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Mapping QTLs with epistatic effect and QTLxenvironmental
interaction effect of heading date in rice
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Abstract: A population of 284 recombinant inbred lines (RIL) from the indica-japonica rice cross LemontxTeging was
used to analyze the main effects, epistatic effects of the QTLs, and QTL by environmental interactions(QEs) controlling
heading date(HD). Three QTLs with additive effects for HD were mapped in the chromosome 3, 7 and 11, which
accounted for 18.86% of the phenotypic variation. The percentage of phenotypic variation was explained by individual
additive QTLs ranged from 2.95% to 10.56%. QTLxenvironmental interaction was detected on gqHD7-1, which
explained the phenotypic variation of HD with 2.18%. Epistasis analysis indicated that nine pairs of epistasis were
detected for heading date. The results indicated that some QTLs were environmentally sensitive and epistasis was
important genetic basis for heading date. The information obtained in this study should be very useful for manipulating

the QTLs for heading date by molecular MAS.
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1 #MR5HE%
1.1 HiERESEIES

Lemont REERMIBH —MNEETRERERR
M BERRETHE RN — 1 aEr-LEmRT &
BEARLemontF45F K KIR T Lemontx4F FF13 BY
284 M RILs , T 2007 FREFENRED I EFEERE
FrkErrin i AibE 221 A 23 AR §F7 A
23 BiETh | 9EBHNE 21 dEABR , EIMRERR
297, BT 154 , %RYTEEN 20 cmx 20 cm , EMH
EEE  HENEREMMANEES , BRER
B E BN XBUEN mEHMRE .

1.2 HEEEEDEE

BEEESHSHIT . ERFEHEX 179
RFLPFRIZA 3 MEASKFICERDL | ERAFLBE
Xt 130 /NSSR#R1IE, 148 NRAPDARIEH 7 4N TES
R NAEEIE S S HE 164 NMRIE , B
MAPMAKER/EXP Version 3.0 X ¥3 2 FIEBiE

&, FAKosambi BB EABEHIL R BEEEE(CM) ,

ZOESIE LS 56 MNRFLPARIZ ,105 MNSSRARIZ K 3

MBS | K (gh-1). EFRO ABRMEh)

BiEZEE 1916.5cM , #RICEFHEE 11.76 cM .

1.3 QTL BB EAEMM 4
NAETEGLMHERN ST HHFQTL

Mapper 1.6 | XfLemontx4% BRILBEATEET T

HBTE(BEERQTL, LNUMQTLUARQTLERIR

W E{EfE K RE B s 4% P VR R AT 9 4T .QTL
PMERPLEES T URLLR) MM DAL . £
MQTLM Lt QTL BIZAUUREMIT , M
QTLEME BN BN (BIEMERR SIREERE
LM% B 53K B ) F A AUP(adjusted
unbiased predictor) 75 & kit . BREZR{EP=0.005(48
M Fdf=6 A48 2N BUE(LOD)=4.023) 1 RfE , BE
BEMHRQILWHBBERHEERXESKR LN NE . A
Bayesian #3¥ (P<0.005)i# —&F 2 #EH QTL., Lt
Ut QTLRQTLESHEMEN . QTL wHERNE
& McCouch Zgg#m .

2 ZER5SH
21 HEHNRBETR

FEAK Lemont M4FERHE RIL B BEHARAE
EMESHAUE 1 PR . RIL BN MBEHETRE
WHRBXHTEHEEZR , EREFAREN S HE
E25R57~97dM64~112 d , ETHBHER
ZHERE , BRFAANBERERATKR OB
HHBEHEESSA , RABEMERHER , H
FRREMEESNT 1(REENRENRFERESD 5
7 - 047 M 0.17 ; BESDFIN 052 M 0.15) , BEE
BT QTL °4F .
22 IHFEHI QTL MM AHESIMERIE

RIE Lemontx4$EF 1Y RIL B¥ A FHRICESE |
ZRRAKMERN QTL EVE% |, k& o iTiZE
&1E 2007 FEZNH/ENHEL , £RNE 3 4
QTL , 23U FE3, 7. L EELEEFEL B2 . H
R F 5 3 $ik R gHD3-1 B9 LOD B, MMM
MAMTEMEBREMENS , HEKHBEHN SN
HENRAHRXA&4EE . gHD7-1 # gHD11-1 &Y LOD &
BN, MERRN A EER , MERXBEXFFENE
LB R .3 ANEEALAY AN RS St AR Z B A R R S
L7 18.86% . EEIMEEMERBH QTL M |
RIRE qHD7-1 SIMREEEEFNEERR FTH
£ 2.18% . qHD3-1 R FEMREREEEE , R
B EZHTRIAENRE , BRBMERK , €8
SRR | ERXFZIER /NN QTL BRI TR
B0 FHRCHBIERRE .
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Fig.1 The phenotype for heading date of the Lemont/Teqing RIL population and parents in different environment

FT 1 Lemont X458 RIL FHAHTERA ML QTLs RIME EAEXIRL
Table 1 QTLs for heading date with additive effects and additivex environment interaction effects in Lemont/Teqging RIL population
FEH% HREE FRig X LOD & IR THRE/% BB EERR TUHRE/%
3 gHD3-1 RG348-C636x 15.08 -2.28 10.56
7 gqHD7-1 N16080-CD0O497 4,97 -1.50 5.35 -0.76 2.18
11 gqHD11-1 RM120-RM202 3.21 -1.19 2.95

2.3 IHTEHEA QTL LA RESIRERE

HEOME 9 X T F M iHFEHAA N £
MEEMR QTL(ER 2, B2), #KkFE 1, 2, 3, 4,
6. 7. 8, 10 # 11 # o &FEHW 16 MXiE , £
LM TR B B ST Rk =R N 23.85% R EA LUtk
WBMR—NEEMNRERE . 9 W EMERNF ,

BINNFEFABATELAR HROWNELARK
THRAR ; I WREE 1 IMNHBEHEEEHEH
QTLMIANEHEURZE  HRRETKBEEN
MWV RZE ;3 WREER—EHERN , HRE
ERRI R A EIFEMNNEEMIR RERNE
LFUMRNERENEZEE .

2 Lemont X #¥F RIL BHAHFRHA BYMNE X 0% ERIBVIAY QTLs REIMEE(ERIL

Table 2 QTLs for heading date with additive x additive interaction effects and additive x environment interaction effects in Lemont/Teqing

RIL population

HEE FRIEXH ERE FRIEXH LOD & Rt RERE/%
gHD1 RM5-RM246 gqHD6 A07020-RM3 591 1.07 1.49
gHD2-1 RM279-RM211 qHD2-2 RM324-CDO718 5.06 -1.37 2.48
qHD2-1 RM279-RM211 qHD8-2 RM230-RM264 12.07 —2.12 5.92
gqHD3-2 RM227-RM85 gqHD6 A07020-RM3 4.87 1.27 2.10
gqHD4-1 G271-RM252 qHD4-2 G177-RG143 6.65 -1.63 3.47
qHD7-2 RM234-CD0O405 qgHD10-2 RM258-RG1094f 4.81 -1.23 1.98
qHD8-1 C1073a-RM223 gHD10-3 RM222-RM271 4.56 -1.20 1.88
qHD10-1 H19050-RM216 gqHD11-2 RZ53-RM120 5.06 -1.03 1.40
qHD11-1 RM120-RM202 qHD12 RG209-RG901 5.12 1.54 3.13
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chrl chr2 chr3 chr4 chr5 chré
0.0 Rz288 0.0 —~—OSR17 O-BP/ RG348 g'g hed 2312320 0.0 OSR35 0.0 OSR19
8.7 RM84 3.3 >~ RM154 6.6 71— C636x g
14 A—x—— RM279 8.8~ > RM307 11.3 —} RZ516
20.2 OSR2 22'8@7\ RM211 18.0 RG450 15.1 -] [N RG1094e  20.2 g-1 21.4~] |- RM204
. 295 RM13 24.3 RM225
31.8 RM259 36.2 - | cosg . 248 - RM253
40.8 G1327 129 1 Gon 230 ¢
50.8 RZ382 49.1 —— RG83 49.7 RM218 = 49.4 N10150 g | | Rmwmso
60.5 RM23 58.5 RM251 62.0 Y1049 58.2 ] I~ RM276
73.8 W17065  7g8.2~] |- RM27 73.9 RM282 68.8 RM252 7.7 R569a 78.6 |- 002075
87.0 ~_|- RM129 81.1 [~ RM324 33'2 bag Smggg 87.9 RM249 884~ |- A07020
lgg-g - EMS“ 95.9 CDO718 955 Q12040 ’ 33-4 1 gg‘gi
O—1 AT a
108.3 — T—RM5 104.7 A10050 105.7 RM255
117.4 RM163  117.1 G1314b
= 1241 Rvzes 1190 Go6075 ||
1309 RM246 1330 RM221  133.7 -~ RM156  134pai G177 130.5 ——— RM161
141.5——— RM16 140.2 T~ RG143 143.0 RM30
148.1 OSR27 RM250 14831~ RZ403b 1539 | | Q05050
156.8 RM212  156.2 Tooe 0 22150 155.8 ——— RM340
167.2 RG654
179.7 — - OSR31
182.7 RM104 T
1018 ) R71a 186.5 A10100  185.5 RM168
199.0 OSR26
207.7 G249
215.2 ——J— RM208
231.4 RM227
=
246.1 ——— RM85
Chr7 chr8 chr9 chrl0 chril chr12
0.0 —— G06080 0.0 —— RZ143 0.0 —— G103a g.o Ra gOMZ:?flO 0.0 —+— RM286 0.0 —— RM19
10.8 RM214 6.9 825 10.3 RM316 9.7=5—— H19050 8.9 RM20 10.2 RM247
175 jo1000 12177 RM216
RMLL 15971 | > GO3030 22.3 RG1022  24.3~] |- RG869
26.2 28.8 ——— CSU754 23.8 RM222 30,1~ 0SR20
37.8~] |~ OSR4 34.1— 71— G104 34.2 RZ698 34.1 RM167 32.8- > OSR32
39.4 — 1~ RM336 =
43.5 -] ™ N16080 47.0 RM219 513 RM271 46.8 RZ53 sis RM277
g 58.0(— C1073a gg'g g 883838 6 ' 7400 = 57.0 —— RM260
64.5 CDO497  64.8 RM223 : L7 STEy | M0 a5 RG20q
74.8 RM210 749 RM105 =
76i4:> RM234 79.6 RM258 79.4 RM202 =
87.8 CDO405 =
93.9 —— RM209 93.3 RG901
T e
AL 105.3 RG1094f 104.9 — 1 RM21 107.5~1—- RM235
107.4 RM248 RM230 1107 — L RM278 07 T RS
= 1180 —~OSR28 1796 | -RM228 1189 RM206  116.6 =~ G1106
126.5 Q05150 119.4 RM201 1530 — 5~ RM333
DT 128.8 ———RM264  127.0 | [~ RM215
137.0 ——+— RM205 134.9 RM254
141.4 —>— RZ404 146.4 OSR6
) IO QTL ; '
—=> MR QTL .
170.1 RM224
181.3 ——— RM123
B 2 Lemont X $§5& RIL #Z| AYihiEHR F30FA_ LA QTL
Fig.2 Genetic locations of main-effect QTL and epistatic loci affecting heading date in the Lemont/Teqing RIL population
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