PR ek LIS Fe st 78 + 14-28, 2015 (14)

UG T R ARG EBEZ
e ARE

A 16 ‘omEa’ woEe’
H R

A B Ryt AR R A | BEE A o 1| S R (7 B B LB (e - DA 144 [ FERE (BOL/ZE R
67 9% ) EAHHAZ R R EIFAERIZER - WRIAK - SIRAE BT EHFHGHER - ks
SEEHEEIEAR o e 115 flil SSR 73 FAERSHY s SR - FErTE RIS 10 (E#EE MR
HRRE (QTL) - WERIBEREAI L qFLL-3 [ qFLL-10 - HFFEHE{E (LOD) K
3.4 47 SRR MR R R (PVE) &5 8.6% 15.6% » DL gFLL-10
HIRIERON 5 PRI RIZET AT 2 8 QTL (gFLW-3 J qFLW-8) » LOD {Hfy 5.3 J
3.4 BIRIBEE A RN 24.5% K 11.1% » DL gFLW-3 (RIS ER R B
B SIS ETE AR & E RS 1 {8 QTL (gFLA-10) » LOD f PVE &% 5.9 K&
18.3% o FLAH BRI A T AR IR Ko Mk s 2 3 - A8 3 A i w15 3 {iE ( gHD-6 ~ gHD-8 ¢ gHD-10)
J2 2 flil QTL (gPH-3 J qPH-10) - LA » Al X FHE ST REREER - 2 E
BA B BE IR A FERA 1 - Al RS Rl S 5 S | S 1A AR Bl 2 5 52 2 TEAERA - RIEL - 20k
EEOLEFRERE > SRR - TREESFEIR - aTPISE 3 R el b gFLW-3 [ff
ST RM6736, BT TASS 10 YL tf b gFLL-10 }r gFLA-10 3R] RM5304~RM6704
B - (E R BB EHE A -

FAGES : B H 2SR » BEIEIREENE  fIZEMR

“TEb R T B a R R R B TR S 5 474 5% -
> R R S R BRI B K EI AR A -
> BN ER RS PR A BAR CRAFE  shunfu@ntu.edu.tw) -



DAREREER AR B AR IR AE (L R ZE TP e BB M IR BE BRI R (15)

A E

SR i EE R B FE R G o Bl R2 2 (Cui et al, 2003 )  [E{EYIIR
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BEEAE 9 B F45FRE2E RM24423~RM24434 HE R » FRRIE /KRB FEoI&
FHEEE—F 087 TR R BE R By LR ME/ N2 198 kb FrEE » ] EHHE A
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#88 RILs ST REE 26.9~66.9 cm® (EIE » SEH){H 48.4 cm” -

x| R EM AR REF R R ~ IZEW « fISEmA - fhifEl - PR R BERLZ
=W
Table 1. Flag leaf length, flag leaf width, flag leaf area, heading date, plant height, and tiller
numbers in 144 japonica type rice RILs and their parents.

Trait* Parental mean F¢.7 recombinant inbred lines
Koshihikari TNG67 Skewness  Kurtosis Range Mean

FLL 28.2 32.4 -0.4086 -0.4891 22.2~40.2 325 £ 4.1
FLW 10.99 15.55 -0.0152 -0.1052  11.98~1791 1479 £+ 1.17
FLA 32.1 454 -0.2966 -0.4625 26.9~66.9 484 + 8.2
HD 48.0 88.0 -0.1835 -0.5915 47.0~90.0 69.1 £ 9.7
PH 87.2 99.8 -0.7034 0.6605  72.6~113.5 98.2 + 8.0
TN 15.4 11.1 1.0062 1.5256 9.8~27.4 151 + 3.2

* FLL: flag leaf length (cm); FLW: flag leaf width (mm); FLA: flag leaf area (cm®); HD: heading
date (days); PH: plant height (cm); TN: tiller numbers.
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Fig. 1. Phenotypic distributions of flag leaf length, flag leaf width, flag leaf area, heading
date, plant height, and tiller numbers for 144 RILs of japonica type rice
“K:#Ot (Koshihikari) ; T:2 2 67 5f (TNG67 ) ; MIEEEF{H ( RILs mean )
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2) > & WinQTLCart #fs /3 A 4 (i 2 Fr BRI R > i KR L PR (B IR - ATy 2 A7
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i) gHD-10> =55 LOD [&{ES 1A 3.3~18.6 ARG R AT AR B S R 27T 7.3~51.3%
Z 58 3 R H oL R SHEEL A TR IIR 7 2.66~7.30 H » HAR DL gHD-10 15
B ERE - BRRERTIAIATE] 2 i QTL (gPH-3 J& gPH-10) » 53 RIAIRES 3
BRI EIHE 196.2 cM BHES 10 {54 E1HE 87.0 cM JiZ » B E AR HY /T 1256 Fy RM143 Bid
RM6704 » —3# LOD 8 PVE {H& 5 4.6/12.8% K 9.6/31.7% » T] 4] qPH-10 82755 fE;
KA ZEERTTAMER > gPH-3 5 B 8L R EHE LA PR S E 0 2.88 cm > [ ¢PH-10
TR EEOEE R R SR A 5.17 cm » S3BEERTY LOD FIRE(E Ry 2.93 » #E MM ARBES
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Table 2. The QTL positions, additive effects and phenotypic variance explained (%) for
flag leaf length, flag leaf width, flag leaf area, heading date, and plant height in
144 RILs of japonica type rice.

Trait” QTL Chr.” P(();i&?n Marker interval LOD  Add 1:;)1)5
FLL gFLL-3 3 2020 RMIO38 34 127 86
(LOD0os=3.05)  pyr 10 10 790  RMS5304-RM6704 47 <170 156
FLW gFLW-3 3 1675  RM6736~RM2593 53 -0.59 245
(LOD0os=2.89)  rrs g 399  SLSI82~RM7057 34 040 111
FLA gFLA-10 10 904  RM6704 59 422 183
(LOD 45=3.50)
HD gHD-6 6 1216 RM6395-P17G10-24 3.7 294 90
(LODss=3.18) 1y g 8 506  RM7057-RM22687 33  -2.66 7.3
gHD-10 10 860  RMS5304-RM6704 186  -7.30 513
PH gPH-3 3 1962  RM2593-RMI43 46 2838 128
(LOD 095=3.57) gPH-10 10 87.0  RM5304~RM6704 96 517 317

? Trait symbols refer to table 1;
Y 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 each QTL.
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Fig. 2. Chromosomal locations of QTLs associated with morphological traits were detected
by 144 RILs of japonica type rice.
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0.729 ) » SRR = MR B R e S AH L » (3 VB o e B Ih i B S B B TE AR

(r=0.179 ) 0.172) - gI¥ER L7 S (% 2B IEMHBEASZBEZKYE - AL - RS
TR x?i - A IR IRISE G 5% - £ TR B R BB R AT R IR -
FA A ~ PR e o0 BEESE = iR B e S AU RHBR IR I B R B /K HE 5 bR B ]
B aEU%% » RIBETEING ~ PRim R BERLES SRR IEAHR - SRR AT el
ERRNEE - gIEEEREBOR » PR M B S -

33, TeaFER  BISEMHIR - FREI ~ PR R BEELZ RIRIARRATE -
Table3. Correlation coefficients between grain yield, flag leaf characteristics, heading date,
plant height, and tiller numbers.

Trait” GY”’ FLL FLW FLA HD PH
FLL 0.128
FLW 0.179% 0.367*
FLA 0.172% 0.902%* 0.729%*
HD -0.139 0.499%* 0.216* 0.465%
PH 0.062 0.678* 0.253* 0.608* 0.675*
TN -0.141 -0.055 -0.087 -0.073 0.260% -0.005

“ Trait symbols refer to table 1;
Y GY, refers to grain yield;
* represent the significance levels of correlation coefficients at p < 0.05.
% %
B H AR Ry MR AR AR - TR BERR T R B R TR B AV SEAE H ACBE B — 3
EELAIZ W RS LB R EAS S8 - HLREVERS & ] BB s R r B AR - S
— (T RIS - MRS BHER R LR AR SR AR & - R - ST it
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RIFCE A RE GG EREGE R B ; SRS - EEEEMEE R AR
BREE A SR - I S AR EREE R > 2R M A FEGE FRLR -
ERIEL - A1 A [R] [R5 BU A B A A0 R B B B A R IR B > AT B (TN [AIZRET ~
BLMET IR B A7 LU - s AT L IR BAER SR R 22 EAE A - B0 - Kobayashi % (2003 )
PIRIAERE 2/ & (Milyang 23 x Akihikari ) AR EAH B AR R - 75 HABESE
FRE R HETRIEER - BAYMEIRFE K QTL EAL » A5 R rI154t O (g &R
TERT 2 IR B RE R E PRI R EE R ~ RRBINEMBER - LIRS 4 R EE
RFLP marker-XNpb235 [T » A RITER FEBITER R RAEE MBI
# Yan S5 A (1999) FIJH (IR64 x Azucena ) SEFLESRIHEFAVRITE - 5 RAIEIESR
4 R OHE RG163~RZ590 &R » H iRl iE R Kl BE TR B EEEHIRF » AI{E
PUIN S R R AR e 23R -

S Yue Z A (2006) % 180 {EFIFHEHEZS ( Zhenshan 97/IRAT109 ) ZEfHH
AR TE REB E ERIRA LR - 75 2003 f 2004 FE7 RTINS 4 RS RM255~
RM349 @ - A 3 fE&plHEH8EER - fIZET R RIZEmER QTL » [tk =HiR e
FEsth 2B EAHRE (r=0.26~0.43) o GBS (A5 20 @I B 5 R sl B [ o B
B BE B EAHRE - EAERA(REUE A il it Ea s R - miASERER AT E (15 2 e Sl
JPREFR IR QTL 7 EHL EAl AR R « KL RT A » AR FERRER R e i 52
Fr A 2e 25 B MR R B R AR A BT > EJRAAER A ER AR R R — AR A5
AUER R EHE L R e - BISEA Farooq %5 (2010) DA IR64 fyfimill s & » BAN[H]
bR HEAS FT A TR BB B A TR R - AT s BER T B 2R 2 TER T IEARAIAHRA QTL
s R AE AN B B AR S P R [E] — PR AR O 52 B A AN TE] 5 T O e B A (e B e OB
W B B A P R — AR B R R - (BFEE (M (QTL mapping ) FTERFIAYES
PRI B2 5 ER 53 (2 2801% - polymorphism ) » [K[IH - BZAH [RIEHEERRIART Y
ST ERE AT RERI N B2 BU PR MG A iS - FrDAAKF FHE A EHBE AL E » W2
FIFARE 5 T IERSE BB P TR AR (E TSR AW SR P AR ~ s T4 2 i
F o~ BCHEE R R AR BRI R - AR T TR A FEA

BRI /K Rt A HHAYSE > Lin %5 (2003 ) 5347 Nipponbare Eil Kasalath F[EIA2 fRRE -
TEN{SE] Hd4 F; Hd5 3% 2 (il QTL » A8 LL % Gramene B} E KB ( GRAMENE, 2015 )
&l - AFERTEIS . gHD-8 81 Hd5 BEFEITES 8 Ry ealig b - B ERE - Al%19E
Ryl — eI EL R 5 i F— e BB g 3 Hd-3 BB 6 R tifg b
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( Yamamoto et al., 1998 ) » BEAGRESFT TS .2 gHD-6 (7 EAHT - AIRERlE] — 3R Z
FMEELA > AlE— 35 Hd-3 BN FiTasis B L - HARER TS 10
QTL 1> DL gHD-10 %0 & i By 882 » T iR T8 51. 3% e T %8t 52 8 FE 45 2H) Gramene
& e K L FERESCER ( Doi ef al., 2004; GRAMENE, 2015 ) » gHD-10 JfE R Ehd1 3L
Ehdl ( Early heading date 1) B:RA{ER HERIEE M EERFEIE - (HERHIRGHET
HIfi:52 28 ( Doi et al., 2004 ) 5 21 » TE 55— {E /KRS ERBURAYEL A — Hd 1 ( Heading
date 1) » HIFEREMRTERE H R TEERITE  (HER HIGRAFA1E BHIEAE ( Yano er al.,
2000 ) ; b3t Ehdl Fy Hdl X F:[EIFA7E N Hd3a & RBAFEZIITE R » SRR
[l 5 (Kojima ef al., 2002; Takahashi ef al., 2009 ) - [HZ5 (2010) K2 67 S8R
HINRER hdl ~ ehdl » R AJAEREEERIHR Hd6 5= ({FE R EIZE A 5 - A
B T2/ 16 5%, G018 - Tt 2 E0VE—IHEEE ZIAERET - WEE B hiEi
LR > B2 EHOEEIBUR AR - DUEEAMEREEE -

FHEES TR T A B A RIS eI R ay ahfE - Hoth EE A8 Sl
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(2012) A9BSR - qHY-8 bR T HEEIHEIARI(ER AN - EAE RS - TR RIS
hr S5 B R 2 MR B WS ERIRER s Ghd7 ( Xue et al., 2008 ) Jz Ghd8 ( Yan et
al., 2011 ) JR[EIREVERE & ~ MRS LTRSS IR R - A B2 5 [@IEARA 10
fifl QTL H1 » DAIAZHAES 10 gL F RMS5304~RM6704 [ff5TFY gFLL-10 ~ gFLA-10 ~
qHD-10 81 gPH-10 » ¥ @I BETERE K A HA B IR = R 5 I o A R H 2 il F
A (E 2) 250 il E—-EREELIEER - 8L EH BEREEELE
g BAGT B - FRREE B R TR E A AT -
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FIEE ~ MRIERE ~ fEMG T SCE > MREEE - BREH - BERHE © 2014 - R TIEEE
FEESUKE R EE R - (FY)  BIREEY)ERH 11:230-242 -
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QTL Mapping for Flag Leaf Characters by Japonica
Rice Recombinant Inbred Lines '

Jen-You Jian?, Zhi-Wei Yang?, and Shun-Fu Lin’

Abstract

To understand the locations and genetic control effects about flag leaf in rice, 144
recombinant inbred lines derived from japonica rice cross (Koshihikari / Tainung 67) were
used to measure flag length, flag width and flag area. Heading date, plant height and tiller
numbers of each lines were also investigated in proper growth stage. Combined with 115
SSR markers, totally 10 quantitative trait loci (QTL) were mapped. The likelihood ratio of
odds (LOD) of two QTL (gFLL-3 and gFLL-10) which affected flag leaf length were 3.4
and 4.7, respectively. The phenotypic variance explained (PVE) were 8.2% and 15.6%
corresponding to gFLL-3 and gFLA-10, respectively. gFFLL-10 had the greatest influence.
The LOD and PVE among two QTL(¢gFLW-3 and gFLW-8)which controlled flag leaf width
were 5.3 /3.4 and 24.5% / 11.1%, respectively. gFLW-3 showed the most significant effect.
Only one QTL were detected to associate with flag leaf area, which LOD / PVE value was
5.9 / 18.3% corresponding gFLA-10. This trial had also detected three (¢HD-6, gHD-8 and
qgHD-10) and two (qPH-3 and gPH-10) QTL which responded for controlling heading date
and plant height. In addition, grain yield of each line was also investigated and it showed
significantly positive correlation with flag leaf width and flag leaf area. In order to increase
photosynthesis source by improving flag leaf length, flag leaf width and flag leaf area,
RM6736 nearby gFLW-3 on chromosomes No. 3 and interval between RM5304 and
RM6704 nearby gFLL-10 and gFLA-10 on chromosomes No.10, could be further utilized

for selection.

Key words: recombinant inbred line (RIL), quantitative trait loci (QTL), flag leaf characters
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