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Stability analysis of QTL for the traits related to grain shape
and 1 000-grain weight in rice
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Abstract: Ninety-eight backcross inbred lines derived from Nipponbare (japonica) /Kasalath (indica) //Nipponbare were used
to map QTL for grain shape related traits and 1 000-grain weight under the three environments. By QTL mapper 1. 6 software, QTL
controlling grain shape related traits and 1 000-grain weight were detected on the whole genome. The number of QTL for grain
length, grain thickness, grain width, the ratio of grain length to width, and 1 000-grain weight were 4, 1, 4, 5 and 5, respec-
tively. Further stability analysis was conducted using chromosome segment substitution lines ( CSSL) with Nipponbare as the
genetic background and Kasalath as the donor in three environments. The results showed that significant difference of phenotypic
values existed between the recurrent parent, Nipponbare, and the NK28 harboring ¢GL-6, NK32 harboring ¢GL-12 alleles. Com-
pared to Nipponbare, the seeds of NK28 and NK32 became longer. The two CSSL both harboring gGW-1 and ¢qGW-7 allele, inclu-
ding NK9 and NK32, had markedly decreased in grain width across the three environments. The same case was for the two CSSL
harboring gLWR-5 allele, namely NK22 and NK32, as well as the CSSL. NK32 harboring gLWR-12 allele, and the CSSL NK9 har-
boring gTGW-1-1 allele. These effects of the alleles at above loci were significant and stable. The results provided the foundation
for further map-based cloning and marker-assisted selection ( MAS) breeding.

Key words: Oryza sativa L. ; traits related to grain shape; 1 000-grain weight; QTL; stability analysis

RAATRLIC | R T8 FPRLIE R AFOR SN IL A o 1) B B AR 2 — AR A REROI AR LA T E 2 K AR
PR R E R SRR AT AN S AR T S (BRI ) Al AR AR o (O
BEEFPRARFUE R, TETE ST IEFPRL ML TR S RS, Pt 5 SR AR AT E R KR DI 5 e
FREMREE AR —,

WiEHER: 2007 08 - 10

ELWME . F5K863 HRIBH (2006AA1021A5) ; HEFHEEOEHR] (2006BADI3BOL, 2006BADOIAOL —5) ; VLIR4 /KB il 5 5 15t
IR (SX (2007) g02) 5 I FIOLH A& R i

PEE B EMR, B, " WIES . 1L, #, FENFKRRE TP, E-mail: rice@ njau. edu. cn, Tel and Fax:
025 — 84396516,



-2 (20 S N /A NI 31 %

FEAR R R IR AT s o 2 52 22 ik DR 4 ol A B0 MR, 0 P 20 7 B 30 7 G 80 1 R 6 P A
( quantitative trait loci, QTL), BHBHEZON R/NFVEH 730, AUBEIR A T R A AFRE AR DA K T4
AL HLE], 382 QTL M seBEM > T hrichl By e i PR Ee SLal . Hal, S TRAaRIER LT
R QTL E st B A AE 0 (A TR ABHACR R, IR0 QTL R K25 Xtk
I BRI QTL AT K25 AR se MR BFSE ) Bildnn, Fan 557 FIRIATA TR 63 (FOkL) Al 7
(/VKL) FURER, REANE M TCRE 1T AL T55 3 ek BaRbiRiic | ki 8y 32280 QTL FIE il AL 58 14 3k
QTL -GS, ‘B4 — A FI AR B B 26 115 Song %M FIFHATAE T WY3 (KkL) RIEEES (/MR RURE
1, REANE AL SO 1AL TAR 2 Yk B4R SO RURI R Y QTL — GW2, B 4w —4> RING B4 E3 iZ %
R, XS R IR A APRIE R D K TR E 354G BERli S A, AN Ta] it o BT 428 1) B R A PR IR LA
LRI ) FE D AT BEANTR] . TR, ST A A A AR IR LR TR B AR IR, A ok 26 L PR A A [R]
W RRIARENE, RO FE R AT REAATE AR R, X8 SRRl E M EA EEE L, N
I, AWF5EF|H Nipponbare/Kasalath//Nipponbare [8] 22 B 41 H 28 & ( backcross inbred line, BIL) 1Lk
Nipponbare J75 5t . Kasalath & & e J BE Ay 4 K - BE B e & ( chromosome segment substitution line,
CSSL) HER, XEHIREATHL | KIS | KT8 ROE TR 1Y QTL BEAT Z4F 2 S iR g o ir, 248
Tl F IR A5 PRE S TR E 19 280 QTL, I 51T AW AT OB o0, B AR KR B AR S UL i
B o3 o R R LA

1 ##R5EFE

1.1 st

i B4 KL b A7 4= F Nipponbare ( japonica) /Kasalath (indica) //Nipponbare [/ 98 /> BC,F,, #k &
(BIL), KAHR AL 54 R R LA Nipponbare AT 5% | Kasalath 4 84t 5Bty CSSL BE{&, F 2005 4F
5 Hrh A fEr s Rk R, 2006 4F 5 A AR TERS B0, T WERER, 4R 6 A T AERL, B R R B
M LAY, BA7 10 Bk, A EHRARRAS AR M)A PR IR — MR, BIL 1 CSSL KRR #7314tk 4 i H
AL A G Yano P43t
L2 HRKEE

HGRIERT R &K B — 2, AP WGR)E , 50 CHE 3 d, FHFRDEAH SC R B Tk A I
SE o RUEASCHEAR I i 2 BOT e 55 Wik, BN R AR, BEALYERL 10 RFP 5, FIE
PR RO REA AORLIC | REJE | R SESEATINGE , O BENME A PR B, R K SR TE R LU AE RO Y
FAUH, TR EMNE TP, FrT85E, B 200 RifkE, B3 ), BCFRHEELL S, 1ERIZ
FERM TR ERAUE,
1.3 St HhAE

FIH# A QTL mapper 1. 6, RFHFETIRGLIERAI A & & X M ERZ:, % Nipponbare/Kasalath//
Nipponbare BIL fHATE 3 FhIALE T BRI TIC G 2081, 45 B ISR (likelihood ratio, LR) Fil ¢ 56 75
Brorik, LLLOD=3. 0 fE N B fER BT QTL 2 HA7(E, LI P<0.001 2983 K-F20Hr QTL Ik A 1
DB AERON . QTL iy 4 3547 McCouch 55 AYIEI, SR ¢ MNEG 5347 3 FhIREE F 454 R R | KR
KEGE | R A TREE RSN QTL Y CSSL Ak FAH N R BYH 5 75 LKA Nipponbare 22 [A] i) 22 5 &
DA UE Frffh iy 1 QTL &SRB e ik,

2 GERE5HMH

2.1 37K Kasalath 5 Nipponbare & H BIL BY#I 48 MR R T &

3MEREE T, WEATERLIC | RS KLvE . ROE M TRLE SEMR ERFFE 2R (£ 1), 7E Nippon-
bare/Kasalath//Nipponbare BIL A, RiJEAHOCHR K b S5 R 2200 A, RIS A7FAE S B SR IR 4,
1117 ELAEAN[R] B BR3P 2 SR BRI A o RWDREC | WEJRE | RESE | ORI S TR 1 o 22 5 DR o] A0 i
PR
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x1 FAREZEHBEXF (BIL) BEENEHEIERRETHE
Table 1 Grain shape related traits and 1 000-grain weight of rice in the parental lines and the backcross inbred line

(BIL) populations

ZEZK Parents [nl 2z E 4 [ 38 2R BIL populations
FEAR b \ - - : -
Traits En Nipponbare Kasalath Py Flen| AR5 A “'%Ff. i B2 PR
Mean Range /% CV  Kurtosis  Skewness SD
A /mm El 7.38 7.69" 7.56 6.74 ~8.72 5.59 0.26 0.54 0.42
GL E2 7.58 7.98"" 7.65 6.36 ~9.00 5.56 1.35 0.31 0.42
E3 7.13 7.88"" 7.52 6.23 ~8.95 6.31 0.85 0.39 0.47
A7 JE/mm E1 2.07 .77 1.91 1.68 ~2.15 5.00 -0.15 0.22 0.10
GT E2 2.06 1.80" " 1.93 1.65~2.24 5.83 0.48 0.00 0.11
E3 1.77 211" 1.94 1.64 ~2.20 6.16 -0.09 -0.18 0.12
HBLPE/ mm El 3.17 2.42% " 2.74 2.30 ~3.21 7.29 -0.31 0.11 0.20
GW E2 3.15 2.49* " 2.93 2.57~3.30 6.73 -0.97 0.03 0.20
E3 3.05 2.55"" 2.95 2.49 ~3.42 7.31 -0.62 0.11 0.22
KaEtt El 2.33 317" 2.76 2.22~3.26 8. 69 -0.63 0.07 0.24
LWR E2 2.40 3.21°* 2.62 2.22~3.07 8.31 -0.93 0.27 0.22
E3 2.32 2.94*" 2.60 2.08 ~3.24 9.57 -0.09 0.39 0.22
ThiH/ g El 25.01 16.70 " * 20. 52 15.16 ~28. 04 12.88 0.05 0.53 2.64
TGW E2 23.69 15.41" " 19. 67 14. 64 ~25.63 12. 65 -0.13 0.25 2.49
E3 22.94 15.24" " 18.22 13.78 ~26. 81 15.76 0.56 0.75 2.68

F. 1) El: F45¢ Nanjing (2005); E2. Fi%¢ Nanjing (2006); E3. %7 Lianyungang (2006)
2) En: Environment; GL: Grain length; GT: Grain thickness; GW: Grain width; LWR: Grain length-grain width ratio; TGW,
1 000-grain weight. CV and SD denote the coefficient of variation, and standard derivation, respectively. The same as follows.
2.2 RIAR K MR R TR ERIAE K5 T

KOG | RS RLTE RO LI TORIEEAE 3 FhEAEE [A] e BL A 38 IEAH DG (R 2), HAEARIFH5(E]
(AR 25504 0.79 ~0.83, 0.61 ~0.67, 0.82 ~0.83, 0.78 ~0.84 F10.74 ~0.79, H A& K4
KRB, RVKLE D) Z AW, MRS | RL5E RO M TR (L AR X R .

BeAh, PR ZIAFAEAR R RAHSCHE (K 2), Kk, BB R KLTE5 TRIH Z H] L RORL K
5PROE Z [ AR B 35 B TEARDG s RLWE 5RO Z [ AEA B 28 A SAAHDG s DRI SRS | L5 =2 (6] 45
AFAEARDCHE, REPDRIE (KIELL) B TRAHURLTE, TORLIC | R HDRL 8 -5 Tk B 2 UIAH G

%2 3 #IFE T Nipponbare/Kasalath//Nipponbare BIL B2 R TR BRI X R
Table 2 Correlation coefficients of grain shape related traits and 1 000-grain weight of rice in the Nipponbare/Kasalath//

Nipponbare populations across three environments

wE R El £2 B
En  Twis L Gl GV  LWR  TGW GL Gl GV LWR  TGW GL G GV LWR  TGW
El GL 100

GT 0.19 1.00
GW 0.13 0.58 " 1.00
LWR 0.51™ -0.38™ -0.78™ 1.0
TGW 0.49™ 0.80™ 0.69™ -0.30" 1.00
£2 GL 0.79* 0.31™ 0.15 0.37* 0.56™ 100
GT 0.10 0.67** 022 -0.13 0.56* 0.27° 100
GW 0.11 0.46™ 0.82™ -0.64™ 0.61™ 0.15 0.27*  1.00
LWR 0.45™ -0.17  -0.57" 0.79* -0.12 0.57** -0.04 -0.72" 100
TCW 0.44™ 0.63™ 0.37™ -0.05 0.79* 0.62™ 076" 0.40™ 0.09 1.00
E3 GL 0.83™ 0.31% 0.11 0.42*" 0.56™ 0.88™ 0.19 0.07 0.56™ 0.56™ 100
GT 0.11 0.63" 0.26° -0.16 0.58™ 027" 0.61* 022 0.01 0.59*" 031" 1.00
GW 0.08 0.5 0.8 -0.66™ 0.65™ 0.16 0.27%  0.83™ -0.57"" 0.40™ 0.17 0.33™ 1.00
LWR 0.43** -0.23  -0.57 0.78™ -0.15 0.42%" -0.12  -0.64™ 0.84™ 0.02 0.51™ -0.02 -0.68" 1.00
TCW 0.44™ 0.2 0.41™ -0.08 0.74™ 0.56™ 0.50™ 0.38™ 0.08 0.74™ 0.57™ 0.70™ 0.44™ 0.03 1.00

Note: “ P <0.05," " P<0.01.
2.3 EHIREEXSERKETHREN QTL EfL
T 3 FFREE h Nipponbare/Kasalath//Nipponbare BIL BEARILAG IR 17 ANk . KR | Wise . ki
R TR R QTL (3£3) . 4 NEGRDRICHRE QTL 2510 T4 2. 6. 7 F12 Jefk b, Hrh i
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F56 2 Yea ik €560 [T qGL — 2 TRk R K, N 24.19% , LOD N 23.97, KL S5HEH AR,
LANERDREMEIRA QTL, A7 F45 12 Jeaufk b, xR R TTIRER N 5. 17% , 3 D FEHIRLIE TR 1
QTL M T4 5. 7 A 12 Yefafh I, o7 45 5 Yetafk b R1838 BRI GW -5 ITTIR KAk, N
17.67% , LOD {2} 17.38, 5 MEHBILHEIRE QTL, 4RI FH 1, 2 (24) . 5 F12 Yefafk b,
HFEE S Yea ik R1838 ALY gLWR —5 B TTHRF A=, oM 10.85% , LOD {EH K 19.39, 4 &l Tki
HEQTL 3B T4E 1 (24) , 2 Fle Je@ik b, X RAEFHTHRE N 4.63% ~9.16% , LOD {HH
6.87 ~8.79,
% 3 Nipponbare/Kasalath//Nipponbare BIL £ s & il 2] F3= SR R FRIERNME QTL X E SN E B ER M

Table 3 Additive QTL and gene x environment interactions affecting grain shape related traits and 1 000-grain weight of

rice detected in Nipponbare/Kasalath//Nipponbare BIL populations
PR (A Pefa ik Fric X [a] LOD f JmERA R

Traits Loci Chromosome Marker interval LOD value Additive effects W/ % W/ %
GL qGL -2 2 G275 - C560 23.97 0.17 24.19 —
qGL -6 6 G122 - R674 13.12 -0.11 10. 39 3.84
qGL -7 7 R1789 - C596 6.85 0.07 3.92 3.68
qGL - 12 12 R617 — R3375 5.43 -0.09 6.91 2.49
GT qGT - 12 12 R2708 - G2140 3.56 -0.04 5.17 10.75
GW qGW =5 5 R1838 — (249 17.38 0. 09 17. 67 —
qGW -7 7 R1357 — R1245 4.40 -0.04 3.75 2.90
qGW — 12 12 G1406 — C1069 5.82 0. 05 6.03 —
LWR gLWR -1 1 C1370 - C122 12.53 -0.07 7.43 8.33
gLWR -2 -1 2 G132 - C777 3.81 -0.02 0.83 3.17
gLWR-2-2 2 €365 — C132 4. 68 -0.04 2.41 1.26
gLWR -5 5 R1838 — C249 19. 39 -0.09 10. 85 6.30
gLWR - 12 12 R3375 - R2672 7.79 -0.06 5.16 1.32
TGW qTGW —1-1 1 C742 — R2414 7.01 -0.70 4.63 1.96
qTGW —1 -2 1 €970 - C161 6.87 -0.98 9.16 6.09
qTGW -2 2 C1408 — R418 7.41 0.73 5.11 —
qTGW -6 6 R2549 - C358 8.79 -0.86 6.97 —

e R RSN BT Variation explained by additive effect; h%g: fNPE QTL 535 B AERN 5THk % Variation explained by additive-

environment interaction effect

ST KB, L3R 17 MRS A SCHR S TR i QTL h, A 12 ANtk QTL 53 k4
WEGNE, THRNESTN1.26% ~10.75% (£3), 555 JElk R1838 BT QTL BEF il i 58 4%
TREHE , G hIRE T A0 25437 35 R SR U5 T 35 A Nipponbare , fHR7 75 4K 1) 45 37 52 K K I T 35 78 Kasalath,
5512 Yt Ak R3375 B9 QTL BEES RS AR HIRIE , IR S50 BE R Bk I8 T35 A Kasalath, 552
Jeafk €560 BT QTL EEHPRIAC, NSO DTER AL 24. 19% , 1% QTL &5 TRLE A C, HIR 4
1 FE R H RV T 3548 Nipponbare, 5 6 YLtk R2549 Bt 4 QTL RE#A A £ s il TR, ok iy 45
{7 A YR VE F S5 AR Kasalath
2.4 FFA CSSL B#AIGIERE, fIzE, P AR THRERERIEN QTL

FIH LA Nipponbare 245 5t | Kasalath i 8 e v B Je (00K BOE e 3R, X0 3G 2% 55 067 ik ROk U5 T
Kasalath () QTL #F4TH0E . #4#5H HAR QTL 19 & e R 515 FORA & MR RAUE AT « WE 587 (&
1), #0E3 P B iR 515 SRR NI/ B 25 5, WHESEHR QTL Befs e Rik, £ 3 FidfbE
i, ST REAMLL, #A ¢GL—6 MEHRZ NK28 AHEA ¢GL — 12 1) NK32 ki K40 BAR K, 435l
T% ~11% M 16% ~18% ; A qGW — 7 HI'EH & NK28 Fll NK32 KiSe 8% A5 7% ~14% F
5% ~12% ; A qLWR — 5 HEHe 5= NK22 Fl NK32 |, #4 gLWR — 12 ) & ¥ R NK32 KB BB B A K,
ZESHNEIN 16% ~29% | 28% ~34% F128% ~34% 5 AT qTCW — 1 1 (WEHRFR NK9 TR EV T
K, FREIRBEIL 15% ~19% , FBXEE QTL HREMFE KL,

SR, 3502 A QTL (gGL—2 Rl gGL—7) | 2 A% QTL (gGW =5 Fl qGW —12) F1 1 A>T
HQTL (qTGW-2), NEAAXNNHERRR, BOCEIITRIE, WHh, #5iF ¢GT 12, gLWR -1, qLWR -
2-1, gLWR-2-2, qTGW —1 -2 M qTGW —6 B & RIEA R IR P RIAAFE, BRI L QTL 1Yk
TR
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i R B RFLP {085 FHHA Phenotypic values
qGL-6 i 5, RFLP loci in the substituted segments $7 I Grain length
qGL-6locus  R2654 c214 R674 R2549  R2071 El E2 E3
Nipponhare [ | [ [ [ ] 7.38 1.58 7.13
STCR I | e e | 791" 8.1 792
Kocaats [ I 788
qGL=12 i 5, $7 I Grain length
qGL-12locus  R2672  R3375 R617 C445 G2140 El E2 E3
Nipponbare | | [ [ [ ] 7.38 7.58 7.13
vz (I 869 882 842
Kasalath [ 7.69 7.98 7.88
qGW=11{i & FIFE Grain width
qGW-Ilocus €399 cl211 R210 R23298 c178 El E2 E3
Nipponbare | | [ [ [ ] 3.17 3.15 3.05
vk [ [ 272 292 273
2 [ ] 277 2867 287
Kasala, [ ] w2 249 255
qGW-=7 o=y FIHE Grain width
gGW-7locus  R1440 C451 RIS57  R1245 847 El E2 E3
Nipponbare | | [ [ [ ] 3.17 3.15 3.05
vko [T [ 272 292 273
NSGI  — 277 286" 287
Kol [ 2w 24 255
qLWR-5 {3 &5, $iJE Grain shape
gLWR-5locus  R830 R3166  RI838 C1004 R566 El E2 E3
Nipponbare | | | | | | 233 2.40 232
s s 26" 270
e, | aE a0 300
Kasalah | O S 3.7 321 294
qLWR-12 {1 5, FiTE Grain shape
gLWR-12locus  C1336 R2672  R3375 R617 C443 El E2 E3
Nipponhare | | | | | | 233 2.40 2.32
NOm 3.3 308 300
Koot s s 204
qTGW=1-1 {if 5, T 1 000- grain weight
qTGW-1-1locus €86 R2018 C742 G5005 cl12 El E2 E3
Nipponbare | | | | | | 25.03 23.69 22.94
S e — - E—— 235 2008 1851
Kasalath [ 16.70 15.41 15.24

1 FIFEMEFEMER R TR ER QTL X1 B #: &1 Kasalath 5% = 357K Nipponbare 7£ 3 #IMEF R ER
Fig. 1 Differences of phenotypic values between background parent Nipponbare and Kasalath, target CSSL carrying
some of 4 QTL alleles controlled grain shape related traits and 1 000-grain weight across three environments
TR 4pERIR Nipponbare FURRASRLI | RLTE | K58 LM TR 5 H bR B A5 R M Kasalath 22 A1) 22 5335 19 F10. 1% R3EKF-,
** and """ mean the level of 1% and 0. 1% of significant differences between GL., GW and TGW of Nipponbare and Kasalath, target CSSL

carrying QTL alleles, respectively.
2.5 MRHEXMRETHRELAMAYE QTL XESIMEMNEIER

1€ 3 FpEfsEH, FIH Nipponbare/Kasalath//Nipponbare FE{A, LA E] 12 Xk AR MR ) A7 P
QTL, 7E 10 2/KREYL K XA 4045, LOD N 7.64 ~ 21.23, TiHRFE N 0.55% ~ 9.24% (£ 4),
HE— T R, X B QTL HAA T FREA . @O STk s/, F¥H 2.57% 5 @ FAitk QTL
() LOD {H5m 88w, ¥R 11,125 @Frksil 2/ B PE QTL 96 Je 2 4k, . B4tk QTL
SERE A SR B TR R R — A LR A &R
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% 4 Nipponbare/Kasalath//Nipponbare BIL Z#{F ¥ Hfi s & FRER LA QTL R ESIEE (E M
Table 4 Epistatic effects and its environmental interactions for grain shape related traits and 1 000-grain weight of rice in

Nipponbare/Kasalath//Nipponbare BIL populations
POGRES Fric X[ PARGRE Fric X [

(ERON LOD fH TR

Traits Chromosome Marker interval Chromosome Marker interval ~ LOD value  Additive effects h‘z\‘\ij/% h‘z\‘\Eij/%
GL 1 C1370 — C122 9 R2272 - R2638 9.04 -0.08 2. 66 —
3 R1618 - C595 12 R2708 - G2140 11.01 -0.12 6. 62 —
3 C746 — C136 12 R617 —R3375 8.00 -0.05 0.93 —
4 R93 - (891 7 R1789 - C596 9. 64 0.05 1.28 —
5 R1838 - C249 7 R1789 - C596 9.15 -0.08 2. 66 —
GW 1 R2635 - R1928 8 C390 — R1943 8.25 0. 08 9.24 —
LWR 1 R117 - C742 12 R3375 - R2672 8.53 0.04 1. 14 1.29
1 C86 — (813 5 R1436 — R2289 7. 64 -0.05 1.24 —
1 C813 —R2417 4 C335-C513 12.53 0.07 2.76 —
2 C1221 - G275 5 R3166 — R1838 18.27 -0.04 0.75 —
2 R3393 - C747 5 R1838 - C249 21.23 -0.03 0.55 —
2 G132 - C777 6 R2549 - C358 10. 18 -0.04 1.08 1. 60

b} h,AZ\A\ij: A RN, BIHKR Variation explained by epistatic effect h?\_\Eﬁi M QTL

epistasis-environment interaction effect
A
3 itig

KAERT  RBTAEHR — BRI B i e e tE , R 2B, 2t SHE N ILFER W, L%
R IE AR R AR PR A, TR e i 25, EERRCREAR, MTE D FAmicHOR IR A R
KB FHRiCHBIER: (marker-assisted selection, MAS) $AK, WI7E—EREE FyRiMES B R FBHA
JE ., (HESCIE MAS B Rl WA =i . BRIk QTL;L_, ITHER RN AT, IR B% %
B FAmic. B, E244 ., 2. 28R Rrh KRB S Rk E40 QTL, X T X Let{R ik 7
FTHRAEAEZEEX

QTL mapper 1. 6 B4R LLHEREARII(E . QTL A4 Ts A4 £ (ALFE e, B B A7 PER0W)
VER RO, TFEFREERON, . QTL x FREE HAERN | ﬁj‘?ﬁiﬂ’iﬂlﬁ”&ﬁ'i%fiﬁfﬁiﬁfh Rl HILE% 2 45
HRVE R BEAILRLON , AT 3RE SR BT e AR IC X QTL RN 2 BT I SE R, 3 RETJC w4387 QTL 5 A5 B AR ; #F
TR A QTL EDLHT, ﬁTW[@E‘JﬁV*ﬂ)&%“O Uﬁﬁjﬂﬂ FIH Windows QTL Cartog-
rapher 2. 0 B4, *FHEAI:IEH'VE@{ZE T 4 3 PR 21 715 BBl RGN 2 B A v 1 R Y QTL 15 i (%
5) . FERE] 11 AEHRAAMERE QTL, Z3MIAL 252, 3,5, 6., 7 F112 Je@ik b XFRAVRF 1 5T
BRI 5.50% ~21.2% 3 HA T4 2 Yetafk €560 KL qGL — 2 TEBAF = S pi A 2], 734 5k
RikF 18. 6% , FIFHAME QTL mapper 1.6, SRAIETIR A LRI 0 & X EVER 2, SRR LE
3 FPEAEE T BERHEATER S 0T (K 3), HAP IR0 TE5 2 Jef ik €560 BT ¢GL — 2 B TTRR 35K
F)24.19% , [FEAREMGHEEAE, WRPFEILMEER, AN TR E FRIAM QTL HyaT LAk 2],

545 HAFRON BTHK % Variation explained by

R 5 FAEINEF Nipponbare/Kasalath//Nipponbare BIL &4k 6 fU4= HI < ) QTL K& ITH4FE
Table 5 QTL mapping for grain length using Nipponbare/Kasalath//Nipponbare BIL population in different environments
W (3= PSRN Fric X [H] LOD {H YIS YA TR/ %
En Loci Chromosome Marker interval LOD value Additive effects Phenotypic variation explained
E1l qGL -2 2 C560 — C1408 4.90 0.19 17.9
qGL -3 3 R1618 — C595 2.02 -0.14 5.9
qGL-7 -1 7 C1226 — R1440 2.41 -0.14 6.7
qGL—-12 -2 12 R3375 — R2672 3.46 -0.17 10. 1
qGL—-12 -3 12 C732 - G193 3.10 0.15 8.8
E2 qGL -2 2 G275 - C560 6. 81 0.23 21.2
qGL -3 3 R3226 — R1618 3.08 -0.17 9.5
qGL -5 5 R830 — R3166 2.32 -0.10 5.5
qGL -6 6 R674 — R2549 2.23 -0.13 5.9
qGL—-11 11 R3202 — R1466 3.05 -0.15 8.2
qGL—-12 -1 12 R2708 — G2140 2.90 -0.21 11.5
E3 qGL -2 2 C560 — C1408 4.59 0.21 16.8
qGL—-6 6 R674 — R2549 2.82 -0.18 8.7
qGL—-7 -2 7 R1789 — C596 3.07 0. 19 11.0
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