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ZERERTREE T ER Oryza sativa L. » DIAREEHITE K4 B RFE 0T 03 R — (E fifE -
Indica ( EIERI ) B Japonica ( HAH! ) ( Subudhi et al. 2006 ) » EIEERIFE X 4 “Flfs> -
Al R BT AU« BB S A MRS > Al R R A AR o SR e BV R o TR
T ENEE AR < SEARE - Se RN HAE R B2 e [ AR BRI R B il - B AT B R R
WIS [ AR A S REAE (800 1999) » WIHLEE MM ESE ERE - 5B
BA LRSI - 2 E G B SRR R IR A 5 EDRRR - R R
ANETEE - e EE EH S - BRE 70 SRR E 7 A E
B8 - SENEEET (5 2012) - {3 2011 FREZEGREEZ2EREEHET
FEER - GEHEATTA 88. 7% R R AE R AL E - HEE A ER AR SR
BINEMA > B AT S E S HE R EET > B REANRERETEE
KEJER -

— kBN EE R RS - (hEEREER B G EGETT - MEE 1990 4
e - FEF AV EMr e RS E R - SRk fE | - iR EE 8
I T AT R AL - SR 2RV R B2 IR B AR - RIHE R 20 B R 5%
PR BB A 55347 - fE/K ISR #ef## e (IRGSP, 2004 ) 2 1% » B 253115
s BN ATHEERI - bt B E MR R (QTL ) FrfERyH s A7 B BB R g
MR E BT S S E v H#a % ( Babu et al., 2003; Farooq ef al., 2010; He et al.,
1999) - Bk 7 BEMIREEREE (L (QTL mapping ) Z4h » E—HHE[EEIH ( map-based
cloning ) % HIE[A ( Ashikari and Matsuoka, 2006; Ding et al., 2011; Fan et al., 2006;
Jiang et al., 2010; Takahashi et al., 2001; Yano et al., 2000 ) - DL A TAEZEEBIE
fE = H %+ ( Kanbar and Shashidhar, 2011; Madoka et al., 2008; Takeuchi et al., 2006;
Yan et al., 2009 ) tBkz#Z% - #1400 : Neeraja et al. (2007 ) {E{EE 2~3 FHIRFRT » (L
DIt K ML RUEE ( Sub ) [B142 55 A BR Fe i M W [ o R 55 /K g & Swarna I
DA e 3t PR 7K 1 38 Bl ZE B KR IR YT RE 5 TIRRSE (2012) FIIA T REEREHGED
ATEIAAERA QTL (HdI ~ Hd6 J Ehdl ) Z i 5e#4 > BN EE—{EF] FH 43T Ea i gl
BB AR o MR IR AT R — i B RS R

B AR LT AR 67 9F L RRE 67 FREEBTFTE R - Yk RE] 70~80 £
REERSREREL AE (F > 2012) > Biaff B - EEEENRE . BEZ
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RENEE  MAALE 80 , & 1979 £ATEK - BAMENEWRGE - KKz
BUNEEESE - O BEE > A R EETE AR RS Z 50 (Kojima et al,
2004 ) - HLEFEMDME RSl ZBA - A BRIMA BARELHE T EDE , Bs
EEELE T OR 67 5 M DRI RETRETE E L RIS R E
{37 » S RERR e 2 MR R A 7 B B L A SNSRI A R AR - S IT ) P 25 R R BT
W TR EREREEENLBZS -

AL Ty Tk
— « SERMHBRILRES

AEAB D BOCEEE 67 BRATHEZS.Z 102 {H F BE(7  IHAHEESHE & F
T4 A ME B AR /7 AU » 100 S HATER A UE Fae AT - 3ERRY 101 42
—HAETEM R A G B - 2% Fas RETTTIEME 3 17 > 1T 20 Bk » TTHREE 30x15 253 >
IKFFBEPI A - i (BOLHSRE 67 537 ) ERREFERER  £FH=2ZH
& N-P,05-K,0=120-72-90 kg ha™ -

K RIT IR AR - ths - 0 BEE - ISEREMSIZER IR - MEE K
HAHBAMER (% SR fRE R - THERHIEE ) BRIERHE - &%
R FAERRLEANT » #hfEHH (HD ) : DIEATR N BB TEAR 0 50%0F - Bosk Ryl
HEA - B4R AR R B HAERA 5 #his (PH) BLpBERN (NT) : jRE DM
I 10 Bk - PIIRAERZRTZE  gIZERE (FLL) EgIEERE (FLW) : A
AT 6 MR~ ok 3 ARl WERYT  BhERE (GY) £
EHAEIY 30 #F - MR EEE - HTHEREAEHESE © FHE (PN) - S

(SN) ~fRE=R (SF) ~ THIE (TGW) FIEIIHEE (PW) : AR RITIEEIHE]
0 5 Bk > HEEZ PR T8 FIRESIEIRE R -

= BARHE Py RRBI T REHE RS E L

2 BB AN EL 102 (] Fr BBk 2 #E R - DRz CTAB 7 (Doyle and Doyle,
1990 ) #EY DNA > ifi22#[#%5 (2010 ) - Orjuela 2 (2010 ) K McCouch 5 (2002 )

A~ SSR K Indel 43 T-f25E (marker) 3%E+5 [T » #{T PCR ( polymerase chain
reaction ) MG - EiENEIEA L RN 5 TGS - E—F e Fo BERRIYEEAIRY
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( genotype ) -

RS IERE o FIEsS SR RE L (26> 2012) > FH##E MAPMAKER 3.0
(Lincoln et al., 1993 ) 1T - EkH A& LIFE S “group 3 40”3 E LOD=3.0 K[ (H
FR RGEEIERERy 40 M IR > EITR T FITEE0 R - LIS “comparefiERH
RN FIERSHIPEAIIER - “map”f5 ST E S TIRaS HIRVEERE 5 Mk il 541 1E
JR7KAT 12 iR RS HYEBHRT -

= FRITERBEEIHEEREREEN

K5 102 ] Foe R BT TTEIMEARINEAL (phenotype ) E0RE » BEF[ (2012) 5347253 F
EEERL A ( marker genotype ) Kz FiT 4 17 A 9 B [E 3 - ) A Windows QTL
Cartographer g (Wang et al, 2012) /T4 » ERMRIEGIE ZUEAZLL CIM
( Composite Interval Mapping » #F & & EE N ) HETHT - FEatiarrdad s ik
B ANAITSAHR QTL f7 & DU R A #2275 » (£9)4 1 LOD ( Likelihood ratio of odds -
AT BB ) 3k 2.0 - FE/KRE 12 R ElE 20 R0l - il LOD {E KA 2.0 & » AljiR
R Eaz & E A1 F5E] QTL - xR L MapChart #UfE ( Voorrips, 2002 ) 22 Hifll & (i fft
{FERHETT ARG B AR E -

&R
— M A B R BRI

FERBOLE S B2 67 SRMEAC R T 102 ([ Fouo TR EHEER IR | Fic-B&
B 67 SREGEOCIGAITE 23 K IREHREFAHIFER] (HD) /12 66 2 100 K. Z[H - S
82.3 K - ok 67 HPIgtRE (PH) EGBOLS 20.7 A7) - MEERRERETH 1043
N3 RIBRZATREBOUAGT (87.9 273 ) - (B5A 31 (AT RkEENGRE 67 5%
sk 129.1 203 o BOCEREER (NT) 15.9 57 » EREE 67 5.2 143 52 - 1
BRETREERESEEZHMHE 102 37 BEEPT 129 57 - G 67 iRl iR AR
RIZETE (FLL » FLW ) SRPGBOYE - BRTBOCRIZESE Frizsill EARS BT - mFrE
BRETARTIERIER - KEBOUHIENES - TARRERTEASE 67 iER
HE# -
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FAHRRHETT R NS IREVEB B - SIS th 2 B Rt - DAE e 2 e HAH
BAMEIR - FHFR 1 RESRATHN - 102 ([ Foo T4 RS R BEREMOA(2,776~9,897 kgha™ ) »
HAER B (3,622 kgha™ ) FH 3 81T - (S EE 67 5% (5,573 kgha' ) EA]
80 T » BBBIEEEF (6,389 kgha ) g EEE 67 FRiE R » BRIILAEAH
GBRETT B AEEBE TR  THEEERE - BOtESHREEE (PN) 142
SO EIRGE 67 372 13.4 37 HER LRI E( SN )  faE R (SF) » THIE (TGW )
FOPEITEE (PW) FEEMBMEIR - B LG R 67 3RRREDE 5 AR B iREF 5
EMHRERZEZR » R/ MEFBHRHEE - HER NS MR 2 REE
(skewness) - FREGER (SF) §p - BIEIRERKREFF G HESAAESS -

7 1. 101 F£—HARERS Fo 7200 R H A 2 B SR R BRI {R

Table 1. Major agronomic traits of F,-derived lines and their japonica type parents in first

cropping season, 2014
Traif F»- derived lines Parents

Skewness Kurtosis ~ Min. Max. Median Mean Koshihikari TNG67
HD -0.011 -0.285 66 100 83 823 + 7.18 81 104
PH 0.286 -0.073 87.9 129.1 103.8 104.3 £+ 8.31 87.1 107.8
NT 0.231 0.641 8.4 18.6 12.8 129 + 1.78 159 14.3
FLL 0.385 0.827 24.8 43.7 32.1 323 + 332 24.4 384
FLW -0.068 -0.310 1225 16.64 14.64 14.60 + 0.98 12.60  16.88
GY -0.329 1.014 2775.8 9897.1 65243 6389.2 + 1225.7 36222 5572.8
PN 0.061 0.099 6.0 19.4 13 13.1 + 2.52 14.2 13.4
SN -0.210 0.450 60.0 150.2  106.1 1059 + 15.94 709 1188
SF -3.145  14.278 66.4 94.7 89.6 884 + 574 90.9 92.7
TGW -0.208 1.012 19.1 30.1 25 249 + 1.80 24.2 24.3
PW 0.142 0.120 1.53 3.70 2.58 2.59 + 042 1.72 2.23

¥ HD, heading date (days); PH, plant height (cm); NT, number of tillers; FLL, flag leaf length (cm); FLW,
flag leaf width (mm); GY, grain weight (Kg ha™"); PN, panicle number per plant; SN, spikelet number per
panicle; SF, spikelet fertility (%); TGW, 1000-grain weight (g); PW, average panicle weight (g).
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BREALZ R - DL MAPMAKER 07 2B M E R 47 T 112 #1280 511856
(EAdE 2 #o FESEHEEE S TEREA A EEIE ) - 1 112 (i FRERE sk 15
EESHRTE - P] 3 DIE FER KRS 12 R tufs b (B —) - HESHEREERE R 17812 cM »
FHAL > TREEESEIIMERE Ry 16.2 oM » HAPH 3 (EREEHIEBEA 40 M > 735 2 (&
ugz i |-, CH0226 Bl RM5651 ZTE[E 5 &6 6 {4t fs - RM276 Bl CHO648 2 & -
DURER 8 ittt - RM7057 €3 CHO868 2 15 fi] »

= B ARG REMENREREEN

e O A & (OB EE 67 97 )2 102 {l Foe T4 R 11 {HERSEEEMELR
B HB BT FiEegkt (31 2012) - (T QTL ENL » #HRAIFE 2 Fix - #228HH
FEIARY 2 {[E QTL - fE 4L (S 55 3 R 5EUT RM5626 )2 25 10 {5 RM5304 fiff3/r » Hr1 2L qHD-10
AT TR 29.0%HHN AU B SRR B R > Tk QTL /Y LOD {HSRE 8.1 5 fi & HIS 4
& (additive effect) 5 55-1.34 Bil-5.47 » LREZEETRF - ZRHEANEGHERLRA
qHD-3 8¢ qHD-10 [ - RIEEFHAEHAE . 1.34 81 5.47 K -

B E RN R ERE 4 8 > SRIAES 2~ 7~ 9 & 10 R ERE B2 SSR
53 F-fEEE RM3865 » RM6403 ~ RM6839 K7 RM5304 [ff3/T » #HEE 10.0~ 3.0~ 1.0~ 6.0 cM
B o HADL qPH-10 Fy# =fRfEE (17.3%) & LOD{H (4.1) &K+ ZINESUEEH
HIDA qPH-7 B qPH-10 &K - MEEAEMR - BAA#OE oPH-7 SEERZ 17577
FHRRERTAIGIN 4.15 2453 - MEABOE qPH-10 SHEEL A AR S EK 4.78 /25 - B
STEEHFERANY QTL (ZfAZE 8 ~ 9 K 10 Ry g [ 153.3 ~ 14.0 }2 63.0 cM (i1 E - =
LLgNT-10 2 LOD {& (3.0) fx A » HEL qHD-10 » qPH-10 558 3% 4F RM5304 [fF3T (
1) o S5 R0EIS 7 {88 5 {8 QTL f2 2RI BE R FE R B ZERT R » L e {8 i) 55 ER] e S g B2
RESEAERE Ry 7.4~15.5% » DL qFLL-5 28 @R E R A » HMHAISH gFLL-2 »
qFLL-3 » qFLL-4  gFLL-9 » qFLL-10 K qFLW-11 %% 6 {[& QTL ; &85 e mr i Al {E
7.7~15.7%f# » DL qFLW-3 K qFLW-6 {51 o] fig et S sk > EAHI 55 qFLW-4
qFLW-11 fz qFLW-12 55 3 {ii] QTL Z fig e S I KR 7.7% -
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Table 2. The QTL locations, additive effects and phenotypic variation of major agronomic
traits detected from 102 F,-derived lines

Number Position Nearest Distance PVE

Trait of QTL QTL Chr. (M) marker between QTL LOD  Add. (%)
detected (NM) and NM (cM)

HD 2 qHD-3 3 141.0 RM5626 -8.1 2.1 -1.34 9.6

qHD-10 10 63.0 RMS5304 0 8.1 -5.47  29.0

PH 4 qPH-2 2 41.3  RM3865 +10.0 22 1.78 11.8

qPH-7 7 82.7  RM6403 +3.0 2.5 4.15 11.4

qPH-9 9 51.8  RM6839 +1.0 2.7 -0.64 11.3

qPH-10 10 69.0 RMS5304 +6.0 4.1 -4.78 17.3

NT 3 qNT-8 8 153.3  RM4154 -0.9 2.6 0.53 9.5

gNT-9 9 140 CHO0919 -6.5 2.2 0.33 124

gqNT-10 10 63.0 RMS5304 0 3.0 -0.91 11.4

FLL 7 qFLL-2 2 199.2  RM207 -5.7 2.3 1.20 7.4

qFLL-3 3 177.5  RM6736 +3.0 2.0 -1.36 7.5

qFLL-4 4 109.8  RM3648 -33 34 1.21 11.1

qFLL-5 5 39.0 P617A08-19 +2.0 4.6 -0.31 15.5

qFLL-9 9 604  CH0920 +2.0 2.1 -1.32 7.9

gFLL-10 10 60.5  RMS5304 2.5 2.8 -1.31 10.1

gFLL-11 11 174.8  CHI1128 -1.8 2.9 1.39 10.3

FLW 5 qFLW-3 3 207.8  RM2593 +6.0 3.6 -0.58 15.7

qFLW-4 4 57.8  RM6679 +9.0 2.4 0.36 11.1

qFLW-6 6 92.8  CHO0607 +3.0 4.0 -0.54 14.4

gFLW-11 11 1.0 0OS37D03-20 +1.0 24 0.36 7.7

gFLW-12 12 0.0 CHI1203 0 3.0 -0.43 9.0

% Chr., refers to Chromosome. LOD, refers to Maximum likely hood ratio of odds. Add., refers to additive
effect. PVE, refers to phenotypic variance explained by individual QTL.
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Table 2. The QTL locations, additive effects and phenotypic variation of major agronomic
traits detected from 102 F,-derived lines ( continued )

Number Position Nearest Distance PVE

Trait of QTL QTL Chr. (M) marker between QTL LOD  Add. (%)
detected (NM) and NM (cM)

GY 5 qGY-1 1 19.8  RM6740 0 26 -478.7 8.3

qGY-7 7 16.6  RMS8010 +7.0 3.2 3553 14.2

qGY-8 8 922 CHO0868 +8.0 22 528.8 9.4

qGY-9 9 82.6 RMS5786 -1.0 2.8  -491.7 9.0

qGY-10 10 63.0 RMS5304 0 5.7 0.0 184

PN 1 qPN-3 3 167.1  RM6736 -1.4 2.0 1.04 140

SN 5 qSN-3 3 182.5  RM6736 +8.0 45  -10.57 18.9

qSN-8 8 152.3  RM3155 0 4.0 0.41 10.7

qSN-9 9 76.9  CHO0916 -2.7 3.9 2756 129

qSN-10 10 57.5 RMS5304 -5.5 3.9 9.14 156

qSN-12 12 18.0  CHI1205 -4.0 2.5 -6.14 7.9

SF 3 qSF-7 7 422  RM2878 0 2.4 1.20 9.5

qSF-8 8 67.6  CHO0868 -16.6 3.1 341 267

qSF-11 11 139.8  CHI111 +5.0 2.3 -2.13 12.9

TGW 2 qTGW-1 1 111.9  CHO133 -11.0 2.5 026 175

qTGW-7 7 472  RM2878 +5.0 2.0 0.32 12.4

PW 5 qPW-1 1 959  CHO165 0 22 -0.04 7.4

qPW-3 3 181.5 RM6736 +7.0 3.0 -0.23 13.5

qPW-8 8 152.3  RM3155 0 32 000 104

qPW-9 9 71.9  RM257 +1.0 2.9 -0.19 10.9

qPW-12 12 29.0  RM3455 -3.5 2.3 -0.11 9.1

2 Chr., refers to Chromosome. LOD, refers to Maximum likely hood ratio of odds. Add., refers to additive
effect. PVE, refers to phenotypic variance explained by individual QTL.

AWFFEEHIG 5 (58 E BRI BEIERFERE (qGY-1 -~ qGY-7 » qGY-8 » qGY-9
K2 qGY-10) - DAAZAESE 10 iR tfs RMS5304 [ff3THY qGY-10 fiEfEE (18.4% ) K -
RZFESE 7 R Culig RMBO10 3.2 qGY-7( 14.2% )R- MK H#OE.Z qGY-7 B qGY-8
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BHBRLN A FEEER - {2 qGY-1 B qGY-9 AlfFEERD - (HH15 1 (i 2
(gPN-3) 2 QTL - $SM AV AR 14.0% » I B IRTEEL 1.04 7 - oBTHE
K82 QTL HIFE 5 {# » DL qSN-3 K qSN-10 (B 2 FLEElE A » (24 BOE qSN-8 HHE
LA ] AR R B AR NS - R EF SRR BN IR - B e ERIR.Z QTL HI
B 3 4 BRI A GBS 78 K 11 {6 _E» Horh DL qSF-8 Al fEag ik 8t B 26.7%
B HAl B E 3R 3.41% « sp B TRiE 2 QTL 7255 | J 7 Rt afis B2 qTGW-1
Bl qTGW-7 » HEHINRAIB B ERIZ 2R 17.5%8 12.4% - ERRESPITEE (PW)
REHRAN) QTL » EAGER A EMBAES 1389 12 fRr g b B MR
HIRHRBATE R 7.4~13.5% A5 -

AR 11 (R 22 REER - &l E S ENEFHER QTL 73 AAH 7k 12
Al b - flE 1 AT B AR QTL H LOD=2.0 R e (e W ] R S ey
marker - ZIARETHAEASEREE ] QTL SEFTRALEE I HTeE E - BRI LA
QTL Wikt marker SETTIEHEBGATEE o FLIM - FEAGUERAS A AT 3R B 2 i [F PR
HNERBIEY QTL - HFifi AL Fe Bl AR R R AT RIAZES - fI40 : qHD-10 ~ gNT-10 i
qGY-10 EEA7HASE 10 feetmfs 63 cMJE (& 1) » qPH-10 » qFLL-10 Ed qSN-10 JRf7
TEHTIT A E (FHEE 6.0~ -2.5~ -5.5e¢M) - [ F-3it 6 {l QTL & qGY-10 ( S JniEaiE R
0) &b - HAth S 2 FnituEE had (£2) - BRI S I QTL & JF HBOLm 2K
& B R G 5.47 K HRERK 4.78 229 ~ SPBEEF 091 57 - &
BERMEE 1.31 A% ~ SRR EURA 9.14 #i -

FTEREREE 3 {5 181.5 cM & ~ 28 8 {5 152.3 cM K26 9 16 76.9 cM FZIHiT -
IRA]E (S 2 TR B A RMEIRET QTL (RATFrE: » ANELTED » FEAElE B
LR ] P A] E (L AS B BB 2 BN R ANR IR 2 QTL A Al B —EE Ay 2 &
B> VA AT RE R B (E R e B [RI MR A B8 R B ¥ AHT (2 B ( Takeuchi et al.,
2006) - ARy tRE - AR B EESRRER @R REER - BRI FES B aE
LR Ry AR - RIFR LA R EHVRERCHRRE - #E Fr B ] BUZE IR B AH T T ERR AT
ZHHZEL (linkage drag )

AERERFTA W15 HY 42 {f QTL 1 » [ qHD-10 LOD {E A (LOD=8.1) » H ¥k
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Studies on QTL Mapping for Major Agronomic Traits
of Japonica Rice'

Jen-You Jian %, Tin-Mei Kuo >, and Shun-Fu Lin”*

Abstract

The major agronomic traits of 102 F,-derived lines obtained from a cross between
Koshihikari and Tainung No. 67 were surveyed for QTL mapping. Among 42 mapped QTL,
two QTL (qgHD-3 and qHD-10) associated with heading date, four QTL (qPH-2, gPH-7, qPH-9
and qPH-10) associated with plant height, three QTL (qNT-8, qNT-9 and qNT-10) related to
tiller numbers per plant, seven QTL (qFLL-2, qFLL-3, qFLL-4, qFLL-5, qFLL-9, qFLL-10,
and qFLL-11) related to flag leaf length, five QTL (qFLW-3, qgFLW-4, qFLW-6, qFLW-11,
and qFLW-12) associated with flag leaf width, five QTL (qGY-1, qGY-7, qGY-8, qGY-9 and
gGY-10) related to grain yield, one QTL (gqPN-3) influencing panicle numbers, five QTL
(qSN-3, gSN-8, qSN-9, qSN-10 and qSN-12) relevant with spikelet numbers per panicle, and
three QTL (qSF-7, qSF-8 and qSF-11) associated with performance of spikelet fertility, two
QTL (qTGW-1 and qTGW-7) corresponded to 1000-grain weight, and five QTL (qPW-1,
qPW-3, qPW-8, qPW-9 and qPW-12) related with average panicle weight were identified,
respectively. Among all of them, qgHD-10 was detected with the highest LOD value (8.1) and
contribution of phenotypic variance on heading date (29%). This gene was verified as cloned
Ehld based on GRAMENE database and related researches. Besides, several QTL related with
heading date, plant height, tiller numbers, flag leaf length, grain yield and grain numbers per
panicle were congruently detected around 63 cM region of chromosome 10. A closely linked
marker (RM5304) at this region could be used for indirect selection in the rice breeding

program.

Key words: Quantitative trait loci (QTL), gene mapping, Likelihood ratio of odds (LOD)
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