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3.34~5.47 K ; qPH-2 » qPH-7 K qPH-10 BLZERE S8 O] 5E 10.2~22.4% » & B2k
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KR RREEENEEFEY L — KBTS BEEE KEZEMHM (Food and
Agriculture Organization of the United Nations, FAO ) 2011 &R} EE~ - TH R X et
F 1.64 (FAEAAEREEE A FHEA AR (F - FL A aa PNaRS e (5 2 T 5L 88.5 % » H.
RISy M IRE R A O 2R BV SR (28.7% » FAO > 2009 ) - HHIL AT RIF KA 2
FIRE N B R Y B B o Bk H AR S e E B R s ALY Oryza sativa L.EZIEIN
B O. glaberrima > O. sativa DJFEFHIE 4 B R 14EFAEY) 20 RER] 45 5 (@ nofd -
Indica (EIfERI) B Japonica ( H AL ) ( Garris et al., 2005; Subudhi et al., 2006 ) - E[]
JEE AU TR S AL B IR BRI TR = S NP ~ BRFE AR ~ HREIRITLAR ~ PHEA
B IRINE SR+ HASEIRS S A4 TR A PR B - RS T REA AL B R (R TR 10%
Hrp R Bt SR B - B » Fdbe e inmsE (IRRL, 2012) -

B BT R > ORI A R - e RIS AN ER Z I RME R A
SRR Y e - AT B T R R 5 [ B AR R i iR S i el (B - 1999) » 58
TR - RSB S B A RIS R E A BB R - (5 B R R 2 i v e
mET RIEERERE - HERGEEE H e - BRE 70 FAR LR B 7R 5HE
EZEE - SENBEEET (5 2012) - ®EE 2011 FREZEGREZZ2EE RN
TEEER - GEEHFTTE 88.7%0 RS AR E R R AL - H I A] AR R SR
HERRNOREL - HARBINEREETEERIER -

— /KT B R B N E BRI R 5T - B s B T =GR T - HEE 1990 A
e - FEE AV EMr e RS E R - SRk fE ] e o E
I MTHHE I T R AL - 3125385 5 e Bt s B IR > TR R 28 BRIl H 25l
R E AN 34T - fEk R R B # > (IRGSP, 2004 ) Z 1% » B3 FIEEEE
SHATHERTA - ol B MR AR (QTL ) FRTERSLtafs b (7 B B EL RIAT SR AR
IR RS T T SR REE AR TR - (ES AN R [ A R E A R B I PR Sk R
FEHH ( Dot et al., 2004 ; Takahashi et al., 2001 ; Takeuchi et al., 2006 ) ~ Ji5 & E P14 ( Chen
et al., 2008; Jena et al., 2006; Jeung et al., 2007 ) ~ EEEZWIEH 4% (Babu ef al., 2003;
Kanbar and Shashidhar, 2011 ) ~ FKEWE (He ef al., 1999; Wada et al., 2006 ) 5
PR R B WY B K9 € 2 ( QTL mapping ) 1S HIMHE AL E - 14 AT — 25 8 [ E

( map-based cloning )ffEtTJ £ [A] Fr B ( Ashikari and Matsuoka, 2006; Ding et al., 2011; Fan
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et al., 2006; Jiang et al., 2010; Yano et al., 2000 ) » {5 1% F& A B i (X 58 s {1 B EL Rl oh e
HIRRfREARSE o BLAN - EIEHERN BT b - RIS ESE S IS EE R E
REHEINE 2 5 ThZW] (Jena and Mackill, 2008 ) -

BN SE TSR 67 9t BIRE 67 FRERBITERK - BafR  BEES 8
JEVERERIRF I - EEZ R RAEE - R RIE] 70~80 FFA S BRI HTE A & 2 L e (5 -
2012) ;[ HAELTE " 8K, (Koshihikari ) £y 1979 R E K > EAMENEKRLE -
KRLANEURG & e - D HEEE > DRI E AT Ry H AR o bl 55 2 fif ( Kojima et al.,
2004 ) - HFEHERMERABHAZ ZHA s o5 | ASEREN - ROEBURRF R
Bt > HESTE  WaaEiTIEREE - SLUBSAME L FBR - As{ERIF A
HARBEME T80k ) EaEEELE T8 67 5%, H » DI RRE(TR
ERIRERE(E AR TRET > ETHER - RS - EEREBRER ZERNEE
{7 » HARBHE AR A FR 2 RIS DL AR & LR (i BB AR A -

LT 5
— \ HEMRERIERES

FERD BB SR 67 57 (TNG67 ) FEARZFTS Fa (R E (T - aSHAHEERIE » F)
T4 R HURAR SR BE - 1A (BRERRFTEES ) 100 - _HAEIE Faue fHHCHE
T o 101 F—HATEEIN ARGk T RAE RS - 102 | Fo RETT LI 3 H 22
HTEME » SRR E 3 17 - &7 20 #k - 77HREE 30 x 15 cm - (R FPPES BEAHE - 8K
JEEAGE 67 SREN R R IF BB - AWM ILRETHE =235 (N-P,05-K,0)
Fi& : 55—t (N1) k5 120-72-90 (kgha™) » & 4t (N2) )% 200-72-90 (kg ha) -
TEHEAK R e PR — M K R A5 5 =TT -

BATAHMEFRZE « LfEE (HD) : DISITRNEERRHIEIZ 0 50%I0F - Slokhy
R HHA - SRR AR KB FERE 5 2.0k& (PH) S{T-ASEAEEHFE 10 £ -
SR ARFEBRETZE  3BNER (GY)  ZRWHEEIAE 30 ¥ > MR
EEE - ETHEREAEER (kgha') ; 4ERMRES - WEME (PN) -
fEkE (SN) ~ f@EZR (SF) RTHRE (TGW) » ZITRNRIEEIHEIL 5 #k - 4t
RN EEE - SUKERKETBIRER T RREN S - FiESIERER -
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= BRAHE P BRBA M AR HE R E Y

& BIBIATHAE 102 (8 Fa PR 25 » DAt CTAB % (Doyle and Doyle,
1990 ) Z£HY DNA » 1223 Orjuela 25 (2010) & McCouch 2 (2002) Figts < fii#
HE 7 (simple sequence repeats, SSR) #&t5[F » #£{T PCR ( polymerase chain
reaction ) {E » AHERTHIIEA SAES THEE - S50 Fo BIRRAGEERAY

(genotype ) -
AGABRREFIL L 112 £ SSRAETT 73477 - ' 25 BB A A Z R #E MAPMAKER 3.0
(Lincoln et al., 1993 ) #&=0ME A% » SolAFE< ‘group 3 40°3% E LOD=3.0 P E K
AE IR 40 oM FOEEF » HEMTR A TREEESBE 5 THELUES “compare” HESE 4% Hi4K
BEA TRESRHESIIEFF » 1% map HE 2 5H A 4 T s AR EEME - AT RER K
T 12 PR g RE (300 2012) o

= FTREAERZHEMREREEN

A5 102 {[ Foe RETTTIE FHANEEREE N EARINEAY ( phenotype ) &R} » B
&-BI Fy Z: K% ( genotype ) » f¢#E Windows QTL Cartographer ¢ ft& ( Wang et al., 2012)
T EUME ATRIETT T - B 7 AR & W ) E 3732 ( composite interval mapping » CIM )
HETT - BEMEHEUE (likelihood ratio of odds » LOD ) 2.0 » K AIRERBESEINZ
QTL fE/kfg 12 R EFE2AEE - i LOD {EAR 2.0 & » Al R ERZ & E (L 2]
QTL - i o W& ] A B R A W B E i R % QTL fERefE 28 - kAL
MapChart #{ % ( Voorrips, 2002 ) ZF il & (7 G & RHE T EHEFf R B E -

BRI
—  ERMSEERA _RRERRE T ZME S EERHBNERRERR

IR I A R 67 ST A T 102 (8 Fao B4R A7E IR T2 525
A132 1 R « FEASEOEAE 120 kg ha (N1) 2255 FHIREI (HD) 81 5 » 72 200 kg ha”
(N2) B TR 84 5 » MIAOAGES 67 BETE —FEAEIE F 455 104 F (NI)
B 108 F (N2) 5 102 [EEHFTEE N1 B N2 B+ SFRHI/ RS 66~100 T 75~109
K (AIE la) - S 823 K% 88.1 F & AR AT T HE eSS I 5 L SR e i AE
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TR > BHEI 3 K~ 4 K 5.8 K - @itk (PH) £F N1 BE N2 &4 T - Bk 87.1
J292.8 cm » FEZ 67 5F 107.8 Jz 103.3 cm » ] HIBOEA ARG TS = - S5 67 574
PRI E BRI AR - it e iR > A A0 1b Frs > SE39 104.3 (N1) % 106.1 (N2)
cm » "R EEAHZE 1.8 ecm > BB IER IR S MY EEst (F1) -

BOLHIERIAER(GY ) 78 N1 &0 T IiE( 3,622 kg ha™' )Lk N2 6 T i ( 3,513
kgha') B ;s B2 67 3R » /R N1 (5,573 kgha! ) EfA N2 3 (5,153 kgha) ;
102 ([ Fae HT4E REEEAE N1 PHULE R, 6,389 ke ha! - tHEIREER N2 (6 0F N2
REEPIOME (5,898kgha!) » HigE B EMUBEE 7 (491kgha) (F1) -

FERRER R - RO SRRFEIIRITESE (PN) 76 N1 RER &y 14.2 2 13.4 J 131
o AR N2 BREE N AR Ry 13.2 2 17.6 f¢ 16.4 32 > AIATEAE M AL HERE N - 6
BEITREIIEEPEEE S 3.3 3 A (SN) ~FeE R (SF ) L THE (TGW )
W GRS PEE _EEaEAE T2 SR ILAERSm M EEESES
PRI TR E A H 1059 Kk 24.9 g [&%2 87.1 ¥ife 23.4 g » HIEMBAZE AZ50K
% MRS EERLL NI IR (88.4% ) &R N2 ¥ (87.5%) - {HEFEARENE L2
AR - AR E BB ERE—D T - FTAEASTRAEEEINEER
SRERTIRER - T rER s~ e E R TR E B TSR -

SHHE 1 A]E RN AR 102 (i Foe TR KA (BOL - K 5R 675 T) 1
THEAMERET KR REASWER - FrERETRRRRESRI (E 1f) > Hik
MRET S FFERRAm (1) -
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1. RIRREA R B R AE AR HE T - ] - | EE A HEEER
LRBAR o
Table 1. Trait differences of japonica rice cross progeny for heading date, plant height,
grain yield and its components under two nitrogen levels.

Nitrogen

Trait™ Koshihikari  TNG67 Range Mean St. Dev.  N2-NI%
treatment
S N1 81.0 104.0 66.0~100.0 82.3 72 < e
HD N2 84.0 108.0 75.0~109.0 88.1 6.7
e NI 87.1 107.8 87.9~129.1 104.3 8.3 g
PH N2 92.8 103.3 84.9~125.8 106.1 7.7
EE NI 3622.2 5572.8  2775.8~9897.1  6389.2 12257 o
GY N2 3513.4 51529  3009.1~10711.1  5897.8 1425.1 .
Fe gy N1 142 13.4 6.0~19.4 13.1 2.5 -
PN N2 13.2 17.6 10.8~25.2 16.4 3.0
SR NI 70.9 118.8 60.0~150.2 105.9 15.9 g8 Re
SN N2 54.4 84.8 58.7~130.4 87.1 12.7
BE® NI 90.9 92.7 66.4~94.7 88.4 57 0o
SF N2 83.9 82.4 70.5~94.6 87.5 4.6 .
THE N1 242 243 19.1~30.1 24.9 1.8 g
TGW N2 23.8 22.5 16.5~27.3 23.4 1.8

HD, heading date (days); PH, plant height (cm); GY, grain weight (kg ha™); PN, panicle number per plant;
SN, spikelet number per panicle; SF, spikelet fertility (%); TGW, 1000-grain weight (g).

Nitrogen treatment: N1: 120 kg ha” , N2: 200 kg ha'; *, ** *** represent the significance levels of
T-test for N2-N1 at P < 0.05, 0.01, and 0.001, respectively.
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Fig 1. Phenotypic distributions of seven traits in 102 japonica rice cross progeny between
Koshihikari and TNG67 under two nitrogen levels. (a) heading date; (b) plant height; (c)
grain weight; (d) panicle number per plant; (e) spikelet number per panicle; (f) spikelet
fertility; (g) 1000-grain weight .

* K: Koshihikari; T: TNG67; bold-type fonts means parents under N1 treatment (120 kg
ha™); italic-type fonts means parents under N2 treatment (200 kg ha™)
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= EHHERE RN

DLt E R R 67 5Fmd /K R B A RS FE AR 2 102 i Fa it AR R AR R E
(L Z R » L MAPMAKER 07 2B EHEFE L4 T 112 fHZL B TREEE (HAPH
2 S FAEREE I E 0 TSR E ) - It 112 {5 PRS0k 15 {88
B AT RIBIER KRS 12 s B (B 2) - HEEEFTERR 1781.2 cM > HH#S
TGRSR 162 <M > Hg 3 (EEFEEHEA 40 cM > 73555 2 R tks
= » CH0226 Eil RM5651 Z & 5 55 6 feeitafs - RM276 B CHO0648 & - DL ES
8 Lt - RM7057 1 CHO868 2~ &[] -

= EREMAERF _ERLERE MR e  EEREBRERER
JRETE 3L

At Ry LB R A RE A e T IR A R RE R 2 QTL &3 - ] LOD [&{E
FRERER Ry 2.0 » DUHEEFE/-EHINESE] QTL - FIFHFEAHE (BOWERE 67 38) 52
102 [ Fa #7455 » £ 120 kg ha! (N1) F 200 kg ha' (N2) % RIEEEE A -
PR~ EEAERERENR  ETHEEREREER (QTL mapping) - fEHRE
BIANSR 2 « 72 N1 BRIl E L 15E] 22 (EEL PR AAHR 2 QTL » £ N2 BRIEE T
BITENZAFE] 29 {# s Hrp N1 BREE [ Al 15 2 {EE IR RN QTL » 43 HIGLIRES 3
L5 10 S | 141.0 K 63.0 cM Ji& » 53 BIAZHA SSR 43FfE5E RM6832~RM 5626
Je RM5404~RM6704 2 ] » SEfHNRAVBR S AREREZR ( phenotypic variance explained,
PVE )43 51y 9.6% K2 29.9% LA qHD-10 % LOD {& 8.1 8%k » E 11455 E( additive effect )
B h-1.34 F-5.47 ; N2 3355 N RIAEMLGE] 6 (EELHHEIAZRIAERIRY QTL » 43 BRI
F2-3 (21F) ~ 10 11 8812 R4l > LOD {HATH 2.1~3.9 » BN &
{B(-2.35~-3.51 ) il Y 8t B R P SR AT 8.5~13.6%. fif]» L qHD-2~qHD-10 £ qHD-3b
=FBHIBEERA

BATRBIFAE 10 SREEEE T - N1 K N2 IR A5 5] 4 (EE, 2 RIRAERA
# QTL » (HFRS A EMSETE > SBIMRE 279 10 8 (N1) &E 2710~
11 {5 (N2) getads b FERAGIE PTE IR 2 2SRt E DR - MR 2 #55R7A]
H125 B QTL $ftkE 2 B RAE 11.3~17.3% (N1) K 8.6~22.4% (N2) HyHiE - W
REE DL qPH-10 fHRA(EER K (17.3% 22.4% ) - HEEMARETEHER - 05
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5 (N1) f& 3 flil (N2) QTL » {EFfEC B AHE] » 73 BIGRES 1782910
fie (N1) R385~ 612 i (N2) Jetafig b3 N1 BRI T - S5 R A Sk B S Rk
X R HE R qGY-10 (18.4%) - qGY-7 R Z (14.2%) - HERAITE 8.3%LA L - - HI ¥
FAPEH - qGY-1 f qGY-9 fEERER (K » 11 qGY-7 K qGY-8 A FE SN 5 £ N2
BRI » 3 QTL ¥ B RAAREERAITE 8.7~9.7%H » H 3 HEERERK -
7 ERERER D EERETTRAI S o MEFERIERSRETIE -
8 (PN) PEARECLHEER - 72 N1 BRET ME R 1SAESS 3 e tilg 167.1 cM 2.2 qPN-3b -
ERMEER T 14.0% 5 1£ N2 B335 MAIEAZIS 2] S {# QTL » 3 pIfIREE 357~ 10
(2 fil) PRAtafE b - BESRAERERRAITE 8.8~14.7%M » DL qPN-3a HEEE K » qPN-7
R - EFFERIEAE N1 g Al15 5 {8 QTL(gSN-3qSN-8qSN-9qSN-10 kz qSN-12) -
PVE /1A 7.9~18.9 [ ; £ N2 HIIF5 3 {E§ QTL (gSN-9 » gSN-10 k& qSN-11) » PVE
IR 9.6~14.1 [H] » R E R Je TR EAE “REAICHRIE NAERBUR - SA15 3 (8 (N1) &
51 (N2) BEFERAHRAZ QTL » A2 {H (N1) K 3 {f (N2) BlT-¥7EAHR.Z QTL -
(ERE PRARAE ARG M AR RIS HHRLZ QTL » 7 N1 IRET | - S B R
R TRBIR Ry qSF-8(26.7% ) » -7 SR BB SRR R E IRy qTGW-1(17.5 %) 5
IM7E N2 B85 - f2 E*R.Z PVE {HDL qSF-3 #A(16.3% ) TRIEHILL qTGW-6a( 16.7% )
WA o DLEPU(EEEMRERT » AERREERERIH - & qSN-9 k& gSN-10 -
FABPEAR R E A2 15 21 AT [RIRFE IR Bafe i R AL A -
PP Bl EIAMIREIRAHR .2 QTL E(LAHR - FIIFH MapChart ¥ iaiRAg /K 12
R g 975 SSR AHEHZE - BAE 5] QTL £ LOD =2.0 Fefr s 7 TS i i (2 &
(0 2) > fEAAE 120 kg ha™ (N1) {BfF T EAMATG25) QTL AEFRER - Ifi 200
kgha (N2) FHHIDAEARZR o 8 2 Fa) i as Luig ) — MR e R T AT{3.2 QTL
ERFEIRF R - HA(EES 2 R EE 41eM 3T - 55 7 etz 80 cM If3T » K2R
9 RALEOEE 79 M Jf3T - ATRIRFE FRIREE NEAL152] qPH-2 » qPH-7 K qSN-9 - 1ffj
FE55 10 R tafiz 63 oM [T 5 Al [FIFE iZ15%] qHD-10 ~ qPH-10 k2 qSN-10 < DL E 6
{# QTL fEMEEREE N ZRMIERET s R—2  ERBIEIREREEE (2%
&) KA P SRR R AR MHEER B MTENIRAER qHD-10 » ££ 120
kg ha™ BEEE TR R 5.47 K HLATAERERERE 29.0%I1) 8 5 & » {HFE 200 kg ha' B2
55 N AR 3.34 RAFRE 13.1%008 R & A qPH-2 f qPH-7 BB 2 R & T A e
RS BIREHT 1.78 Fz 4.15 cm (N1) 81 1.43 J 3.12 cm (N2) » E qPH-10 $}HE
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&R R =L 4.78 K 4.89 cm » = FHRE 2 EEE DL qPH-10 57K » qPH-7 X
< » qPH-2 /N » %51 PVE {&HI 11.8 & 11.1% (qPH-2) ~ 11.4  10.2% ( qPH-7) -
Pk 17.3 J 22.4%( qPH-10 ) ; B qSN-9 Fz qSN-10 555 K 7 Al i S RE R B2 7.56
2 9.14 K7 (N1 ) 81 4.15 K2 5.77 K (N2 ) - S EEF B RAVMRRER R 12.9 K 15.6% (N1 )
Bl 9.6 Jz 13.5% (N2) o AES{EAR S B ImFEPTS o] IL[F 52308 QTL » B Li & A
(2001) FESRAEE - HAEATE IS ELRR = s mfE R A R 37 (@ QTL A » AJ7E%
(R FI BRI 8 QTL ZINPERE TR —2  (ER/NZEEREME -
MR 2RI R A MR AT - Al S BRI 22 B T - & Bl A 26 R i
TE(EH HE MR BRSO IAFE - hE G2 2B AL - =67 - SRR GRFERR
o2 o PINITE Zhang 523 (2008 ) HYRFEH - DL Asominori/IR24 Frfd 7 HYEEAH H 22
% (recombinant inbred line, RIL ) ZERAH B K HA Z(ElEH - Sk » EHE
ARG AR EURYERIFTE 7 M ER R E 215 2] 29 (& QTL - {H{EH A 4 { QTL
TE (Bt T HI 15 5 Fang and Wu (2001 ) & H| IR64/Azucena 2 & B (5 HE R EFHY
Rz > 3 plfEE R ARE B R AR R T ml{E A2 2 {#Ed 8 {E QTL » Hrf{#
1 {iil QTL » RIFREAE —f AAUEREE N R + [ Srividya 2 A (2010) DI—E1EEF 40
JifEJE INRC10192 £ IR24 F/#57.2 RIL » HIEE —FEEAEGA X —(# Ea BE 4L Y
TERET IR N RS EE RN - g 46 (EHITSHY QTL & » AJfE _{ELL E
EE TRERFNE 18 {# » HALA(ELEE—RANGR A et e (52 - K
BB AT B EOASSRAR ML - 6 (EAHKERIMFERA ~ #R KA IEA S QTL » R Z
PRI RE Z BRI E - 3% QTL 28 [m] MR HAh E (LA 2 B S AL T
Form o BRIESEHVERERA - MEETFERIEESE T REFE—S A S EER
HIZANMESUE S AHE] - IR E AN F ARG T F B e s mEAMpTSZ QTL
WHERER B RERATREFER  BXIEEE AR AL ERTE
R — 25 R > [HAFIREEFTEEIRAY QTL JRAl{ERF £ IER IR MNEhE S E
nnAE 2 F AR o
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Fig 2. Qhromosomal locations of QTLs for heading date (PH), plant height (PH), grain

yield (GY) and yield components (PN, SN, SF, TGW) under two nitrogen

environments. Solid lines indicated QTL detected under N1, while dotted lines
indicated QTL detected under N2.
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QTL mapping for Heading Date, Plant Height, Yield and its Components
of Japonica Rice under Two Nitrogen Fertilizer Levels '

Jen-You JianZ, Tin-Mei Kuo >, Zhi-Wei Yang 2 and Shun-Fu Lin *
Abstract

Agronomically important traits, such as plant height and yield, are commonly influenced
by sunshine, temperature, fertility conditions, water supply and other environmental conditions.
QTL mapping of these traits would be complex by environmental factors. To investigate QTLs
controlling heading date, plant height, yield and its components under two different nitrogen
fertilizer cultivations, the experiment was conducted in first cropping season in 2012. A total of
102 F>-derived lines established by a cross between Koshihikari and Tainung 67 were
employed and above mentioned traits were investigated under two nitrogen fertilizer condition
(120 kg ha™', N1; 200 kg ha™', N2). A LOD (likelihood ratio of odds) score of 2.0 was used as
the threshold for detecting QTLs in this study. A total of 22 and 29 QTLs were mapped for
seven traits under N1 and N2 conditions, respectively. Among these QTLs, six of them were
stably performed under two nitrogen treatment conditions. qPH-2 were mapped at 41cM on
chromosome 2, qPH-7 were mapped at 80cM on chromosome 7, qPH-9 were mapped at 79 cM
on chromosome 9, and qHD-10, gPH-10, and qSN-10 were located at 63cM on chromosome10.
Phenotypic variance explainded (PVE) value were 13.1 to 29.0 %. qHD-10 could affect 3.34 to
5.47 days for headind date under two nitrogen environments. PVE of qPH-2, qPH-7, and
qPH-10 were 10.2~22.4% for plant height which could influence 1.43~4.89 cm in the population.
PVE of qSN-9 and qSN-10 were 9.6~15.6% and could affecte 4.15~9.14 spikelets per panicle.
A total of six QTLs were common among different nitrogen fertilizer environments, therefore,

these QTLs would be useful as selection index in rice breeding process.

Key words: yield components, quantitative trait loci (QTL), gene mapping, environmental effect
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