI -
BAZRZOBBBESPICENTWVSIZI®E 220 (SCHRARTZ 1969). L 724 - T,
SRR RMN R TA VYA LBETOMAEDER, ELLOBRBIZEWTHEIDE
BOBEZFLoEBICLVELREZEZON, B2 FOSHUL KNS
A RTIEBHPEIND, EEL, choRBEHIRHEL &R IR FERNE
IKBRZOALS THLEBOREN B FHAGOEPHFRINL 226,
FORMBEIZHICEMNERDIOBHNENZBEZEMBFELTVWLS LLF X
5N 5 (SATO 1991), ACEAEMEKEEREZ FORE e LTHRILTE, B
i 2 DR - FHAEEFRTA VYA LAERIIOVWTHEHROATNS
(GUIDERDONI ef a/. 1989, PHAM and BOUGEROL 1989, SATO ef a/.1990a), X &
I, SANO and MORISHIMA(1992)IC k2 &7 A VYA LB FEIPOGAV FRILH
AEOHBABEDLVWIRES XEREB T v T L, TN, PvFAZED
EkETAHEEINTED, 7O70RBHEORMAILOBRBOERZFLALIES
WTIRBICHSLIZENDDH %,

CODEIICA ZFDRHEMEICETIHRICBNT, 74 VTS LEBIEFRER
EZeLTchETHHINTKE, 561, BEMAHICBW T, BHHE
EZFD1OTHBSe-IBHTARI NI -ZAA VAT —CBETFLEICHEZEL TV
e HRAL GEEBITDOD N (00SUML et a/. 1989), i/, 74V YA LR
FOBIZFOHEBHLZEY THLIBETHY, HEBHRERNLEREBRIIKRDLDL T O
E-F—-Avibo Uik 0Bk, RO CICHERNO S >N 7 ko
BRLOLEESHTRHARZ LB TES, LEXB-T, 74 VHTA LBEFIZE :
OB TFHEOWR D, BHEEORGERL LTo%, BEBLL5 5, Zh#C, |
FTTAVYTA LB TEEBEMN EICNES TS EPERTH D,

A 2o BFEEC LRI e TFHOERFRIOBHORER (&EF 1923)
WKHED, A 3F0FBREABICHYE T2 1 2 8o # X2 E X 717z (NAGAD
and TAKAHASHI 1963). 2D %, I3 0FEEZRLZSHTRET7A VYA LAEIZEFEZE
OT1 42BN HEBEMXIBHERS N TW S (KINOSHITA and TAKAHASHI
1991) COMEMRICHETLHEELETICEEECHEEOMLSBREERICE T
H{nF GER 1963, NAGATO ef a/. 1989, #ri§ 1982) , WERAFIIHTD
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Bz (CH5H - KM 1978) , MREORBEICHE T 58 F (NAGATO ef al.
1989) R B PV HIRIKTIMFEOLH - IWEMNEEICH T8 THLH D,
FNSOBEZETEHECOVDTLFEMAMALPZEINT WD, S6IZ, BHEMNHH
T 220X EREEO HEME, FRFEGE, BN, Bt EOHE
ZFhR2EH5HZ BB TEHETH D (McCOUCH ef a/. 1991, 00SUMI et al.
1989, YU et a/.1991),

BiE, 7AVYA ALABIZTFPRFLPY - -G EELENBIZEREZBH VR
MK (RFLPHIK) Bhv b botoad TERES N TS (BERNATZKY
and TANKSLEY 1986, HERENTJARIS et a/. 1986, TANKSLEY and RICK 1980
TANKSLEY ef a/. 1981)o A +# TH 2F DR F L P ERKR & 1 (McCOUCH et
a/. 1988, SAITO ef a/. 1991, TANKSLEY ef a/. 1990), BEIzBE DL 72F]
AIicfit X Tuv % (HARADA 1990, KHUSH 1990, TANKSLEY ef a/. 1990), RFLP
A= OVWTEHBEEBICDNAZME - HRL, HEBERLEZITY, &5
CHEEBED 7O - T DY IINA TN AL -2 a Vv a5 800HBBLER
EOICHEERoLEN DB EFITHBMEELH L TWS. —FH, TA VY
L LAFHAEBOMHEPES TREOEEKEHWEHEHEAP P ITZX 51D, HEOR
BER AT T2 BHEETH D, ARXTRTA VYA LAEIZFZIERE - £
HMEEIC X 28X EI Tz, i, BEICTANKSLEY ef a/ (1990)I2 &%
RF L PHXIC3fE, Z7/=SAITO ef 2/. (199)ICX 2 RFLPHMXICSED 7 A
VYA ABIZTFBEHONTWVWD, COLIICERZ2EBELRERICL2ERO MK
ANA—DTAVHA ABIzTFBNESTONZ 26, SEOEHEMK O E M
R TFOHMMNBOREICEIL>DEF X505 (RICK and YODER 1988),

AMETETAVYYTA LABERTORELEEZEREFENMEICRILI LD, %
OBRIBEOWHIL E R ICHRBRETORBEBEAZREL . 2612, Bz fFothzir :
5T, REROBPEMM EARBIZTFREMBS T . KO THREMLOIRE L 4 8
27AVYA LABIETEMEREENREEZ2 XK 2B ETFORE L HEMKRE
HFHL, TAVHA LBETE2BEENICHAH T2l Al. F1ETIETA
VYA LADOBILOOOBBRKEZMELL, FSHEKICBILZ 74 VYV A LA#EIR

FORBABKLSLCHEL, BELETAVFA AORIEET 2 2 M8k &
FLlko E51, ANVALBY2BETRBEL SHMIEL AL TOREEBE L2 2
FAVFA ABIETABEL 2o B2ETRT AV A 5BIET O @B % T 1
W, BHOBERRET LT A VA ARETOBSBGET S0 L 720 53
BTR7 Y7 EHADERMICE W CRHEBECERI T 4V P4 ARET 55 .
F#Ulo CNLRBETORMAK LOMEN»S, RHEECERNCREINST B
VP A ABET LG EORET L O M b AN Lk, BAETE, {2 F




B QAR GEBORERKZHOVWT, FHEBRETFETA VYA LBEIEFOHEH
VT A VYA LBIEFOREEICOWVWTRETL o

CNED—BOMEL»S, A XDT7AY YA LELLFPEEERELL THELOD
HEMAHE, PMATHEEEKORNEKRCERZHCI2HHBERTFOEADL
DIZHBRMICHERHTE, HBZEEFZNMRANETDILIA2PRENVILZHS D
) P 28
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EXROBIZEBIBZTOEYPERLEHEBHEZRTHENICEN TE ZIE
fE - FHWMEBEAXRBE T200ThHo 20 BETOBEHEEMTHE27A4 VYA AL
OBREDBEEL > T B, ZOREL»STA VYT A ABIRFAENFENER
EHLLTEMNTH S 2 L6 » I X 7= (HUNTER and MARKERT 1957), 7 A V
PAAREDBEWHICHELZRBILORT I/ BOEREBLRKE O F % T HER
T2Hb0DTC, ThEFNOBLZTFREMVEBRLELTOBELZHEFL TS, Lz
>T, HBBO7A VYA LAICHETLIERS IBECERL TOLHYEOEF IIE
HEAZTRV, -, BEELLTOBRLZELZZ VIl LEEFIX, BEEERIC
Y22 by 7aRvoBACKRBEBBRICERLRA AR ESTT7TI/VBOERTHE
U % (DOLFERUS ef a/ 1990). U2 L, nullBIEFICL VP OBREDS HiEZLE
EZ35HIEHETHDHISNT WA W(SCHWARTZ 1969), 2O K HICHAREIKD L
CIRABEEKOHNRELRSRWT AV A LR, HHELAXLVIZHELEZA VB
. QAR QB TERETHS (MORISHIMA and 0KA 1981), ST A V¥ A
AMIEHBHREMNRBEAZRTEIZFOL®ME SN TV S A (ENDO 1981, ENDO and
MORISHIMA 1983), BEEZTOHEEZEEM THL 2o LOHBIIEVNTHLZORHA
AR TEL VLS, FHRELCERL L TOMHPHFZ N 5 (ENDO and
MORISHIMA 1983),

AKETRHT7AVYALZ2HRET2200BRRKIEICONVTIHRRD & HICHE
BEMZRBREASAEZFAE L2, 261, HROBEZERTIRREILZIZLBAR
ML N, BICANVALZBWTBHBHHTEZLZ 7 VYA LABIEFZ2HERLT,
RERECELCLZYYIO-FILER (KEF 1975) OBRENOFHZA AT,

B kst X ©F J7 s

WP R

HAROBEZERHEON-79, HABR GO Acc224 (Macan menita, 7 4 1) v E
PE) RUA >~ FRIGFEDIR3G (IRRIOKR M) % 3 0 CICR - 1= 1HIER A THE
FEH, HRBEICHETRECGFEE TSIV A LA0RBHARKEE L. 256012, R
v PERBELEZESE»SHRELZRINL TERBHARABE LE, 2hsofiilRHED
56, H-TILIR36% & U ICAcc224 L IR6Z R L TEHEOSNEROHIFIC LD, A
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TOMOMNVEIEFORBRZMAEL 2.

- RN

L 3EEOME T A% E L T, MURASHIGE-SKOOGH: 1 (MURASHIGE and SK0OG
1962) 122,4-D(2 mg/L) &MU =551 (LI, MSREHUECBEAR) NEIK L7z, 114
ABRICHRBLOFEINEZAN A ZY DB L CTHEELEICHKAL, 2l
1A BICHEE NS AL T, 1 EMEREZIT-L. MK CRZhZIhO
MRERHEOANA»S20-40 ngOMBERERNLT, 74 VYA ADkEIH
Rkt Uiz, 7z, MIMBRTFORBFALZMR T 5720 ITH-T9X IR36 K% UAcc224 X
IRB6DEFRFET 2O ANAFEL, BANVAEBEELEZ. ChOoOFRHKDANL
ABmMEBEKOANVALERBICIAABICHAL, ZORIC20-40 ngdHl
faa 1 O T DEMLT7A VYA 20k HRE L L

1) 74 YVHA LADBK K &
AEBRCHXRETA VYA 2oBEBA{LZINFNhOBFAOELEZTIES 2

Table LICR UL 720 AEEBTHWRAN-ILIADADE (7L 2 — VB KERBERE) ON
yRIREFBBBHENL TRV, BiZu-—=—vr7ahTvyEry78Tb

NTW3Z L (RANJHAN ef a/. 1991, YOUNG and WU 1989)H> 5 Adh-2& L 1z
INSTAVHEAL LOBE YL UTIINADPIRIERI 0 ) > B I /K 3 8% 3 (MDH) LA

NOBLRIKEICII 2HBEOEHERICXDEM IV ESUREIEE H iz (Table 2),

BB EHERIZ0.01 50 ERF Y -1IHBIEEH®K (MY ATpH 7. 6I1CH |

#) 2SO VHBEEL Lk, AEGRERRIABELTO. 060 ) AKEMHE i

W (7Tl 8.3 ICHE) LBHLLTO. 190 IZ58 (kE{Lr by ;

LTpH 8. 3ICHE) #FRL, ARUB#E#%29 : 1 ICRERAL THLIERH DR

L Lize ZNEFNOEREBEICLI 0B W/ VDY ) — RO MK DB EH %

MATMEL THILELERL 7z, ke 42 i iR K OF A 8 & &2 1 5% O vk 8 A &2 iy

WICWRZENFNO.4M M) AEBHW (7 ETpl 7.6I1ICHE) EBRERAEHW

s

MBI T O 2RL, 3 () X6 () omD @EH (WATTMANH: D BLEK,

No. 5) ICIRINEZE TCHKBHO Y IWICHEBEICH ALK, £k, ZO0HAND ZkE)

DR Lz, BRKBOEME U THEEEHEBERTIE6 OnAd EEIR T 5 Kb, -
REGHARH A TIE6 OnADEBHAT 1 IFRIKEI L 72512 1 8 OVOFBIET -
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4. 5BEKBI Lz hkBIBRIZEZ6mO S L E lmmd DKFIICYHDFITT, &7
=1 ‘/_“if’l’ LDOFEHIZE L Tz (Table 3),

) L T EE K EREEE (MDH) IZDAVISHE: (196 I KB ASTRARY T 2 YL T I K
YLV BRKBEHWTEEL = (Table 2), HFEZRSHEHOYIFEA 0. 2 nld ikl
MR (7)o — )L BESIVHERE®E=2 : 1) NTITOOXLTHABKL
L, BOLERABBEO LEAZEBERKBHAS VO T 2 VITHEML 7z, 8
[k 30 mAT3BEMEEBEBLZHKICY VL ER DB L THEL = (Table 3),

ABLKR CHEZINEZ20BDS L, MBI TOLRSESREN TV
1 QBOREIM IV EIZFOYA Y I L%Fig. LR T Adh-23 KRB EBA O Bz
FiEBEI6NTVWEWVWD, ZOTAETITIAEAN-I'EDHENY FOY A
T I %R IE(Fig. 420), 4k, BB FILSICOWVWTIEL, MORISHIMA
and GLASZMANN(1990)iIC kb #—fbkxhidsZzH Wiz, £/, HEROKER L HID
XHLZQE FHhS|HEE FELS (ENDO and MORISHIMA 1983, ISHIKAWA ef al.
1989) & ® # IS & Table 4IZ/R L 7z

2) MYIKICB I 274V YA LEETFORH

A FE CnullBIZET XA LN Pox-2, 726 ITHREED S O R R R 28 K 8 C
HoleMal-1D2BIEFEBRVWEL TEHIEFRZOWTHEHFR, YFERLCKRIED 3 H
HOMBICBIL27A VYA LEEFORREFAEL 2. M FHRECYHIFICEL
T, BRFHFCBILIRALCOVWTHLHAL =,

Adh-1, Amp-1, Est-2, Gdh-1, Pgd-2, Pgi-1, Psi-Z2R X Sdh-10 TEEFEHE D 8
HizFTWR, Ldo3HoMEECH—-RHEBESNRZ. L2 L, 4dh-IRU
Gah-IIME TN FOREIBEAD T HHHEZRL 2.

Acp=1, Amp-3R O Est-5CIIFEBREP T T ONTEHEE FREOBEMMBED
S5h, NV RN - BT L = (Fig. 2). Acp-NZBL T, H-T9TIXSFEICB WL
TAP-POXE T2 1AD/)N Y K (Fig. 24, -v1) EMELCBWTHBEBERKRT ,
DHET 2 2EDNY KBBOSNE (Fig. 24, L —>3) o —F, IRIETIEL
FROBEOHMMBICIB VW CAp-I'OZE T HNY FIZ 1A THo 7= (Fig. 24,

—v3KkU4) . BEDTSEBHRBON Y RORBEBEIZOWTIEEHS L TR WV,
Amp-3 3 FHRECDFICBVWT I RO EENY FOMICKGHBEANIC M T2 /v 0 R
2L, RETRIONY EBFEBENY FLEBEICEL -2 (Fig. 2B),
X, METE Amp-30N> FOBREHBMICOFH /Ny FBHEL 208, Bi#EET
DXL TEZNY R THE22E»IIHSLTHWY (Fig, 2B, L—-Y2/KU04) ,
CDXDICAcp- TR T Amp-23 RBICHEBMZSZ T 50, ZhFhO#E{E TR O
WSABETH o Tzo Fst-53HFITBVWT2HADON Y FELTHBEL = (Fig. 2C,

R 53 R A A o T
T A R T AT A, S
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L=Y1RU3). UL, BBEAT-IBRTITORONT2HEON Y EDS S
Bl N> ROBENEL 2D, XSICEREBHNIIC LI ADNY RBFRBEL -

(Fig. 2C, L=V 2RU4) e CHODNY IR - OEIRIZ—FETH VD,
Fst-5TRBFLDAHAOHBIIB W THETHOHEBATUEETH - =,

Amp-2, Cat-1, Est-R T Ped-ITIIHFIREUMFELBIL2HEBEBIBETE L
», RETORBRIZBODOSN Lok, Pe/-I0FEBRRIHFETRIRDONT
(Fig. 3, V=1 RU2), RETOHBEZ N (Fie. 8, L=V 3FU4) .
Adh-20 RBIIMBE L I FTCIBIRINT (Fig. 4, =2 1), BFHTO
APl N (Fig. 4, L—22),

UEO#R»S, WRAEZHICBIL29BFEEOT7A VYT AL LAIZODVWTDL 78
ETORBEE, ETHR, HFERUCRETCEHUNY RN -V E2RT 8#ETF, &
B TEEAIN YIRS -V 2R3 #EERT, RUMBRENIINY FOHKE
> 6 BIEFDO3I TN —TIZnit5niz(Table 5),

BHMICBIL2HEBAZEKR IS L, IFETRAN-ZRT Pei-LHD 1 5 BIRT,
TR TP/ -LUND 1 6 BIZTFOBELETRPEIAGETH >z, RETIXIFRER
L > b BIEFONIEst-50BIZEFROMRENPITAY, 11 BEFOEET
RLULGENTELRDPol LEB-T, 7AVYAS L2BEFORBICE, KREL
DETIREUCHFEPBEL TWEZEBHODLE L I,

FieoRBEOR TR, YFERUOBREIFKFHETHONZHETH- DT,
RICHH 2 2 AREIAKRPICENTHRSAEZHETCOBEEFREZFAARL 2. YFERV
HARIZCOWTHXAENHO 1l THIZETFORBELEBE T D L, Adh-21210 B4 K%M
CERELEBAERL 2 (Fig, 4)e Adh-ZB3HREHBHICBOWTHETHREIPBEIN
¥, R TOAREBEDSNT (Fig. 4, L—-—r2) . —FH, HREHETIE
YR eBgICHIFTCOLBEaINSE (Fig. 4, L—23) . BUBEFED 4d-ID
RIVBIIHFARFCOLHERAFZHETOELIBZON L 5 2,

3) WVARBIFEZTA VYA LADFIR

HNWALZBIZTAVYALLOREIZ, INVAFELS 3HBICELEZDT,
AN AFE%I A FTEREZELYY (Initial stage), FNLIKE%Z %M (Later
stage) & L THIZTFTORMEERXZ £ L O = (Table 5),

1 FEOREEHRBZE U CHIzFREBZEDON, N FZELoASL N » -
=D, Adh-1. Adh-2, Amp-1. Amp-2., Amp-3. Cat-1, Est-2, Pgd-2, Pgi-1,
Pei=2. Pgi-3RUSdh-1D1 2 BIZTTHo 20 FD D HAdI-12 Adh-23F TR K&
UHMFETHONTENYRED, ANVATHONENY FOAEBBERL . Anp-3T
BANAFEZOMPSRRTHONL LAKRIC2AONY FHABES N, BREYP
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ICZDELEHAONR D >z (Fig. 5o IFELSHMBEICH ZBICHEBESEILL =
Amp-2, Cat-IR T Pgi-3D 3 BInF DD H, Anp-ZF T Cat-1D ) AT BV % N~

FIfEFREVYFETHAONTLZODLEE—THolze £z, PEI-IDANAILBIF
HNYREIREELFERULUTHD, BEPOANAICEBFIZELEAS N -5 Iz,

BODSBIRFDDbAcp-1, Est-5RCGdh-I3EBPICZDINY RINF —
LU 2o MRIRFII D Acp-NIMIELHHFEONY FERLU D, BHICIERON
YEBEBNYFOBESICHBELT, #REERDI I BICKRBIIN Y FORIH
WLtz Est-5TIRBIRBLS 2AKDN Y RDD HBEA DN K%L,
SIS EENY FORBMICHEZLRN Y FEEL ZEADB H - 7z,
CDONYENRGY =V DOEALBHFEIPORBEILITTHONDIELLHEUL T
(Fig. 9)o Gdh-ITIXHEKRWBICHFLH U R LR L 225, AR ICIFEEN
YROBHBANCEBON Y FBHBEL THYKE I B2 RBE#ELEZRL 2, X
BIZ, Gdh-ITRENSDONY FXOEBHBEIICH 2N BBHB L Iz, 6dh-10
PO R ICIZADHE RO T LOICHLBER TN A - ABEMENLH» > =5, ADHOD
RBLLZNMIPEENTVWE 2L, SEEBRPTIAN-IOEEBENTLZZL
»5, ZONY RidAdh-1& R xNn 2 (Fig. 5). B UBREDAL-20 I 1L H
SN otzn, ZOMBEL TAdh-20&E %P Adh-1X DB >0 EF X5
N,

BROD2BIZFDDE Fst-AIKACHIHITRITL 7208, BRBICIEZ D FRE B HE
L7z (Fig. 5)e CHIEHFELOHMBEIZBWTALNT £st-9D RO K L F U HE
MITH Do Ped-NEMFTHRBEBBEBINED, ANV AT TEHKUH LUK
MzEBELTZoREPBOONTY, BMFEMICE T D Ped-20 L ER R FEH L X
) CTdh - 1= (Fig. 5),

LLEORBRELPSOANAICEBTIZ2REERIT, BEBREINVEINY -V BEDLS
prof=1 28EF, NV b/\&'—//»zutm:s;ﬁ{zﬁ B FREBED S
nshvdy, HLLARBAYEBEHELE2BEFOSIIN—TRELDS SOz L
»L, CNOANATOXZIRHEBAZRTEEZFOMNKIE, WMOIKTHEONLS N
RIEBRROBEFERERLTLOE TR, LEB->T, ZLVATRED :
chiz#@zrREZEAZhN oYK HEICE T2 RBEEeHBLTED, HE
ZFBICELIAEHEZZTITWDE LE XS5 NS (Table 5),

4) F ok KL oIRGB AV 202 B DXL T O FEH
H-79 X IR36C Ik, Acp-1, Amp-2, Cal-1, Est-2, Est=9. Pgd-1, Pgi-1. Pgi-2. E
Pei-3f O Sdh-105, Acc224X IR36TIE SN S D 1 0 FE Y Adh-1R U Anp-355 % N Z
NATFOTH- e ROHFTTA VYA AORBREHELILLET S, H-T9X 3

e e

{
E.
i
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IR36TIL, £st-2, Pei-2R T Pgi-3, Acc224xIR36TIZPe/-A BV T EhF it
pEOeoNL Lotz TNSHDEMLRTETIIH-TIR LFAcc224Dnull BT & FF
STWild), NTORIFIRIEORIRMEFB —TH-o7z. MRHMHAEDLDEES
b2k, Pei-3UANATRIEEUEEHS N

CNOFOMBHERANAZHOWTEERIBISZT7A VYT A LDFERIZON
THBL e Ped-NIOoOWTRHRUH LS REBALNT, Acp-IRV Est-9DF
BB IcHEE L. LE¥-T, LEE3BERVWIRTHEEHODAS N
SHORREFEL Iz Anp-ICINETCROON LEKICEBHAZZT LNV R
INY — BB NTE, HEICAT Ol AR T/ (Fig. 6A). Sdh-ITIIFaH
fcH 2N FBPHBE LB RERE R EPBIEEINL (Fig. 6B), D6
BTHNMBIETORRBEBOD SN, LEB-T, YVeoa—-F+LEREEL
hE, Cho 8HBOMNIHEETFREAMICHEHMKEKTLZEL THREL TW ok
MR URBZMEBL, fIRLARXLVICBIZ2BZERE L THEHTE2 2 & B8H
e ol

= ==

EZTFREOBEBCICERRALZECHETIMETE ZENS OE R T O FHE N
PREBRKXZ TSR LA I oR v, Mk, BRFLEZBABMICHERL
EERERIEEE L CIZ, BR, SOFE, EHBORY, L%, HIEHE, N
B EMPEKOR RERB CHERANEND D DHZL W (GUSTAFSSON 1941a, b, 1947,

KAWAI and SATO 1965). A F TR N SOEFZRLTA VYA LBETICLD, B

214 28Ik EEMRSHEEXN TS (KINOSHITA and TAKAHASHI 1991),

¥/, RFLPRURAPDY—-A-DWERFLALOBELZEZLHAVWSNS i
X 5127 > 7= (BOTSTEIN ef a/. 1980, MICHELMORE ef a/. 1991, WILLIAMS et .
al. 1990,1991), ChoEBHED>S, BIIT7TAVHF A LBEFREBICHRETE, ;
HHOHEMNICHAANDZ CLPHRETHLIZ LS, EXROBEMKX L
RFLPHIKAZEAHKS T DDITHEILD,

AEBTETAVYA 20BHBEEZHOPICLE, 261, BTRERUHIFT
ROBMELL DBIZTREAVBBETE 2, £z, FOLBOHBTHT2ITZED
REPRHETE D20, MYKEBRSTICBEEZTREOHELIT O I LBARETDH
27 EHIT, WNALLBWTOLRETIBETVEZRINEZ HBBETES g
BRIV 70—+ INVEREPFREINDS (KB 1975) =28, 74 VYA L#BETF i
RN B WAL S ERBME WD HAEREERLEA BN D, KX o




BT, BIZEESL LU AR VYA LBEFEHS»ICL, S65IIH
NATHEEMERABZDONDI L EHOPIC L, £k, AEBRICHAL L
MRERZATRY Y 70— FILEREZ2AB TV TERLo N, BRIBERT
BEBEEDT7AY YA LBLZETOREREREHRELTWS (A5 1989) o 4
HNATORRERXIEDERORZREERBOZNLEEIELRDLELH > DT,
TAVYA LABIZFAHEEZEEZLE L THW D EOIIZEEK MO NTT DL X)L
TORMEHERTLDLEIHLLEEZAZAON S,




Table 1. Isozyme loci corresponding to the

respective enzyme Species

Locus Enzyme species (Abbreviated term
and enzyme code number)
Acp-1 Acid phosphatase
(ACR=E.C 3 132
Adh~1 Alcohol dehydrogenase
Adh-2 (ADH, E.C.1.1.1.1)
Amp-1 Aminopeptidase
Amp-2 (AMP, E.C.3.4.11.-)
Amp-3
6 Catalase
(CAT, E.C. 1.11.1.6)
st Esterase
Esl=5 (EST, E.C.3.1.1.-)
Est-9
Gdh-1 Glutamate dehydrogenase
(GDH, E.C.1.4.1.2)
a1 Malate dehydrogenase
(MDH, E.C.1.1.1.40)
Pag=1 Phosphogluconate
Ped-2 dehydrogenase
(PGD, E.C.1.1.1.43)
Fei-l Phosphoglucose
PEl=f isomerase
Pei=3 (PGI, E.C.5.3.1.9)
Pox=2 Peroxidase
(POX, E.C.1.11. 1. 7)
Sdh—-1 Shikimate dehydrogenase

(SDH, E. C. 1.1.1.25)

Note:Gene symbols quoted from MORISHIMA and
GLASZMANN (1991).




Table 2. Gel and buffer systems used for the analysis
of 19 isozyme loci

Gel system Buffer System Enzyme Isozyme locus
species
Starch Cont inuous ADH Adh-1, Adh-2
buffer AMP Amp-1, Amp-2, Amp-3
EST Est-2, bet=5, Est=4
GDH Gdh-1
PGD Fed-1, Ped-2
POX FoyeZ
SDH Sdh-1
Dis-continuous  ACP Acp-1
buffer ADH Adh-1, Adh-2
CAT tar=1
EST ESlre, LSI=5
GDH Gdh-1
PGI FEI=L, FPEi~Z Fervd
POX Por=Z
Polyacrylamid Tris-glycine MDH Hal-1

buffer

5.



Table 3.

Staining solutions and buffers for the enzyme species

Enzyme
species

Chemical

ACP

ADH

AMP

CAT

GDH

EST

-
DO W o
=
7k

ml

ml

ml
ml
ml
ml
ml

— = = T O

ml
ml
ml

DO == O

1 ml

100 ml
1 ml

*Gel has to be incubated in these solution for a few minutes,
then it will be rinced with deionized water before staining.

0.1 M CHsCOONa-acetic acid buffer pH 5 0
fast garnet GBC salt (25 mg/ml)
1-naphthyl-phosphate disodium salt (18 mg/ml)

0.05 M tris-HCl buffer pH 8.0
ethanol

NAD (5 mg/ml)

MTIT (5 mg/ml in methanol)

PMS (1.5 mg/ml in methanol)

0.1 M tris-maleic acid buffer pH 6.0
fast black K salt (12.5 mg/ml)
DL-alanine-2-naphthylamide (25 mg/ml)
(for Amp-1, Amp=2)
L.-1eucyl-2-naphthylamide (10 mg/ml)
(for Amp-1, Amp=3)

deionized water
3% H.0,

Staining solution:

90 ml
b ml

b ml

5 ml
1 ml
1 ml
1 ml
1 ml

40 ml
50 ml
10 ml

deionized water
FeCls (8% solution)
KsFe(CN)e (8% solution)

0.05 M tris-HCl buffer pH 8.0
sodium-glutamate (100 mg/ml)
NAD (5 mg/ml)

MIT (5 mg/ml in methanol)

PMS (1.5 mg/ml in methanol)

deionized water
0.2 M Nal,PO4
0. 38 M Na,HPO4

2.5 ml N-propanol

1 ml
1 ml
1

ml

fast blue RR (50 mg/ml)
1-naphthyl-acetate (15 mg/ml in acetone)
2-naphthyl-acetate (20 mg/ml in acetone)

0



Table 3. (continued)

Enzyme
species

Chemical

MDH

PGD

PGI

POX

SDH

100
10

ot

P e s €]

ml
ml

0.05 M tris-HCl buffer pH 8.0
malic acid (100 mg/ml)

NADP (5 mg/ml)

MIT (5 mg/ml in methanol)

PMS (1.5 mg/ml in methanol)
MgCl, (100 mg/ml)

0.05 M tris-HCl buffer pH 8.0
6-phosphogluconic acid trisodium salt (5 mg/ml)
NADP (5 mg/ml)

MIT (5 mg/ml in methanol)

PMS (1.5 mg/ml in methanol)

0.05 M tris-HC1 buffer pH 8.0
D-fructose-6-phosphate(barium salt) (40 mg/ml)
NADP (5 mg/ml)

MIT (5 mg/ml in methanol)

PMS (1.5 mg/ml in methanol)

units glucose-6-phosphate dehydrogenase

ml
ml

ml
ml

ml
ml
ml
ml
ml

0.05 M CHsCOOK-acetic acid buffer pH 5. 0

POX solution; acetone 100 ml
3-amino-9-ethylcarbazole 100 mg
eugenol 1 ml

0.1 M CaCl,

3% H.0, and 1% acetic acid

0.1 M tris-HCl buffer pH 8.5
shikimic acid (5 mg/ml)

NADP (5 mg/ml)

MIT (5 mg/ml in methanol)
PMS (1.5 mg/ml in methanol)




LR

Table 4. Comparison of allelic numbers between old system (used in the

former experiments) and new system

Enzyme Locus Allelic systems Enzyme Locus Allelic systems
species New Old species New O0ld
ACP Acp-1 L. o~ GDH tdh—1 1 1
2- 44 2 2
ADH Adh-1 0 0 MDH Hal-1 1 1
1 2 2 .
2 1
3 3 PGD Ped-1 1 1
2 2
AMP Amp-1 1 1 3 4
2 3 FPES-2 1 1
3 2 2 2
Amp-2 1 1
2 2 PGI el 0 0
Amp-3 0 0 1 1
1 1 2 2
2 2 Fel~2 1 1
3 4 2 2
4 4
CAT (at-1 1 1 FREd 0 0
2 2 1 1
EST BEL=¢ 0 0 POX Fox-2 0 0
1 1 1 4C
2 2
E8t=g it 2 SDH Sdh-1 1 1
2 1 2 2
tst-9 1 1 4 4
2 z

Note:Allelic systems quoted from MORISHIMA and GLASZMANN (1991).




Table 5. Expression of 17 isozyme genes in radicle, plumule,

mature leaf of a whole plant,
later (three months after callus induction) stages

of subcultured calli

and an initial and

Locus Plant tissue Callus
Radicle Plumule Mature leaf Initial Later

Acp-1 + + 4 + 4
Adh-1 : 2 + 2 + +
Adh-2 + i = o+ +
Amp-1 + + + o +
Amp-2 + 4 -~ % i
Amp-3 + + - +m o
Cat-1 + + —~ + +
Est-2 + + + + +
Est=5 + + + + 4
Lst-9 . o G o o + -
Gan-1 + + + + 4
Ped-1 o + e = =
Pgd-2 + ) + + +
Fei=l " 5 + + ¥
FEi=d * + -+ 5 i)
rei-3 % e + o
Sah-1 o) - + +

Note:+ : Expressed.
+™ : Expression being modified.
— : Not expressed.
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Fig.
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Modification of banding patterns of Acp-1 (A)

, Amp-3 (B) and
Est-5 (C) found in different tissues of H-79 and IR36.

Banding patterns in young plumules and mature leaves of
H-79 are shown in lanes 1 and 2. respectively. Banding
patterns in young leaves and mature leaves of IR36 are shown

in lanes 3 and 4, respectively.
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Fig. 3. Banding patterns of Pg/-J in plumules (lanes 1 and 2)

and mature leaves (lanes 3 and 4) of IR36.
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Fig. 4. Banding patterns of Adh-/ and Adh-2 in plumules and
radicles of H-79 under aerobic and anaerobic conditions.
Lanes 1 and 3 show banding patterns in plumules under aerobic
and anaerobic conditions, respectively. Lanes 2 and 4 show
banding patterns in radicles under aerobic and anaerobic

conditions, respectively. Middle bands are hybrid bands between

Adh-1 and Adh-2.
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Fig.

& e S <o mar Amp-1

001
001

0

0

Adh-1

01
01

Amp-3

: = P
— = § § Gdh-1

<D =
=S =2 = <= [Py
& = Est-2
(< —
e = < = Est-5 —
= Pgd-1
Origin
=
= Est-9

Comparison of banding patterns of four enzyme species including
nine genes found in plumules and calli. Lanes 1 and 2 show
expression in plumules of Acc224 and IR36, respectively. Lanes 3
and 4 show expression in calli of Acc224 and IR36, respectively.
Left arrows indicate the direction of electrophoresis from

cathodal to anodal. Origin indicates the starting point of

electrophoresis.
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Fig.

6.

1 2 3 4 5 6

- B 8=

Banding patterns of AMP (A) and SDH (B) in calli derived
from parental varieties and their F; hybrids.

Lanes 1 and 2 show banding patterns in plumules of parental
varieties, Acc224 and IR36, respectively. Lanes 3 and 4 show
banding patterns in calli derived from Acc224 and IR36,
respectively. Lanes 5 and 6 show banding patterns in seed

calli derived from an F, plant of Acc224 X IR36.
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5 2 B Tl A s I iR S S By
Z5 1 8#1 O~ VU v = w 27 57T

TAVYALOBIZFHHTIX, REUICHIE T258:0K (HEHEE) 2REL,
KICEEHBF LB L2BANOEBEE T Lo A2 FHX CHEBMK Lo Es
RET Do CDIIDXCULTHEMOHOLE - REBEIZTIE, BHEDOY ) A
B2 D BEHROBWICRIISOTH S S,

EMFEEDORCUERZKLL TR FYIYIv I, MYV Iy BUHHERE
DHRRELEBDD. 1 X P 2HKBAEMPTH 2D, SOL2AF1I RNV Iy
7D —XDHERAETH D, O - X2z v RRISGHEDOIRGE HA
MaMOHABEUCEHEALZEZNERETZ2) - ZXB8HD, BRERLEEK DR
EWIRSHWS N T WS (IWATA 1990),

AEBRTIIOEDT7 A VA LABIEFIIOVWTEBRERGAEEHETE L1z, HAR
miE ORMERTE, 74 VTS LAZREbDTLL2ESNT, 4~ FEIXH
ARORMOL O ERHHEBZHTIE, HHOBEETFODVWTESEELE 2 2
EBTED (B3IBEFEIHM) - L2L, COLOILZHTIE, MELRREY, HHE
RBREZFEFCEBEKEZTFCL208 oA 2HE L2852 (NES
1928, [f1953b, c, d, NAKAGAHRA 1972) o Z D=8, EEDH Tid R AR % KT
TEHLIEPHNEL LD, B, A VRROMYYI v IRHEERBEELEMY
YIVIZPMTRMIVIVIDBEREDHLEOBNPHEL 22540 Tl
SN2, AEBRTRHAEO MY Y I v I RERAICHWT, 4 Y RBRHEA
EMBLETDRMERICED VYV I v o3 AT 2, 4V RBEIRHELE
HARGELORTHBEI2EE2HARB I 22012, 4~ REOKD b ICH
A 2EHWT MY YIw I ET- 12,

B B XM O F7 2=

AXKBRTHAMAREZRBZHEEEMAEEropEINEHEBHEO MY V
Sy 7MiM L 2 (Table 6), EMB L L CRBENEZENETORELRKE T
HBA Y REIERFE (XM FAFE) DAcc00I BB A 2 (0. rufipogon @ 2 %
M, W628 R UFWI653 % ik L 2o ZNFNORHMAEDLEICE WV THEMOF fHik
WKOWT, Emitt, BETORBHRUELZED I Y)Y I v 2 R0 EY
(IWATA et a/. 197T0)RBHL, XHICREEKBICED Y Y I v 20OF fik% s
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HUTzo HBREEEAIIKURATAZ (KURATA and OMURA 1978)ICE S X ER L 7=,

AccOOIN 8B D 1 X FMY VI v IR, Triplo 4, 6, 7, 8, 9, 10, 11, 12%
FNENREL TEZED, W628121dTriplo 10RUFIIZ R/ L, X56[2H16538
Triplo 10, 11, 12%2RE L C1 3EOFR 28E. Cho5D MY VI v 2OF M
FIIRHE —BHOEY BEEMERTHERL, BHEREDEZDEH (8IEHA
R) B %ZEIT-> 1z S5, RBHAE A 2 & 0 MFEZHO T o Bb %52 09§
WERZ®, FAERICKB T 2To THME ¥R, RETIE5 0 COEEXMNETHK
2T LERIC3OCICR-> 2HENR CHIFEEYE, 4 -5 HKOYFA2 74
VYA LDREBHAEIE Lize 7TAV YA LOBEBRIKIERS IO LB LS
BEIZHEULL. PIYIvIaMICHW GO BIE TR % Table 6127 L 72,

A =

1) A FBFELDOREICEZ MY VI v 790

AccO0LIZMELZ 1 1 EBOSLTEBIIBWTHABLRERA2BIETFE2EL TW
lzo Acc00lE MYV IV IV ) X RRBELEFROMYYI v Z7HEELEBX Y
T LEREFBTTY A VYA LOD#E %Xz (Table 7). Fst-28 U Pox-2TC i k
DY I v 7 RMMBullBRTFERLEREZD, 1 : 3SOHMBHLEOBRELZT- =,
ENSUNDS BTIIEEBEARLEZDOT, 1 : 2 1058 ESHExNT,
Est-ZRUPox-2CTII SR A ALY, Acp-IT I TRMEAAEDLY, &5 U2
PeI-ZCIIORMMAEDLY THZEMIIHGEML OEBICEL > TWze 4cp-IT
(ZAccO0I R D R E RO HIMBEE B E <, Triplo 12X Acc00lTHH R Y YV
Sy IZBHROFERBEEXROBEBEELE» > 120 Pox-2CIETriplo 12X Acc001]
TOHFHEREPHHGHELDZCHBL, ZhUANAOHAEDY TIZEMEMEK
ODHBISHEBE P> 2o Lst-2C X EMBEEOHBISESEL, Pe/-2TIitAcc00]
HRDREREESHIML THBESEA R,

Triplo 8 X AccO00lDR MM AEDLVICOAREDENEO SN 4mp-2T 1, b
DY Iy 78HROFERBEROHBEEELE» > e (at-ITIZ 200X HHA
SOHEBVWTEEQELZDHON, 2D > BTriplo 6XAcc00ITIF MY Y I v
JHHBKD R ERIMEE, Triplo 8XAcc001TlZAcc00l B3k o 4 & &tk o> 4 35 56
EBENENE Lo Pei-ITREDRHMMBADVIIBVTOLREDIENAS
Ny, ETCORKMEAADBICBVLTL : 2 : 1 OHBHICEAL 7.

LEDRERN S, Adcp-1, Amp-2, Cat-IRUPox-238EDO MYV I v 28k
DREREKOHBEHELPPFEI OBV LEBbLD, ch s BIRMEL B

s
be
i
8
k2
3
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e DBEEEZREL . Bt 2B H T 210Hhz-> Tk, AL S BRHE
h(n=13) 2R OEMBF LI BEORAKn=12)E2F BB FBBHFICZH T L
REL T, HEMNTIIEBFLEEREZEORMBT (n=13)BZWICE> =< BNL A
WEBA (T-1RUT-3) , 6 UFRRn=12&n=13DEMBHZELCZHWICEMT 254

(T-2RTCT-4) 2F X1z EHIZ, B TEBEEE LT3 53 0K 58
(T-1RUT-2) &, BREKLBEFOBTEF 7 AVA2EL 2545805 98
B MYV I v I (T-3RUT-4) oMGRILEEFNFh FBEBEOCTRE L 72
(Table 9),.

Pox-Z2CRT-1EROBEVWEAENBON-Y, BB EOEKEEH SN2
EMLZWESEOREERFEICENWEHRAL 72 —7, A4cp-ITIXT-3I20T V8
GEBEONTEZLED, 2TOEMBIZIBICEM TS5 A0%GEKRIBEICH N L H
ML7ze ROOBBEECIMFESND NIV I v IPEELST, BLAYAY
Sv /B LEVWEAENREONTz. LYo T, (at-NETriplo 60 i@ F 4 ik
THhHHE6REEK (HEEE) &, Amp-23Triplo 8ICHIE T 2 8 Futafk (GHHEE)
12, Acp-IR U Pox-23Triplo 12IC M IN T 5 1 2 4utafk (HESHEE) ICHET B L
HEXNT=,

PIYVIv IO LIRE FIROMICAS - 2EAICIE, EEZHICLD
HUBRESEVEEL DD, ZooERICEZ LMz S, —F,
Est-2R U Pei-23 BRICE 6 detufk (ESHEE) KHBETLIZLEPHS»IZENTY
% (NAKAGAHRA 1977, SANO and BARBIER 1985), Triplo 6 Dfla&bLYT LY vV
S I REEICEA Lo DL, Acc001fH KD & B A 0 1 5E B2 1 5
ELYES 2 REREOLE LTI 2,

2) WEARLDOREBEICEZ MYV I v I 0

W628 R FWIBS3IT W T N FmWMMB AR SZFHE OB ESN 2 THD, #HAEL L
DHW628TIX O EIEF, WIBHITIRH3IBEETFICOVWTATOD#EE TR ZFHH T
Izo LIEMB->T, PYYIvIZOFREKD S S HEBHKDNEELT L HEA
THRMEHKRONIBEIEZT A2 O>AT oMK ZEILL T, FhlBOEEE
WHEER L 72,

W628 & DAZMMAAHLE TIETriplo 10X W628 K% ¥ Triplo 11X W628 2 fi O
MHAGOEDLS MY Y IV 2ORBEEEEEL T, RIZBT B Ped-10 5y i % 3
#L /2 (Table 8). X5IZ, W53k DRMMAADE TId, Triplo 10X K1653,
Triplol1 X W1653, Triplo 12X W16530D 3R MMl AADLELS MYV I v I OFH
Wz IEL C, Suh-10FR53H#%FAEL 7z (Table 8),

Ped-NZB 4 %58 TldTriplo 11X W628, Sdh-NZB4 2438 CldTriplo 12X




Illlllllllllll 7 -

¥1653Ch VY I v Z7OBBROFR TR O BHMELMEB LD ESL> DT, ~
DY Iv I nHOEMMLL OBAEEZREL 7= (Table 9). M5 EE L T-2L 38
GEPEP TR, BEEEERKEFE OB ZHICSMU 20 W& 0% 5 i
LM ENTz, LD > T, Ped-NidTriplo L1OBEPEETHDHE 1 1 Pk
(ESHEF) IZ, Sdh-NXTriplo 121G 4 258 1 2 etk (HEE) ICFhFN
HHET 5 EHESNT=,
3) #izF o5 EE

KDOMYVYIv I a6, Triplo 11XW28DF AV I v 2DOFBEIKD Ped-1
Y)Y Iw o0

BIZEHERMP OO T EIZFBEFNFN L #iis FiEEX N,
FlEE TCIRIMEBE THDIriplo 1125 Led-I' B2 BIZTFHSCICIHEBRETH 2

W6287> 5 Ped-1? 1 BIZn Flan@EE e EEND., LEWB-T, Ped-IBE1 1
REKRICHEET L2 6E, Triplo NZMUEBRLELEFROS>E5Y 4V I v 2ok
EMVVYVIvIDOME TR /- IDBIEFHREBICHKR T 2ERBZEZN S,

MEEDNFICB T2 Ped-I0FBERHABELEZLEZA, ¥4 VI v 2OBKETIZ
PV Iy 2OBIEKTIZPed-12K Y Ped-11H3

ML B FORBABFEZETHY,
WmWNY R &R LUK (Fig. T)e TOBRIE Ped-1HTriplo 11D H ¥ 2 i B &k

THHDHE1 1EBEICETA L ERL I,

4) 3AXADHEREEKICERES 2NV IEETORE
Sdh-173Triplo 12ICXMIBT 58 1 2PROKICFRIET A2 L2 HE T2 -0,

YUY Iy Z7REICET23ADMAEGERE EADIEHONELZFOEREE

Ao HRICIToEZMY)VY IV I3 ICED, Triplo 12XWIES3 6D R Y Y
Y ZORBER NIV Iy JORKFEHKO 2HE RO Sap-12, WA 2 DB

RMERO 1 IMEB D Sdh-1%F->TVEEMBHFEEIND, COPYYI v
D F BRI Sdh-1" 2 FED A~ RERIGFE DOAccdl 4% R/ L 12,
LidoRBE» 586N 22 OEOB RS> 5, 2HATC3IHEOMN IEIET

ChS 2RI 3MORL B B% ]

DFRBEPBEINT (Fig. 8)o LMo T,
MO ZNZFNHKLESHEBEONIIBIZTFTBERLELEZZ0N0 2, Mok

Rpo, Sdh-03581 2B KICHBES A2 L BHOLE 5 1=,
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¥, PIVIvIUNOERKCL2BELREEEEAE LU, — A, BEA R
rHVWEREERKORTIZZ @;v&i%@%%ﬁ:t:&ﬁ&ﬁ<,74VW
A ABIEZTFOREIHFHE X<BEELEZ. 20120, 7TAVYYA LABEEETFOH
DY I I3 HhoRHLIZE, 1V FRIDLBEAS IEZHWEIABPLEET L WVWEFHE
Zo6hd. LU, BEAXZHWEEBRTEER A FOLALEARL2EAR
K#EEEDe ZO—2D3HEAS XTOREOBRNVERETH D, KBE T 28 MR
ZBH T Acc00lE DR MBERTOREF2B2-OICEHLBEENEL R D,
BEA XL ORMEBERTRIDBONEHUMELE L Lz, ESHICHARD MY
VIvIRMEBEA X O RBEHER TR AREBBRHIS NS EHEICH > 1228,
B 2D 1 EREs P TnWZ e roRETFOERERB DR, BROFAEMBIK
BPRESNDZLEDRAZEL Iz,

A > FEIGh AR & BF A A St bf@%@ﬁ%w B CORENSHAR G,
eV R, BENRHICIDZ NI VI v IOHEBREETH> 2 20
%%,ruv:vawﬁﬁwwﬁﬁ:J%QWﬁE%M%tLti,E%ETM
PEERMEBERLSTCIAVIvIROCMY) Y Iy 20K EHE TR M
Bl —h, A VFRLEHABRORHERTHEULZREEREE S >~ FEHXKXD
MBI TFABMEELHEICH >z COLIBRESHIITLAFY Y I

IREEDRHERIRMARAEHLTWE EFZZ6NDZDT, PYYVY Iy 7ot
ETAVIv It R THLICRBEELERS L2 LEDXDICE
NENICEFRBH- M, HABOM)YVIv IO KEDRZEELELTA VR
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AEZBTIREHMNO 7 A VYA LBIETHPHIBE T 280K E2HETLIED N Y
Sy oAb RB . FO—2RR MY I v IZoRBEKICBWTHEE
ToREEYRzFHADL L THY, XEUZHETLZ74 VA A#ZTFIIHL

TRENTH> e ZOAICRELLZHEEZMHL TEELEAAREEEL 2. 2h
ErUY Iy IBRHAROMNVIEBERFUANACE L2 2O EZT %2 1 HKICE
LT, BMOBEEZFL M)V I v JROIKICHBE T2 L2 BRI FETH
D, EHVUBEEZTE2ETDI7A VYA LBEFICRIENTH- 2. ’

LaL, BEORYY Iy 25 dH $THBREKREEET 22 L 21T, :
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Table 6. Allelic constitutions of three varieties

and two wild strains used in the trisomic

analysis

Locus Allelic constitution

Nipponbare Acc001 Acc4l4d W628 W1653

Acp-1
Amp-2
Amp-3
(at-1
ik o 4
Est-9
Ped-1
Pei-1
Pei-Z
POk
Sah-1

O O DN = = O DN = =D
DO = DN = = = DO = = DN
O O N = NN O = b DO

1/2
1/2
1/2
1/2
1/0
2
1/2
1/2
1/2
1/0
4

2
1/2
1/2

2

"—‘\*"“NF—‘NO

Note:W628 and W1653 were heterozygous at nine and

three loci, respectively. The heterozygous
genotypes were shown with slash.




Table 7. F, segregations of isozyme genes in eight cross combinations between different trisomics and Acc00]

Chromosome Acp-1 x? for Amp=2 P o i (at-1 x 2 for
JJIJ IIY 1:2:1 () JAF e L2 P JJ 1J 11 1:2:1  (p)

4 6 33 32 19.39 ( <0.01) 16 37 25 2.28 (0.3-0.5) 13 47 15 4.92 (0.05-0.1)

6 11 77 35 17.18 ( <0.01) 26 75 31 2.83 (0.2-0.3) 46 67 17 13.06 ( <0.01)

7 12 29 37 21.15 ( <0.01) 13 40 27 4.90 (0.05-0.1) 15 37 23 1.72 (0.3-0.5)

8 38 82 60  6.80 (0.01-0.05) 69 77 8 48.32 ( <0.01) 21 72 56 16.60 ( <0.01)
9 7 22 13  1.81 (0.3-0.5) 13 20 11 0.55 (0.7-0.8) 6 26 11 3.05 (0.2-0.3)
10 10 22 24  9.57 ( <0.01) 17 40 15 1.00 (0.5-0.7) 13 48 17 4.56 (0.1-0.2)
11 20 76 54 15.44 ( <0.01) 32 70 49 4.63 (0.05-0.1) 34 82 34 1.31 (0.5-0.7)

12 48 119 42 48.89 ( <0.01) 9 27 12 1.13 (0.5-0.7) 33 50 26 1.64 (0.3-0.5)

Chromosome Est=2 x2 for Pri=i e for
JAR s s 31LEH) 3 LIS 1s2:1 (P

4 8 64 7.41 ( <0.01) 21 43 15 1.53 (0.3-0.5)

6 21 118 7.25 ( <0.01) 16 48 32 5.33  (0.05-0. 1)

7 10 70 6.67 ( <0.01) 18 46 16 1.90 (0.3-0.5)

8 23 158 14.59 ( <0.01) 36 103 36 5.49 (0. 05-0. 1)

9 L, 4 11.79 ( <0.01) 7 20 16 3.98 (0.1-0.2)

10 8 64 7.41 ( <0.01) 26 39 16 2.58 (0.2-0.3)

11 20 112 6.83 (1 <0.01) 36 61 45 3.96 (0.1-0.2)

12 4 44 7.11 ( €0.01) 10 24 24 8.48 (0.01-0.02)




Table 7. (continued)

Chromosome FEi=s 2= far Fox=2 A< Jfot
%l 1 S G T g LHEE 3 (p)
4 9 28 41 32.46 ( <0.01) 10 71 6.92 ( <0.01)
6 14 69 13 18.40 ( <0.01) 16 123 13.49 ( <0.01)
7 11 45 21 4.79 (0.05-0.1) 11 69 5.40 ( <0.01)
8 37 94 50 2. 14 (0.3-0.5) 28 153 8. 77 ( <0.01)
9 6 26 11 3. 45 (0.2-0.3) 3 40 7.45 ( <0.01)
10 23 25 33  14.30 ( <0.01) 8 64 7.41 ( <€0.01)
11 23 80 49 9,32 ( <0.01) 24 128 6.88 ( <0.01)
12 g el 8.18 (0.01-0.02) 58 117 6.19 (0. 02-0. 05)

1 J and I indicate alleles derived from Japonica trisomic strains and
Indica disomic variety, Acc001, respectively. Order of chromosomes
corresponds with that of linkage groups.

2> Shaded parts indicated different patterns of segregation from others
for respective genes.
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Table 8. F, segregations of Pgd-/ in the crosses between trisomics
and W628 and those of Sih-/ in the crosses between trisomics

and W1653
Chromosome Ped-1 x % for Sah-1 x 2 for
JJOJW OWWY 1:2:1 (p) JJOJW W 1:2:1 (p)
10 14 20 9 1.37(0.5-0.7) 9 21 13 0.77(0.5-0.7)
11 37 50  4224.80( <0.01) 21 52 19 1.65(0.3-0.5)
12 - = =¥ 12 10 8 17.48(0.02-0.05)

D J and W indicate alleles derived from Japonica trisomics and

disomic strains (W120, 0. rufipogon), respectively.
2 Shaded parts indicated different patterns from others

for respective genes.

3 Not examined.




Table 9. Fitness for

theoretical segregations expected in the progenies of trisomic F; plants

Type of Acp-1 Amp-2

segregation’ JJ L] [I#% | %2 (p) JJ 1J I1 Rl )

Obs. 48 = 119 4 96 (i 8

D(1:2:1) 42.8 85.5 42.8 48.9( <0.01) 45.3 90.5 45.3 89.5( <0.01)

T-1(6:11:1) 57.0 104.5 9.5 6. 6(0. 02-0. 05) 60.3 110.6 10.1 31.8( <0.01)

T-2(26:41:5) 61.8 9. 4 41,9 33 1 <0.01) 65.4 103.1 12.6 22.6( <0.01)

T-3(9:26:1) 42,8 123.5 4.8 0.9(0.5-0.7) 45,3 130.7 5.0 80.6( <0.01)

T-4(169:382:25) 50.2 113.4 7.4 1.9(0.3-0.5) 53.1 120.0 ' 7.9 ‘50, 1{ <0,01)

Type of tal~1 Type of Fox=2

segregation JJ IJ 11 22 (p) segregation JJ  T1J+I1 X2 Ap

Obs. 46 67 11 Obs. b8 1%

D(1:2:1) 325 65 32..5- 13. 1 <0::01) D(1:3) 43.8 131.3 6.2(0.01-0.02)
T-1(6:11:1) 43.3 1 794 1.2 Jdb.4( <0 01) T-1(6:12) 58.3 116.7 0.0(0.9¢< ) W
T-2(26:41:5) 46.9 74.0 9.0 7.8(0,02-0.05) T-2(26:46) 63.2 11.8 0.7(0.3-0.5) ol
T-3(9:26:1) S a 83,9 3.6 63, 2{ <0.:G1) T-3(9:27) 43.8 131.3 6.2(0.02-0.05)
T-4(169:382:25) 38.1 86.2 5.6 29.1( <0.01) T-4(169:407) 51.4 123.7 1.2(0.5-0.7)




Table 9. (continued)

Type of Ped=i Sdh-1 :
segregation JJ JW W ¥ 2 (p) JJ JW Ww X% (p)
Obs. 37 50 4 12 10 9 ;
D(1:2:1) 22.8 45.5 22.8 24.8( <0.01) 6.3 12.5 6.3 7.5(0. 02-0. 05) :
T-1(6:11:1) 30,83 566G 2.3 -3.8(0, 1-02) 8.3 15,3 1.4 5. 3(0. 05-0.1) ;
T-2(26:41:5) 32.9 51.8 6.3 1.4(0.3-0.5) 9.0 14.2 1.7 3.2(0.2-0.3) i
T-3(9:26:1) 22.8 65.7 2.5 13.5( <0.01) 6.3 18.1 0.7 16.3( <0.01)

T-4(169:382:25) 26.7 60.4 4.0 5. 8(0.05-0.1) 7.3 16.6 1.1 8.9(0. 01-0.02)

1 (Obs. :Observed numbers, D:Theoretical numbers expected from the disomic segregation, 1:2:1.
T-1 and T-3:Theoretical numbers expected from the chromosome segregation including both
disomic and trisomic plants. T-2 and T-4:Theoretical numbers expected from the maximum
equational segregation including both disomic and trisomic plants. In all cases, 50 %
transmission of female gamates having the extra chromosome is postulated. In T-1 and T-3,
no transmission of male gamates having the extra chromosome is postulated. In T-2 and T-4,

50 % transmission of male gamates having the extra chromosome is postulated. When genotypic
classes could not be distinguished such as the case of Pox-2 two genotypic classes were
considered into one phenotypic class

#J, T and W indicate alleles derived from trisomic Japonica, disomic Indica, and disomic wild
strains, respectively.
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Fig.

1 2 3 4 5 6

Dosage effects found in trisomic F; plants having two doses
of Pgd-1' and one dose of Pgd-/?>. Lanes 1, 2, O and 6 indicate
banding patterns of Pgd-/ in disomic F; plants. Lanes 3 and 4

indicate those in trisomic F,; plants.







Fig. 8.

1 2 3 4 5 6 7 8 9

Triallelic expressions of Sdh-1 in a backcrossed population of
(Triplo 12 X W1653) x Acc414. Lanes 1, 2, 3. 4. § and 7

show expressions of Sdh-1° and Sdh-74. Lane § shows expressions

of Sdh-1' and Sdh-7¢. Lanes 8 and 9 show triallelic expressions
of Sdh-17, Sdh-1° and Sdh- <.




=5 2 HO 1EE BH 57 P

A OB L FEREEBIET (sd-1), BCHEBEZET (Se-0), HRAERGMH
BinS (Bph, Glh, &m, Pi. Xa), BREMICE T 2EET (Fsp. ge, sug, wy)iz
CEEINICAHZBEFSBZBEONTEY, BENAHAOER LA XL,
S50, BFEECREKORBERAIZ CHMIIO MM, K oHi OB ICE
Bhk#l e OoREERBLORTOSBOBEL L > T 5,

wmit, 7TAVYA LABEIEZFPRFLPY - H -6 88X (RFLPH
M EBghn) PEBETERZSN TS (McCOUCH ef a/. 1988, SAITO ef a/. 1991,
WU ef 2/.1988)c RF L PHIKIIRER DMK & JhNLICER SN T WD, 7
AVY A L BRF2RMRICNESTSZ LT, REEKDHAPELTOHN
MEBROEEDPAIREL 5. SHIC, TAVYA LABEFRIINE TCREMLE
DI FRICHL A XN THB O (GLASZMANN 1987, MORISHIMA and OKA 1981, SECOND
1982), CNOSEMNDORETISHOMEILICEH TIMEICOLHRIIDLEEZ NS,

AMRTIEATEH CHEPFOMEEINEZT A VYA LBIZEFHE, ROTA YV HFA
LABIEFLMOEMEBLR T L OHEBEBBRERANRZ. 2512, 74 VHA LABIETF
CERCHEHATLIAEHBELEFLOBBRERM L. &b, AW XCHMHHMNE By
Z2DRHKROFEICLIDERENEZHKDODZETHD, RFLPHIRKAZSH 20,

A B=F Mo OF 7 322

TAVYA LBIEFEODEHSNEZIT O ZOIAMAEEEEZTEZ06ED
PSR, LEKE» SO 1 EBRM, LRUCENBEEEHENCTHREL TVSD
12z L7z (Table 10K T11) o X/, BIBHENTIIHEBENTH S ¥
Est=-5% Ped-ZIZ DWW T ERIE {2 28I 58 (Accb04, Taichung 65) & Z4EE o
OEFEA X (0. rufiposon) DEMBIRD 2 B¥k, F-1, B-12H/RA L7, 2hb 3
DR OCREEREL T1 5 HEORBELEZERL 2, REBEEIZEHLE (8
FHEHE) 27To CHLETFE2RMEL, 50 COEBREMEIC 1 BEBEE W CRIRITH
EBIToRHBICKEETO3 0O CIKHE > - HERNTHIEX 2,

RRE - EHMEEIZKEH, bLLRBENTELFLOREOBEBICHE L 7=,

TAVY A LABIEFRIISHFE, BLLEIRETHAELT, 2oioE L HiIci
BRLUze 7TAVY A LOBREK SR P I BLELFERZHVE. #
Pl 12X ALLARD (1956) O R AEICE S W TE I L 2.




—-

) 1 AT
t-513W0 et a/. (1988)D b Y VI v I ICKDE 1 BHBICERETLIZL
ﬁﬁ%énfmfoﬂﬁh%iﬁ%@ﬁﬁfﬁ<&f@Kﬁmfﬁ%wﬁﬁm’

LhRoonly (FIFEFLIHE) . 41 FRREDAccT2IEZFEEDIFE A 2
DOWI20H3 £st-5° 2R LIz TLURORERICMIA L 72 WI2013 5 WIBOE M & B b
i EEEEAEL Tz, BRIZREBICHWSZORABEBYTH- 2. %
CTHARDAccS04LTFEA FN20DRMEBROERKICB N T Est-52 %>
Fs-1% /ax (BEFE) ZH $5H-482& B L 7o

H-482X AccT21 T W Fst-5' DR EMWE, NTFoOEEKEKRT £st-520 K € Mk HH
HEPZhZFN29 : 27 :13&#ih, H-482HKROBBLEFVBBPICHEL 2. L
fBoT, BiIGol : 2 : 1 LEZHEEL d» -7 (Table 12), L L, /axD%5
BEZIER B BB ONBEEENDSS : 1420 lFHo3 : 110k <BAL
7= (Table 12), H-482X s-1Tld £st-5' DK K, T OlER P Est-52D K E
EEOHBEHEENP 1 8 : 23 : 15khofe —F, /l2xOPEEIIERERE : B
Ba44:1240, BEashs3: 109EILICBEAL 1z(Table 12),

M BEMICEWT fst-5L /avddl OBz B L2 25, H-482X AccT21Tid
300i6.4%&0wwpuyrm1151i5.1%&2&5@ﬁ%6nt0
HMBEORTIREst-5OICEAEFELTWVWEDTLIS. 1 %D FB L0 IEHEZH#
BiieEZEx 6N 5,

B EBEEFICIE /ax X DHMRINT 1 3%BENLLE ICes GRFIFH) & ga-6 (FEH
K1z 1-8) BIELE T D (KINOSHITA 1987, hJI[JE 1981) o 4 v REIL HAR D
i 2 MR D ecD B sa-0DEEBEZTTEEIHIPEL S, laxk
15 %@%ﬁﬁéﬁﬁi’é%’)i&f—ﬁyﬂlﬂwXAcc721’C“;seT%”7}%ﬁ%EED7’:(.’_ o3 o 3 1

T i e T e o o S
5 - =

5-lidAccT2l L Bz DH-482L U ga-8% K> TBY, esDULIFIC Fst -5 BFL o
TV Litflsh s, -3

2) 5 3B f
TNE I UK FREEF (Glutamate dehydrogenase; GDH) D ZRBIMIL M2 L » Hos

HAoNT, 74 ) EVDOERBEDACC2ITOA MO RBFED 1 B L B b5
ficik@chz2BMoNy RPBBEINTE, 1 BAERT A v REGHE, Acc00l%k
MEPESI & U TAce259% %8 L 2R IZMBON Y FOFBICHE T2 WAV Y R
2Lk (Fig. 9)o REKOHFLZM O TOIZHEL L2, N KO LB




BRZhZFN18 :FA : 28=39:91:39&%bh, HffkTHha1

2 : 1ICHEALE(Table 12)s L7ED>T, 2TOT7A VYA LBET2 G145
ftidfee £z, BRUBOANTOEKBHEENY FZRLEZ 26, GDHIZE R
hkEEZETHDHEHESIN T,

Acc001 X Acc259D B R T 6dh-10MIZ 7 A VY A LD 9 BT D 7B 2
HNTze Gdh-1 Pei-MBITIZ8. 4+ 1.6 %0MBMEBAEREN, FhllsoD8
BT LML THD, Gah-N3Pgi-1&FLICHEIBHEHBICHD Z L BRI N 1=,

X5, BI3FEHBOMOIEM B FL OB ITICK Y 6dh-1R T Pei-1D 15
B2 ROz, Acc2bI& of/-1(HMBRE-1) ZFOFL8Z R L T, BEMHICEIT S
chl-1& Gdh-1& OEEBEBREZFREBE L Izo ch/-1ICET 208 L cadn-10 78X F 0
Fhl1:3, 1:2:10HKFELHICEAL, cho 2 8zTFHOMEMBMEI3. 6
2. 4% TdH-lz(Table 12K T13)s chl-1%HFEDFLI30OK Fv-1(t) (FREHE-1)
AFFOKLS14 L IRS6D R EH T chi-1, v-I1(Q) R Pei-NZOWTHBE I EIT- 1=
£ 2%, KLSI4XIRIGDOBREMICB I D Pe/i- 1D HLIZRFILEEAL Lo 12
B, BODOEBEIRF7EIIHFILLE @S L7z (Table 12)e 2hE2200REHEN»S
Pei-1& ch1-IR T v-1(t) OMEFBBIZFL OB ERL Lz 25, Pei-1k
chI=IRPEI-1E v- ISP T, ENERN2T.2%3. 2% KU
34.4+4. 4%DMEBMHSES Nz, KINOSHITA(1987) 1T & % # $ H [X] T I,
chl-1R T v-1t)DMH LDORNEBEFNEFNORFS 8THBEDT, Pei-NF
chl-IRCv-1(L)DIZIHBICNBELTED, Gdh-NZchl-1& Pgi-1DOFBICNE
THLEEZEZO6NS, ChSOBBREZELHDLEABIEFORMNILTDOLDICH

%

(o]

Chromosome 3

s G it ] e

et 272 oot 344

!

! | 1} I

chl-1 Gdh-1 Pgi-1 v-1

12120, Psi-1& chl-1OMBMMB 2 7. 2% THDDIZ, Gdh-1& chl-1RUPei-1
EOMBIOGEHB 1 2% L2ENT ELS, Acc2bIiZf] & DM Mz IR o B
ABGENTWDHREELH S,

T o T g
", SN ¥ o= Iy . By



3) 556 HHEF

Ped-1% O Bl IZIR N 2 PCGDD N > K D ZRIX cah-1& [6)FE 1% 1S & N T i i
HTHICL»EOLONT, ZOXERLHWICHEINTCERLo. LEDB-T, #
ZFRIPHSPICR LD ZELEDOHHE A 2 W120%PGDOD B 8 Ml 0 i# 1=+ 2 Hr 12 Fl v
Izo Est-5& 1axDEFHDIGE L B FEICAcc504L W20 R MEBIL L O F-1%52 8k L
TIRGEREL o REKATHHBEHR KD 2ADN Yy Rz o PEICEN 1
AONY FD3FZONYEBHONk, BEBTIEZIEHEONY RO BEE
2 Acch04B] : R : WI208=18 : 34 : 25 &4 - = (Table 12)s 2 D4 BN
IHEBHEZRIEEGO1 : 2 : 1 L#AELRE, LEB-T, ZOBIETF%Ped-28
m#allze Xz, EERUEOATOMKICETL2HENY ROGFEEDPS, Ped-213
2BABMBETHDLZEVHLS DIZR 5 12,

COREHITRPed-2UANICLIBRETODMBAONTEZDT, 26D BIET
MCHEANMEITo 12 2 A, Ped-2, Est-2RUPei-20BTHEBHRBAE XA
2o Ped-2——Fst-20BIZFHTIZ24.224.1%, Ped-2 —Psi-ZBKRV
Fst-2 —Pgi-ZRITIX, ZNFN29.6%x4. 1 %K. 62,6 %04 M
{6 Nz (Table 13),

Acch63 K TFAcc853D HARI X  » FRID X MEH TIX, Amp-3. Est-2R T
PEi-2BVWTEREDHBEL > =D T (Table 12), 2 5 3 BIE TR O HEH
D EIT> e Amp-3 —FEst-ATIWX7.5+2. 8%, Anp-3—Pgi-2f8 T2
20.8+£3.4%, BRUflst-2—Pei-ZTIZ23.124. 9%DlHBMENZEN
FNHEIE N7z (Table 13)o L2 T, £st-2L Pgi-20FRIC Amp-3DTEET 5
CEBHELE RS . -

Fa -1 X IR36 & Acchb3 X Acc853D M FR Bl 2 5 B & N iz Fst-28 Pei-2ZI8 0 i #l 5
BICZ 2 D DEBELLEY, ChidBZFo HBEA 20BN EZR 2>
B-182A O OMBARIREF > TWiEEDEHEEINS, ChoDERLE

SANO and BARBIER(1985) 5 QB EA DY 2 &, 556 M8 BT K O KL i B %05 e
M as Nz, nd, Se-IO WP L OREIX Pe/-28 FBRI P, b L < IZMHT 5
WBICAIE 2 EHEE S TS (KINOSHITA 1987) 28, IEfEZ (L@ S I3 AR !
NS B, i
s
Chromosome 6
-~ 242—>— 9.6 - s
e e O A, B
~— 7 5 —a— 208 — f?
i
: . l }\ ’: 52

Pgd-2 Est-2 Amp-3 Pgi-2 Se-1

i




4) %1 1 dHEE

BIEID M YY Iy 20 Tred-138 1 1 HEBEICE T LN z0TZoD
HCBETS2ESERFLEHAI N EZITo e A VERDOMYY I v 7325
Adh-DB R EFHBEICEEL TWE 2 EBHE XN TV S (RANJHAN ef a/. 1988)
128, Adh-1¥ Ped-1& O EHBRICOWTHLHRHAL =

la (b2oN) ATv-4 (BREHE-4) ZFDOFLB0L IR6EZREL T, Zo®kA
ThHE2REFROEEZHEL Iz, 3HOEBEEZT (/a, v-4RTUPed-1) O 5k
REOZNHWFELD L : 2 ¢ 1IC@A& L7z (Table 12), /2 —v-4BITIZ 9. 0 %
4.0%, la— Pgd-IRITIZ14.2%24.9%, v-4—Pgd-fEITIZ5.4+
3.0%0MBMmBENRETNE S NIz,

Adh-1% Pgd-1E O B M Tld, WMBERFICESRESED S N 5 8 H AR,
RO RZHETH HAcc224x AcebdT2H Wiz (BEI3HEFE1H) . RERICEBIT S
BzFoRDETCEBI&E]RD 1 : 2 : 1LICBEAL, Adh-1—Ped-1BITIE1 9. 4
+3.3%0BMBEEIN (Table 12K U13) o« X652, 4 Y REIGHED
Accd3T%FL280L BB L TAdh-1& v-dEl OB EHE L 25, 26. 8=
5.3 %DM M»ES Nz (Table 13), L7z ->T, 1 1 #HEEICE T 2
FERAGXROLDICHEENS,

Chromosome 11

- 26.8 -
o 14.2 -
=90 —>w—54—» « 19.4 -
! I I |
la v-4 Pgd-1 Adh-1

REHERXROBEEMX FETIRAN-1P900MBEAE2LOL D IR, FOEMNIZE
O 1LICNETLZ VWS BIRIKMMBEEFP/-aDEETHLZ EBHOLE 5
1z

5) ¥ 1 2 Hl

HIEIO )Y I v 7o 1 2 BEHEICIE Acp-1, Pox-2R U Sdh-10> 3 B iz
THEBEL TNWDLZEBHESNTZ, REDOI-23 (ZBMEEMN) , r/-2 (8
B-3) RO sp/-1 (FHE-1) LOHEHEMBRERARD D, 2o 0EBBIZT %
FE-DOFL27, KL403 B UFFL58 X 4 >~ R BID Accd35, Acc4l9, IR36, FEWETIERD 7 #

S i e
k. »’ s p



DM - B ORZHEZ1T> 72 (Table 10K TF11)

FL2TE Accd35D R MBR M TIdAcp-NIHLEHEERL, Bl ¢ 2 : LICHEA
L7 (Table 12). JEtD A LN 3B THD S5, Acp-1— Pox-Z8 Tl
23.9%£3.6%, Adcp-1— 4-358TWE29.2x3.9%, Pox-2—d-358T
X7.6x2. 1 %0BMBEEhFhEH XNz (Table 13),

FL58k Accd35 e O BREMTId dAcp-10 B LL i fFHLD 1 ¢+ 2 @ 1L IC@EA L &
B2 I, Pox-ZRU sp/-1D LI BRI L K CBAL £ (Table 12), 205
SHEIZFHEODOD L, Adcp-1—Pox-ATIR22.1x4.6%, Acp-1—zsp/-11
Tld42.3£6.0%KUPox-2—sp/-MBITIX21.8%9.4 %0z
hZEhBEH2N 7= (Table 13). :

KL403X Acc4l9D BEFITIX, Acp-1, Sdh-1IRTCri-30 & Bz OBz W
NHLWRFLLICES L 7z (Table 12), 26 3BEIZFEDOD B, Acp-1—r-3BT
X30.1x5.8%, Adcp-1— Sdh-IBTE35.6x4. 9%, Sdh-1— ri-3
TIX16.1x4.3%0/fBMBZzREFNEONE, LEMB-T, ri-Addcp-1k
Sdh-1DBNIZHBEL TWAZ EBHN L 5 1=,

SO d-33e rl-3OMBRZAEBE T2 DI I-325% FFOFL2TIC r/-3% F DKL403 %
RBCL Tzo FEERIAFL2TE D QR E L, KLABL EREO R #/R UK EE I
Beh-olzo REMF TIAKL403BI EFL2TRIB 2B L 7248, BICH U CEER o FEE
K< H#6N7n7, KL403BI : FL2TRI=169 : 5 4 CHBIEZEFICL LD 3
1IZEKLHEAEL = (Table 12),

FE&ATEEPZFOONEZZ LS, 2o 2O B EIEFIE— B xT
Biz el eanNg, ZBTCREHOAMEMLEETERVWDTSHE, Eolpkk
X TL2BETLHIBMHMRAIBE 22N 0BEEFOEBRICOVTHEL WK
BT D,

Sdh=-1& spl- IO BERBREZHS PICT 5728, IRMXEREERORERT
Sah=-12 Pox-ZlEl O iz B L T, BEHI D sp/-18 Pox-25 o fH ¥l & bk L 72,
spl-1=——Pox-ZBI R O Sdh-1 — Pox-ZBTIRZNhZFN21.8+4.8%, 16.6
3. 8%l lirEONTz. LEB-T, sp/-IBSdh-1Lk OHAMICHEBE T 2L
MlEND. £z, Adep-l—sp/-M R Acp-1 —Sdh-IETIEFNhFh42. 3
6. 0% KkU35.6x4. 9% OHMBIEBETSN, LW sp/-1D55dh-1% 0 b4
flictiiBEd2ceaRdT— 060k, EHTL2TF -2 ICBL TMEEYL

THBEMmAERD, LLTICRL 2.
Chromosome 12

et 42.3 =
- 35.6 o
— 21.8 au -
— 16.6 -
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232 — =76 —w— 161 ———
| 1 : i 1 i
¥ v ' 1
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spl-1& Sdh-1D EHBEBRIZ DWW TR, ERICHWEHRESER2REH LB
HENTWEZE, ZhZThoBEEMER KTV LR EDPSASK, BRITAE
B

AKBRTRU Lo, Fst-5oMEPEMX FoMNBELEHET 2 L /10, FHri28
Bz FOHEEMN EOENAHS»ICLE, 3561, &7A4 VYA ABIZTFON
FICFEEY 2 IZF ZKINOSHITA(198T) O IR SER L =L 25, B 6 #EED
V- —DHNEMFBD SKINOSHITA(1987) B2 TF00SUMI ef a/. (1989) s L 7= @
NICIEE D Se-1DHEICPei-2BTFIET DL MEIND F 12 Adh-1D BRI DS
ORI MBIRF P/ -a0EHEICH 2 Z & BKINOSHITA(1987) D F & 8 7= 8 55 H1[X]
FICBT S /a2, v-4RUPi-a0 BN »SHEE XN T2,

=5 E =3

HABBEETEI7A VYA L20ZRBHICLrHErONENEYD, EHOEE
TEROZRZH/LLDICA Y FREHAAROFEE2 LR T I2LENH - 2o L
L, COEOLERGERMZHETCRECERERTFOREYEA2EL 2, B1,
4, 6, THHEHTWY, @aBZTOERBICI0EESELHEEICEL 2 HEH 5
b % (SATO ef al. 1987)s AEETIX, B12HOT7A VYA LBETFICONVT
LENWDEPBRESINLLZD, FAEF2HTHSLIILELDIA Y ROER
mif & HAROERBE FRHEORKEZHNT, B 1 2 HHEBOEREZTICSB ?
FHERBEDMEERT 22 L 2 RBTe CNODRMMA A DY T I Ach-10 57 b
HWCREPRBOONTH, ZOMOBEETODELIZHFHLICHES L7z 8

BWEIT DS BT E R, 7
TAVYALBETTEIHMBEEHEFEOHHL TV 02 08KEE4 9BIET e
i K2 5 (MORISHIMA and GLASZMANN 1990). LU, fERo HSHHIX ki & 517 ?3?
SNLEBEETRARV. REBRICLODPOTEI, H1 1, H1 2 #EEIC 7@ f
DT7AVYTALABIEFOBRPRETE 2, CUSZFHL TEHEEICOWTO ;'
BB ITOONE, 7TA VA ABETHEBORECBEETF Y v X v 7 IC %?
RIAID>EFZEZBN D, ?é
AERTUW, WIS Adh-18 Wb BRI MG T P i-a b o> 8 18 5% % il 8 1 %ﬁ
LofiBroELE. COLDCERABBLBICHETITA YA ABET i

BN, ZNOOBETERRAELTIOEY —ADi—% v 7B R LA e




% (AARTS ef a/. 1991). & 512, EST, PGD, PGIL ¥R —7A4 VHF A LTHH i

WORGDLDREERICHELTVWIEAELH >z, a-amylase® ADHZE ¥ (RANJHAN
et al. 19) R CNSOEHEBIRFOFELEBEMK Lo MESHS»IC%
SfeZbtid, RMEDILLICOLEREBHDLEZ OGN D,

Sk, HEHMX ECMNESIONEZT7A VYA ABIFBEBEETFLEL TE
BoBHEAEHIN Z LB 5,




Table 10. Morphological and physiological markers
involved in nine strains

Strain Marker gene Source®’
FL27 &=37 KY
FL58 o=l ‘spl=] KY
FL280 la, v KY
FL330 chi=1 KY
H-482 lax HK
KL403 r=gl =rf-D2 KY
KL514 v=-1(t) KY
by-1 Eet=5, Peid-2 NIG
Fs-1 Est-5', Ped-2 NIG

DHK, KY and NIG indicate the strains obtained
from the Plant Breeding Institute, Hokkaido University,
the Plant Breeding laboratory, Kyushu University, and
the Agricultural Genetics Laboratory, National Institute
of Genetics, respectively.

2 rl-3 is equivalent to r/-/ which was formerly named by IWATA
and OMURA (1975).




Table 11. Twelve varieties used as parents

Parental Classification of Origin
varieties Indica-Japonica

IR36 Indica Philippines
Kagoshima-

zairai Indica Japan
Acc001 Indica Vietnam
Acc224 Japonica Philippines
Acc259 Japonica Philippines
Accdl9 Indica India
Accd3b Inidca India
Accd3T7 Indica India
Accbb3 Japonica Japan
Accbd7 Japonica Indonesia
Acc721 Indica China
Acc85H3 Indica Taiwan




Table 12. F, segregations

Linkage group 1

Cross Est-5 %% for lax panicle x ? for
combination A1Al Al1A2 A2A2  1:2:1 (p) /axy Normal Lk Recin)

H-482 X Acc721 23, 21 .13 10. 68( <0.01) 14 55 0. 82(0. 3-0. 5)
H-482 X Fx-1 18- 123 =16 2.11(0. 3-0. 5) 12 44 0. 38(0. 5-0. 7)
Linkage group 3

Cross Gdh—1 x < for Pei-1 ¥ < fop
combination AlAl A1A2 A2A2  1:2:1 (p) A1Al A1A2 A2A2  1:2:1 (p)
Acc001 XAcc259 39 91 39 1. 00(0. 5-0. 7) 40 86 43 0.16(0.9¢ )
FL58 XAcc25h9 11 33 16 1. 43(0. 3-0. 5)

FL330 XIR36 67 108 72 4. 09(0. 1-0. 2)
KL514 XIR36 41 70 56 7. 06 (0. 02-0. 05)
Linkage group 3

Cross chlorina %< for virescent 2 for
combination c¢hl/-1 Normal 1 :3 (p) -/(t) Normal b o8 )
FL568 XAcc259 13 47 0.36(0.5-0. 7)

FL330 XIR36 68 179 0.84(0. 3-0.5)

KL514 XIR36 34 133 1. 92(0. 1-0. 2)
Linkage group 6

Cross Amp-3 ¥ Ao Lst=2 x % for Est-2 %% “fnp
combination AlAl Al1A2 A2A2 1:2:1 (p) AlAl A1A2 A2A2 1:2:1 (p) A1AL1 AlA24AIA2 1 : 3 (p)
[4-1 XIR36 18 37 25 2. 71(0. 2-0. 3)

Acch563 XAcc853 21

b2 20

1. 3240, 5-0. 1)

24 69 0. 03(0.8-0.9)




Table 12. (continued)
Linkage group 6
Cross Pegd-2 %~ for x? for
combination A1AL A1A2 A2A2  1:2:1 (p) A1A1 AlA2 A2A2 1:2:1 (p)
F4-1 XIR36 18 34 25 2.32(0. 3-0. 5) 2.92(0. 2-0. 3)
Acch63 XAcc853 2.61(0. 2-0. 3)
Linkage group 11
Cross Adh=1 2w for e for
combination A1Al A1A2 A2A2  1:2:1 (p) A1Al AIA2 A2A2  1:2:1 (p)
Acc224 X Accb47 ol ' 40 24 3.74(0. 1-0. 2) 3.89(0. 1-0. 2)
FL.280 XIR36 0. 69(0. 7-0. 8)
FL280 XAccd37 18 44 30 3.30(0. 1-0. 2)
Linkage group 11
lazy growth
Cross habit s 13 virescent b a1}
combination /a Normal 1 : 3 (p) -4 Normal 1 :3 (p)
FL280 XIR36 15 43 0.02(0. 8-0.9) 0. 02(0. 8-0.9)
FL280 XAcc437 0. 52(0. 3-0. 5)
Linkage group 12
Cross Acp-1 %~ for x ? for
combination Al1Al A1A2 A2A2 1:2:1 (p) AIAl ALIA2+AA2 1 : 3 (p)
FL27 X Accd35 40 90 49 0.91(0. 5-0. 7) 2.28(0. 1-0. 2)
FL58 XAcc435 17 47 36 7. 58(0. 02-0. 05) 2.61(0.1-0.2)
KL403 X Acc419 23 45 16 1. 60(0. 3-0. 5)
IR36 X Kagoshima-
zairai 0. 49(0. 3-0. 5)




Table 12.

(continued)

Linkage gorup 12

Cross Sdh-1 » 2 for dwarfness x 2 for
combination AlAl A1A2 A2A2 1:2:1 (p) d-33 Normal 1 :3 (p)
FL27 XAccd35 34 145 3. 44(0. 05-0. 1)
KL403 X Acc419 22 42 20  0.10(0.9¢ )
IR36 XKagoshima-

zairai 34 49 32 2.58(0. 2-0. 3)
Linkage group 12
Cross rolled leaf x ? for spotted leaf 7, P
combination r/-3 Normal 1 :3 (p) sp/-1 Normal 1 :3 (p)
FL58 XAccd35 24 76 0. 05(0. 8-0.9)
KL403 X Acc419 21 63 0.00(0.9¢ )

Note:Al and A2 indicate two kinds of alleles derived from female and male parents, respectively.

Lo




Table 13. Linkage relations detected between isozyme and other loci

Linkage gorup 1

Cross Gene combi- F, segregation we For
combination nation (A:B) R.C.V. (%) A-BB A-Bb A-bb aaBB aaBb aabb!’ RCV.2 (p
H-482 XAccT21 Jax:Est-5 30. 0£6. 4 12 =26 A7 1 - 15.64 ( <0.01)
H-482XFs-1  Jax:Est-5 15, 145, 1 15 22 7 0 1 11 5.08 (0.3-0.5)
Linkage group 3
Cross Gene combi- F, segregation %= o far
combination nation (A:B) R C. V. (%) AABB AABb AAbb AaBB AaBb Aabb aaBB aaBb aabb R.C.V. (p)
Acc001 XAcc259 Gah-1:Pgi-1  8.4%1.6 33 /] 0 5 76 ) 1 8§ 34 3.54 (0. 8-0.9)
(A-BB A-Bb A-bb aaBB aaBb aabb)
FL58 XAcc2b9 ch/-1:6dh-1  3.6%2.4 16 31 0 0 2 I 2.80 (0.7-0.8)
FL330 XIR36- ohl-=liPeli=] 21, 243.2 64 87 28 8§ 21 39 6. 58 (0. 2-0. 3)
KL514 XIR36 w-/(t):Pgi-1 34.4%4.4 51 56 26 5 14 15 8.57 (0.1-0. 2)
Linkage group 6
Cross Gene combi- F, segregation %2 for , ‘
combination nation (A:B) R.C.V. (%) AABB AABb AAbb AaBB AaBb Aabb aaBB aaBb aabb R.C.V. (p) ;
Fs-1 XIRI6 Pgd-2:Pzi-2 29.614.6 6 9 3 6 22 6 1 10 14 6. 79 (0.5-0.7) b
Peil-2v kst~ 242341 7 9 . B 23 5 2 5 18 10. 54 (0.2-0.3)
Est-2iPgi=2 46426 1L 4§ 2 82 & 0 20 4.46 (0.8-0.9)
AccHb63 X Acc853 Amp-2: Pgi-2  20.8+3. 4 13 7 0 8 36 8 0 11 10 5.91 (0.5-0.7)
(A-BB A-Bb A-bb aaBB aaBb aabb)
Est-2:Amp-3  7.512.8 20 47 2 0 5 19 2.44 (0.7-0.8)
fel-difel-2 28 14419 21 41 7 g 18 11 5.41 (0.3-0.5)




Table 13 (continued)

Linkage group 11

(ross Gene combi- I', segregation %% for
combination nation (A:B) R.C.V. (%) AABB AABb AAbb AaBB AaBb Aabb aaBB aaBb aabb R.C.V. (p)

Acc224 XAccbdT Adh-1:Pgd-1  19.4%+3.3 21 9 1 g 25 5 1 6 15 5.66 (0. 5-0.7)
(A-BB A-Bb A-bb aaBB aaBb aabb)

FL280 XIR36 lacPed=t 42249 13 27 % 2L B 12. 33 (0. 02-0. 05)
v-4:Ped-1 5.4%3.0 15 27 2 0 1 18 0.38 (0.9< )
FL280 XAccd37  w-4:Adh-1 26.8+5.3 27 33 6 3 11 12 5.51 (0.3-0.5)
(A-B- A-bb aaB- aabb)
F1.280 XIR36 la: v-4 Shkd b 4l 9 F 18 0.20 (0.9¢ )

Linkage group 12

Cross Gene combi- F, segregation w2 - ifar
combination nation (A:B) R.C.V. (%) AABB AABb AAbb AaBB AaBb Aabb aaBB aaBb aabb R.C.V. (p)

KL403 X Accdl9 Sdh-1:Acp-1 35.6%4.9 6 10 4 1 23 8 1 10 11 3.66 (0.8-0.9)
(A-BB A-Bb A-bb aaBB aaBb aabb)

FL27T XAccd35 Pox-2:Acp-1 23.9%3.6 46 78 19 3 12 21 2.79 (0. 7-0.8) -
d-33:Acp-1 29.243.9 47 74 24 2 16 16 4,19 (0.5-0.7) ;
FL58 XAccd35 Pox-2:Acp-1 22.1%4.6 34 41 7 2 10 8,26 (0.1-0. 2) :
spl-1:Acp-1  42.3£6.0 28 38 10 8 7 9.23 (0. 1-0. 2) E:
KL403XAccdld  r/-Fidcp-1 301458 16 34 13 0 11 10 3.44 (0.5-0.7) e
rFOs-f WTELT W OB O % 1% 5. 28 (0. 3-0. 5) e
IR36 X Kagoshima- r #
zairai Pox-2:Sdh-1 16.6+3.8 29 45 9 3 4 25 9.84 (0.05-0.1) i
(A-B- A-bb aaB- aabb) fzf
PLAT XAccddd J-33:Pox-2 T.6%2.1 138 7 & 29 3.44 (0. 3-0. 5) i
FLB8 XAccd35 Pox-Zisp/-1 21.8+4.8 70 12 6 12 3.01 (0. 3-0. 5) k|
%:
Y A and a show two kinds of alleles at the A locus. B and b show two kinds of alleles at the B locus. éf

2 R C.V. indicates recombination value in percent.
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Fig. 9. Banding patterns of tdh-1. Lanes 1 and 3 show banding patterns
in parental varieties, Acc001 and Acc259, respectively.

Lane 2 shows that in an Fi plant of Acc001 X Acc259.
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TIVT7OA XHEOSHIZHEEARECIMEFEM A E (B - il 1928,
MiggES 1928) 12X, 4 FRIRUHARIC2 KAz, ZDK, W (1953a)
IEBOEE - FEHMEEEZHOZHBIBEBIC X > TKER (4> FR) & 5R
(H&A&R) Z2758FHL, SHKCHAMBEARWHAR EETHARAMS L 2,
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GLASZMANN (1987) b M D7 A4 V¥ A MBI T XM GHEEEOBRAMNICKRI>Z L%
HELTWD, COIIICEBOTA VYA LBETLERESILOBEBE DR X
Nz, 7AVHFAL LAOERRBEKICPHINTHL L6, REEICR 7 A
VYA LAOBTHEMMBERE TIE L, Bz FE LT 25 0 RE»HE B
nREEREZLTERKELENENS,

ARBRTIIA > FE - HARGEBICHEN R T A VYT A L2 BETEERL,
ZNHEHVWTA 2O HEDOHN & &H 7z,
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4V RR . AR BEBECHELRT A VA ARETEHSMICT 2201,

2
7 (1953a) SO LIE - LB ES W THELET U7 %Mo fER G e
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3% A 72 (Table 14), HADERZHIZ2 GHELAE TR TN AS >0, H i
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fas N THFEE . Table IR LT A VYA LBEIETO DS Adh-2% B <
1 8EIEFIIOVWT, HIFHRA4-S5HEHOHELAH W THALRE. T4 VYA A
DEIAKIELTICREERIT I BEEHC A2V E. BETFENO DR
BaRITLEOITIE, B TZHE (Gene diversity; h)Z XD R

h,§:1'ZXij2

WX DBEHUZNEL 1975), hld jEBOBERTFEHRE, I x i3 j#IZFEC
FUETDiMNVBEEZFOHBEOABELAAHLEZLDTH 2,

A PR -HABROHMICIEIETA VYA LB THEYL SRR TH HIE
(D) #28H L THWIE,

Di:Fix/(FiIJfFiJ)

FukUF w3 ZENENEELEOMSGERA»oHA L1 v FRIGHEEE (1)
RUOHARGER (J) CB02 i B RTFOLBRBEETHD (KRE  1988) .
INSDEOFETHSDMEICLD, Kl E A v FRIEBHARARRHL 2.

= =R

TET7D60REICBNTRTAVFA LABEFOLI8BTENFN] — 4
DNV BIETFOEEVPRDOSNT=. Adcp-1, Amnp-2, Cat-1, Est-2. Mal-1. Pgd-1,
Pgi-1, Pgi-2, Pgi~3, Pox-2. Sdh-1D1 1D S5 Est-2. Ped-1 T Sdh-1T i3
SHOMNEEF, MOBTIZ2HONLELZTFBALNTZ. CNHD1 1 ET
BEETFEEENL0.283-0.601&%RT, WMFHEENOBZTFHEIZS
BICET > T/ (Table 15)s BO D AFED > b Adh-ITIE A B M BIE T, =
dmp-1. Amp=3. Est-9C 13 3MOMBETF A MENE, NG04 HTEBE %
FEEEN0.184-0.438TH0, MMHHEEOBETHEICIEEENSR b
OoNLEr oz EOHITACb24IHIBOR L Adh- 1Ol BIZTFE2BL T, *

DD 3FETIIMmHERE TR OMESEUNILERETEAL TR,
AccT21 T Acc2b9D 2B TR ZENZENHIHME O £st-52% Gdh-PB1FELE L,
CNHDBIETFEREIZIO. 033 LB olze EHIT, Ped-ITIZAccHUTR T
Accb24D H D Ped-22FLTEBYD, COEBOELETFEREL0.064 L{E»-> 1k,
ﬁ%amﬂﬁw&mmE$mTm0m@ﬁ@®§@%%ﬁ%wﬁbtt:a




Amp-3R U Ped- 1D BIZFHAE S HBEICHE L > Tu/z (Table 16), ZNIXEHF H A
RD5H543%0GGMED Anp-3°%, 3 8% DM Ped-IPEH L TWERD LE
AONDe Adh-IR UV Est-20 2BIZBVWTHRTEHARD 55 5 % 2B A4dh-12,
24%DmMEB Est-2t N ZThBHHARCAONM L WHER AN IEEZFEH
LTWiz, e, AW RUOCEWHAO7T 0% LotEsEET28EEzTFE L
CAdh-P RO Est-2%H L TWilizdh, ZO2/HBCIEliH AR GEBEROEET
SEICHA N RAREBRO o kd - o

Ao RO HAR GBI CI3 R 2 HBEHEE L2 RS EIZTHBIE L <, i
an IS U CEME TR T2 0 B n T8 EEL Tz 8, i 048 5
BT LHNEOREE A ITb R Po e —FH, 4 v R - HAR QB ©xt
VEIZFORBBESERICEZ->TWEL 1 BIZOWTHRIME (DE) % 8H
U7z (Table 17)s Acp-1. Amp-2, Cat-1, Est-2, Pgi-1, Pgi-2R U Pox-20 D ffi i,
HE(BDEBLEEEHULTED, (2 RA - QAP HEEICEFNFNE
RO BETFEAETIETHDLLHBALE, 2512, ATV THLL DE
2RBULEM-1E Pei-3D 2B TIE, ZhZFhok 1 iIZEWDEBEOhEZL
S, ZNOW ELOTEICMA CH&HEEBICHENLEEZTA2F 2B THB 2
EBHO L LR - =,

Est-2CI, Lst-20B T Lst-ZZiZOWTENZTNRNOLLICHWDEBES K1z,
LI 1 DOMIEEFDEst-2'"TIZ0. 64 LI LELESNTE, chid A
NEL - HABIGHEBEANT fst-2"%FoRHED, ThFh3 0B8R 1T%ERL
BREICEWVERHEEZRLELZDTHD, 2O L5 ICHEMZ DIE %2R 4 EIET
BeHWL A VRREUCHABOH RIS KEICRZZ LEZIONE, E6IC,
Ped-1", Ped-PRUSdh-PIZBVWTH, ZhFNODEMN0.39, 0.47 RV
0.4 0 PR EBGO N, BEBODPed-1°, Sdh-1"F U Sdh-1#TIlx D i »
1A YFREREBIRRMNLMNEEZFLEZONE, LL, 2Thooi#
EFa2R oSO MBEEIZIKL, Ped-1°, Sdh-I'RU Sdh-1"OER, FhF
NAYFBTORE (30%), 9&HE (30%) , k6 15 (3%) T o

HY, INSOBEFRUL>GEBOHNEZED 2 L BTFHEEINS, il
SEBEHIB O e U C DDA NLDY, 1 BOHO DL 2 & IE b
DBIZTEIBWCHAMBHMIZ L KIS NDBIZT 2 F>TWB 4 ¥ FRIE A

e HAR L L THELZBRDERESE V. 2 070 i 28 55817 X % &P :
T, CEZ2MVEL OBEFEOT -6 RHEEANETY 2L BEE LUV, 2
AKBTIX, DiZRELEL LEL, Zohr»roHBIIELED B L FHIN gi
DHEETHEEZBRWEZDEOZNENDFHTH 2 DEIC K D SR OH 0 5hHR =

AHE Lz, =L, #FE(1988), SANO and MORISHIMA(1992) X NAKAGAHRA(1978)




WEst-2& mEHHICHWTWS 29, HlshRE2EDZ LB FHREINEZBIET
BDDH, Ped-IRUSih-1DT -2 5BALEIEODEOREEZT>%. 60
MBI OWTHHELEZ2HEEODEOHEN X, ZNFNAERETH> . &
S, 20DAEGEH 2R T2 REIHEHIEICEDTRER2IC—HL =
(Table 18)0 ZNENDDEDHERH TABEICE > 28O DEEZFEHL
TEZRKOIZEZS, 9FBODHICED IO NE28HFDZE (0.667) »
1 1EICLZ28F0%E (0.581) kW Kk&dhofe LEP-T, 11D
OBODEZHWIEABLIDHBE LS PR THLEF I SN,

RICOBODEICX D MBI - RMMEEIC XL 277 (0KA 1958) & &
DEE—HT20% 8 L 7z (Table 19), Accd2l (4 Y 2 7EXRME) 12
e - EFENEE» S IIHAB YR SN0, dep-1, Mal-1, Pgi-IDHD T A
VA LADOBETIEA Y FRIRENRBEZT 22RO DEN0. 6440,
1 RBRILHRlENz, TN DE QFHETIZIEE - AHNEEICL 298
TAVH AL LADODBIZLZ2P0BHOHESHIGLTEY, K- EEMAFEEIC L >
THHENEHARREIZ 1 SEA2BVWT0.0—-0. 40 D%, 4~ KR L5
Hxh7-RHEx£T0.6-1.00DfE%ERL =,

UEo#ER»S, 0.0-0. 45 ToDiE Ry MEEAHAR, 0.6—-1.0
XTODEZ Ry MEZA V FREDHLEZ, CORPBETIIBLE I8 BDHER
TR - FHMIEEICE 298 (K 1953a) & —H L7z, 512, AEBTH -
A PR HAB O GBI OIBE L 2> T2 Mal- IR U Pei-30 2 B ix, 4%
INOMMEHO BB LZ2ERI2-00EELBEERIC LI LEZEZONS,

TAVYA LABRTFOZRIBEENO REBFEOMEOERICHHEIATHK
(GLASZMANN 1987, MORISHIMA and OKA 1981) ., Z D8, RLEFEICEEMICE -
3 2 HWRE T AW S ICEN, 205 % M= 5O (20 I8 O R 5 ¥
frH N 7z (MORISHIMA and 0KA 1981), L& L, 74 V¥4 AlZFNBHEKMBEIKIC '
HLUTHIUMTHLIEFZZON, TA VYA LBIEFEHERPEEBERNICRESLIC e
M5 LELEASAE V. —F, WAEMOERRTH 2 IR L S04 1R -
M 74V ¥ A AT, BEHAYOEGEEEN 2SR T28IZF &L
TWDZEPHSPIZEINT WD (MORISHINA 1991), FHIEFMOZHPEE LS LR
mMEF IR T7A YA LABETFOFEREPHO LI > THKE. 5%, 2O
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EOBTAVY A LBEFEAWCHEDEEL OEE B ITTbODhBZIT&D,
B EHMRPHO P L L2 H D, FAEBRTEIBEEEONILE 74 V¥
1 LBIETOEEEO I LOBELHOLICTZZ L ERK BT
T27OREEICE 200 FHEESGFEL TWVWS, ZO0HOEELE LTI,
PEX, WEREUEMBEESCEMMESEO B ICHEDIBEFBHVWSONTEY
Chng - ALl 1928, @S 1928, [ 1953a, OKA 1958) , W F T & & E 2 ¥
AEE L L TRESEICHA SN TS (GLASZMANN 1987, MORISHIMA and OKA
1981, {RE 1991, {EMES 1990) . ZhooiEEICL Y O Eh DA > KB
HE7Y7, HARMIFEHILBEUERICASND Z EBE N, 2055,
DORBRBBEL > TVWDE2 A, A VXS TRUEAVEYFEEYTY
IO TIX, HERIESHO KL EMOERE L TaHENS
(GLASZMANN 1987, SANO and MORISHIMA 1992, £ 1991) « 2O & Sz H AR
R A PRI E B IC R 2B BFnicaEasnTsb (T 1957,
MORISHIMA ef a/. 1984, SATO ef a/. 1986), WishME I BRE ICX 4 2 @ISEE D
DEREHEIZLZZOND, FEL, 26200 FHBLZHEORBETIZA
R, EERKTRERETFOREIHAESHBEICEL S 2D, 1V FR - ARG
HEREBEIDEEOSEEEL TR EFE I 6N 5,
CNOoM@MEHOT7TA VA LZRFEEADLS, TRFONBTA VAL LD I
WEBWTRRLIHNMBELRTFEBLTWSZEBDYD, 7AVY AL ABETFLAN
NWNTOEEHMMEbBHO P >z, EHIC, TUHE9EODEMB0.0-0. 4
DmEIIHARIZ, 0.6 —-1.00FMIZA > RERICHIELEZ, 0.4—-0.6
DDE%Z L2 BBEEIAREBROBAMEHCIEEYY, 7V 70KBoOHHE LT
AVFALALABEFEOVT2EIELTWE. LL, ZyH A, YvFARUR
W=V EDOHMMBIZIZT A VAL LBELETOZRFAAELS, A YRR HEAROD
R e R A R T A S TELE 9 5 (SANO and MORISHIMA 1992), A SEER o itk
BT, A2V 7REE - SHENEELSRBEXRBTHY MBS, 74 VY

A LBEFLPSEA Y FREHESNDFHESGFEL CWE, 2O ICHEMBD 3
Bz FBIZOWTOTF - EITCIIMBEORERN %22 a2 3H D (MORISHIMA h
and OKA 1981), M SMEEO LI EM BB CIHHTEZILOTRE V. 5, @;
{8 O G T ORE R 513, SEEEICHROLT A VS A ABETRLT LY ;.
BEWCHBELTWSbY Thbh ok, $hbb, MERICHERNLET AV A s
LMBIEFO S B, Acp-IR U Pox-26555 1 2 WgHBE, Anp-2h535 8 JBBE, Cat-1, e
Est-ZR U Pgi-203%5 6 M BHEE, Pe/-/DH 1 1 HHEEIC, FhFNFEL TV, "

BLULXOCMBHEEODZNZTNICHERNZIEE - S HPEEO#HAEDYE ([
1953a) oW T EIBEOHRIBAONS, CNOOEEFEHEILATLOEEL T

%
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W WD, NS DOmBERNOEEL 2 2 18 0I5 e A RE Y bR @<
HBOBEKNEEHT L EHEETN D,

AMXTRBARICEBNT, #ICBECREBICERNRBEL 74 VYA A
Bz FrOodEEMBREREL, 6K YR - QAMBEBORHEXERTEL 2
RAHEDHMETA VYA LABEFEAHLTCHAEL =
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Table 14. Asian native varieties
Accession Name of original Origin
number varieties
Indica
Acc001 70* som cau Vietnam
AcclO1 U-kuh-tsing-you Taiwan
Accl08 Pei-kuh Taiwan
Accl30 Tuan-kuang-hwa-1lo Taiwan
Accl43 Liu-tou-tu Taiwan
Accl44 0-luen-chung Taiwan
Accib3 U-kuh-tsing-you Taiwan
Accl60 Hong-ka-chiu Taiwan
Acc4l4 P. T, B: 10 India
Acc4lb A.D.T. 4 India
Acc417 ', | AR India
Acc419 e India
Acc420 MT.U.9 India
Acc42l P, T.B. 8 India
Acc43b Paduhai perumal India
Accd37 Pweabinni mymensingh India
Acc440 Magi of bogra India
Accb25 Seratoes hari Indonesia
AccT706 He-nan-tsao China
AccT10 Mao-tu-tao China
Acecllb Chiang-si-wan China
Acc?ll Nan-shang-wan China
AccT19 Chin-sen China
Aeet2l Hsiang-shan-sha-shan China
AccT24 Kun-min-tsieh-huan China %f
Acc729 Ming-hou-tsiu-tsao China ?Q
Acc731 Fu-chou-ta-tsao China :
Acc761 Siao-Chung-kuh China
Accdb3 Habun Taiwan
Acc868 Patpaku Taiwan




Table 14 (continued)

Accession  Tr/Tm Name of original Origin
~number varieties

Japonica
Acc201 Tm Davao Philippines
Acc206 Tr Macan coranglan Philippines
Acc220 Tr Sinanpablo Philippines
A2l Tr Inakupa Philippines
Acc224 Tr Macan menita Philippines
Acc226 e Ketan koetoek Philippines
Acc24?2 i Malagkit-

pirurutong Philippines
Acc259 Tr Pirurutong Philippines
Acc272 ITr Kasungsong Philippines
Acc318 Tr Boegi inda Indonesia
Acc32l s Gadi Indonesia
Acc3d2b Il Kaninranga Indonesia
Acc347 i Naaeroek I Indonesia
Accd4b Tr Poung ngeun Thailand
Acch04 Tm Taichung 65 Taiwan
Acch?l Tm Kisshin Japan
Acchb3 Tm Kinoshitamochi Japan
Accb24 Tr Gendjah ratji Indonesia
Accb4?2 Tr Padi kasalle Indonesia
Accb44 Tr Padi paelae-

beong Indonesia
Accb47 Tr Padi ase banda Indonesia
Accbb7 Tr Padi ladang ase-

poeloe komok Indonesia
AccT703 Tm Ta-mao-tao China
Acc708 Tm Ta-pei-mang China
Acc709 Tm Tsao-siao-pei-

tao China
Acctl? Tm Yie-wan-tao China
AccT18 Tr Hsu-chou-san-

pei China
AccT57 Tr Koddi China
Acc848 Tm Bohai Taiwan
Acc871 TP Nabeshi Taiwan

Note:Tr and Tm indicate

6l

Tropical and Temperat®
Japonica types, respectively (OKA 1953a).




X

Table 15. Allelic frequencies for 18 isozyme loci in Indica
and Japonica varieties and gene diversities for the
y respective loci
Locus Allele No. of varieties (%) Gene
diversity
Indica Japonica Total
Acp-1 1 30 (100) 0 ( 0) 30 ( 50) 0.5
2 0 (C 0) 30 (100) 30 ( 50)
Adh-1 0 0 ( 0) { 53) EX 2 0. 185
1 29 ( 97) 25 ( 83) 54 ( 90)
Y, 0 ( 0) 4 ( 13) 4 (1)
3 R k.G 22)
Amp -1 1 25 ( 83) 29 ( 97) 54 ( 90) 0.184
2 4 ¢ 133 0 ( 0) 4 (7)
{8 LA 33) 2 { "3)
Amp-2 1 gL ) 28 (43} 30 ( 50) 0.500
2 28 ( 93) 2 30 ( 50)
Amp -3 20 ( 67) 21 ( 70) 41 ( 68) 0. 438
9 ( 30) 9 ( 30) 18 ( 30)
b8 B 0 b 28)
Lat=l 1 29 ( 97) g T 30 ( 50) 0. 500
2 1 ( 3) 29 ( 97) 30 ( 50)
Ext=d 0 9 ( 30) 24 ( 80) 33 ( 55) 0. 601
] g X 803 6 1 17) 14 ( 23)
v 12 ( 40) i 13- 1 .22)
Est=o 1 29 ( 97) 30 (100) 59 ( 98) 0.033
2 1% 3) #¢ B 14 2)

Y S e N M )
s g A pesy 1N L o o . )




Table 15. (continued)

Locus Allele No. of varieties (%) Gene
. diversity
Indica Japonica Total
Est-9 1 24 ( 80) 28 ( 93) 52 ( 87) 0. 231
2 6 (200 2( 7) 8 (13)
Gh-1 1 30 (100) 29 ( 97) 59 ( 98)  0.033
2 HEC T s 1 23
Hal-1 1 0 ( 0) 25 ( 83) 25 ( 42)  0.486
2 30 (100) 5 ( 17) 35 ( 58)
Ped-1 1 1€ 4T 2207 36 ( 60)  0.555
2 28 L& 27) 15 .25}
3 9 (30) 0( 0) 9 ( 15)
Ped-2 1 30 (100) 28 ( 93) 58 ( 97) 0. 064 :
2 63 BRI i) e H e
Pei-1 1 26 (187) 0 ( 0) 26 (43) 0,491 :
2 4 (13) 30 (100) 34 ( 57) -
Pgi-2 1 10 ( 33) 29 ( 97) 39 ( 65) 0. 455 3
2 2BUERD) S 3) 21 ( 35)
Pei-3 0 2 (1) 26 (87) 28 (47) 0,498 2
1 28 (193) 4 (13) 32 53 g
Pox-2 0 8 (27) 29 (97) 37 (62) 0.473 =
1 22 (73) 1 ( 3) 25 . 38) B
.__;‘,_f
sah-1 1 9 (30) 0 ( 0) 9 (15) 0,283 e
2 20 ( 67) 30 (100) 50 ( 83) =
4 P 28 @ o) 1.6 2)

Note:NEI's gene diversity (h) was used (NEI 1975).




Table 16. Allelic frequencies for 18 isozyme loci

in Tropical (Tr) and Temperate (Tm)
Japonica varieties

Locus Allele No. of varieties (%)
Tr Japonica Tm Japonica
Acp-1 | 21 (100) 9 (100)
2 0 ( 0) 0 ( 0)
Adh-1 0 1 ( 5) 0 ( 0)
1 16 ( 76) 9 (100)
2 4 (19) 0 ( 0)
Amp -1 1 20 95) 9 (100)
3 ] 5) 0 ( 0)
Amp-2 1 20 ( 95) 8 ( 89)
2 F+4 5 3 11
Amp-3 1 12 {57) 9 (100)
2 9 ( 43) 0 ( 0)
tat~i 1 1 .L 5) 0 ( 0)
2 20 ( 95) 9 (100)
El=g 0 15 ( 71) 9 (100)
1 5. ¢ 2%) U 1am0)
2 Lt & 0 ( 0)
Est-5 0 ( 0) 0 ( 0)
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Table 16. (continued)

. Locus Allele No. of varieties (%)
Tr Japonica Tm Japonica

Est-9 1 20 ( 95) 8 ( 89)

Z 156 25 b Lk

Gdh-1 £ &) 0 ( 0)

2 20 ( 95) 9 (100)

lal-1 1 18 ( 86) 70 78)

2 ( 14) 24 22)

Ped~1 1 13 ¢-62) 9 (100)

2 8 ( 38) 0 ( 0)

Ped-2 1 19 ( 90) 9 (100)

2 2 1) 0 ( 0)

v e 2 21 (100) 9 (100)

Pei-2 1 20 ( 95) 9 (100)

2 ] 5) 0 ( 0)

Pei-=3 0 18 ( 86) 8 ( 89)

1 3 ( 14) 110

rox=2 0 20 ( 95) 9 (100)

Fig' '5) 0 ( 0)

Sdh-1 2 21 (100) 9 (100)




Table 17,

at

D scores of alleles
11 isozyme loci

Locus Allele D score
Acp-1 2 .00
| 1. 00
Amp-2 1 .07
2 : 93
Cat-1 1 197
2 . 03
bst=2 0 e ei
1 . 64
2 ;93
Mal-1 1 .00
2 . 86
Frd=1 1 . 39
2 AT
3 1. 00
PEi~1 1 1. 00
2 i
FEI=Z 1 . 20
2 <90
FPEI~J 0 .07
1 . 88
Pox-2 0 r b
1 . 96
Sdh-1 1 1. 00
2 . 40
4 1. 00




Table 18. Distribution of varieties for D scores averaged over
9 and 11 isozyme loci, respectively

Total loci averaged D score

0.0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8~1.0

9 21 8 0 12 19
1 13 12 0 20 11

Table 19. Distribution of varieties classified into Indica
and Japonica types for D scores averaged over
nine isozyme loci

Classification D score

0.0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0

Indica 0 0 0 5] 19
Japonica 21 8 0 1

Note:Indica-Japonica classification with the diagnostic morphological
and physiological characters (0KA 1953a).
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== 2 Hi H A oK Fg A FHE 1 3 1 =
7T A X Y 2 i A= T oD =% Y

h

A PR ITHT 2 - SHPEHICHAICERLEZLEENTWS (B3 1987) 25, IF
HERFERLZ DERBBICIREZICEFH SR, PETEH L SHKXLEL T2 3
(fREE  1952) , MBORFEH (B 1987) BdH2. HEADAL 2ORELH S »
LT 2LDICE, TI7EHAOEEHZHLERICE S ZBRRB O E DM Iz
EHFEECHET IR NEOBEERALE T2 4088 H 2,
HAFTOHXOAMGBOHBHOERIIAE Y (MW 1952) 25, 200
B - EHENEEOZR I LY —TH 5 (BME 1952) « AWETCIHHAD
KRBT 27 AV A ABEFORREEOLICTZ L A2HBE L -,

= Bl X T 5 s

HEDKRERBED 7 A VYA ABIETFOERAPFE T 220, SHEHMYE
A B, ENLEEFEHEA, BAKEELEYE EIFEA, L A S o 24§
RZCREFPDOKRE A5 0 ShfEA MK L 7= (Table 20), [E&SHEILEA 2 88T
WERXNEHETHZ, ChoDFHE3 0O CHHEEBERANTHRIFEXY, 4-5[
BROWHFELZTA VYA LOKBHKXBELT, 1 7THOTA VYA AliET, T
RS Acp-1, Adh-1, Amp-1, Amp-2, Amp-3, Cat-1,Est-2, Est-5, Est-9,
flal-1, Pgd-1, Pgd-2, Pgi-1, Pgi-2, Pgi-3, Pox-2RUF Sdh-12 oW T il 1iz T8

EHEBELLR. TAVYYA LAOBRIRGELRSTICREEIBE1IELEL HiksH

Wico CNSDOBIETHEIPSRBHLEZDENO0.0~-0. 445 1FHAR, 0.6 -
1. O f Y FRIE L (B3EE1IM) . 3£, ZNFhOBHNOLENE 8
BIEFERELLTHBLE. 2510, FHOBMETFERELHNT, HE02
mEEZLTIT7D6 0 GEOBIEM SN B L -, e
Tey - o =
HADOKFADS 0RMEICET2 1 THOTA VYA ABIEFDS 5, Adh-1, 3
Ped-2R U Sdh-1D 3B TR ERB B SN D> T —F, Acp-1. Amp-1,Cat-1, g

Est-5, Est-8, MNal-1, Pgd-1, Pgi-2, Pgi-8RUrPox-20>01 O BTl 2 X vl
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¥, Amp-2. Amp-3, Est-2RUOPei-IDABTE3IMOMNIUBLETFVBALNTE
(Table 21)e TOHT, MOLEZRMTHoMa/-IDBZFEHREIX0.214T
HH, Z2ERD8 7. 8% DWMBEBNal/-11, FOD12.2%MBNal-I"2HL TWio,
BOD13BOBEBLEFEHEEIR, 0.004—-0.097EDL -

HEiCHELEZ7?7S 706 0L LT, HAOKFGED 1 7HO&K#E(:
FEREBERIE» -7z, X612, HAORE L 7 27 O X EH O#E(ZH % £
MOFEHEIZZFNZFN0.032/KU0.381¢uh, HAREIITZA VTA L
HIZFIZEL T DY —4LEHTH - 7= (Table 21),

TAVYEA LABIZTOEE NS, HAOKFGA45 08Izl OBETHASD
DPEH> TWBZ ENHS LMo fz(Table 22), 18I 3 635K (80.7
%) PHIGT2ROEBEHEEoGVWEBEIZFHAGDE TH-o . TRIELEL T,
I-XNVREDO82H/HEIZNFNIEIIOWTOZRARLE, ZOHRTHRDH
HEEOE»->TZORBKXEO4 9 M (10.8%) THH, I&RLIENa/-IDE
EFRITREZ-> T, KICHBEHEEOE»->zIRIX1 6 %% (3.6%) TH i
0, Am-2OBMETRTIME R > TWE, B0 W1 — 4 G055 H B R |
| DHAEMCHo e X1, XMECXNVEE2HETRED, 2hZN 1 GHHS ‘
o Tk, XV=XXBI 711 BEOWTIBERZ->TEY, Thth
1 OB HINTE2RTH-7z. I RLHND 85 W% Table 2312 F £ ¥ 7z,

XX @ ‘JEEM (Karahoushi) 3 Z O&A MM, S RKEXK (& 1964) LHffES

%o

| Bl—o#fzTFilaEbEeE ToEAMMEIE I ROCXEIZHFLEL /2 (Table 24),

| IRICIR2 2MEAICET52530RAMEY, XEICE6RmERICETS1 3 :
ORLGEAEBD SNz CNORZORBOBRM» SAZEL-> =, B L& #
| PRz LIBEAEM» MV FELONBELRERE L TRIFSNZEHEESINDS, L
; L, ChoDREREEZRLTY, IRUKBEOLBMEEZS 1. 6 LV

| 9.4%Tdb, 1RPRLBEHEEOESVWEZFHAAELETHD, KEBRKIC o
B - 1= (Table 22),

E =t

LBOTA VT AL LBIZEFDDIS, Acp-1, Amp-2, Cat-1, Est-2, Mal-1, g

| Pegi=1, Pgi-2., Pegi-3BR T Pox-20 QB DDEAEHNWT, HADKMAEAE A K i
| My HAMABRMNL 720 IMOSMIZO0. 12, I-XVHEOEMIZ0. 12— E
| 0.31, XV-XXHO&HIZ0.66—0.940ff%ATL 7 (Table 25K F26). :
Lizti>C, KRABO ITREUKMBEEOT — X VED 445§z HA%R, )
AKRMCHOXV - XKXEDOL Sf%E A > RELHBIL a
SGHEOWESNLEHIBZL T A VA ABIETFLOMBERD L, (¥ KE 4

LY ENES MEOS bAGBEIAMMS, B0 1 o J 39 3 dihieE L4
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K TH -7z AN, WE, tBHECEIRHORBELAC]T -2BIIENWTE
Mz Bz frfHlaGdbE 2R ITMELAONLEZDLOD, ZNHOHEIETXTH
AR YL EER| X N7z (Table 27),

UtLOHERPS, HADEXRMEZ T2 HAR TR D HAN BT
MAGDLETHD T RZRTKMARN, HARTIRMINLTERZ/RY I -
XIWVEIOKAFEBE, 41V FRTHIXV-XXBEOKRCEIIHTOSNT=,

= %=

TAVHALABIYFETCHRETE, SSLCHBOBLRTFORRZBETEL 20,
ARBRTIEHADEXRMHEOBLEMNZHOBEICHHL 2. KEOEXRMMHEL S
HE—-0#EIzTHAGDYE (18]) 2L, BEFLRXLTO»R2D OH—%
BHERAXNE. COTRERKELT, 1 -2BTEEARLEGELIDS NI,
INSOERARLEMBEIHAROTA VYA LAZRHEHBEEL T, HEDK
fEmEOBLEBRENTZEICHWSZEBTE LD,

X512, HRIZBWTY, DB TH-o BB v RRIE G XN 2 558
BHOOLNTE. chblRWThbred-PFEAELTWVWS S, A—iE»ro A
Kz LzmEEHEEEIND. PoTHIMMATELEZBIN TV LEARERTA
YREBITHY, 2o FE, KNEH, BEEEFOLZOICHELUEO2ER 2K b
MERNE O ANBMICHKkSNEEEASATHS Uil 1964, JEH 1986, i
=) 1987) . AR THERENEA >~ FEIS SEIZ KEXEXO REA%E - 3
bOEGATWDZ L, BV MELTHILVMNLUEOE»PSHEKEL TV £
CehD, b0y FREBEREAEENEABREEZL SN2, 4

COXDICHADARICIK, HAMOARARTBELZSTIZA v RO KF g
CHABHEIELE. 2055, AMBEEHARO? 1 VF1{ ASHEMBE L LT &
HHTHB 5, KBARLOBIZNMLOBERMSLTEL >0 LENST, .
HA I8 b U HARI S FEBE OKRRA RO BEBE) & A > 1T & B .
(KRR CEBE) BIFIELTWD L DBH O LR >, <




Table 20. List of 450 Japanese lowland varieties examined for genotypes
at 17 isozyme loci,

Name of Name of Name of Name of
varieties varieties varieties varieties
Ahagarashimai Akamochi Beninishiki Hiderishirazu
Aikame Akamochi Beniyashiro Hidedachitou
Aikame Akamochi Benkei Hiemochi
Aikoku Akamochi Bikkuri Hieri

Aikoku Akamochi Bikkurimochi Hieri

Aikoku Akamochi Bikkurimochi Hierimochi
Aikoku Akamochi Birumamochi Hieshirazu
Aikoku Akamochi Bouzu Hieshirazu
Aikoku-suiyoutou Akamochi Bouzu b Hiezu
Airyoushaku Akamochi Bouzu 6 Hiyakemochi
Aka Akamochi Bouzu (Hokudai) Hiyamizu
Akabouzu Akamochi Bungetuwaitou Hiyamizu
Akada Akamochi Chaho Hiyamizu(Choukan)
Akadaikoku Akamochi Chidori Hokkai 75
Akafuku Akamochi Chougoeitou Hokkai 77
Akage Akamochi Choueimochitou Hokkaiakage
Akage(Hokudai) Akamochi Choueitou Hokkaimochi 1
Akahibari 45 Akamochi Choueitou Hokkaiwase
Akaho Akamochi Choueitou Hosogara
Akaho-kouyabouzu Akamochi Choueitou Hosogara (Hokudai)
Akahoho Akamochi (Himejuurou)  Choujaho Hounenwase
Akahoho-nimaikawa Akamochi (Majiri) Choukai Hourei
Akaine Akamochi (Majiri) Chousen Housaku
Akaine Akamochi(Majiri) Chousenmochi Ikoshiwase
Akakushimidashi Akamochi (Majiri) Daikoku Ishikariwase
Akamai Akamochi (Majiri) Daikoku J5

Akamai Akamochi (Shouzumochi) Deroko(Nioimai) J11

Akamai Akamoro Derokowase J16

Akamai Akamuro Fujisaka 5 JE7

Akamai (Majiri) Akanemochi Fuji 598 J20

Akamai (Uruchi) Akanumashiro Fujiminori 5 P
Akamaikounou 29 Akashinriki Fukei 128 J24
Akamainakatu 1 Akaunchiku Fukei 171 J32
Akamaiserita 2 Akawase Fukoku J33
Akamaishinonoe 1 Akawase Fukuminori J37
Akamaiyashiro 1 Akawase Fukunishiki Ja4
Akamidashiishi 1 Akawase (Majiri) Fukushimamochi Jh3

Akamochi Akawase (Majiri) Fukusuke J68

Akamochi Akawase (Majiri) Furenbouzu J73

Akamochi Akawase(Majiri) Futaba J75

Akamochi Akawase (Majiri) Futaketori J77

Akamochi Akibare Fuyou J81

Akamoch1i Akihikari Ginmasari J83

Akamochi Akiminori Hagareshirazu J8b

Akamoch i Akunemochi (Akamochi)  Harabouzu J87

Akamochi Azusa Hashiribouzu J91

Akamochi Bansei-eikou Hatukine J93

Akamochi Benihikari Hatuminori J96

Akamoch1i Benimochi Hatumurasaki J98

Akamochi Benimochi Hayayuki ~J103




Table 20. (continued)

Name of Name of Name of Name of
varieties varieties varieties varieties
J107 J38H Kurobouzu Nipponbare
J123 J387 Kuroge Nourin 1
J126 J393 Kurokara Nourin 9
J129 J394 Kuromochi Nourin 11
J132 J397 Kuromochi Nourin 13
J139 J399 Kuromochi Nourin 14
J147 J400 Kuromochi Nourin 15
J154 J405 Kuromochi Nourin 16
J159 Jakou(Ibaraki) Kuromochi Nourin 19
J165 Jakou(Niigata) Kuromochi Nourin 20
J170 Jakouine Kuromochi Nourin 33
J172 Jakouine Kuromochi Nourin 34
J177 Jakouwase Kuroshio Nourin 50
J18H Kagoshima-zairai Kurouruchi Oibe

J188 Kai Kurumiwase Oirase

J190 Kamenoo Kusabue Okumasari
J195 Kaorimai Kyouwa Ooaoge

J197 Kaorimai-sterile Mangetumochi Ootemochi
J199 Kaorimai (Ibaraki) Manryou Otomemochi
J201 Kaoriine Mantarou Ooitakoutou 2
J203 Kaoriine Matudawase Ooitakoutou 4
J204 Kaoriine Meotobouzu(Kobore)  Qoitakoutou 5
J214 Kaorisou Mikasabouzu Reimei

J218 Kaoriwase Minaguchiine Rikutou-kairyou 13
J222 Kaoriwase Minehikari Rikuu 132
J226 Karahoushi Mitutari Sairaiinemochi
J232 Karasumochi Miyoshi Sakaemochi
J235 Kazusa Mizukuchiine Sakatamochi
J243 Kazusakobore Mizukuchimochi Sapporoshiroge
J2b4 Kazusakobore Mizukuchimochi Sasak i

J259 Kazusakobore Mizunokuromochi Sasakimochi
J261 Kearare Momikaredatu Sasanishiki
J267 Kihadamochi Moturewase Sasashigure
J272 Kiho Murasaki Sekiminori
J278 Kijikouine Mutuhomare Senhi

J282 Kiko Mutukaori Shimadamochi
J287 Kinhou Mutukomachi Shimaine

J290 Kinoshitamochi Muyouzetu Shimokita
J292 Kisshin Myou.jou Shinei

J301 Kitahikari (Honjou) Nagoakaho Shiokari

J309 Kitahikari(Kamikawa) Nakate-eikou Shirabouzu
J310 Kitaiku 7 Nioiaka Shirage

J322 Kitamurawase Nioimai Shiratama
J327 Kitamurawase 2 Nioimochi Shiratama
J328 Kiyosumi Nioimochi Shiratamamochi
J358 Kokushokutouno 2 Nioimochi Shiratsuyu
J359 Koshihikari Nioisakae b Shirayuki
J360 Kurikaramochi Nioiwase Shiro

J373 Kuro Nioiwase Shirodoukai
J375 Kurobe 1 Nioiyoshi Shirogane

ol . )




Table 20. (continued)
Name of Name of Name of Name of
varieties varieties varieties varieties
Shirogihei Tokachiwase Wakasa Yezomochi
Shirohige Tomoemasari Waseakage Yokichiwase
Shiroine(Kemomi) Tonewase Wasebouzu Yomohikari
Shiromochi Toutuu-zairaimochi Wasefukoku Yomomasari
Shiromochi Towada Wasenishiki Yoneshiro
Shizunai Toyochikara Yachikogane Yotuhiramachi
Shoukuhi 2 Toyohikari Yamakogane Yukimochi
Somewake Toyoyuki (a) Yamasenishiki Yuubae
Taihou Tugarubouzu Yamaseshirazu Yuukara
Tanpaku Tugaruwase Yamateodori Yuukyuu
Tenmazairai Tunturumochi Yamazakimochi Zenkokuwase
Tokachiakage Tutuine Yezo
Tokachikuroge Wakakusa Yezo (Hokunoushi)




Table 21. Allelic frequencies and the gene diversities for 17 isozyme

loci in

450 Japanese lowland varieties

Locus Allele?’ Gene diversity?’
0 1 Z 3 Japanese Asian
lowland native
varieties varieties
Acp-1 & 0.009 0,991 - 0.018 0.5
Adh-1 = 1.0 - % 0.0 0.185
Amp-1 . 0.991 0.009 - 0.018 0.184
Amp-2 = 0.949 0.047 0.004 0,097 0.500
Amp-3 o 0.991 0.02 0.007 0.018 0.438
R E | = 0.013 0.987 - 0.026 0. 500
Est=2 0.994 0.002 0.004 - 0.012 0,601
Lel—=5 o 0.998 0.002 =~ 0.004 0.033
Est-8 # 0.991 0.009 - 0.018 0.231
flal-1 & 0.878 0.122 - 0.214 0. 486
Ped-1 o 0,988 .- 0.011 0.022 0. 555
Ped-2 & 1.0 4 = 0.0 0. 064
rai=l 0.009 0.004 0.987 - 0.026 0.491
FEE-2 - 0.989 0.011 - 0.022 0. 455
FRI=¥ 0.984 0.016 - - 0. 031 0.498
Pox-2 0.993 0.007 - . 0.014 0.473
with—1 . 4 1.0 * 0.0 0.283
Av. gene
diversity?’ 0.032 0. 381

' Number of alleles is designated.

2’ Gene diversities of Asian native varieties for 17 isozyme

loci are referred to Chapter 3-1.

3> Average gene diversity (NEI 1975) among 17 isozyme loci.




Table 22. Classification of gene combinations (types) for 17 isozyme

loci in 450 Japanese lowland varieties
Locus Type
I o m v v Vi vi vii X X XI XII XII XIV

Acp-1 2V TR" e e Nt gy N 2 2 2
Adh-1 Loty ek N R e L (A PR, - (A 1 1
Amp -1 Ioe SEATTN SHadie 4, <L S [ S TR 1 1
Amp -2 I Sl < TR SR U L SR S 1 1
Amp -3 { S ol R SR . R ol M L 2 1
Lat=1 5. . NE W el 2D 2R SV 2N 2 2
tst=2 R SRR i R | S S R R 1 0
Y A ] 1 1 I R S I R Ll A | 1 1
£st-9 R Sy LT A S S R D s T 1 1
Mal-1 S S O R IS R SRR R A 1 2
Frd=1 AR SR el SR i PR M DL SR A 1 1
Ped-2 b P SIS EEING Tk "L TR LWL, oY 1 1
Fglr~1 /LU S dhas TRl Sl S SR Sl e R 2 2
PEt=2 Lo & AL W Lo AE 13E 5 eem AT 1 1
Pel=d g« ¢ 4 0 ¥ 9 0 O ¢ G 2 B 0 1
Pox~2 TN | S | D SR s O | R ¢ A i SSN  RI  S 0 0
Sdh-1 O Sal e sl ity it Rl e S St R 2 2

No. of

varieties 363 4 16 2 2 1 1 1 499 1 2 1 1 1

(53)% (13)




Table 22. (continued)

Locus Type

XV XVI XVI XV XIX

Acp-1 1 2 1 1 i
Adh-1 ' 1 1 1 1
Amp -1 1 1 1 1 1
Amp -2 ¢ 2% 8. BB
Amp -3 1 1 1 3 1
{at~1 1 1 1 1 1
Lstnt 2 0 0 0 2
Est~5 1 1 1 1 1
Est-9 8 s Ewa b el
Mal-1 % ¢ 2 1 2
Ped-1 B o @B R
Ped=2 1 1 1 1 1
Feizl 1 1 0 1 1
Fei=2 2 2 2 2 2
PEi-d 0 1 1 i 1
Pox-2 1 0 1 0 1
Sdh-1 2 2 2 2 2

No. of

varieties 1 1 1 1 1

U Number of alleles is designated.
2> Shaded parts indicate different alleles
from those in Type 1.

3 No. of varieties exhibiting the same name.




Table 23. List of varieties belonging to Types II to XIX

Type Name of varieties

II Aka(Majiri), Mitutari, J172, Shiromochi

[II Aigame, Akafuku, Akayashiro, Akamochi, Beniyashiro,
Hiezu, Kitahikari(Honjou), J129, J147, J222, Ootemochi,
ohiro, Shirogane, Shoukuhi 2, Yachikogane, Yukyu

IV Birumamochi, J177

\% Akamai, Meotobouzu

VI Fukunishiki

VIl Murasaki

VIl Akamochi

IX Aikoku, Aikoku, Akahibari 45, Akamai, Akamai, Akamai(Majiri),
Akamidashiishi 1, Akamochi, Akamochi, Akamochi, Akamochi,
Akamochi, Akamochi, Akamochi, Akamochi, Akamochi(Himejyurou),
Akamochi(Majiri), Akamochi(Majiri), Akawase, Akawase(Majiri),
Benimochi, Bikkurimochi, Chousenmochi, J23, J24, J33, J37, J44,
Jb3, J83, J107, J232, J259, J261, J301, J327, J399, J405,
Jakouine, Kaoriine, Kaoriine, Kaorimai, Karasumochi, Kazusa,
Kihadamochi, Kuromochi, Kuromochi, Kuromochi, Shiratamamochi

X Nioimochi

X1 Akada, Choueitou

X 1I Akakushimidashi

X III Hiemochi

X1V Nioiwase

XV Kagoshimazairai

X VI J278

X VI J328

X VII 4393

XX Karahoushi




Table 24. Number of varieties exhibiting the same name

in each gene combination (type)

Shiromochi

Name of Type Total
varieties

I 11 I V I X X XI XIV
Aikame 2 0 0 0 0 0 0 0 0 2
Aikoku 3 0 0 0 0 2 0 0 0 5
Akage z 0 0 0 0 0 0 0 0 2
Akaine 2 0 0 0 0 0 0 0 0 2
Akamai 1 0 0 1 0 2 0 0 0 4
Akamochi 23 0 1 0 1 8 0 0 0 33
Akamochi(Majiri) 3 0 0 0 0 2 0 0 0 5
Akawase 2 0 0 0 0 i 0 0 0 3
Akawase (Majiri) 4 0 0 0 0 1 0 0 0 5
Benimochi 1 0 0 0 0 1 0 0 0 2
Bikkurimochi 1 0 0 0 0 1 0 0 0 2
Choueitou 3 0 0 0 0 0 0 1 0 4
Daikoku 2 0 0 0 0 0 0 0 0 2
Hieri 2 0 0 0 0 0 0 0 0 2
Hieshirazu 2 0 0 0 0 0 0 0 0 2
Hiyamizu 2 0 0 0 0 0 0 0 0 2
Hosogara 2 0 0 0 0 0 0 0 0 2
Jakou 2 0 0 0 0 0 0 0 0 2
Jakouine 1 0 0 0 0 ! 0 0 0 2
Kaoriine 1 0 0 0 0 2 0 0 0 5
Kaoriwase 2 0 0 0 0 0 0 0 0 2
Kazusakobore 3 0 0 0 0 0 0 0 0 3
Kitahikari 1 0 1 0 0 0 0 0 0 2
Kuromochi § 0 0 0 0 3 0 0 0 9
Mizukuchimochi 2 0 0 0 0 0 0 0 0 2
Nioimochi 2 0 0 0 0 0 1 0 0 3
Nioiwase 1 0 0 0 0 0 0 0 1 2
Shiratama 2 0 0 0 0 0 0 0 0 2

1 1 0 0 0 0 0 0 0 2

2 0 0 0 0 0 0 0 0 i

Yezo

Total

Co
W

24

115




<

Table 25. D scores of 19 kinds of gene combinations (types)
o found in 450 Japanese lowland varieties

Type

I Il 11 v v v Vi VI KX

D score 0,120, 12 0:21 Q.12 0,02 622 0. 1270, 12 0. 21

Type

X XI XII XII XIV XV XVI XVI XVl XIX

D score 0.12 0.21 0.31 0.16 0.30 0.75 0.65 0.85 0,66 0.94

Table 26. Number of varieties classified into Japonica and Indica
types by using D scores averaged over nine isozyme loci

D score
¢ = Japanica —p Intermediate Cor— Indica ==-2
0.0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0

No. of
varieties 440 b 0 S 2




Table 27. Geographical distributions of 450 Japanese lowland varieties
belonging to 19 kinds of gene combinations (types)

District Japonica Indica Total
Type 1 Types 1I Types XV
to X1V to XIX

Hokkaido 102 3 0 105
Honshu 194 58 0 292
Shikoku 16 6 0 22
Kyushu 31 10 4 45
Amami-0Okinawa 10 0 1 11
Unknown 10 5 0 15
Total 363 82 5 450
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(HFE) OFELROONTE, TRIF IREERZ N LEETOPed-FPTRED
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TREBXREMEINDZ R MICERGEHN SN S, KEXRKTE S OMIESRAIC D ME
WEBEXNTED (TAKAHASHI 1978, &I 1987) , KBRFEOEWKHZF T
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(Pi-se)3H 1 1 @#BED /2 (boh) 1 0-156%nfilizEdosehELl
2o £1=, Ped-NE /a1 4 %OHMBMERY (B2EB2H) o L, Ped-1
Pi-seb, B U AMIZHZ b vhE, MBELRTFREFBCHAEL TS ZLIZR D,
EREIZOEERE»POEEOVOLERIKNMMEZAT LI EBLERFLLD
(W 1942, LS 1983) » 2 d, HATHEROSEO WY SIRIEN
MAEARICEATIRADITONE, TORKBLL TEHEIPSBRENLEIN
EOMM ALY EEEOVLLRENMEABL TWVWE L, BEIEEEES®R T
&, Pi-seldfzEEIN TV e PHo IS NIz (GOTO 1978), H £ 5 (1983)
OMELHEOMHEL»S, GEVLHHRKTNEEEFIIEEICKMEZRE LKL
THEEZ2BERLABETHICHEL TWREHEEES NS, 74 YT A LEBIET &
MOBBEI L > T o HEELBIECERNTH > e Ped-PEK>TED, BRO 5
BREEIEF AR > TWiee SNSIBENZ EHEHRERE T 2B TH D, =

CNSDBIETOHEHEBMBAEHS LI T LD ICERNLEHI T PLETHS. 37
AEBO LD ICH BRSNS RRBCBILIHEDT AV F A Ll f
EFeaMoBEME, XYM TREZERICRESI N EBNO T Y g
AL T DPei-MEICbBOND, CHSEEBMELTALLTED, Z0OR "
etk in T Se-SERERMOMMLDOERE 2D, Se-/BLFEITHEHL TWD P e/ -2 ﬁ
DEEFEE>ZEHZ 5N 5 (GLASZMANN 1987). 74 YV H A AIRMELICHE ﬁ
BIcESL Thwhnkzd, COLIRERBMIBRNZTAV YA LBH- 2 o

BIZNHSBEMLICHE T2 MIETFEHRD I LHBTART H D,
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Table 28. List of 66 Japanese upland varieties

examined for genotypes at 17 isozyme

loci
Name of Name of
varieties varieties
Abaremochi Habiro
Aikoku Habiro
Akage Hachimachizairai
Akagiwase Hatamegumi
Akaine Hayagaisen
Akamai Hiderishirazu
Akamai (Kantousan) Hirayama
Akamai(Tushima) Hinode
Akamochi Hinowase
Akayakan Hokkaiakage
Akimasari Hokkaiwase
Asahimochi Kirishima
Atutagaisen Kouchizairaishu
Awafuki Kuronoge
Barabara Matuyama
Barabaramochi Mikuninohomare
Bouzumochi Mino
Bouzuyakan Minomochi
Bunbukumoch1i Naganowase
Chibasenshou Nara
Dangomochi Noshinriki
Edatarebouzu Ohatawase
Eikaho Oiran
Esojima Okinawarikutou
Fujigane Pokekaraboshi
Fujimizubansei Sangoku
Fukokumochi Senshou
Furuwase Senshouho
Gaisen Shikokumochi
Gaisenmochi Shinriki
Goseyonkoku Takachiho
Ginsukeyakan Tosamochi
Gongendouhakanmuri Yomogiharahakanmuri

5l




Table 29. Allelic

frequencies and gene diversities for 17 isozyme

loci in 66 Japanese upland varieties
Locus Allele®’ Gene diversity?’

0 2 3 Japanese Japanese Asian
upland lowland native
varieties varieties varieties

Acp-1 - 0.016 0.985 & ~ 0. 030 0.018 0.5
Adh-1 - 1.0 . = 0.0 0.0 0.185
Amp-1 s 1.0 = - 0.0 0.018 0.184
Amp-2 ~ g. 8055 0.046 = 0. 086 0. 097 0.500
Amp-3 # 0.909 0.076 0,015 0.182 0.018 0.438
(at-1 - 0497 “0u8us - 0. 322 0.026 0.500
bsl=2 0.909 0.0 0.0l = 0. 182 0.012 0.601
ESt~5 % 1.0 - = 0.0 0.004 0.033
tst-9 R 0.985 0.015 - 0. 030 0.018 0.231
Mal-1 - i - ge8l T 0. 410 0.214 0. 486
Pgd~I # 0.167 0.803 0.030 0.326 0.022 . 505
Prd=2 = 1.0 5 5 0.0 0.0 0.064
Pgi-1 3 ol Ue870 T 0. 058 0.026 0. 491
P&l 2 0,970 G Be3n - 0. 058 0.022 0: 455
Pgi~d 0970 0,030 = = 0. 058 0. 031 0.498
For-2 1.0 = — 0.0 0.014 0.473
Sdh-1 * 1.0 z 0.0 0.0 0.283
Av. gene

diversity®’ 0.102 0. 032 0.381

D Number of alleles is designated.

2) Gene diversities of Asian native varieties and those of Japanese

lowland varieties are referred to Chapter 3-2.
3) Average gene diversity (NEI 1975) among 17 isozyme loci.




Table 30. Classification of gene combinations

for 17 isozyme loci in 66 Japanese
upland varieties

Locus

Type

I I I mvv Vvl

Vi Vil IX X X1

Acp-1
Adh-1
Amp -1
Amp -2
Amp -3
fat=j
g
5. i 3
tst=4
Nal-1
Fed-1
Pgd-2
Fgit=1
Per-2
Pgi~d
Pox-2
Sdh-1
No. of
varieties

P
-~

DO © © = DO b= bt b e s OO DD b e e e DO
DO © O = DO = B b=t b= = O DN R e e = DO
Do © O == N = IO = = O = e e = DO
0O O O b= DO = BT = = e OO R e b s e NO

11 22 14 10
(2)3)

DO O© O = DO = B DD b = O fEK = = = = DO

DO © O = DN = B = = = s DO R = = = DO

DO © © = DO = B R b= = R RO B b e s RO

DO © O = DO = PO = = = e DO B = e DO

o]
~

' Number of alleles is designated.

2> Shaded parts indicate different alleles

from those in Type 1.
3 Number of varieties exhibiting the same name.




Table 31. Geographical distributions of 66 Japanese
upland varieties belonging to 11 kinds of
gene combinations (types)

District Type Total

P W v ¥ iV BX.- X. X1I

Hokkaido St 0 B B G 6 S B B 5
Honshu andgietae e 0 Gde BB g s d 31
Shikoku 9. .&.3 2 4 @ 1 1T 0 85 B 1
Kyushu o b g 20 B 80 B 1 4 D 18
Okinawa o 0 0 1 0 0 o0 0 0 0 o0 1
Unknown | | R R R (SR : At ¢ I | e 4

Table 32. D scores of 11 kinds of gene combinations (types)
found in 66 Japanese upland varieties

Type

I I I IV Vv VI VI VI IX X XI

D score 0.12 0.12 0.21 0.22 0.32 0.22 0.16 0.25 0.14 0.68

0.75

Table 33. Number of varieties classified into Japonica and Indica
types by using D scores averaged over nine isozyme loci

D score

< — Japonica ~— > Intermediate Com=idindiea ~— D
0.0-0.2 0.2-0,4 0.4-0.6 0.6-0.8 0.8-1.0

No . of
varieties 36 28 0 1 1




Table 34. Allelic frequencies for PGD genotype

among three varietal groups

Classification Alleles

Ped-11 Pgd-17  Pgd-F°

Japonica-Lowland A, B 445 0 0
Japonica-Upland A 11 0 0
Japonica-Upland B 0 % 0
Indica-Lowland C 0 0 5
Indica-Upland C 0 0 2

Table 35. Morphological and physiological characters of seven

Indica varieties (five lowland and two upland varieties)

Name of Phenol L/W Apiculus hair Color of

varieties reaction ratio length (mm)

pericarp

(Lowland C)

Kagoshimazairai + 2. 68 0. 42
Karahoushi t 2- 82 B 23
J278 o %03 0. 55
J328 + 2. 93 0. 34
J393 % 3. 00 0. 33

(Upland C)
Akamai + 3. 07 0. 25
Akamai (Kantou) i 3. 00 0. 34

Red
Red
Red
Red
Red

Red
Red

Note:L/W ; Ratio of hull length (L) and width W).




Table 36. Morphological and physiological characters of three varietal groups

Classification No. of Phenol reaction Apiculus hair L/W
varieties length (mm) ratio
+ =
Japonica-Lowland A, B 100 2 98 0. 1940, 11 2.08%0. 15
Japonica-Upland B 53 41 12 0.43%£0. 15 2.33%0. 19
Indica-Lowland C/Upland C 7 6 1 0.35%0. 11 2.86%0. 18

Note:L/W ; Ratio of hull length (L) and width (W).
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1g.

10.

Multiple alleles of Pgd-/. Lanes 1, 2 and 3 show expressions of
Pegd-1°, Pgd-1' and Pgd-1?, respectively.
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A B T A4 VY S BIETD
= FH T 52— oD Lt FH
21 61 IR EERE
7 o N YT 1 2. iz T oD 3 8B BE 4%

BEEEBIBHRIIBOW TEREREZRT ZLEBEL, BREFHICLILIEE
EZURTVAY Y - Ik DERENT WS (EAST 1916), 20 & 5 A RIVIBHE
AYET2BIEZTFHCEZTOEADREIMEIFERICIZ2BRICES 20T
oW —FH, REIIRRAKICSE -1 0cMThNETARFLPY-A—-%2H
WTEBMEBZTFOMAERIMICHETSQT LEBEH SN TW S (LANDER
and BOTSTEIN 1989),

ME, AR CBVWTTAVHTA LBETE2EDTI420EBEEFICLDE
WK AR XN TS (KINOSHITA and TAKAHASHI 1991), & LEMEEMN N
SEBZEZTFLHEBEL TOVAE, REKLTOHEEZETFOTHMZBBIICHE T2
CEMABRETHAD, BMICEMEED 1 >2TH2MEBHICTO>VWTIE, Zh& EH
TOHEBEEZTEAAL CEKRT2REERSBHEES Nz (FUTSUHARA and
TORIYAMA 1966, SASAKI ef a/. 1974, Bl - EJR 1960) . RRBERICHEEZX
FEWTA VT A LR, COIONUAHETENBEEZIE TS2EBEFOMBRE
KOWHEZNELILITA Do

TAVYALABIZFIZOWTE, SHEEBHCHEENCEETS2EEZFPHS
Pz XN T WS (ENDO and MORISHIMA 1983, GLASZMANN 1987, MORISHIMA and
OKA 1981, NAKAGAHRA 1978, SECOND 1982,1985), 7 A ¥V ¥4 AlXFIKICH L TH
VI THDE0, ChoRBHFICHEENAEEZTFIISEROREZ XA T 24
MIREEIC RO EE TR EDHICERIIBEZTLHEEZT 70y 72K L TW
LA HEUBPHEIND, COLO RHEEHITEA X OEBRICRRN 2 HFEER
COEEEREICETIBIZTFETA VYA LBIETFOMICIAEENATVS
(MORISHIMA 1991), AEKEBR T, 4 v FE - HARRERRZHETHE OSSN
EEAZ SRS 52BIZTETA VYA LIz TFLoEBEBRoREz A, Xk,
o0 EMERIIEEERARTOT, bSO B THWEFE
(FUTSUHARA and TORIYAMA 1966, SASAKI ef a/. 1974, Bl - EJ 1960) & [H]
BIo7A4 VYA AliIzF2EZL LT, HHOBRELBER T2 EEERZERL .




At K ©F S5 i

B2 BHEOCRERZ TR THAR FHAcc’63 (KTHE) &4 >~ FRlAcesss
(Habun) D ZMREF Z LMK & L THW = (Table 37) 2h 60K 2 1 1 ik
21 9904FESH1 THICHIFEXY, 11 HRICAKHIEMLZ. 2090 1 @K
BRREELAROEOEBE BN Lo 20, BOD2 1 0 & TII BT
Bohiz, AIREFICBVWTHHEHK (BEL,SOoHBEITOHY) AUFEER%E
HBELE. BEERBICEHERLTWEHNLET VT AIR3AEZEAT, W LD
SKOBEDRE XA AREEE (NIKONGC) ZHWTEHHL, 20¥EHEEZEROF
ER L L

ERBETFLLTRTZ7AVTALEVCERE(wv)ERHWEZ widZhZEho R
METE2BETICEI208roBEZTHAEREBEL 2. 74 Y YA LAILH 6 HH
BEICATIE S D Amp-3, Est-2, Cat-1RU Pgi-2, B8 HEHBEICHIE T D Anp-2, 5
1 1 #EEBEICAHTE Y 2 Ped-1, RO ICHE 1 2HBEBEICHIE T DA4cp-IR T Pox-20
AF8EBIZH>WVWT, BEFEZHWTHAL .

B RO FEICE, FNFNERROCTA VYA LBERTFOZAEN2HOD
FREREFOB CEHHOEZOEESEEZREL 2, FHHICEBZEDL SN E,
BIZMHEEREH R L L. COBAICREHEREHEEHEBMBOMALHE X 5
N3, 7AVYAL LAZENEEICH L THINM 2o CTHEBRIC X 2 A[REED
mWEEZONS,

1) BEHICEB I ZIEE DS

Acc563 8% FAcc8O3 DI HMII =B TCT7T2HAU 15 THTH-=. REHD
FHEOBoHES2HIE 1 lOHEHTAES b 2[HAfZRL, BAELEMHD
1 2 3WEKEUKEERASS THE»POHBEEIN, ZOLIRR 2ETFIZRHD
9: TOREMHEICEA L. LEP->T, #HEEBRZETS2HETOXR 52
5 LR xN S (Fig. 12). Acchb3f FAcc8s3nFERITENENO. 3 6 mm,
0.72mTdhhH, FEROEREMOHEMIEKEERZRLERYD, FERIC
BREBOBEZTFVEET L, TLEAREERICLZ2ZEBLEHAL 2 (Fig. 13).
REMTEwEABOEBEBEICHBET27 4 VYA L0 8BITEWT B2
Yoz TDHE, wxTIldAcchb3HEKD vk TE (A1), NFT OB (A1A2), K
UAcc853HI KD + K TR (A2A2) DA BHEEADS, ALAL:ALA2:A2A2=37 : 92 : 81
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i D, Ped-ITITA1AL1:A1A2:A202=35:108:6T7k%k-ke TNHD2HE
Tld, Acc8S3HiIKD M LBz FE2 FERICHFOMEPBRRICE L HN D HHE
Hofzeo MDT7 A VYA LBETFOTEER, 1 : 2 : 1 (£51-ZRUVPox-2TH,
1 :3) OMfFHICEA L7z (Table 37),

2) PIMHBAURER CEBERT L o EEHBRK

RERD 10 ORIKTIEwy, Amp-3, Cat-1, Pgi-2, Amp-2, Pgd-IR T Acp-1D
Q2HBFORTEREATOR L 2B TE128, Acchb3 TAcc83DRBH KD
SHVEIZTFIC VT 2R T REAHEB CHABHBMAUFERD P2 B
L 7= (Table 38), X7z, nulliBIzFA2 8T 28 (£st-ZRUPox-2) TIX, AlAlE
MAOBEIETFRAE T HAEEFET LI DOEEEEE LT, A0 EKEEE
fifi % L8 L 7z,

RETEHMHOEDEER L tREICI VAR L S, 6 HEEE D (at-1,
WO HBEEDAnp-2R V1 2 BBEEED Acp-1IR T Pox-20 4 BIZHO>WTIE, FHEH
HEUBEEO2IEBIL>VWT 2O R EROEHEBICERRBD N Lo 12
(Table 39)e L7=Mo>T, ZhoH6D2BBL LARDT7TA VYA LBIEFLEBE
5L MILERICHS Do

—F, FEOHBBED Wy, Anp-3, Est-2R U Pei-20 4BICO>WTHBEBEEUHE
| EEOEREBFNFNEBICE L >z (Table 39), LEMB->T, ZNHDEIR
| Fr o2 BA YR I 2EIZFLOMICBEMHBEERBHEE SNz, B
BRUOT7AYVYTALABIEFOZHEHERBZWETHE, ChoDHEEITHHENR
KT, RBEECE T2 at-I3Mo 4BE RN TZMAEICHLLEOLICHEE
ZZBHIOENZ o Iz,

X502, FIBEHBAUCEEES2Z YR T 28z FLE 6 EEEED 4 HIETOBK
oW T, 2EEEKAZMRE L THEDOHETHANZ (Table 40), FFEHEH OZE 5
Wy T2 28 dm-stl 2. TH, PEi-2C23.50ERY, Pei-2THBYK ET
xnAEESRIEE Nz, BERD#EE g/-2C0. 0 6mm, wxTO. Lom, Anp-3
TO.13mnkith, Amp-ICTROVRKEREEEVEHREINEZ. LEB-T, 2N
SOEEE HBEOMmE AWM T S ERETNE, HEERCE T ERFIXP /-
20, BEECHT2BIEF 3Amn-300HBICHEETLIARELE V. 26
HEOFHOMOHEES G208 I TROMEMMAZERD LS PICRE
BEICAccH63HIK D Pei-2' DK ERIEK B <, M BIKEEIC Pe/-220 & & B {K
BE otz (Fig, 12). FER L Anp-20 B R TIZAcchHb63ITHK T D Amp-3 DK E
REKRIIEFELAA L, Acc8B3ICHR T 24Am-2?0 s TREKRIEEELZ2EITD
MEBERD SN (Fig. 13), L2 L, FBHOBE 2R TFoEETCHD, BEREIR




Ik DOHERHBEGENTHoLROBER TGP TRV, E#HS5H
WD LBSCEOLBRHECBWTHR T AR ETI2LEXH D, 4 ENIHE M
rBH Lo 0=,

AccH631d 55 WIERIEME, Acc8b3idiiWVWEBEMZH oM THD (M KRERXK) .
5T, AEBROE R SAccibIXAcc$b3OREMO BB E X% 2 BT
OWMEBEEHICKBE I TV LHEEEI N, Pe/-2L OEEBEE < N/
EZFEEBRICHREEIN TV D Se-1E X 5N 5 (KINOSHITA 1987, O00SUMI ef a/.
1989), %2 1 BIz FTOBEFEERKIFETE R P> o

A YRR EHARGHEBTEIREREZEB T2 1 BT (aph) & Pei-2R T
Est-2L DAL TWD EMEXINTW S (SATO ef a/. 1990b), ASEZE TH S »
WCENTAmp-3DEL ICHZ2BRERBRTOHMBEHEHEBELELCTHLZ EH» 5,
aphTHHEEFEZH6N5,

FRHO2BOBIZTFHNROMEICIE, TNSRBLHEETLZTA VYA Ll
T EFHUZ. BIEEHBICE Pe/-2RUBERICE Anp-3% BIcEHE L LTHY
Foo PEI-20FTRIEGBHOIBEAKOTEHIE, ZhZFn93.8+£10. 8HKEUV
117.3214.4HTH»Y, "ToBREKEOEHIZ104.2+£10.8HT
Hotz(Fig. 140) o NT o BRIEEKRFIIFRIMN2IEHEZR L L5, FHE
H¥%# X 28 zTRATE2EBELEEZZOND, BER T Anp-30 & € R E K
| HOPEEOTEHIE, 0.72+0.16mEkT0.59+0.1 4mmT, ~F 0%
EAEETIZ0.60£0.16mmTdHofz(Fig. 14B)o ~NT O BIE{KEF I Acc853H
KOBETE2HREBCHEOHEEKBELIIZIRIUCEEEZRLEZEDT, Acc8b3HXKDHF
ERICHET2B8zTREFESBELEEZI SN D,

UbEoER»S, A2 FH - HARGREBRHETHHEOASONTZ2IEEHIIHEE
T52BEEETFETAVYA LEETFOHBEBBRBHO PR > 2NS5DT A Y
YA LABIEZTFEHWS LT, ThaiEEe L THHERICBIT2WEED M
ERBAEEICRZEEZ NS,

.

S S

=5 =%

AWWETIEHA V FRIXHAMORHEHATTA VT A LD8EHIZFLE wzHY
T, Pei-2b WM R U Amp-3& HERBICHBEBERS AL N7,
HEMRREE TP GRETE CZOMMAEILALEAS 2ITE > TIEHK
XIS RS A - EZEZO5N 5 (0KA 1988), 1 v R HAR O 32 M #%A4K
TREREZF LIV IO EEBES N TS (T 1968)




TAVY A LABEIRTFLEBHEAETO2HBENERRZ T L L TIE, SALAM ef a/. (1990)
LD BEOREIKTPe/-28PSH23.224. T%O00HEBERFRS>Z LD
ENTWNS, KD EEH X (KINOSHITA 1987) & YOKOO and FUJIMAKI(1971) Tld
FHOFROKRICP /-2 FICHETABAEMBE LT (Se-DBHS L LR >TWND, X
512, EREBELZFRHEEHWENELLS, Psi-28 Pi-z0 & nF \_Se?—lfpféléﬁ
THZEBHSPITEN TV S (00SUMI 1989), A CHA L ZRERTIT
ML T I2BEETEIDESELHEVWCHINR 2BIEFICL>TWSH, 205
LD 1 2WBPgi-2b B LTWEZE, ZOBEZETHEBATEZERARLIEC L
»o Se-1&F % 650 % (YOKOO and FUJIMAKI 1971, H4R - zgh 1977, 1978) » —
i, MO#EET L Se-72 3T L HER X N 7=

FEREBAKMEERBAUCHARE 1 > FRIFEBITRELZD, BioA v R
HARMOMBEBZHICB W TIIEEE R Z/RL 72 (SATO ef a/. 1390b), 5 F TO
Bz TRB3EEFEON (BREFE) , BOHHEBONEL R g/-1, B
FROKIAHEP /-1 BEEHNICIER T2 2/- 2850 TS ([ 1953a) o
HOHEHE LOREICHE T2 BIZTDaphl DWW TIX, SATO ef a/. (1990b) A8
Est-2BUPei-2L DBEEPSZOFELZMEEL Iz AXBTHREEINLZBETD
Amp-38 O EFHBRP S aphBE O M VNHEE T EEZEZ SN D, Z OB T3 EBIXSATO
(1985)DHmBEL ML RBEEZXH T 2B EZTOPEETEIRL, TLAA v RE
HEXOBEBEVLEMEARLEZ, FERINENFOBRMEL2BETH D (0KA
1958), F-REEBIBECNHEEEXL EBROBERLLZVBEE»S BT LL
72Uy (TAKEDA 1985), A CHODIC LA E B ESEBHICEHL L2 OH
LWBzEEE LRI B,

CDEODET7AVYA LABEFLEOEHEICET 28R TOHBEBBRSAEX
nhid, VIR TOFPHENZEHRICHEILIOTHAOL, ZOE6TAYVYH A Ll
zFEHWTHHBLZT2E28MELOHAMBEABATZ L HFEIN S, |
S%, EMLOBEERNT 220, HERERNT274 VA LABIZTL# >
ISIEBOHEEBRERNDTETH 5,

i




Table 37. Segregations at eight isozyme and wt loci

in F, population of the cross between Accb63

and Acc853
Locus F, segregation y i for
A1A1 AlA2 A2A2 1:2:1 01 1:8 (p)
Acp-1 57 112 47 1. 09 (0.5-0.7)
Amp-2 49 102 59 1.12 (0.5-0.7)
Amp-3 44 109 5 1. 91 (0.3-0.5)
[at=1 53 113 44 1.99 (0. 3-0.5)
Ped-1 35 108 67 9.92 ( <0.01)
' #0 R d b4 102 b4 0.17 (0.9¢ )
WY 36 95 179 19:5:4¢ 40.01)
(AIAl  A1A24A2A2)
tst-2 45 65 1. 43 (0. 2-0. 30)
Pox-2 47 163 0. 77 (0.3-0.5)

Note:Al and A2 indicate two kinds of alleles derived
from female and male parents, respectively.




Table 38. Genetical associations between nine marker genes and means of
days to heading (DH) or apiculus hair length (APH)

Trait Linkage group 6

Amp-3 Eairl kst-2 Fgi~2 WY
AtAl  A2A2 AlAl  A2A2 AlAl AlA2+A2A2 AlAl  A2A2 AlA1l AlA2+A2A2

DH 95.4 115.9 106.9 104.7 95.2 107.7 92.1 121.0 102.8 107.3
APH 0,70 0.54 0.60 0.57 0.68 0.57 0.64 0.57 0.64 0,57
No. of
F, plants 23 23 24 16 24 76 27 24 17 37
Trait Linkage group 8 Linkage group 11 Linkage group 12

Amp-2 Feg=i Acp~1 Fox-£

Al1Al  A2A2 AlAl  A2A2 Al1Al  A2A2 A1A1 AlA2+A2A2

DH 101.7 102.5 104.3 105.7 103.2 103.4 104.6 104.7
APH 0.62 0.5H8 0.58 0.63 0.64 0.66 0.64 0.59
No. of
F, plants 24 31 13 20 22 25 19 81

Note:AlAl and A2AZ2 indicate two kinds of homozygotes for Acchb63 and Acc853 derived alleles
respectively, in the F, population of Acch63XAcc853. AlA2 indicates heterozygotes.

Table 39. Genetical association between marker genes and the two characters
in the F, population of Acch63 XAcc853

Character Linkage Linkage Linkage Linkage
group 6 group 8 group 11 group 12

Amp-3 (at-1 £st-2 Pgr-2 wx Amp-2 Pgd-1 Acp-1 Pox=2

Days to ++ - +4 ++ - - - - -
heading
Apiculus 2 A - A, S = % - =

hair length

Note:t+, +t indicate significant differences between two homozygotes
in Table 38 at 5 and | % levels, respectively. - indicates
non-significant difference

Jol




Table 40. Genetical associations between three marker genes and means of
days to heading (DH) or apiculus hair length (APH)

Trait WY Amp-3
AIA1Y A2A2  Diff. 2 t-value (p) Al1Al  A2A2 Diff. t-value (p)
DH 108.5 106.3 2.2 0. 66 (0.5-0.6) 97.9 110.6 12.7 4.22 ( <0.01)
APH 0.69 0.59 0.10 3.32 ( <0.01) 0.72 0.59 0.13 4.32 ( <0,01)
No. of F,
plant 36 79 44 67
Trait Feivd
AIAl  A2A2 Diff. t-value (p)
DH 93.8 1173 23.5 9.61 4 <o)
APH 0.66 0.60 0.06 2.08 (0.05-0.01)
No. of F,
plant b4 54

1 A1Al and A2A2 indicate two kinds of homozygotes
for Acchbb3 and Acc853 alleles, respectively,
in the F, population of Acchbb63 X Acc853.
AlA2 indicates heterozygotes.
2 Diff. :Difference of two genotypes.
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No. of plants
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Apiculus hair length

Frequency distribution of apiculus hair length
in the F, population of Acc563 X Acc853. Arrows
show the means of parental strains. Solid and

dotted parts indicate frequencies of the homozygotes

for Amp-3' and Amp-3° alleles, respectively.
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Fig. 14. Relation between isozyme géhotypes and

days to heading (A), or apiculus hair

length (B).




2 2 HMO LR IZME IS BB 1T = 7 1 ) 2.
B {1 7 O BB 455 B

T X ORMENTRE ML EL2BEZEFLLTE, RORBTFOMHAS DY
L VECLEMEEMFBIEET (M 1953b,c,d, 0KA 1974) , F {8 (2T
(FHS 1964, MAEKAWA 1981, 25 1973, ohJI|JE 1981, NAKAGAHRA

1972, NAKAGAHRA ef a/. 1974) , » 5 WIZEE FHW#EETF (IKEHASHI and
ARAKT 1986., SANO 1983,1990, SANO ef a/. 1979, SATO ef a/. 1987, EH 5
1986) L EBHIGNTEY, 20O%LIEA v K. H AR 5 F BE R 0 A B B e
B L UTHEL TS (SATO ef a/. 1987), 7)1 (1982) i i 5t A BERS 0 2 72 5
9, HARGEBEANCBO CORBERBETFEAAE L E. 1Y FERERNI S
WTOFEBRZmEENO MBSO GFE T2 e BTl an 2, =52,
1Y FRXBAMO BEBZHEERICEL BB 28I, WSARBTOEEs
Wild 2 1 ICBIET A OB Y 7t 2,

ARBRTEA YRR UCHARICERNET A YA ABEFEHNT, @S
MEEBOZHICBWTEL2BE D2 TR L =,

B Ak e o S5 3

HA®Acc504(Taichung 65)IC7 7 &M S DA o FRID 1 2 5456 (Table 41)
‘%Qﬂﬂ/f,4I/F@Amﬂ%ﬂ@rmmﬂlﬁBXUWQﬁWﬁ&UmﬁE%ﬁﬂﬁ‘1Zuu
W% 22/ L 7 (Table 41)0 FEKRHREZBH OB BELHEFTCER L C,
EME U FRMEEHE L. MEMTOBLOMO B LERRET -3 ¥
W (1% %N -, 45 %KERE) THREL T, BEECEROIAIZLDED
etk & Tmtmf@?ﬁﬁj&ﬂﬂtmoé2?Wﬁ§?%ﬁ%mﬂmﬂmévaa P>
BT E30CKR->HERNTHIFEIY, 4-5HBOWEE 7 AVY AL LD
ﬂ%mwﬂﬂ&btoMmM&@@%ﬁﬁébﬂ@E?ﬁ%BE%ﬁwkhh%
6 MDD Mnp-3, £st-2, Pgi-2R U Cat~1, 7T HBBED Fst-9, 558 T O
Amp=2, 1 1 BB BED Ped-1, 1 2 BEEBED Acp-1, Pox =28 U Sdh-10 & 4y i %
HA LT AcclBL DRMMABEDLEYORTIR L1 1 ED S Anp-3, Est-h T*
Sdh-1%& R \i= 8 icomfﬁébtoD%%&i%ﬁ&f@élzzzl(B$
Bllin Bl BIZET 26T 2 £51-2 T Pox-2CId 1 : 3) LOBAEARE L /-,




1) HER AccbdX 4V FRIGHEOLRHHADEYORIIBIZ 74 VYA Lz
+ O RE ik

Acch0d & A » FRIGH L O FBEoEmEtIZ4 3 -88% T, Mt
11 -88%%ZmRLiz, fEMEHTRECHEICIHS »AHBEMKREALYE R
» - 1z (Table 42), 1 2FiOFREAEPSBEEETORFRIEE TH-> DT,
BFELERBEEREE2TERICEALT, 74 VA L2BEFONEBMERABL 12,
HAR Accb04iZ X U TR A > FERISHII T X T Cat-1, Amp-2B U Acp-112 D0
TE2RBEZRLED, BODOTA VYA LABREFTRA2BOASNLTZNVIEAD
H - 7= (Table 43),

Cat-IR U Ped-ITR2TORMMASDOETEE THBREO SN, 4 VK
MaEHXO R EREKROHBHESHFHEIVERCEVWEABE L,
Acc504 X Accd35D Fst-9D 43 B D F H A B 5 F H 5% o K £ B K o) H 30 58 B 5 1] 7
X DE» > (Table 43), NS DR 77 & Table 461K L 7245, 56 HisH
BED Est-28 Pgi-2, O TICH 1 2B D Acp-1L Pox-20 4 BETIIHEICHEL
Izo SNODORERIREDORCEKEZFEOEMF, DL BEAKRKEE RIIAR
BICER TN, —FH, BEFoEeitmBRtERoETREL oBICIE
S 2B EPED SN, - Iz (Table 42), FEEO/NEICBWYWTIEEAEKD
BIEBROONL L > e XPRETFORFENVIEE ThHoR2 s, Ll
HOBREBTFOZINE»oZBEITCRECIY, BFo BEBEKEZT (62)I12
BEBJEE NS,
%6@%%WMWikPm12&E%H&%lZ@%ﬁ@Amﬁ&mnﬂi%h%ﬂ
HEWICHELTED, A—0HERICLIVEEDHEZELEZEZZO5NS, 4cp-1K
PET =BT A @%@o)ﬁaﬁktﬂa&ﬁ:&t@B@%%Jﬂ«t(hg 154,
B)e PE/-2TRWEDEZRL 24 v FRIGFHIE L2 ZME»S5Hk L TED,
Acp-ITIZEBO 3 M, PEHO2 REEXI 201 BEEZHWEE SICEE S
MezRL. —h, PEHO2 %8, XbFLAD1HHE, X6V RERUTAYT
YHAHKOIMEBEHVWDEIXRTIERES#ARLE, LEB->T, 4 FRIG
HEEIC a0 L BE L T itEx N 5,

2) 4 Y FRAcclX HARMBEE ORMHADEYORIIBIZTA VYA L#
I+ DR ik
AcclO8 A HARGHORMICL IR K& ILI43-52%, HT




REEX36 -56%TdH o7 (Table 44), — /7, AcclO8L MW HAR G L OF,
FEEOIEMBBHERILENELC 76 -8T7%Th-o7k. FOETERMEIXI3ZI1I-75
BEeERZRL, BT LBERBEELEIMIGL TWELok, ChOORETFD
RFJBEE TH-127120, #FELEBEKZE TERICHKAL 2,

58 HBEEED Anp-ZR U 1 1 BB D Ped- 1D EIZI T RN TORKHEEDLYIC
BWTIEH Tdh - 7z (Table 45), O OBEZFTIZ1 -1 1 R KHHAEDEICE
WTENDBEZEL 2o BHICHE 6 #HERED £f-2R U Pei-2, W 1 2 BB
DAcp-IR T Pox-2TCTIEKERD DR A A D Thccl08H KD ML #EIZ T O I % £

YSBRFEREEVBAONTED, 1 REEHAEDODETOARGt-IDANTORINEL L HE$

L2REDHDHA SNz (Table 45K TU46)s 2D & D ITAT T R K 0 H 35 BE A3
B R2EEPHMOERNIZAHTH %,

BT 2HBEEEDAP- IR T Pox-2TIE, AcclO8L#MH HARGH L OF &b
T6—-8T7T%DEmWithEEtEEZRL, Pux-2CRIER 2 nEEt, Acp-ITXERE D
e RIL AP EMol, IO, MWHARGEL OXKHADLE TIRF MK
343 -52%DBENTEMBHEERL, Acp-IRTPox-2CTREDEE AR LTz, L
»L, FoftmittenEgrXoBBRRELTLIHIELTWEL>DT, 4>
PRI HARGHEO REXROEMRER TSR 2EoBERZEN ZERE 3%
AHv, x5, FfAko/N e TEEAKOBIEBEDNY, REFOD
RIFWIIEHETH - 1=,

ULDERD»S, Acp-IRTPox-2CBL TRLZZ DR 2R T HARGHE L
—EDOMMBMERE RS I EBHO» LI - 1z (Fig. 16A). X 512, LM
B2z FbREERMBNERARTEEZONS, L2L, BoEEFED
Pei-205r BT, R0 BEX 2RI REOMBEHNERIC -EOMMIZED S
Ni»-7=(Fig. 16B),

=5 =3

TAVTALOREHICEBELZRERPSH D5, BEEEET ()X DA
CL2Ba8%5 0. A Y FREXHAROEGHEBZHEICIBNT, EREZTOR
WL HmE XN TWwa (IKEHASHI and ARAKI 1986, &5 1973, HiJI|JE
1981, NAKAGAHRA 1972, NAKAGAHRA ef a/. 1974, [ 1953b,c,d, OKA 1974) ,
LU, 1 2HHEBDAcp-1L Pox-20REREIC >V T hE THREMBL
, EHRMAEMBERRZIHAYMGHEZBHA L 2HAC2HOEALOREL R
Wolee A Y FRIGETHAMBHEA R L 2H5ACBET2ESAO N, BAFH
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HABGEZZR L S5 CRER e X2, 1V FRERERE LD
FEEOTEMEER, Cho28BEORARMOIBLELLZRBICHWD TR
tolze LU, EBRELSEBERICEENZBEHERIANERPL>2DT, 2
MOHARGEBICEIEREO M EBESFEL TV EF I SN D,

BIzTFoOREEIEHNBHEBED —DLLETEAOND, 41 v FRIXHAR
OB MTREBAEOEMEESKL 2252, REFOREFEINLIZIZIER
TH>1=DT, 2hSDEBERTOTA VYA LDRE 7 BE SRR OB b,
HLLARIBRICEUEHERRDEICLDEZEZOND, FAfBHBE K
RIGFEBICODEEL TR LHElc NS,

BED AL L2 YR, BzTHOEELHARMOB RS HHEEL 22, @
24 v RRGHEBROMIHEETBBEREE 2D eBEVD, Fst-50 BEDHITT
HAONEIHOCHARGHEHEKXROBEZTFHESBAR L 255600 (B2H
W2H) o BANMoEARLEEREOMBRMICEIE, BF1 28EEDAcr-1K
UL Pox-20 BE A OLEOICA Y RMAFOERGFEEH Wz S, BREDHS A
SNy, B b¥rhEAaLrEIOELo (B2EE2H) .

AEBTRYESHEA2ECZ2MEOHBN M EZHO»PICLEZ R, 2 5iHE
EFONOBELASDLEHICHLEIS2EEIOND, -, BESBRIERS
HBroBELBETF28AT2858ICEERIEZIT LTINS, 5K, BEE
EZFERHOWT B FOEMBEBICRLDIBRTFLEOMBRZIHOPIZT 5 Z LW,
EEBZTOBENAHOEZDICEEL LS D,




Table 41. 25 varieties used in the experiment

Accession Name of original Origin

number varieties

Indica

Acc001 70* som cau Vietnam

Acc060 R TS 23 Vietnam

Accl08 Pei-kuh Taiwan

Accl43 Liu-tou-tu Taiwan

Accl44 0-luen-chung Taiwan

Accdl4 P.T.B. 10 India

Accd3b Paduhai perumal Sri Lanka

Accdbl Sur jamkhi India

AccT17 Nan-shang-wan China (Central)

AccT24 Kun-min-tsieh-huan China (South)

AccT27 chin-tsao China (South)

AccT61 Siao-chung-kuh China (Hai-nan Tao) &
Acc868 Patpaku Taiwan ?
Japonica (Tr/Tm) =
Acc226 Ketan koetoek Philippines Tr f
Acc236 Olay ayan Philippines Tr ?é
Acc310 Ketan poetik Indonesia (Bali island) Tr a
Acc3ll Djogading langtang Indonesia (Bali island) T f{
Acc624 Gendjah ratji Indonesia (Celebes island) Tr i
Accb55 Semoeran Indonesia (Celebes island) Tr ﬂi'_
Acc871  Nabeshi Taiwan Tr
Acch04 Taichung 65 Taiwan Tm ?i
Acch37 Kirishima Japan Tm %ﬁ
Acc552  Aikoku Japan Tm '-
FL278 Marker strain in Kyushu univ. Tm

FL318 Marker strain in Kyushu univ. Tm

Note:Tr and Tm indicate Tropical and Temperate Japonica types,
respectively.




Table 42. Pollen and seed fertilities
in F; plants of the crosses
between Accb04 and 12 Indica

varieties

Cross Fertility (%)
combination

Pollen Seed
Accb04 X Acc001 85 48
Acch04 X Acc060 12 34
Acch04 X Accl43 s e
Acch04 X Accl44 of bl
Acch04 X Acc414 43 11
Acch04 X Accd3h Ay =
Acch04 X Acedbl 88 o
Acch04 X AccT17 76 86
Acch04 X Acc724 86 55
Acch04 X AccT27 a1l 35
Acc761 X Acch04 66 33
Acch04 X Acc868 7 88

Note: —; Not examined.




Table 43. F, segregations at 11

isozyme loci in twelve F, populations

Cross Pgi={ Amp-3 (at-1 kst=2
combination A1Al A1A2 A2A2V A1A1 A1A2 A2A2 AlA1 AlA2 A2A2 A1A1 A1A2+A2A2
Accb04 XAcc001 25 52 26 T o B {3 47 1% 1. 88+
Acchb04XAcc060 — — =2 —~ = - 18 40 25 24 104
AcchOd X Aceld8 12 ,,90: 438 =y i ur 16 42 22 18., .69
Accb04 X Accldd 49 104 44 o 2. Bhi 43 21 106*
Accb04 X Accd4ld 47 124 172 Wy e B 530 108+ 55 -
Acebld XAecddh = =i = 31 49 27 9. - 15 24 61
Acchd X AcedBl: — @ —~ - = 7/ RO T 21 45 2b 21+ 89
Acch04 X Acc717 31 92 49 L s 83— 35 e
Accb04 XAcc724 16 52 23 o T e 25 40 22 11 86**
Acch04 X Acc727 16 48 28 Sy 18 47 21 By B1FT
Acelbl % Aceb04. 30, 85 B — = = 61 81 46 37 .214%*
Accb04 XAcc868 25 72 41 1. 44 38*% 49 46+ 20 Tl 83




Table 43. (continued)

Cross Fgi-2 Est-9 Amp-2 Ped-1
combination AIAL AIA2 A2A2 A1A1 A1A2 A2A2 AlAl1 A1A2 A2A2 A1Al Al1A2 A2A2
Accb04 XAcc001 14 41 47 — — — 21 49 32 - -
Accb04 X Acc060 31 83 41 o e | 24 46 16 2112 o B2
Accb04 XAccl43 17 52 36* — — — 22 43 20 2006 026
Accb04 XAccld44 26 70 55% — — @ — 2o Bh 20 e T
Accb04 XAccdl4 43 99 72* 31 82 72** 53 81 45 — L S
Accb04 X Accd3ds 15 16 11 N T . S AN SR 27 47 34
Accb04 X Accdbl 16 50 26 36 54 35 J8 b3 38 28 70 39
Accb04d XAcell? — ~ == il | 54 96 48 46 92 51
Accb04 XAcc724 17 34 40* - — — 24 11 4% — .— -
Acch04 XAcc727 7 57 28 — — @ — 19 50 28 L e
Acc761 XAccb04 34 95 53 21 80 B2% 3% . 18 .43 sl
Accb04 XAcc868 21 70 39 Sdrv AT 23 20 46 27 23 Bl 20




Table 43. (continued)

D A1AL and A2A2 indicate two kinds of homozygotes for Acch04

Cross Acp-1 Fox-2 Sdh-1

combination AIAL AIA2 A2A2  A1A1 A1A24A2A2  AIA1 A1A2 A2A2

Acc504 X Acc001 8 33 29** 14 81* = e

Acc504 X Acc060 19 51 26 - = 35 67 29

Acc504 X Acc143 9 62 33%F 14 93 RO

Acc504 X Accl44 12 57 48** 25 5]** M-

Acc504 X Acc4l4 20 50 21 Sl 53 119 48

Acc504 X Accd3s 23 58 26 22 63 SO

Acc504 X Accd51 20 35 15 o 12 62 53

Acc504 X AccT17 11 63 31¥%x -  — 36 109 54
Acc504 X AccT24 16 4 - = =
Acc504 X AccT27 54 29%* 10 81** TR T 0
AccT61 X Acc504 19 52 21 29 105 - - -
Acc504 X Acc868 4 26 16%F 13 103** R

and Indica alleles, respectively.

2 Segregation was not observed.
t and #* indicate significant differences from the expected ratios %f?
(1:2:1 and 1:3) at 5 and 1 % levels, respectively.

A1A2 indicates heterozygotes. e

ey,
. §
Y
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Table 44. Pollen and seed fertilities in F, plants

of the crosses between Accl08 and

12 Japonica varieties

Cross Fertility (%)
combination

Tr/Tm?’ Pollen Seed
Accl08 X Acc226 e 79 43
Accl08 X Acc236 Tr 76 46
Accl08 X Acc310 Ir 81 50
Accl08 X Acc3l1 Ir 87 31
Accl08 X Accb24 Tr 86 56
Accl08 X Accbbhb i 17 63
Accl08 X Acc871 5y 79 16
Accl08 X Acch04 Tm 49 g
Accl08 X Acch37 Tm 52 46
Accl08 X Acchh2 Tm 49 b6
Accl08 XFL278 Tm 43 42
Accl08 XFL318 Tm 43 36

“Tr and Tm indicate Tropical and Temperate

Japonica types, respectively.

2>Not examined.




Table 45. Segregations at eight isozyme loci in twelve F, populations

Cross “~ FEi=1 tat=1 Est=2 Fgi~Z
combination A1AL A1A2 A2A2 Al1A1 A1A2 A2A2 AI1Al A1A2+A2A2 AlA1 AlA2 A2A2
Accl08 X Acc226 19 40 36* 15 39 19 £ T 6 40 48*F
Accl08 X Acc236 20 44 25 200 47 21 42 142 22 39 28
Accl08 X Acc310 22 42 26 ¥ A48 27 L 32973 B0 34*4
Accl08 X Acc3ll 17 30 16 22 18 35 il 143** 29 40
Accl08 X Accb24 ol N ) | S kL 38 . 1§ 15 159%* 4 45
Accl08 X Accbhb 22 hi 21 36 96 62 28 ]BhA 15, 44 36**
Accl08 X Acc871 23 b3, B2 19 32 19 24 - i 11o? 21 69 24
Accl108 X Acch04 24 " B2 I 26 36 23 8 T 18 53 28*
Accl08 X Acch37 31 53 26 2 39 21 17 g 23 48 39¢
Accl08 X Acchb2 9 40 12* 47 95 40 36 167% s 34 12
Accl08 XFL278 28 69 42 I6 H7 22% 30 _10g*s 11 70 58
Accl08 XFL318 18 43 20 aas 29k 18 3 2%t 18- 32 31
Cross Amp-2 Pgd-1 Acp-1 Pox-2
combination A1A1 A1A2 A2A2 A1A1 A1A2 A2A2 AlAl A1A2 A2A2 AlAl AlA2+A2A2
Accl08 X Acc226 31 61 22 24 d47F, 23 2 68 .25% 16 88
Accl08 X Acc236 . 47 23 18 47 24 33 102 50% 28 167%%
Accl08 X Acc310 16 46 27 24 49 17 23 84 29*. 37 105
Accl08 X Acc3dll 18 41 27 i3 50 <238 3 & 38 45 113
Accl08 X Accb24 22 60 30 27 51 34 24 B8 Y4 35 129
Accl08 X Accb5h 25 ‘5 18 29 46 20 24 48 26 17 81
Accl08 X Acc871 19« 49 24 11 20 3} 12 8% 45** ‘12 [
Accl08 X Acch04 ik, N Y 8§ 27 1 11 66 30** 16 1 a
Accl08 X Acch37 23 06 28 27 47 36 T B2 28" 18 a$z*
Accl08 X Accbhbh?2 11 47 22 10 35 16 oo 122 “HOaY 23 181**
Accl08 XFL278 17 34 15 17 28 20 £ ‘81 _85*% 13 148**
Accl08 XFL318 17 46 18 16 41 24 10 80 40** 14 116%*

Note: AIAl and A2A2 indicate two kinds of homozygotes for Japonica and Accl08 alleles,

respectively. AlA2 indicates heterozygotes

differences from the expected ratios (1:2:1 and 1:3) at 5 and 1 % levels, respectively.

¥ and t* indicate significant




Table 46. Number of varieties that showed distorted segregations found in 12 Indica

varieties crossed with Accb04, and in 12 Japonica varieties crossed with
Accl08

Type Linkage group

3 6 7 8 11 12

Pgi-1  Amp-3 (at-1 bst-2 Pgr-2  Est-9 Amp-2 Pegd-1  Acp-1 Pox-2 Sidh-1

Indica 2 1 0 6 6 3 i 0 6 5 i
Japonica 2 + 1 11 i 0 0 0 10 7 =

-:Not examined. i
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A 57 B ook

TAVY A LNZEAENESRL L L ICENREEABELTEY, 41 XD
ROBEEHXICEHOT A VYA LABREFBIYEYTENTWS (BRAR ef al.
1991, ISHIKAWA and MORISHIMA 1987, ISHIKAWA ef a/. 1986, 1987, 1988, 1989,
1991, MORISHIMA and SANO 1984, NAKAGAHRA 1977, PHAM et a/. 1990
RANHJHAN ef a/. 1988, SAITO et a/. 1991, SANO and BARBIER 1985, TANKSLEY
et al. 1990, WU et 2/.1988)c 2HHDT7 A VYA ABIETFRIRMIILE EIZTF
LRLVTHERTHEDICERHTH2Z (RE 1988) « AEEBTRT7Z7A VYA LE
EFEHOWVT—HELEHEETEZZEEDS S, HEETEAETERTE2ZRE
THHEEZETOREBEICHWS N 7= (MORISHIMA 1991) . #RIEHECIXEANZE RO
2 WS N (GLASZMANN 1987, MORISHIMA and OKA 1981, NAKAGAHRA 1978,
NAKAGAHRA et a/. 1975), 7V 7 0A ¥ REEUHAROpHITAENTHDL 2 L
BDHOPIZENTWVWS (FBE 1988), 2hoofR» S, 4 > FERSEI KM
FBE A, HARGHERHEFE 7D 70 BLEGTHHCEIEEEINL TV S,
—77, miGEEOFH OB AERA BB N -V, eI VYHGITHS
» 5N 2% (SANO and MORISHIMA 1992), 4 » REIE HARGEIZZ N ENREAYIC
BiExNTBY, phidoELZ25ALVHARIEHOKEHC KM OMOFERRL
LCHiExhTwnad (T 1957, MORISHIMA ef a/. 1984, SATO ef a/. 1986) o
X5, 2SR mIEYFEHOKERKY % (0KA 1958), % o KR /5
(NAGAMINE and NAKAGAHRA 1990), {Ki# 2~ 13 Z (CHUONG and OMURA 1982)7%¢ &
DBEIGIEE %X T 28T, @O EI—REMKRICIEZIWOT =/ -1

RIEPBEBEERLYOH /N — 2 (0KA 1958) b B LTWB, LEzN->T,

FRNFNOMEFICHEMNZEREEZ T, BCEECEMMREICHRDLL B
FrodEBiEcng, /2, A FREXLRERBICEOLTEY, x4 E
RIMEEL TS, ChOoBRZLHEBRIIET I NER, ZELERICHEILT D
HOOAMLAMEOBEZTFEBELTWS ETFHENS, COUHOOHEHEIRTZ
HABOGEABEA TS 2010, FBRHEIIHEHTIHANEPERTH S, HEBER
CEMM R 7A VYA LABETIR, FBRESMCES LEEERHBERTFEENTS
BIZERCRZDEBELZTHS D,
W1IETRTAVY A LOMBBENZRE 2R, hFE 2T T5 &% WL
Lize SSHICHIBLARLICBI2ERERZTFELTOBRILD>ZEZAH L. 2
NSIREREARTELZY Y70 - LVEROBNTOEZHICFIHTE X D,
F2HETW, HRC8HEOT7TA VYA LBIzFAHEBMXEICNES Y, 20
@&t%@%mﬁﬁﬁ%&?tw@ﬁ%%%%ﬁto:n%rm%%ﬁﬁmﬁﬁ




ETFEeRBICEHTDI 7 VYA LBEFEIHASLIIIN TR WD, Adh-NTfEF
DEFAMK FOEF BT L OEBEBEFZELS, WL LRKFIMBZTFTHDP/-2
CEHEICHEBELTWD e DEEEI N, T2, Ped-N3 lak DHEB DO FHHHEL T
b, AL WL EHEENRUEBETFOP/-se BE L TWD LEHEEIND, 50D

A, BEERMICHHEBREZFARNEZTF -2 BLRVWOTRACKRIIEVSEENS, 74A4 VY

YA LBIETIE

RFLPHIKICOHBEICT BB ARAZTNTED (BRAR ef a/. 1991, SAITO et al.

1991), KO HEEHMK &L RF L PHKOMIGIZHRRIIO>TH S I,
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Summary

TAKAHASHI (1923) was the first to find a linkage
relation in rice (Oryza sativa L.). Forty years later, 12
linkage groups corresponding to the haploid chromosome
number were tentatively constructed by NAGAO and TAKAHASHI
(1963 ). In the current linkage map of rice (KINOSHITA and
TAKAHASHI 1991), the locations of 142 markers including
several isozyme genes have been determined. The conventional
linkage map includes many important genes, such as those
for grain quality, semidwarfness, disease and insect resist-
ance, and heading time. The map provides valuable informa-
tion for various researchers in both conventional genetics
and plant breeding.

On the other hand, RFLP (restriction fragment length
polymorphism) markers have been developed in human genetics
(BOTSTEIN et al. 1980). After this innovation, RFLP maps
have been constructed for rice with more than 300 RFLP
markers (McCOUCH et al. 1988, SAITO et al. 1991). These
RFLP maps are expected to become more detailed, and will be
valuable for rice genetics and breeding in the future.

These RFLP maps, however, were constructed independently of
the conventional linkage map because the cost and labor of
RFLP detection is too high for location of genes in various
kinds of segregated populations. When isozyme genes are
located on the respective maps, their relative positions

will be useful for correlation with various‘types of genet-

ic maps. Such mapping is easy for isozyme genes because of
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their following characteristics:

1) As isozymes are direct products from their genes, they
are considered to be genetic markers at cellular level.

2) Isozyme analysis is easy to perform and needs small
amounts of tissue. The cost appears to be appropriate for a
laboratory work.

3) Isozymes are wusually generated as a result of Dbase
substitutions. Thus they still have their enzymatic speci-
ficity. They are considered to give diversity in the plants
having different isozymes.

4) They usually show codominant expression without epista-
sis, and no detrimental side effects for economical charac-
ters:

5) Their expression is constantly distinguished independent-
ly from environmental conditions.

As, furthermore, isozyme genes have been used as genet-
ic markers to elucidate varietal-differentiation (ENDO and
MORISHIMA 1983, GLASZMANN 1987, MORISHIMA and OKA 1981,
NAKAGAHRA 1978, PAI and FU 1977, SECOND 1982,1985), the
locations of the isozyme genes on the conventional 1linkage
map constructed with functional genes such as photoperiod
sensitive genes, gametophytic genes and other morphological
and physiological genes (KINOSHITA and TAKAHASHI 1991) will
enable us to clarify the genetical aspects of the evolution
in rice.

In this study, isozyme genes were established at

both the plant and cellular levels and applied for use as

genetic markers. Genotypic variation of these isozyme genes




was examined for Asian native varieties to clarify the

nature of Indica-Japonica differentiation. Japanese lowland
and upland varieties were also examined to study the Indica-
Japonica and the low- and up-land differentiations. Further-
more, the chromosomal locations of genes related to the

differentiation of these types were surveyed using linkages

including isozyme genes.

Chapter 1. Detection of isozyme polymorphism and their organ
specific expression

1) Continuous and discontinuous buffer systems were applied
for starch gel electrophoresis to examine the expression of
18 isozyme genes, Acp-1, Adh-1, Adh-2, Amp-1, Amp-2, Amp-3,
Cat-1, Est-2, Est-5, Est-9, Gdh-1, Pgd-1, Pgd-2, Pgi-1, Pgi-
2, Pgi-3, Pox-2 and Sdh-1. A Tris-glycine buffer system was
applied for polyacrylamide electrophoresis to examine Mal-1.
In total, expression of the 19 isozyme genes could be dis-
tinguished on these gels wusing the above buffer systems.

2) The pattern of gene expression for the above 17 isozyme
genes except for Mal-1 and Pox-2, was examined 1in radicle,
plumule and mature leaf under aerobic condition and classi-
fied into three groups. Adh-1, Amp-1, Est-2, Gdh-1, Pgd-2,
pPgi-1, Pgi-2 and Sdh-1 exhibited the same banding pattern in
all the tissues. Acp-1, Amp-3 and Est-5 exhibited different
banding patterns in the respective tissues. The remaining

six genes, Adh-2, Amp-2, Cat-1, Est-9, Pgd-1 and Pgi-3,

showed no bands in specific tissues. Among these six genes,
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expression of Adh-2 was found only in radicle. Those of

Amp-2, Cat-1, Est-9 and Pgd-1 were found in both radicle and
plumule, but not in mature leaf. On the other hand, expres-
sion of Pgi-3 was found only in mature leaf. Under anaerobic
condition, only Adh-2 exhibited a different banding pattern
from that under aerobic condition.

3) Genotypes for 16 genes other than Pgi-3 were distin-
guished in the radicle and those for 15 genes other than
Adh-2 and Pgi-3 in the plumule. However, in the mature
leaf, five genes, Adh-2, Amp-2, Cat-1, Est-9 and Pgd-1
showed loss of their expressions and the patterns of gene
expression of Est-5 could not be distinguished. As a result,
genotypes of only 11 genes were distinguished in the mature
leaf. The radicle and the plumule thus seemed to be appro-
priate tissues in which genotypes could be constantly dis-
tinguished. It was concluded that the 17 genes examined were
available as markers when the expressions of the respective
genes were examined using the appropriate tissues.

4) The patterns of gene expression in calli were examined
and classified into three groups. During one year of cell
culture, 12 isozyme genes, Adh-1, Adh-2, Amp-1, Amp-2, Amp-
3, Cat-1, Est-2, Pgd-2, Pgi-1, Pgi-2, Pgi-3 and Sdh-1,
exhibited the same banding pattern. Acp-1, Gdh-1 and Est-5,
exhibited different banding pattern during the culture
period. Of the remaining two genes, Est-9 showed the loss
of expression three months after callus induction and no

expression of Pgd-1 was found at any stage during the

culture period. It was concluded that the expressions of




the isozyme genes in calli were controlled by different

mechanisms from those in plant organs and that 12 of the
examined isozyme genes were available for use as markers
at the cellular level because of their constant expression
patterns.

5) In two kinds of F; plants, isozyme expression exhibited
codominance at 11 heterozygous loci, Acp-1, Adh-1, Amp-2,
Amp-3, Cat-1, Est-2, Est-9, Pgd-1, Pgi-1, Pgi-2 and Sdh-1.
Allelic expressions at eight of the 11 codominant loci
except for Acp-1, Est-9 and Pgd-1, were found during cell
culture of the two kinds of callus lines induced from the
F; rplantse At least in the callus lines, their expressions
were constantly distinguished. These were concluded to be

candidates of genetic markers at the cellular level.

Chapter 2. Gene analysis of isozyme

1) Chromosomal locations of six isozyme loci were analyzed
by trisomic analysis. Acp-1 and Pox-2 were assigned to the
12th linkage group, Amp-2 to the seventh linkage group, and
Cat-1 to the sixth linkage group using crosses between
Japonica trisomic strains derived from Nipponbare and the
Indica variety, Acc001. In addition, Pgd-1 was assigned to
the 11th linkage group and Sdh-1 to the 12th linkage group
on the basis of crosses between Japonica trisomic strains

and wild rice (Oryza rufipogon Griff.). To confirm the

locations of Pgd-1 and Sdh-1, further experiments were




performed. Trisomic and disomic Fq plants resulted from

crosses between Triplo 11 and W628 were examined for their
Pgd-1 banding patterns. In disomic Fy plants, two kinds of
bands controlled by the respective alleles at the Pgd-1
locus were observed at the same intensity. However, the
band derived from Triplo 11 was more intense than the other
one derived from W628 in trisomic F; plants. Therefore, it
was confirmed that the trisomic F; plants had a double
complement of Pgd—lZ alleles derived from Triplo 11 and a
single complement of Pgd—ll allele from W628, and that the
locus was located on the 11th linkage group. The trisomic
F; plant resulting from the cross between Triplo 12 and
W1653 was crossed with Indica variety, Acc414 harbouring
Sdh—ll, which was different from the alleles of Triplo 12
and W1653. The 20 backcrossed plants were examined for the
expression of Sdh-1, and two of them showed triallelic
expression of Sdh—lj, Sdh—lz and sdh-14. As the two plants
should harbour three alleles on their trisomic chromosomes,
the location of the Sdh-1 locus was confirmed to be the 12th
linkage group.

2) An attempt was made to integrate 12 isozyme genes into
a conventional linkage map constructed using morphological
and physiological markers. Est-5 showed a linkage relation-
ship with lax on the first linkage group with a recombina-
tion value of 15.1%. On the third linkage group, two isozyme
genes were integrated in the order of

chl-1— Gdh-1 — Pgi-1— v-1. -

On the sixth linkage group, linkage relationships among




Pgd-2, Est-2, Amp-3 and Pgi-2 were determined. On the 11th

linkage group, the order of two isozyme genes and other
markers was determined to be

la— v-4 — Pgd-1—Adh-1.

On the 12th linkage group, a map was constructed with three
isozyme genes, two morphological markers and one physiologi—
cal marker. The order of these genes was determined to be
Acp-1——Pox-2 —rl-3/d-33——Sdh-1— spl-1.

Including the allocations of Amp-2 and Cat-1 which were
estimated from the trisomic analysis, it was concluded that
the examined isozyme loci were allocated dispersed into six
of 12 linkage groups. Among of them, eight genes were newly

localized on the conventional linkage map.

Chapter 3. Genotypic diversity of isozyme genes and their
application to varietal differentiation

1) Allelic frequencies at 11 loeci, Acp-1, Amp+2, Cat-2,
bEst-2, Mal-1, Pgd-1, Pgi-1, Pgi-2, Pgi-3, Pox-2 and Sdh-1,
showed significant differences between Indica and Japonica
varieties classified by morphological and physiological
characteristics. The differences at Mal-1 and Pgi-3 were
newly found in this study. At these 11 loci, discrimination
scores (D scores) were calculated whether respective alleles
could be effective for Indica-Japonica classification. As a

result, the D scores at nine loci other than Pgd-1 and

-

Sdh-1 were found to be effective on the Indica-Japonica




classification. The results of the classification obtained

using the D scores corresponded to that with morphological
and physiological traits, except that one variety was mis-
classified. Those varieties having average D scores ranging
from 0.0 to 0.4 were assigned to the Japonica type and those
having average D scores ranging from 0.6 to 1.0 to the
Indica type. No variety was found with an intermediate
average D score. As all of these nine loci were not linked
with each other, the combinations for the diagnostic nine
isozyme genes were gathered by any mechanisms other than a
single gene block.

2) Genotypic variation for 17 isozyme genes, Acp-1, Adh-1,
Amp-1, Amp-2, Amp-3, Cat-1, Est-2, Est-5, Est-9, Mal-1, Pgd-
1, Pgd-2, Pgi-1, Pgi-2, Pgi-3, Pox-2 and Sdh-1, was exam-
ined in Japanese lowland varieties. The average gene di-
versity in Japanese lowland varieties is 1less polymorphic
than that of Asian native varieties. It was found that
there were 19 kinds of gene combinations. These varieties
were classified into Indica and Japonica types, respective-
ly, and grouped into the following three groups. Lowland
A is a group of Japonica varieties in Type I, Lowland B is a
group of Japonica ones in Types II to XIV with some differ-
ent genotypes from those in Type I, and Lowland C is a group
of Indica ones in Types XV to XIX. Varieties in Lowland B
were available to use polymorphisms donor for isozymes.
However, genetic differentiation was not clear between the

varieties in Lowland A and those in Lowland B’

3) In Japanese upland varieties, genotypic variation of the
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above 17 isozyme genes was also examined. Japanese upland

varieties were more polymorphic than Japanese lowland varie-
ties, and 11 kinds of gene combinations were distinguished.
Among them, predominated gene combination same as that of
Lowland A was infrequent in Japanese upland ones. The
varieties having Pgd—lg appeared to be predominate and those
having Pgd—13 were classified into Indica type. Thus, Ja-
panese upland varieties were classified into the following
three groups. Upland A may be a group of varieties converted
from Japanese lowland varieties possessing Pgd—ll, Upland B
is a group of predominant upland varieties possessing
Pgd—lZ that have never been found among Japanese lowland
ones, and Upland C is a group of Indica varieties possess-
ing Pgd—13. Then, morphological and physiological charac-
teristics were examined among the following three varietal
groups to confirm differentiation among them. The three
varietal groups were a group of Japonica lowland varieties
randomly chosen from the group of Lowland A and B, a group
of predominant Japonica upland varieties (Upland B) and a
group of Indica varieties including lowland and upland ones
found in Japan (Lowland C and Upland C). The Indica varie-
ties commonly had red pericarp, short apiculus hairs,
slender grain and a positive phenol reaction. These Indica
varieties appeared to belong to same varietal group. One of
them was synonymous to the Daitoumai, which is known as
"red-rice", showing Indica-like characteristics. Japonica

lowland varieties commonly had white pericarp, long apicu-

lus hairs, round grain and a negative phenol reaction. In




contrast, the predominant Japonica upland varieties had

white pericarp, short apiculus hairs, intermediate shaped
grain between those in the other two groups, and a positive
phenol reaction. In conclusion, Upland B was found to be
differentiated from Lowland A,B as ecotypes in isozyme

genotype and other traits.

Chapter 4. Application of isozyme genes for rice breeding

1) Genetic correlations among quantitative characters and
isozyme genes were examined in the Indica-Japonica crosses.
One of the heading genes was estimated to be located near
the Pgi-2 locus. The alleles at the heading locus exhibited
incomplete dominance. Furthermore, these genes were suggest-
ed to be multiple alleles at Se-1 located on the 6th link-
age group. One of the apiculus hair length genes was also
estimated to be located near the Amp-3 locus in the 6th
linkage group. The allele controlling short apiculus hair
length, which seemed to be useful for rice breeding, was
dominant over the other allele controlling long apiculus
hair length.

2) Distorted segregations in isozyme genes occurred in
Indica-Japonica crosses were examined. In the crosses be-
tween Japonica Acc504 and 12 Indica varieties, the segrega-
tions at Acp-1, Est-2, Pgi-2 and Pox-2 were frequently
distorted and the transmission rates of Indica alleles to
progenies were higher than the excepted ones. As for the

segregation patterns for Acp-1 and Pox-2, distortions were
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usually found in the crosses with Taiwanese and Chinese

varieties, and normal Fo segregations were usually found in
the crosses with varieties originated from India and Sri
Lanka. These India and Sri Lanka varieties should be desir-
able for the parents showing isozyme polymorphism in the
crosses with Japonica strains harboring genetic markers,
such as the crosses used in Chapter 2.

In the crosses between Indica Accl08 and 12 Japonica
varieties, distorted segregations were also found at Acp-1,
Est-2, Pgi-2 and Pox-2. The crosses with the Tropical
Japonica varieties have a tendency to show not only high
pollen fertility in the F;y plants but also the normal segre-

gations of Acp-1 and Pox-2 in the Fq generation. On the

contrary, those with the Temperate Japonica varieties have a

tendency to show low pollen fertility in the F; plants and
distorted segregations of the two isozyme genes. Such
tendency was not found at the other isozyme genes. This
phenomenon suggested that Japonica varieties should be

differentiated into two groups.

Asian varieties were classified into the Indica and
Japonica types, indicating that specific gene-character
combinations may exist. As the diagnostic isozyme genes and
the genes for diagnostic character were randomly dispersed
into several chromosomes, the gene-character combinations
could be explained as non-random association, and not as a
single gene block including the diagnostic isozyme genes and

the gene for diagnostic characters. This non-random associa-
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tion may be due to the possible origin of Indica and Japo-
nica varieties from different ancient wild rices, linkage
of several genes for reproductive isolation and/or adapta-
tion to some marker genes, or both. Therefore, the chromo-
somal regions near the diagnostic loci should harbour genes
for reproductive isolation and/or adaptability. In this
study, 14 isozyme loci were assigned to six chromosomes and
eight of the loci were positioned on linkage maps. Then,
these isozyme genes were used as genetic markers to survey
distortion of segregation and linkage relationships between
the isozyme and heading date and apiculus hairs. Thus, the
isozyme genes may be useful for genetics and breeding in

rice plants.
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