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Genetical Study on the Grain Characters by the Use of
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&

BEEDICEWTRE, TF~— -l 558E
OEGEMB LT, ENEEZEFE (Quantitative
trait loci: QTL) #ESBE cRfgk LoR G Ehi
BBIE=vy V7 TERY, B I<AHVLGRTW
Z2H5F~—-THHHBEBEEHAFESH
(Restriction fragment length polymorphism :
RFLP)IEEMECEE i, *EBEYTRL, B
BLBREMLORT -2, MOBETORELZG
T EDFIEEET B, FEROERERTIY
7 5 14 =—& 3 5 PCR# (Polymerase chain
reaction) & X b ¥ g 7 % DNA ¥ & © RAPD
(Random amplified polymorphic DNA) = AFLP
(Amplified fragment length polymorphism) (I
HrxhbDNAEBMRFLP X b BB,
PCR¥IZ L » THIB S h7c DNA ¥ ERKEI L 7o
R CRIENTELRRD, TroyF 4 VIRFHF U
A7V EA €= a vOBRIENTRHEL Y, ¥
PRSI T, BT, Fy, Fa &R ETOD
KEBEEOEF O bIiEH THFITHS, 2bH
IR RSO B IE L T Y Ptz — v
LB BT, EBRRRBIC IR TS SR PN
LB E v eFlERH 552,

Jill]

D bR R IES A B BE R
2) BERT B PXEEHRE, ZURANEREN
AR —BI61H200%5, BEE, TERE
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AR A A AOmBHRB TR, BROKS -
REEMZ TRERIPERIND, T2 TEAPRTIX
PLBRREOBREOEBE L 25 QTL v
Bl 9, 128oBFRMicovC RFLP = —
H — DTN ED E /R OBEEGREY AN, X
Bz sd-1 (FEMD) 2F T3 TLkrndh | O¥ERE
BETFREECH 5 ID-47 L KERH 83N1168 B0
THMF,£8 % A\ TRFLP % X 0'RAPD ~-—
B —wRCBES T &3, HRATRERS
F7— - X5 TN QTL o# w4,

AL ABIZHEILD, RFLP 7 r — 7 HE\ 27
AU B ERE - F AV XFHE O TANKSLEY 1#
+, AT TFKREZ e ) —FERBRITCHEEL TV
ZJDONEL+LOBRERKE LS EL TRV
NowiIcK -+ e EgES D 7 = 7 5 A MAPL
R &2 TG ERREBRETEE OB AR
i, HRBNRSOSIICSHBIE - duiE
T ENBERBBOMER O 2 ICE B#HOEY
x®T5,

' HEE L USE
1, SRt )

KRR Y Table 1 iwRt, XKERFI
WThdh JODON BEAEET ST O S, ek
EORDIERHEGTYER T LR TH B,
HAMRFEOPZItBECERLBEHH
3974, IRB #—RIFET I LErv | *NBHE T
DEFETHEIT L W ER Ui sd-1 CREN) »i
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Table 1. List of lines used

Line Marker gene o ‘Origin

American Lines

83N1038 gh, gl Jodon's tester
83N1072 polyhusk, Rd do.
83N1116 d do.
83N1154 d, nal do.
83N1202 d Ps do.
83N1209 d, nal do.
83N1168 big grain do.

Japonica lines

ID-47 sd-1 Isogenic line of Shiokari
Kirara 397 Hokkaido cultivar
IRAT 13 k-1 Introduced from IRRI
No. 56 Mi, Lk-f. wx Linkage tester

indica line

Surjamkhi +. Indian variety

DUERGERTRH D ID-479, HEHEE R D No.
56, £oiEn7 1+ Y ¥ v oEEEHIER (JRRD X
DEAZIRLKRRHEDOIRATIS S Z 2 TRHEA
Bz, S5MRRLR, v FEREE LT
1 Surjamkhi & w7,

HEMB R TR LI LBERFEEFBEEN

Ay 2L, DNAHHO- D AT CEEY S
2RV E S ICERRIR L, BRBCEEL CET
BHYRES, 47 e s—-x2 BT, 1EES R
ZoERWER X URIEY 0.1 mm B TEHAIL CF
BEXYER L, BREADT $ v — RAEEITDOWTIL
JLHENL ENBERBRB OB N EE/ T, 727=av
HBOF -+ 7F 51V =B THELR,
2. RFLP %Rk

RFLP 381D D 7 v — 72k IR36 (1 v
BYDOPst 157 iv735475) —mbRBidhi
Boaovr—-07e—-v12% LGEMKITOVT2~6
B3>, &t 53 EH A Iz 7=(Table 2), o,
7 v — v OEIEL PCR &M ©f7\vy, DNA OfilH
HCTABEM I o, v F v e T 1 vk
ANATVEAL X - avTiL, T EoRL 7t
HindIll OHiREEFRIC X b YI8 L 72 DNA & 2 ug
B 0.8%7 He—25 0, 80VEBETTERKE
T o7, U 0.25N @ HCl iz 10 2B E L T
BV viLEfTvs, & iz 1.5M @ NaCl,” 0.5M o
NaOH # ¥ -X 0° 1.5M . NaCl, 0.5M @ Tris-HCl

(pH7.5) Wic%& 40 3+ >BE L« DNA #&#
R, FrES V=T roFasvy k)
DNA® ¥ AhbrAnvrvrsy (Biodyne B
045 ) WS v R77—1L1, £0OH, 04MD
NaOH %8 L7 3 mm g i 10 S EEE LT
DNA #BEE L, B#5XSSC (750mM  NaCl,
75mM 7 =vEBF NV v A Z) T SHEEE L.
T4 T IEA -2 aviZidd b L 42T
IR LI~ 1T Y F 4 d— 2 VEREACTL
R L e, ~ 1T 7YV F AL ¥~ a Vi3 200ng D
7 m— 7% 95C T 5 HRBEN I oK, EEARE
(ECLKit) &7 2AT7AFe VEiNz T, JEH
HE7 e -7, L, 207 e—TRINZIHE 42T
TISEMLE~T T ) £ ¥ 2 Y ERTo T,
7 4 N8 — DEBITII— KGR (M K%K, 0.4%
SDS, 0.5XSSC) HC42°C30 R0 G » 2 [,
2IXSSCHTERSHMOkE L 2 T - 08K, B
HAEECLLiID 1 7HBELEL, XB7 41
AR ERTAV I RBRB L,
3. F,#M® RFLP 4 U RAPD %7

A & TD-47 X 83N1168 DHE, F, k¥ &
O'F, #£[ (125 @) RIt#EE e EFTREN
BOTHEE BELCE 2 » P ARy P22 EfE
Mz E LT, €=~ ARTEE L. DNA #
Hotbizid, BHCEYERL, BT ich
MAZEFL, BRRCER R B —83H
TEH, WE, WE, TRE 7i=-288 BT
fatt 2 E L 7.

DNA iz CTABE I X 5 B EOHME BRI
AL L, EcRI, EcoRV, Hindlll, BamH],
SHIB LU Xl o6 BOHIRERIC L H» ML
oo FFEFEMA LR TN 1218 D RFLP 7
B = FEonTHEOLBEPREL, ThboT
2—FI3IR6D Bt ¥ 3 v 725475 ) —mb
BhEhicli—avr—27e—vi8lE, cDNA 7
1759 B EE N s r— VY338 =~
7 cDNASA75 V- E R Ihc7e—-vi
7D 121 ETH 5 (Table 2), MEICKVTLEE
BT E RELP 7 & — 7120 T F, Bfkico
T RFLP 54 %47 » 7o 73 RFLP S0 Fk
IER I EE U A,

RAPD 5#71o\ T2 RFLP &47 & [ Uit &
FAv, & DNA Oz RFLP 547 & R izTv,
DNA OEE% 7 44 2 — & — (Hoefer scientific
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Table 2. Cloned probes used in RFLP analyses

Clone Chromosome M. W. (kb) Clone Chromosome M. W. (kb)
RG350 1 1.5 RG351* 7 0.8
RG236* 1 1.4 RZ634 7 1.1
RG220* 1 0.9 RZ395 7 1.4
RG780 1 2.3 RG650* 7 2.3
RG345* 1 1.2 RG711 7 1.8
RG462* 1 1.6 CDO533 7 1.5
CDO0920 1 1.2 RG477 7 1.0
RG146* 1 1.0 RZ488 7 0.8
CDO0962 1 1.2 RG165* 7 2.9
RG173 1 0.9 RG29* 8 0.8
RG140* 1 1.5 RG20* 8 1.5
RG520* 2 0.8 RZ562 8 1.2
CDO01091 2 1.1 RZ617 8 1.0
RG256* 2 1.7 RG28 8 0.9
RZ906 2 1.5 CDO464 8 1.5
RZ260 2 0.9 RG136* 8 1.2
RZ318 2 0.7 CDO99 8 2.1
RG139* 2 1.2 RG757 9 1.1
RG157* 2 1.0 RZ698 9 0.4
RZ386 2 1.3 RZ206 9 0.6
RZ643 2 0.5 RG358* 9 1.0
RG144* 2 0.8 RZ12 9 2.0
RG83 2 0.9 RG570* 9 1.1
RG365* 2 1.5 RG386* 9 1.3
RG555 2 0.8 RZ404 9 0.6
RG120 2 RG432 9 3.5
RG348* 3 1.4 RG553* 9 0.7
RG224* 3 1.1 RZ892 10 1.4
RG100* 3 0.9 RZ561 10 0.7
RG227 3 0.8 RZ337 10 1.4
RG393* 3 1.9 RZ811 10 0.6
RG179* 3 1.3 RG134* 10 0.6
RZ403 3 1.4 RG561 10 2.4
RZ393 3 0.9 RZ421 10 0.9
RZ745 3 1.3 RG241 10 2.5
RG147 3 1.5 RZ257* 10 1.6
RZ819 4 2.0 RG353 11 1.0
RG143* 4 1.2 RG303* 11 1.9
RG214* 4 1.4 RG103* 11 0.9
RG329* 4 1.3 RZ797 11 1.3
RG449* 4 1.8 RG2 11 1.5
RZ69 4 0.9 RG16* 11 0.8
CDO456 4 1.5 RG167* 11 1.6
RG207* 5 1.7 RG1094 11 1.5 °
RZ244 5 1.6 RG131 11 0.7 .
RG403* 5 1.4 RG118* 11 2.0
RG182 5 3.4 RZ141 11 0.8
RG573* 5 1.8 RZ722 11 0.8
RG13* 5 2.2 RG1022 11 1.1
RG470 5 0.9 RG304 11 0.9
RZ70 5 0.7 RG211* 11 0.8
RG119* 5 0.8 RG181* 12 1.2
RZ516 6 0.6 RG463 12 1.3
RZ588 6 1.0 RG190 12 1.4
RG213* 6 1.3 RG361 12 1.8, 8
RG138* 6 1.2 RZ76 12 0.7
RG64* 6 1.5 RG341* 12 1.6
RG264 6 0.6 RG235 12 0.8
RG123* 6 0.6 RZ816 12 0.6
RG172* 6 1.8 RG574* 12 1.1
RG653 6 1.9

RG: Rice genomic DNA, RZ: Rice ¢cDNA, CDO: Oat cDNA.

* 53 probes were used for RFLP analyses of the 12 lines to detect the parental relationships other

than F, PFLP analyses.
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instruments #3DIC X VY BIE L7z, £DfER D LI
LT10ng/ul ORECHFRL, SHBR(7=T
7 —¥) OEREPEREL T5 2 V22 BOSRD
7oz 10 FHEERBL, ZoE T ik KThHEL
oo THEEHRDNA L LTACTREL X,

PCR RIGH D #1325 ng D 58 DNA, 2.5 ul
? 10 X buffer (100 mM Tris-HC! pH 8.3, 500 mM
KCl, 20 mM MgCl,, 0.019 gelatin), £ 100 g M ©
dNTP, 1.0 unit ® Taq AV # 5 —-, 15pmol D7
F4=—"T, 7R s%—<1¥A7 35— (DNA
thermal cycler, Perkin Elmer Cetus 251 %\
T, 94C1 4, 36C1 4, 72C2 D31 7 % 42 B
BOELE, 72CT 10 5B - 7, BIEX
DNA % 2%D7 # e —Ar Ak Hvtey 7<) v
BEEBC LI SEL, =52 v a7 v~ FTH
g, UVSArIBREEERZCHY vV E

B L, el AERICAVW L 10 EERO s v & 4

75 14 ~— (Operon &8 kit C, P, V) 60 EE %
Table 3 it/x L7z, ID-47%X83N1168 o F, E£Miz>
WTIRAHRIECEVTRAPD = — # ~ 0 £ 2R H
TEH T34 =— AT PCRERX T, Fo &

iz} 54 =—» —BOHERM%A Allard DEL
E2 L oTRD, hBEBBOHE L2V
Ya—27m735 s MAPL ZH\V 7,

& R

1. RFLP (Z& 7 { \RHMnBEMHR

1) eRriarnge L-Bansik

53D e — S L 2BORIBERYHEALE T,
#3812 R izoW T RFLP = — » — 0 £ 8 ¥ 5f%k
L7=(Fig. 1), HIRREEER & LT3, 6 EARMOBEE
? EcoRI & Hindlll #\V, Jefafh2, 4,5, 7, 9,
10 X hDORFLP 7= — 7L Tk, WIFho¥
R THIERZFCLEEYEH TS, Lk
L, FhblbAo 7 e — 7 CilEBRERCL - T%
BB e h DEXR 4 LT\ (Table 4), EcoRI
TIRHEE] 6, LlhbD T v —FOLHEEN
Hindlll DFBE L 0 bEh - ok 3, 8 120
BEILEOER & oo, BIREEI LD
v — 7R U CTiE EcoRI TiRE&E YL RE T
Elehrote, LL, ZOBETLHIRESRY Hin-
Alll ~NE 2 % &SRB RVCHTZ ENTE R, F

Table 3. Nucleotide sequences of primers used in this study

Primer Sequence Primer Sequence Primer Sequence
code 5 to ¥ code 5 to ¥ code 5 to ¥
OPC-01 TTCGAGCCAG OPP-01 GTAGCACTCC OPV-01 TGACGCATGG
OPC-01 GTGAGGCGTC OPP-02 TCGGCACGCA OPV-02 AGTCACTCCC
OPC-03 GGGGGTCTTT OPP-03 CTGATACGCC OPV-03 CTCCCTGCAA
OPC-04 CCGCATCTAC OPP-04 GTGTCTCAGG OPV-04 CCCCTCACGA
OPC-05 GATGACCGCC OPP-05 CCCCGGTAAC OPV-05 TCCGAGAGGG
OPC-06 GAACGGACTC OPP-06 GTGGGCTGAC OPV-06 ACGCCCAGGT
OPC-07 GTCCCGACGA OPP-07 GTCCATGCCA OPV-07 GAAGCCAGCC
OPC-08 TGGACCGGTG OPP-08 ACATCGCCCA OPV-08 GGACGGCGTT
OPC-09 CTCACCGTCC OPP-09 GTGGTCCGCA OPV-09 TGTACCCGTC
OPC-10 TGTCTGGGTG OPP-10 TCCCGCCTAC OPV-10 GGACCTGCTG
OPC-11 AAAGCTGCGG OPP-11 AACGCGTCGG OPV-11 CTCGACAGAG
OPC-12 TGTCATCCCC OPP-12 AAGGGCGAGT OPV-12 ACCCCCCACT
OPC-13 AAGCCTCGTC OPP-13 GGAGTGCCTC OPV-13 ACCCCCTGAA
OPC-14 TGCGTGCTTG OPP-14 CCAGCCGAAC OPV-14 AGATCCCGCC
OPC-15 GACGGATCAG OPP-15 GGAAGCCAAC OPV-15 CAGTGCCGGT
OPC-16 CACACTCCAG OPP-16 CCAAGCTGCC OPV-16 ACACCCCACA
opC-17 TTCCCCCCAG OPP-17 TGACCCGCCT OPV-17 ACCGGCTTGT
OPC-18 TGAGTGGGTG OPP-18 GGCTTGGCCT OPV-18 TGGTGGCGTT
OPC-19 GTTGCCAGCC OPP-19 GGGAAGGACA OPV-19 GGGTGTGCAG
OPC-20 ACTTCGCCAC OPP-20 GACCCTAGTC OPV-20 CAGCATGGTC
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e B
N [=: -] o X
g & ® o 2 =
8 o g T @ N r© £
2 £ &8 &8 3 3 2 ¢
2 8 ¢ £ 2z 2 8 3
225kb > | e
5.1kb >
7.8 kb o & b o -
kg $
b ¢
.
I k=
o [N o e} [« %
® & e 3 8 8 8 o % 3
g 2 £ &8 8§ o - 9 n g E
EEEEEEEERED
8 & 8 & 8 8 € g = 2 8 a

59 kb ~ @
35kb ~ >

(3)
Fig. 1. RFLP paterns of the 12 strains.
(A) DNA was digested with EcoRI and probed
with RG256.
(B) DNA was digested with HindlIl and probed
with RG64.

Y% FISREE i3 HindlIl T3 43.4%CH b EcoRI D
BED3NS%ERABETH -, k¥, 538D 7
v — 7k 2RBOHBER LD 106 EOEEEHDOS
Bl &2 TRI L 25, MBTEEARET, FHE
ML 41 5% TH -7z (Table 4),
2) KEZRGEANOSEME
TRBOKEESZRMEH T, FRENRDORFE
THIFEE LT 5 L, Rk X - TRERE
ERL btz (Tableb), EcoRI Tk 83N1072 &
83N1209 & DI 32. 1% DET B H LD, Th
e e LC, 83N1038 & 83N1072 [H, 83N1072 &
83N1168 BT Fhd 28.3% TH » oo KEFRSE
BoOEEE 2B 5 b0 5 HAR TR 26% % 2
BEWETIPRE i, —75, 83N1038 & 83N1168
f, 83N1168 & 83N1202 I CTix 9.4% L 4T 2%
HTe&hnot, FOMORFEETRI5.1%05
20.8% F COERIBE Inote, Hindlll 0BE I

Table 4. Polymorphism(%) detected by EcoRI and
HindlIll enzymes

Percent polymorphism

Chromo- Probes
some tested  pORI  Hindlll  Mean
1 6 66.7 50.0 58.4
2 6 16.7 33.3 25.0
3 6 0.0 33.3 16.7
4 4 50.0 50.0 50.0
5 5 80.0 80.0 80.0
6 5 60.0 40.0 50.0
7 3 66.7 66.7 66.7
8 3 0.0 33.3 16.7
9 4 50.0 50.0 50.0
10 2 0.0 0.0 0.0
11 6 50.0 16.7 33.4
12 3 33.3 66.7 50.0
Total 53 39.5 43.4 41.5

W% B & 1L 83N1154 + 83N1202 [, 83N1202 &
83N1209 ffiic s 1) % 22.6% T H - 7z, 83N1038 &
83N1168 FI T 11.3% L SR A BB TE feh o
oo T DDJFRETH 13.2% 05 20.8% DEFYR
E& 7551,
3) HABREHRAOSEE

T& B 5 397) /b 0Nic ID-47, IRAT13, No.56 @
4 FFEE TR N ESEICRERFEROEA X
b H s h € -7 (Table5), EcoRI TixID-47,

M 5 5397] & No.56 L D3FRFMETHERES
3.8%DEF LRI TE I o 72, IRATIS & flsd
HAZRHE TS 11.3%TH oo Hindlll 0BE
X IRATI3 &M &5 3971 D 15. 1% A & T,
B T& 553971 & ID-47HD 3.8%TH -7,
ZOMORBETLL9.4% 025 13.2% & 7r - T,
4) REFRH, HAE, 1 FERFEOZSEM
KERME T« 72 v Ptz — vl Eh
2o T A v N Surjamkhi B UV N &F
T 554, AAMEA—DBE, (v FREEERR
DOEAD AV FefkET 584, v rBicdAR
BrdabhizrwBEo v F2ET 5858 (Fig
DoAEDRD -7, £OKR, KERKE HRER
FREOBEHLE TS THL MUY EELIBERIEL
bhtc, Fio, 83N1072 & HARRM & DM TixL
PThd IR EOFASEERVE LTz, 2k, X
ER## & 4 v FE o Surjamkhi B T3 b
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Table 5. Polymorphisms(%) of RFLP markers detected between different lines with EcoRI
and HindlIl enzymes

A B C D E F G H I J K L
Line 83N 83N 8N 8N 8N 8N 83N ID- Kirara No. 56 IRAT Surja-
1038 1072 1116 1154 1202 1209 1168 47 397 13 mkhi
A. 83N1038 A 18,9 13.2 18,9 15.1 189 11.3 20.8 22.6 17.0 15.1 20.8
B. 83N1072 28.3 B 20.8 18.9 15.1 18.9 20.8 22.6 18.9 20.8 24.5 26.4
C. 83N1116 20.8  20.8 C 151 20.8 18,9 17.0 22.6 24.5 20.8 18.9 30.2
D. 83N1154 15.1  26.4 20.8 D 22.6 13.2 17.0 11.3 13.2 11.3 13.2 24.5
E. 83N1202 17.0  26.4 17.0 17.0 E 22.6 13.2 283 245 17.0 20.8 26.4
F. 83N1209 5.1 32.1 20,8 15.1 17.0 F 13.2 7.5 7.5 13.2 13.2 26.4
G. 83N1168 9.4 28.3 17.0 15.1 9.4 15.1 G 15.1 17.0 7.5 7.5 28.3
H. ID-47 13.2 34.0 22.6 15.1 17.0 15.1 11.3 H 3.8 11.3 13.2 26.4
I. Kirara 397 11.3 32.1 24.5 13.2 18.9 15.1 11.3 3.8 I 9.4 15.1 26.4
J. No. 56 13.2 32.1 24.5 17.0 18.9 18.9 11.3 3.8 3.8 J 9.4 30.2
K. IRAT 13 13.2 30.2 22.6 15.1 13.2 17.0 5.7 11.3 11.3 11.3 K 30.2

L. Surjamkhi 26.4 22.6 28.3 26.4 24.5 26.4 24.5 28.3 30.2 32.1 30.2 L

Polymorphisms(%) detected with EcoRI and HindIIl are shown on left and right side diagonal,

respectively.

20% Ll o &AL, BARRH L Surjamkhi
DOETH 26 4% L EOBVSRI BB T X i,
2. BRMICBIIBNKRBLUTIO0—-RSENE
7

#HR 12 R vtk E 7 s -2 B IE
THEERLYTI (Table6), —fic1 v FEIZHR
EVWRIAEHTH Y, Surjamkhi ORI R/
BIIED 13 2.45 R Lic, —7F, BAARBGRM Tzl

D IRATI3 B\ CHEBTH b RIERIE1.75 M
T & ote, KERBE TG, kL CEN
NEEL T, 73— A8BROWTE, 1V
F &l » Surjamkhi T228.3% & \» 5 B\ E %1
L, AARERSFIIEED 0%5 5 16.7% DEMEL
L, KEFRMBEIZI.1%L T o 83N1116,
83N1154, 83N1168 & 22.5%® 83N1072, & & i
25% Lk & o 83N1038, 83N1202, 83N1209 o 3 FE~

Table 6. Comparison of grain size and amylose content between the lines used for RFLP analyses

Line Spikelet 'Spikelet Spikglet shape Amylose
length (mm) width (mm) index content (%)
83N1038 8.60 3.38 2.54 25.0
83N1072 6.98 4.16 1.68 22.5
83N1116 7.94 3.16 2.51 17.5
83N1154 7.02 3.50 2.01 10.4
83N1202 7.70 3.28 2.35 25.9
83N1209 7.52 3.46 2.17 25.4
83N1168 10.40 3.50 2.97 19.1
ID-47 6.04 3.94 1.53 16.7
Kirara 397 6.52 3.72 1.75 15.1
IRAT 13 9.36 4.20 2.23 13.7
No. 56 5.74 3.80 1.51 0.0
Surjamkhi 7.16 2.92 2.45 28.3
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Table 7. Number and polymorphism(9) of probes
used to characterize ID-47 and 83N1168
(Polymorphism detected with at least 1
out of 6 enzymes surveyed)

#probes # probes % poly-
Chromosome  used with poly- morphism
morphism

1 11 2 18.2

2 15 2 13.3

3 10 2 20.0

4 7 1 14.3

5 9 2 22.2

6 9 3 33.3

7 9 1 11.1

8 8 1 12.5

9 10 2 20.0

10 9 1 11.1

11 15 2 13.3

12 9 2 22.2
Total 121 21 17.6

TE IR,

3. F, EEOEESH
1) BFv—h—D5HEk

B OFEE B 7 5 ID-47 & 83N1168 %47
#wE A, ¥ THER T RFLP = —» — 048
WERTE LI, RPBENDBALIZIED S = —
FIoTHESEE S Table 7 iR Uiz, &4B4
D~ —H —1ZDONTOFEHLERPEE 37 h DE
B bh, etk O~—» — kT 5SERE
REET33.3%ERL, FEFTRLNDO~——

D-47
B3N1168

F, I

DHERFEE I Thb 1L 1% TRE L b, Figid
17.4%TH - 72

F, BXOF, B&EnbrhZin DNA i L <
FMHMI SR Y E U&7 — 7 L 6 BOHIREE
DAL Y RFLP ¥ %17 » 7= (Fig. 2). T
b, RG140, RG147, RG214, RG207, RG213,
RZ892 % 7 m— 7 & LBt DNA % EcoRI T
WL, RG384, RG13, RG650, RG303, RG304,
RG190, RG341 % 7 v — 7" & L 122 HindlIl iz
I YT, RG264, RG28 % 7w — 7 & Lickicit
EcoRViZz X b, RGo4d % 7 = —7 & L B ic i
BamHI W X Y T Zh DNA 8 L7, E 7,
RG570 % 7" m — 7 & L 7= FF 12 1% Xhol TDNA %
B L, RG139, RG157, RG553 % L XRG780 % 7
-7 L LRI IEDNAS SWICEIR L C
RFLP M%7 » o T DR, F, 8L OF, £8©T
BEEEAEARL TID-47 8 83N1168FlA 31 1
HHNEL3GHET 584 (RG303, RG34,
RG553, RGH70) & k@M HRL TID-47T D+ %
Bl ~5efl 83N R A1 211
T OBE LD -7 (Table8d), Z£Digs RFLP
= —H Lo TS ELYEL, 311!
2. 1 DHEHEELEVBELH -7,

—7, RAPD I OWTH0 D751 =—D3
B 9 R oz ID-47 & 83N1168 T 25 @
SR TE % (Table ), 15D RAPD D 5
B, 8 TR ID-47 23 83N1168 DF L T iz S v
F & —AR%c b, Mo 17 BTk 83N1168
DFPID-47 O fr oA v P —KBFKHE L
Tz,

|

a2kb~ BB . 88 s s wa

2.0 kb ~ -

Fig. 2. F, segregation of RFLPs in the cross, ID-47X83N1168.
DNA was digested with EcoRI and hybridlzed with the probe, RG214.
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Table 8. F, segregation and goodness of fit for RFLP markers in the cross, ID-47 X83N1168

Marker No. of F, individuals OG:()gc:lnlessrog ﬁtD

(chromo- ID-47 F 83N 1168

some) type typ;e type Total x?2 D
EcoRI

RG140 (1) 27 53 22 102 0.65 0.7-0.8

RG147 (3) 22 37 15 74 1.32 0.5-0.6

RG214 (4) 21 46 22 89 0.12 0.9-0.95

RG207 (5) 18 35 14 67 0.61 0.7-0.8

RG213 (6> 20 43 17 80 0.68 0.7-0.8

RZ892 (10D 16 23 9 48 2.13 0.3-0.4
Hindlll

RG348 (3 25 49 18 92 1.46 0.3-0.4

RG13 (5) 28 49 16 93 3.37 0.1-0.2

RG650 (7) 16 53 22 91 3.26 0.1-0.2

RG303 (1D 51 15 66 0.18 0.6-0.7

RG304 (1) 20 40 19 79 0.04 0.95-0.99

RG190 (12> 4 13 3 20 1.90 0.3-0.4

RG341 (12) 16 58 74 0.45 0.5-0.6
FEcoRV

RG264 (6) 27 39 14 80 4.28 0.1-0.2

RG28 (8> 17 49 17 83 2.71 0.2-0.3
BamHI

RG64 (6) 22 45 18 85 0.67 0.7-0.8
Xhol

RG570 (9) 68 31 99 2.10 0.1-0.2
Styl

RG139 (2 75 10 85 7.94 <0.01

RG157 (2) 79 12 91 6.77 <0.01

RG553 (9) 24 67 91 0.09 0.7-0.8

RG780 (1) 79 12 91 6.77 <0.01

MBEMTRAPD ~—» -0 &R A»HHETE A9
BS54 =—%HWT, F, EHik >\ TPCR %
fTWRAPD =~ » — 2w T OBESH 2T 7

(Table10), 25 D RAPD ~—*» —D 5 - 18 f&
ERVCTEAY P RET2R5ESRELRL, F, T
31 o5 EE L, LL, THO<—7—

(OPP1-860, OPV6-490, OPV6-510, OPV6-770,
OPV7-710, OPV7-1080, OPV8-1300) =2\ T3,
F, T3:1D05BHEEL th -1

AR BAV7 ID47 BHEN~—»— & L Tsd-
ICEREM) #F T 5 b EFEE 0 83N1168 & DA
kT, F BgEoBRAEER 2R, F, £F

DOERESM L sd-1 D5 Y Y, BXZX60cm &
Wemie2 20— B T52ESMER LK
(Fig. 3), #2T, Eflizow- T2 EoRHMIZ
GHBCERTE, EER  EEEROSRL3 ]
DB E Lic (Table1l),
2) BFT—H—RNCHIT HERI
ID-47x83N1168 D F, £ % A\ ¢, 18F ©
RFLP ~—#—, 18f ®» RAPD ~—#» -k X *1
BOWEN ~—H - R LITED -5 1T
DN DEESHT 21T - 72 (Table12), sd-1 & 36
D~ — 7 — i T b B R R S e,
—7, RFLP = — # —[Ci%, RG140 & RG147 tix
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Table 9. RAPD markers. used to distinguish
between ID-47 and 83N1168

RAPD ID- 83N RAPD ID- 83N

marker 47 1168 marker 47 1168
OPC11-630 — + OPV 7-710 - +
OPC15-630 — + OPV 7-770 - +
OPC15-680  + —~  OPV 7-950 + -
OPP 1-710 + - OPV 7-1080 — +
OPP 1-860 — + OPV 7-1240 - +
OPP 1-960 — +  OPV 8-400 + -
OPP 5-680 + OPV 8-500 + -
OPP14-550 — + OPV 8-1000 — +
OPP14-1140 — + OPV 8-1300 - +
OPV 6-490 — +  OPV10-420 + -
OPV 6-510 — +  OPV10-460 - +
OPV 6-770 + -  OPV10-7T70 - +
OPV 6-920 — +

Each amplified band was named by the primer used
and its size in bp. For example, OPC11-630 refers
to the 630 bp band amplified by the primer OPC11.
“+” means presence, “—” means absence.

4.3%, RG140 & RG213 T X 31.9%, RG213 &
RG147 [8] T 3. 23.5%, RG570 & RZ892 ] T 1%
28.1%, RG264 & RG6H4 fH T 27. 1% DM BT » %
AERBEH I, RAPD =— % —[Blicks Tt
OPC15- 630 & OPC15-680 [¥1-C 1% 0%, OPV8-400
£ OPV8-500 Tk 33.0%, OPV10-460 & OPV10
-770 f T2 25.4%, OPV6-920 & OPV1-960 T
1332.6%, OPV6-920 & OPP14-1140 8 T &
23.5%, OPV6-920 & OPV8-1000 [ < 22.5%,
OPV6-920 & OPV7-770 f&-C% 23.2%, OPV6-920
& OPV10-770 fET% 26.1%, OPV8-1000 & OPP1
-960 f8]Ci% 24.4%, OPV8-1000 & OPV7-770 f&-C
2.29.3%, OPV8-1000 & OPV10- 770 [ T %
30.9%, OPP10-460 & OPP10-770 R-Ci%25.4% D
ABRMicrhFhBEEERYRD, ¥4, RFLP
~—#—& RAPD~—#—f] T %, RG553 &
OPP14-1140 R, RG64 & OPV10-420 B # ¥
32.5% & 24 8% OE|MAEHLEL X hic, T TREE
R EDEB AL T\% RFLP = — 7 — % i
L CH - iot3 U7z RAPD = — 5 — % @48 ic &
7, MRS BIDOE I EDCTFRILTLI,

Hutatk 6: RG264—RG64-—0OPV10-420, RG213
—RG147 (Btatk 3)—RG140 (Befafk 1D

#ea ik 9: OPP1-960—OPV8-1000—OPV6-920

Table 10. F, segregations and goodness of fit for
25 RAPD markers in the cross, ID- 47X

83N1168
RAPD No. of F, individuals thod(rée:ssl)of
marker Presence Absence Total — x? P
OPC11-630 71 19 90 0.73 0.3-4.0
OPC15-630 53 22 75 0.75 0.3-0.4
OPC15-680 63 12 75 3.2¢ 0.05-0.1
OPP 1-710 88 33 121 0.33 0.5-0.6
OPP 1-860 79 39 118 4.08 <0.05
OPP 1-960 81 38 119 3.05 0.05-0.1
OPP 5-680 78 30 108 0.44 0.5-0.6
OPP14-550 78 37 115 3.16 0.05-0.1
OPP14-1140 9 25 119 1.01 0.3-0.4
OPV 6-490 34 39 73 3146 <0.01
OPV 6-510 45 27 72 6.0 <0.05
OPV 6-770 56 33 89 6.93 <0.01
OPV 6-920 70 22 92 0.06 0.8-0.9
OPV 7-710 61 46 107 18.47 <0.01
OPV 7-770 81 26 107 0.03 0.8-0.9
OPV 7-950 83 27 110 0.01 0.9-0.95
OPV 7-1080 94 17 111 5.55  <0.05
OPV 7-1240 79 32 111 0.87 0.3-0.4
OPV 8-400 41 15 56 0.10 0.7-0.8
OPV 8-500 41 15 56 0.10 0.7-0.8
OPV 8-1000 39 17 56 0.86 0.3-0.4
OPV 8-1300 34 22 56 6.10 <0.05
OPV10-420 43 16 59 0.14 0.7-0.8
OPV10-460 42 17 59 0.46 0.4-0.5 .
OPV10-770 44 17 61 0.27 0.6-0.7

Table 11. F, segregation and goodness of fit for
sd-1 in the cross, ID-47 X 83N1168

F, segregation

Goodness of fit (1:3)
Total
sd-1 + x2 )

Obs. 22 103 125 3.65  0.05-0.1

—OPP14-1140—RG553, RG570—RZ892 (%t 4 &
10)

Yt fARE . OPC15-630—0PC15-680

Bt fARES ;. OPV10-460—O0PV10-770

EH6 LI TRERERFTBRLROGOR RS
RFLP < — 7 —Rlic & BEEERA R bt Tols,
OPC11-630, OPP1-770, OPP5-680, OPP14-550,
OPV7-950, OPV7-1240 D& < — » —[ETitF T
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Table 12. Linkage analyses between marker genes in F, population of the cross, ID-47x83N1168
. . F, segregation
' ° BB Bb bb BB Bb bb BB Bb bb

RB264 : RG64 Coup. 27.1+4.6 Obs. 13 9 1 6 20 7 1 6 5 68 20.29 3.62
RGI140:RG147  Coup. 43+1.7 Obs.19 3 0 2 33 1 0 0 14 72 111.10 22.61
RG140:RG213  Coup. 31.9£4.9 Obs. 11 12 2 6 25 8 3 6 80 13.10 2.26
RG213: RG147 Coup. 23.5£4.5 Obs. 9 5 1 10 21 4 0 5 63 21.10 4.44

A ___aa 2

BB Bb bb BE Bb bp .ol &% LOD
RG570:RZ892  Coup. 28.1£7.3 Obs. 14 3 2 46 8.13 1.54
OPV10-420: Coup. 24.8+8.3 Obs. 10 4 1 36 7.33 1.43
RG64

A_ aa .

B b B bb Total x LOD
OPC15-630 : Rep. 0.0x17.3 Obs. 41 12 22 0 75 5.51 Infinite
OPC15-680
OPV 6-920: Coup. 32.6+6.1 Obs. 53 15 10 11 89 7.40 1.40
OPP 1-960
OPV 6-920: Coup. 23.5x£5.6 Obs. 62 5 12 10 89 12.74 3.06
OPP14-1140
OPV 6-920: Coup. 22.5+7.7 Obs. 26 7 1 6 40 8.71 1.73
OPV 8-1000
OPV 6-920: Coup. 23.2+5.6 Obs. 53 8 8 11 80 15.02 3.14
OPV 7-770
OPV 6-920: Coup. 26.1+8.6 Obs. 32 6 3 4 45 4.15 1.11
OPV10-770
OPV 8-400: Coup. 33.0£7.7 Obs. 33 8 8 7 56 4.57 0.85
OPV 8-500
OPV 8-1000: Coup. 24.4+£6.1 Obs. 30 9 5 12 56 19.29 2.65
OPP 1-960
OPV 8-1000: Coup. 29.3x7.8 Obs. 35 3 10 6 54 5.14 1.12
OPV 7-770
OPV 8-1000: Coup. 30.9£7.1 Obs. 29 8 8 9 54 7.91 1.23
OPV10-770
OPV10-460 : Coup. 25.4x6.4 Obs. 35 7 7 10 59 12.97 2.22
OPV10-770
OPP14-1140: Coup. 32.5£6.5 Obs. 55 13 10 9 &7 5.73 1.23
RG553

H\ R BR R R L, 2h b0 6 8o RAPD < —
H — DR BREEEEETE 1o,
3) REHIT—-H—EMBETE (QTL) &nE
i£3
F, EMOZH#FRHE TH 5 ID-47 & 83N1168 4
TR & (Fig. 3) Diticklk, Wi, 7 v -2
£, FREM WK THE —WBEEH HBE
BFRM oL TPHERCEEEZ 2RO, i

F, f s 3 2 £WEOHEFMIrich K&l
BREB L 2EHER LR L (Fig. L,

REZMEEC CREBB KA L - RFLP ®
RAPD = — » — D SRR »MED » 7o feddic, QTL
S TREAELORM~y © v 7/ 3R L
ftot, L LEBNHFEREETH2EETONE
THREOERIZITHETE L, B0 37TEDO~—
A—THVCT, ThERD=—H =T LiZ 2R
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L3 EORETFR ¥ - 3RBEEH T CEAHED
EHERYERL, 2OFHEOECOWTOREME
WD FRELTT- 7% (Table13),
BRICOWTixsd-1 (BEED koW CTEER
EFBMED 2 SoRBE ST 5 L HE O FHiER
B S RERRD bR,
BWRICOWTRREE LD~ —H—TH 5 sd-1
& RG-140, Rtk 7 ©=— % —Th 5 RG650, H
BEllOo~—»—Thb RG34, JfafkD<—
H—T2H % OPV6-920 7x & T IZ BEAI N EA D ~ —
A — D OPVT7-1240 e o\ T, 3BOBEEFRE & =
T2 BOERRAB S\ T EPHECEDEEL &
HT &7, RG304, OPV6-920 %K<, b 45D
Y= A= EOVWTRRERMERA AV Frg -V
EETAHHTHRENEL et
PEELODVWTRRBEEID<—D—-TH 5
RG140, ¥fathk 3 o~ — 5 — D RG147, RElE5 O
<—# -0 RGI3 oW THBEETFH « HEERC
FHECEEENTD bhic, RG140, RG147 0%
B3, KERHKER LAY A2 -2 ETHH
THIEA L DKL, i RG13 DA it B AER
MID-47 ER LAY Pt g —v R ET 2R cmiE
WEL Tt o,

7ivm— RSB OVWTRREEASD~—H —T
» % RG28 REM A D RFPD ~ — # — DOPC15-
630 KBV THRIETFE « REAMCRHECEE
ZxEL, RG OBFRIEKERMEFM LAV F
NRE—VHRTHTT7 s e—REBNREL,
OPC15- 630 DBH I ITFIT s - 1o,

HBEPC OV TRBRBETDO~—D—TD 5

F: 83N1168

Yy v

[:]Normal
) sd-1

%

Fig. 3. Frequency distribution of culm length in F,
population of the cross, ID-47 x83N1168.

RG650 38 L O %tk 8 D ~—»—TH 5 RG28 1=
BWU3BOBGETHEMCTEHENEEELRD S
h, 2BO~—A—LbKERFKLEAML AV F s
g — VERRTHBBER o1,

FRE OV TREERELIDO~—H—Dsd-1
&, RG140, Hutatk 3 < — 4 — D RG147, Lefalk
6D <—H—-DRG23, ReEAEID~<—H—D
RG304 iR\~ C, Wb 3 BOBEEFRE I
TEHEOHFEBRER AL, RG34 2K o
= —H—TROThHKERMEA T AV Fx—
YOI TCTRENKE T,

—FEETE OV TBREE LD —H—TH D
RG140, Hufafk 12 D= — % —TH 5 RG34 @R\
TR IBOBGETREMCEHECERENRD LI
to WTHD=—H—THRERHKEB LAV P2
2 —vE BT HHT—FRIEENRE L hots,

BErL S VWTREBREFESD—p—-TdhH 5
RG13, Hfafk7 D~<—H»—THh 3 RG650 Izo\T
£BETHOPHERCEERE RO bR, 28
D=—h—ELRERKEF LAV A2 —vEEH
THHECHER R 5T,

BFRe oW, REfID=—»—-ThH5
OPP1-960, Hfaik 12 d=— 5 —Th 5 RG341,
2R OPCL5-630 K3\ T, HBEFHOEH
BRI BB E LR D, RG341, OPC15-360 Iz-D\»
TRID-A7 LA U AV F 2 —-v ol cBFRME
NED o 7oAy, OPPI-960 OB &t s - 7o,

Teds, BB oW TR 3 BOBETFE OFHERE
DEDEFE L Ith~—h—NEWHIhieho i,

ZEWME L 85T < — » — Bk 5 BEAE
BABAGR (S %¥ED B LU TomL Tthod,

B R sd-1 B4EF1D

W £: sd-1& RG140 (Bfafk1), RG650 (B
ik 7), OPV6-920(F+Eik 9), RG304(faE 1D),
OPV7-1240 CREMETRE)

W 1E: RG140 GRfafk 1), RG147 (Rfatk 3),
RG13 (Butafk5)

7 3 m—x&E I RG28 (Rfaik8), OPCl15-630
¢ Sy v i)

FFEH: RG650 (Bafhk 7), RG28 (HPufafhk 8)

THRIE: sd-1& RG140 (fafk 1), RG147 (B
&4k 3), RG213 (Bfafb6), RG304 (Fufafk 11)

—FERTES . RG140 (fafk 1), RG341 CGRéatk
12)
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Fig. 4. Frequency distributions of nine characters in F, population of the cross, ID-47 X 83N1168.
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Table 13. F-tests among the three genotypes (two
kinds of homozygote and heterozygote)
in nine-characters

_ Marker

Trait gene Chromosome F value A*
Culm length sd-1 1 84.3**  83NI1168
Spikelet sd-1 1 16.20** 83N1168
length RG140 1 4.16** 83N1168
RG650 7 10.14** 83N1168
OPV6-920 9 8.13** 1D-47
RG304 1 4.66*  ID-47
OPV7-1240 Unknown  7.16** 83N1168
Spikelet  RGL40. 1,519 83NII68
width RG147 3 14.98** 83N1168
RG13 5 6.35** ID-47
Amylose RG28 8 3.68* : 83N1168
content OPC15-630 ' Unknown  8.27** ID-47
Days RG650 7 5.81** B83N1168
to heading RG28 8 3.10* 83N1168
1000-kernel sd-1 1 13.08** 83N1168
weight RG140 1 5.19*  33N1168
RG147 3 7.00** 83N1168
RG213 6 4.27*  83N1168
RG304 11 3.34* D47
Nt,xlr(nll)etr of RG140 1 3.52*  83N1168
spi
per head  RG341 12 3.97*  83N1168
Panicle RGI13 5 4.20* 83N1168
length RG650 7 3.30* 83N1168
Seed OPP1-960 9 5.99*  83N1168
fertility RG341 12 8.31** ID-47
OPC15-630  Unknown  8.04** ID-47

*, **: Significant levels at 5%, and 1% in F-test,
respectively.
A : Parental genotype exhibiting greater mean in
the F, population.

B &: RGI3 (Rtafk5), RGE50 (kD
BETfet: OPP1-960 (Bffk9), RG34l (Rt
% 12), OPC15-630 (& fEAEL)

z =

BF=—B-RIBRTPOAFEHEBE T
McCOUCH et al'? [T X » TYER I i FH LK,
Bl &b 3EOFREEESFHE 152 2R EH

D, ¥ a0 REEFEREREAETLRL S
HN—L T3, LT, QTL ¥ K=y v 7
(interval mapping)™® i X W #HEETE D X 51
o to, TR ORBIEH (elongation rate)
O QTL 74 8 effkd RZ323 DR IEH H T &V
PEDELT, W BROFHESLMHE (partial
resistance)??, REUREHIHEY, MEH'Y FORE
FHEOHER, BAEXAVI#ESZZS Y
B4 v rEoOTHF, Rkt s &80 QTL
FEWTO2520) fo U BRE T T 5, :

AR CRRECEELFEERO—2TH LR
BB >\ WTO QTL ¥ %175 1=, Tk
ERME 7R/, BABEEL 4R (v FEE21IFR
MoGH 12 /2B CRFLP = -4 -1k v %
ME OEZBR YA, 53O RFELP 7' 7 — 7
L2 BOHRBEROHEE T, 44 86€1.5%)
TRV ORFE SR 2B &, ZER
AT 2 BEOSIRESR TR 6 EEZBOFIR
% T Ho7%, RFLP @ 8 8 & 13 Hindlll

(43.4%) & EcoRI (39.5%) QEBETDH -7,
McCOUCH et al.'? 1 THIBEEFRIC & - T i
¥k o X 2 RFLP o EHE & o MBI
DHERBLABZE, T, AV IFHE Oy 7EOMT
13 EcoRI & Hindll % AT 30% % 2 2 HW%
AR LA L BEL T 5, AFRTHLEHIR
BERXHACT WThb40%05ERETER
ZEhb, 43T EcoRl, Hindlll &R 2E L
BT WHIREER & B £ 5,

KERFEE D04 21 &8 1woVC RFLP 0B H
HEYHE T2, ARG L D RERERS
Fdbh, 9.4% 05 32.1% E TOEE R LRI,
Thbt, KERFEF WGBS RIIEE
THUN Y EEELBRELEELTED,
KERMBERCI A ELBENERS DRI, &
IR L TRAR O 4 ZFEHE TR 2380 TE
ofe, Brel& 55397 & IDATRIELOKTE
55 397] & No.56 DRITILABLUTOLE L sk
bhighote, —F, IRATI3 ET% 565 397] D
iz 15.1% D& A Hm 6 hic, IRATI3 L IRRI &R
BORKAFECHY, ARBI YL LAAKREEL 1
VI BoREEGEWEE bR,

Wang?® (34 v VR L BAB BT 30% A LD
PAE T RFLP & L T\ 5%, ABFSLIc IS\ Th A
v F B o Surjamkhi & B A& R #E & o RT3
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26 A% EoB\VEECERPBETE L, KER
#% & Surjamkhi & DT 4 20.8%~30.2% D B
BB SR e S hic 2y, KRERELE B AR
EDBITI5.7%~34% T, BERICL DK /ezE
HE U TV e, XKERH O 83N1168, 83N1209,
83N1154 iz -0\ TIX H AR RS & ORI T 19%LL
TTH b, Surjamkhi &2 24% L Eo SR AR LA
kbbb, BARBGCHBRECRHFEEELZ OIS,
—7%, 83N1072 w2\~ Tix EcoR1 = k& b AR
# & DR T3 32%5L £, Surjamkhi & @ & T
22.6% &7, BLAA VY FEIGEVWREEE LS
s,

BREY GHAOBREREELHNOAE I LY LS
AR (EED, BE kb)), CH (BRD D 3fEK
TELTW%, CRBEEERE, o+ 78, 1V
By L, SEER L 12 REBRRBOSE
X h#BI+ 5 e, IRATI3 (REBED #kxH
RO 3R ThBER AR TH - e, KER
#E1% 83N1072, 83N1154 & 83N1209 Hifikr A R %
RL, 83N1038 & 83N1168 i3 K BE, ®Bh D 2%
e A v FED Surjamkhi 1R CE L HEX R
72,

BAHO7 i m—x&EBixo\v T, 83N1038,
83N1202, 83N1209 & Surjamkhi 235 <, 83N1154
& BARRME L, BEETF (wx) 2%FT 5 No.
56 12 0% R LTz, 7 3 v — 2AGEIT Wx BoEX
VEEBFIZL > THEEh, 1 v FElE Wat 2H L
TEEEL ), BRBE W 2B L UESE L&
B0, KEBOKERL Wy BOBREZETFOEWEI
LTWBERTIN,

P EofERcESCTKER & BARRK L O
TMBEREYEWCRFLP~—3—t7 i v—2%&
BT oo E L 0BEFEEBBFRYENL Z & i
BL, Liarl, ERCIZHERM© RFLP =—
H - DEMENFBEI, F, 0BTRat i MEs -
b, FHINHELOT I v - 2EBOBEER
EERBICAND L EYETHES R RV T o &
DY RETH T, £ CEHETIXETID
-47xX83N1168 DR AR * BV TQTL 547 %
AfTL 7,

BB D ID-47 & 83N1168 122>\~ T 6 1 D HI[RB¥
FREDRIEOT v —TRIBFF VAT Y & A
Y—vav® Ty, RIEOSae—-TF21ED S
g - onwtHEREPRWEL, F, £, *

ODHD 18D 7 r— 7 DT 3:1HBHIEL:
21 ONBECEETA L BB LT,
RAPD ~— 7 — 3 EEEFI D TH 2 ELI D
BRIECFIGLTAVY E A2 — v g BR R bh B
£ b, RFLP & b & E@AMEcEHIELHRB LS
WEIRTWS, 1 FOMREREI S RAPD 0FH
DEHTHDHT EHBMEINTBY, KPFE TR
60 BB 7 5 A < — % AV THEHFIRHIC 25 B HH <
g —vEBRELLF, RHTE, £0OND 18 @D A
VYRR -3l OSBRI EES LT,
AR\ T, 82N1168 & ID-47 & DRI TD
RAPD n#HE (42%) 2 RFLP ok (17%)
DAY B ot L, £ORF, T
VINICEE L EGR BT 5 L, RAPD T
72% &b, RELP @ 86% & b  fEd 5 7, ¥
7z, RAPD {1 RFLP & b H#iic BT 5% 7 L B
BT THEL, LichisT, $HIZRAPD = —
h— BN b~ v &V 7 U CEERHRE O
ks QTL oWcfifT 5 L8 h 5,
ASEERTIT, ID-47X83N1168 © F, £tk T
sd-13 X V1I8® O RFLP=—#»— & 18 D
RAPD = —#— b % HWICHA G LR IITED
<= - CEESW X T - fosd-1 B XV 6ED
RAPD ~— % — (OPC11-630, OPP1-710, OPP5
-680, OPP14-550, OPV7-950, OPV7-1240) Tk
T h % h o RAPD ¥ 00w 18 %8 @ RFLP < —
H—EOMTTRTHMIBERAALR, ThHD
RAPD ~ — 7 — OFf BREAK T TH - o, Fic
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Summary

As a basis of rice breeding for grain characters
including morphology and composition, the authors
dealt with an estimation of quantitative trait loci
(QTL) by using molecular markers such as RFLP
and RAPD.

1. In order to measure the amount of polymor-
phism of RFLP markers detected among the paren-
tal lines, twelve rice lines belonging to indica,
japonica and American testers were assayed with
the combinations between 53 RFLP markers and
two restriction enzymes. Genetic variation was
detected for 44 (41.5%) out of 106 probe-enzyme
combinations. A high degree of polymorphism
(40% and 43%) was indicated with HindIIl or
EcoRI, confirming the previous results that these
enzymes are suitable for RFLP analysis in rice.

2. Frequencies of polymorphism detected
between American testers ranged from 9.4% to 32.
19% suggesting the existence of fairly large genetic
variabilities. On the other hand, japonica lines
were closely related showing an extremely low fre-
quency of polymorphism. RFLP diversity between
Surjamkhi (indica) and japonica or American lines
was over 209, while those between japonica and
American lines indicated a variation ranging from
5.7% to 349 in the combination with different
Japonica lines.

3. Genetic variations of grain characters are also
important for choosing parental combinations for
the crossing experiments, Rice lines tested were
classified into three categories based on grain size:

Kirara 397, ID-47, No.56, 83N1072, 83N1154 and

83N1209 belonging to “ short grain” type; 83N1038,
83N1168 and IRATI3 belonging to “large grain”
type; and the remainders belonging to “long and
slender grain” type. Three American testers
(83N1038, 83N1202 and 83N1209), and an indica
line (Surjamkhi) showed high amylose content,
whereas all japonica lines (Kirara 397, ID-47,
IRAT13 and No.56) and an American tester
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(83N1154) fell into a group showing low or none
amylose content.

4, F, population derived from a cross between
ID-47 and 83N1168 was used for the preliminary
QTL analysis. Polymorphisms between both par-
ents were detected from 21 RFLP and 25 RAPD
markers. A higher frequency of polymorphism
(429%>) was obtained in RAPD markers when
compared with that of RFLP markers (17%). In
the F, segregation, 18 of 21 RFLP markers and 18
of 25 RAPD markers fitted the expected segregation
ratios, 1:2:1 or 3:1. Therefore, these 36 markers
were employed in QTL mapping for grain and plant
characters.

5. According to linkage analyses, the following
alignments of molecular markers were newly estab-
lished. :
Chromosome 6 : RG264-RG64-(OPV10-420),
RG213-RG147(chromosome 3)-RG140(chromosome
D

Chromosome 9 : (OPP1-960)-(OPV8-1000)
-(0OPV6-920)-(OPV14-1140)-RG553, RG570-RZ892
(chromosome 10)

: (OPC15-630)-(OPC15-680)
: (OPV10-460)-(OPC10-770)
There were two cases in which two or three

Unknown
Unknown

different chromosomal markers were linked with
each other. Further confirmation is needed to
examine the possibilities of pseudolinkage and
structural difference.

6. QTLs attaching to markers were detected
from a significant difference between mean values
of three genotypic classes or two phenotypic classes
of markers, as described below.

Culm: sd-1 (chromosome 1)

Spikelet length: sd-1, RG140 (chromosome 1),
RG650 (chromosome 7),0PV6-920 (chromosome 9),
RG304 (chromosome 11), OPV7-1240 (unknown)

Spikelet width: RG140 (chromosome 1), RG147
(chromosome 3), RG13 (chromosome 5)

Heading period: RG28 (chromosome 8), RG650
(chromosome 7)

Amylose content : RG28 (chromosome 8), OPC15-
630 (unknown)

Days to heading: RG650 (chromosome 7), RG28
(chromosome §)

1000 kernel weight: sd-1, RG140, RG147 (chro-
mosome 1), RG213 (chromosome 6), RG304 (chro-
mosome 11)

Spikelet number per head: RG140 (chromosome
1), RG341 (chromosome 12)

Panicle length: RG13 (chromosome 5), RG650
(chromosome 7)

Seed fertility : OPP1-960 (chromosome 9), RG341
(chromosome 12), OPC15-630 (unknown)

Although further experiments by using new
molecular markers such as microsatellite and AFLP
are needed for determination of QTLs by interval
analysis, the authors are also preparing to produce
a series of recombinant inbreds and backcross in-
breds for detailed analysis. It is expected that new
breeding techniques will be developed through
marker-aided selection and marker-based gene clon-
ing depending on the information of QTL mapping.



