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QTL Mapping for Developmental Behaviour of Leaf Sheath Height in Rice
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Abstract : The DH population, derived from a cross between an indica variety IR64 and a japonica variety Azucena was an-
alyzed, by using conditional composite interval mapping method, to identify QTLs for the developmental behaviour of leaf
sheath height. The unconditional QTLs were detected affecting time-dependent measures. The contribution to phenotypic
variation explained by unconditional QTL is increasing gradually and reaches the peak of 90% at the final stage. Conditional
QTL analysis showed that the gene expression at the loci Hls 1-2, Hls 3-3, Hls 2 and Hls 4 was quite active at the intervals
from 18 August to 7 September and from 7 September to 17 September. This is unanimous to the date of elongating and head-
ing of DH population.
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(IRRD). DH E°T&pA11Y% Té%d Guiderdoni PE""*'pA+"
HA, NjEjuabTpAdl psk- 00 TR 64 OT¥%~p%k- 00 Azucena
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2.1

Table 1. Phenotypic values of measure-dependent height of leaf sheath for the parents and the DH population. cm
251 E£A0 Cx % Parent DH E°14 DH population
Observed period % 0p xTDj O xT760u +8xY2T
1IR64 Azucena
(Month-day) Mean Minimum Maximum SD
07-19 16. 20 18. 00 16.19 11. 00 22.00 2.09
07-29 17.00 21.00 17.54 13. 00 24.00 2.09
08-08 22.30 28.50 23.17 16. 60 33.00 2.93
08-18 28. 83 36. 00 29. 31 19. 30 45. 80 4. 90
08-28 41. 35 69. 50 45. 45 23. 00 88. 80 12.13
09-07 52. 20 88.50 62. 60 30. 50 110. 00 16.12
09-17 66. 50 113. 00 77.75 42.00 129. 30 17. 68
09-27 66. 85 118.50 83. 44 47.00 130. 00 18.79




o1 EPAPE . EOu%OT 1Y 3a-¢ Oy T-pA QTL -0To 195

72 28T Ex£00TT}3nEyA;DOX” »000xUT»pADSO}

Table 2. Identification of quantitative trait loci (QTLs) for the developmental behaviour of leaf sheath height. cm
QrLe +8 YC Cp YA EvE«TA %c:);d?igi” E+£U(OA-EQ) Period (Month-day)
© Markerinterval  Chrom. " L .7 0719 07-29  08-08 08-18 08-28 09-07 09-17 09-27
His 1-1 RG532-W1 1 ag, 1.77°° 5.48" 6.61""
Aap-n
Hls1-2 RZ730-RZ801 1 ag, —1.35"" —2.17"" —3.76"" —8.31"" —11.98"" —14.61""
Ay —0.26" —2.347" —5.0° —1.92""
Hls 2 AmylA/C-RGY95 2 aq, 1.127° 3.197° 5.577 5.22"" 5.28"
ag 0.30° 0.64"" 1.43° 1.5°
Hls 3-1  RG104-RG348 3 ag 0.56" 0.55" 0.63"
ayiy 0.56" —1.5
His 3-2  RZ574-RZ284 3 a
A1y 4.94" .15
Hls 3-3  CDO87-RG910 3 aq, —1.18"" —1.85"" —4.10"" —6.24"" —6.28"" —4.53""
Auji-v» —0.64"
Hils 4 RZ675-RG163 4 aq, —0.88"" —1.12"" —2.07"" —4.63"" —4.65 " —6.71"" —7.85
Aql-y —0.39" —0.69° —2.227
Hlis 6 RG648-RG424 6 aq, —0.64"
Auji-p» —0.64" 0.7
His 7-1  RG511-RG477 7 ag, —5.28"" —6.28"°
gy —0. 86 —3.0"" 3.99 2.34
Hls 7-2 RZ337B-CDO497 7 aq, 0.58
Al 0.58" —2.02°
His 8-1  RZ617-RG978 8 aq, 0. 65"
Aql-1y —0.88" —1.96
Hls 8-2  AC5-RG418B 8 Ay
Ay —0.93"" 1.52
His 11 RZ638-RZ400 11 a,,
Aqj—1y 1.77
,+2AY E+AU QTL %AET+7DT+401 pAr£TxAE
Contribution rate for phenotypic variation 25.3 26. 6 70. 6 61.6 66. 6 74,4 82.9 90. 0

explained by QTL detected/ %

crL 0487 a1 1901 5% uATOOBEQRY

PQTL pAAG3E . “HIs” +TE%DOX™ Aux0 , %o RO xApAEY xOECE.E«T8+a°A ,“-1/2+++ 7 (T 0» IGEUE«TAET 4,0 QTL pAPOAD+a°A > a,, +TE%O°TiEQ Y
i

071! 3apA QTL OU-¢Oy30E%E+:1— ¢ Ex¢ TpAADY%O%ODODE0! O, a ) 2TEROCTTEOU%OTT! 30pA QTL 00 (+ — 1) — ¢ 161 ExTTAU»U00+1 "V pAKODODE

010u.

"QTL name; “ Hls ” presents trait name; the subsequent number is chromosome name; “~1/2+++” is serial number of the QTL on the same

chromosome. * a, is the cumulative additive effects of QTL affecting significantly height of leaf sheath in rice from initial time to time ¢. a,, ,,
g s1g g

is the additive effects of QTL expressed at timez — 1toz. *

EUOU 8 OA 18 EOOA 9 OA 17 EOA-Dg 3 ,6E+TAU, A%l
A(',‘I‘IOC')’B 1.5 cm %600,
2.1 QTL »u00T T»

“00°T1 ,+2aT E+£UOT T} 30pA QTLs (21 2)¢”,¢@
OEXTOOOT T} 3apA 4 ,6-C18Y%p QTLs -0+87 T»00pU 1
E%E« 1&pA RZ730-RZ801 +8Y%CCa%a ( His 1-2) ,uU 2
E%E«TApA Amyl1A/C-RG95 +8%CCa%a ( His 2) .U 3
E%E«TapA CDO87-RGI10 +&Y%CCaYa ( His 3-3)°Tul 4
E%E«TapA RZ675-RG163 +8Y%CCava( Hlis 4), 0aPOT»
pa0UTaEy2ay Ex£UAUYT 2apk -CT6Y%p QTL ,COOD%I R
HA LR OueTv%0p0D§ 0! Ou, 000 ;E3£T20+D§ QTL (1
2), OU His 2 T>pa” U%g 07 1! 3apAuET»»000A" x0 Azu-

", 'Significant at the P <{1% and P <<5% levels, respectively.

cena,ATTa 3 6 T»>pAPAPET»»00000A" x0 IR64 .04 4 6
0+b§ QTL pAT»0A G Yan™ T T»pA0°Ti0& RpA QTL
T»0ATal-»0-C3£%0%i, 3YEIED 4 ,60+P§ QTL 14,00
O» , 6»0%, 024 Ex£U»12aphEAEQ0»DOTO080° Ti O 1!
3opA-Cl0Y%p QTL (£1 2), 0021 0gkU, His 3-1, His
6. Hlis 7-2 °1 Hls 8-1 PET»pa2aphAE -C16%p QTL,
E&0D Hls 3-1 T»pa0UA-Pg 3 6241 Ex£U, EAEGPAT>
HAO»0U 1 ,62aT E+£U2auk-Cl18Y%p QTL ; T»pa His 1-
1°1 His 7-1 A-Dg 2 ,6»0 3 6241 Ex£U2apth-CT6Y%p
QTL,ETES A 6 ,6T»pa0Uu°6 £U % A» 0D 2a uth -C 16 ¥p
QTL,

ETEO%a10+T A+, 00 +2aY E+£0%i 2aphuA 1000 0°
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Ti0T1}30pA-Cl6Y%p QTL EyA; tExTO0E+ 1%i 2apA02
fa; ,+2a 1 Ex£0%i 2apkhpA -CT16%p QTL EyA °T1%0p0
P8O} OppA2T 01 %OE%AE @O0EDO X T TOPA»U00 (QTL)
0U2» T -¢OyE+FUPA+T " TEC2» T-pA, 3y 8 OA 18 EOTA,
EexAOTI! uAET 30, LAETON T} 7 DT +401 pAEUOD -C10%p
QTLs =+ TxAE08%¥06%0 (£1 2) , uh2aT ACEU QTLs pA
1+ TxAE T 90. 0%, OAEUA+Ez»U2D2T (°UA " »- %316
27, 3¢N0T62T»0F4EQ0A " «D§O! ) 00T T} 30pA0° Ti ExEx
YATEOE T2 00%¥Y0ES, 8 OA 18 EOpAL+TXAELT G O0AY 6
E+£UT%uUT , cEAUGE AEXEUT0»- %3%TA .D»03éNUT62T
%1~ 6uE0-000P1g ,

16%p QTL T T»-0T60p000U 0 -OxOE® ELETEE pd
ND¥¢, »U00OUE@pYEG3a - ¢ Oy 1y 31 ODUAELDODO+T T, 2E
OA Zhu" ' uAToY%p -0T6 -1 -""°T Zeng"'yA, “ OTCaliax+ 1Y%
AR, 8T (¢ — 1) Exe12iDT0U, £ Ex¢1T0000° T
OTT!Ei3apA 12 ,616%p QTLs (i 2), EA0DP Hlis 3-3
of His 11 A%, 6T»pa0»A00U 1 6287 E+£U, To£AEQT>
HA0OAUOU 2 6»0 2 _000ET2aT E+£U2apkT00auA16%p
QTLs, Hls 1-2 T»pa0U 7 0A 19 EOOA 7 OA 29 EOEXT,
"0 8 OA 28 EOpt 9 OA 27 EO2ap%T0080°T1 071} 3apAld
Yp QTLs,EuA+ His 1-2 T»papA»u00000a 4 6247 Ex
TT%00PPAYALT T, His 2, His 3-2, Hls 4, Hls 7-1,
HIs 81, Hls 8-2 PET»pApA»U00+T 708 His 1-2 Trpa
Takr,AUOU 2 ,0A-PopA2aT ExT130Dg+i v, OU His
7-1T»pd, -0+30007 130247 0D AU (8 OA 8 EOOA 8 OA
28 E0)°T2a1 " A0kU (9 OA 7 EOOA 9 OA 27 E0)2apAT6%p
QTLs ., p«EGACPADEO! Op-%ToTa -~ , 00247 0DAU  AT»
HAPA TR64 HET»»U00%upul 0T 1} 3a, 18221 96 AUA" x0

Azucena PAPET»»00000 " U%g0 1} 3aEi30, Hls 1-2 T»
uaou 7 0A 28 E0,9 OA 7 E0,9 0A 17 EO. 9 OA 27 EO%OAU
23k T00spAToYp QTLs, EpA+ AT»papA»u0000 7 0A
18 EOOA 7 OA 28 EOE+YT :2E%+1 71,8 OA 28 EOOA 9 0A 7
EOE+TT»000000DDAPA+T "7, 30Dg+i " TOA 9 OA 27 EO, 8
OA 8 E000°62apkpA QTL pA-CT18%p%0D0DE0! OpOEOU
DA»U00+T " TpAAU»y 022» 10676, £40p 0 —1. 35 cm
06%0Ws—14. 61 cm, His 2 1 His 4 T»papA»u00+i "7
PpT120€ H/s 1-2 T»uaTakk,

CoAzONTawhy, IHis 7-1 T»pa0Uu 8 OA 18 EO°T 8
OA 28 EO2aphT00s pA16%p bSO -%T0T2 °pA QTL, 9
OA 17 EO°T 9 OA 27 EODSO! -1 ToTa -~ uA»000+i " TuOTad
AEGe U  AT»papA»u00+1 " TD§O! , 009200 9 0A 17 EOCT
9 0A 27 EOOU ,AT»paA»0p2ap T00gpA -C16%p QTLs,
16%p QTLs PAT T»HAETAEOU2» - - ¢OyHx TO°Ti O 1}
30-CI6%p QTL #4» 0-00, "0 QTLs pAEyA;°T16%p
pgO!I OuOUONT! 3025 1-22 1 ExEUPAY T-+4» A" ¢ L Ep
A+ 8 OA 18 EO—9 OA 7 EO°T 9 OA 7 EO—9 OA 17 EOA%
LOEETTAUPA»U00+T “T%I T2»T0%, 04,0 DH ECTapA°T
HUECEUCT3¢EEECAUECTATCOT A ,

+1 3, @30AE +2a7 E+£U DH ECTApAOT 1! 30%00u
oT0°Ti 01! 3apA QTL %0D0ODSOI xUOT, Sa,, ECCx
O 1100 ¢ Ex;TENOD QTL pAvODODE 0! AUY%O Op . o
Sd,.,, 00EC (r — 1) — ¢ ExJTAUEQODP QTLs i "TpA
I ODODE O AU%OOU . AYEC S, s s, »EC 8 OA 28 EO2a
A6 .6-C16%p QTL P§O} Ou (5. 48, — 3. 76, 3. 19,
—4.10, —4. 63 °T—5. 28) PAxU°T ; 5,14 1410516, EC 8
0A18E0 > 80A28EOE+ T pA4 6 16%p QTL BE O} Ou

#1 3 <247 E+£U DH ECTApAOY T} 30%u0pu°T0° Ti 071! 3apA QTL %0D0D§O! xUoT

Table 3. The mean of measure-dependent height of leaf sheath for DH population and the sum of additive effects for QTL. cm
Ex£U %00u . . - -
) 2 ay, 2 i 2|, | Sl |
Period (Month-Day) Mean
07-19 16.19 0.50 0. 50 1.78 1.78
07-29 17.54 0. 32 0. 04 2.08 0.56
08-08 23.17 —2.53 0. 31 5.40 2.37
08-18 29.31 —4.32 —3.36 7. 86 3. 36
08-28 45.45 —9.10 —2.01 26. 44 7.91
09-07 62. 60 —13.37 —2.34 37.59 5.34
09-17 77.75 —19.75 —0.31 30. 19 18.17
09-27 83. 44 —21.71 2.57 32.27 6.41
Sa,,, — QTL 00-¢0y38E%ELy1—> ¢ B+, 1pAAI%O%ODODE O pAxUOT ;3a,,,—,, — QTL 00 (+ — 1) — ¢ 107 E+TTpA¥%»%0D0D§ 0! xU°T ;3 | a,, | —
QTL OU-¢0y30E%EL 1 ¢ Ex¢TpAAD%O%ODODS O pAYe TO0UXUCT ;S| a1, | — QTL 00 (¢ — 1) — ¢ 107 E+TTpA%» %0D0D8 0} % T00uxU°T ,
Sa,,, — the sum of the cumulative additive effects of all QTLs from the initial to time ¢; E&,u‘,,,, — the sum of the net additive effects of all

QTLs expressed in specific interval from time ¢ —1 to¢; 3| a,,, | — the sum of the absolute cumulative additive effects of all QTLs from the ini-

tial to time ¢ ; 3| a,,,_,, | — the sum of the absolute net additive effects of all QTLs expressed in specific interval from time ¢ —1 to ¢ .
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(1.43,—3.0,—1.96 °I 1. 52)pAx0°T, “0+i 3 ¢E02,
Cx#% IR64 01} 30pA QTL B8O OU -¢ 0y 1y 31 0DEC2»
TTAU»ypA,9 OA 27 EO TR64 pAENOD QTIL %OPOPEO! xU
OTEC—21. 71 cm, EpA+ EE+Cx+%pAOY 1} 30+E DH E°
T14%00U°« 21. 71 em, “0£7 3 ¢(E0, Cx+%0T1} 3aph»u
00 - ¢OyE+TTAUpA+T " 1¥»D80} OUEAEG301y 31 ODECT 1
+i» PA, S| A, |ECATTEpAY«TE 614 (0, AU»yAEEN0D
06D8»U00pA 6 Ta»0AU»yAEENODY6DE»U00 A L6 18) pA
O 1! 036E%E+¢T10A r Ex¢TEUOD QTL pAv0p0ODEO! AU
YWOO0u.3| A, |EC (t — 1) >t ExJTAUENOD QTL #i
“TpAY»%ODOPE O} AUYOOU, S| a0 |EC 8 OA 28 EOE
WA 6 .6 -C 16 ¥%p QTL D8§ O} Op pA %g 10 Op xU T ;
S| Qicosos10515) | EC 8 OA 18 EO—8 OA 28 EOET 4 ,618
Yp QTL B80! Ope T00uxUCT, Y« TE, 6 TAPAOY 11 3a0n
280U (p+3| a, |)-048T2115. 71 cm ©1 51. 17 cm., Y
E . 614091 3apA»000+i  T¥»%0DODEO! OUAAEG3a1y 3]
OPpA+a» 12AEOECx+%2»0»0A, Y« TE, 61800 9 OA 7 EO
—9 0A 17 EOE£TuA»U00+1 " T%»D8O! " Tk 18. 17 cm ,
EuA+ AE£ITIOXTOO0N I} 3apA1eTxxT 76, % 3¢ EEE 0
I!30Ei30-07EXT 0,
3 10A0

"« [BUAEYA; OA” «ND¥%, -t - TAVEPA T - ¢ Oyox T
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