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Mapping of QTLs for Heading Date Using Whole-genome Re-sequenced Chromosome
Segment Substitution Lines in Rice
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Abstract: [Objective] Heading date is an important agronomic trait in rice, it is a typical quantitative trait controlled by
multiple genes. As novel research material, chromosome segment substitution lines are useful in QTL fine mapping and
cloning because of minimizing the interference of genetic background among plants. [Method]) In this study, 128
whole-genome re-sequenced chromosome segment substitution lines derived from Nipponbare as donor parent in the
background of 9311, were used for mapping QTLs for heading date by combining the sequencing-based Bin-map with
multiple linear regression analysis. [Result] Six QTLs for heading date were identified in two environments and two
years. qHD2.1 was mapped in the region of 759 848 bp on the chromosome 2; gHD2.2 was mapped in the region of 45 286
bp on the chromosome 2; qHD 3.1 was mapped in the region of 147 931 bp on the chromosome 3; gHD5.1 was mapped in
the region of 213 351 bp on the chromosome 5; gHD5.2 was mapped in the region of 442 305 bp on the chromosome 5;
gqHD8.1 was mapped in the region of 538 176 bp on the chromosome 8. [Conclusion] The results are important for the
QTLs cloning and provide a foundation for understanding molecular regulation mechanism of heading date in rice.

Key words: rice; chromosome segment substitution lines; re-sequenced; heading date
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AR QTL, X% QTL 204 T /KGR 5. 45 6
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I 17 O Br A G ik v B R AT TR
R R A s e Y, i P (R P REE A% 5 5 BT
SANFBAE R BR/ANEH, W AER AT
QTL JE LB 5T o AHIF 5 F FH I1X — 2 S 7 (1) e ek
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17 6 M RIEMMAER] QTL, At —Dki4l e
LI TEREMRI A QTL FHidk & i B 28 & WL Bk
FEHT P LB R AR
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R R, 2% Huang 25200732, i mEE
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f— DRI BEE G (R 17 B % KR T
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12 REHE
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(E1); 2016 £ 5 A 15 HIETLHE KR} B B 3
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AR IREEFIAE 128 AN Yt fh Fr BeAR i R AR DL A 2
ANER. Al TF6 H5H. 6 H15H. 6 A5 Hit
1T, BANFRK 417, BT 150K, 47, HREES
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A, Distribution of heading date in environment E1; B, Distribution of heading date in environment E2; C, Distribution of heading date in environment

E3; D, Heading date of 9311 and Nipponbare in different environments.
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Fig. 1. Distribution of heading date in the chromosome segment substitution lines and parents in different environments.
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FHAE I 9(108.0+1.2) d, HHEARSEAS H A 1) e A 4
N(97.7£1.3) d(F 1-D), SEAS[E] AR 22 570k 2
BEKTF(P<0.01). 128 MYk F B R 2016
TEAE R (E2) ARy 80.1~122.6 d(& 1-B); 2
PSEA 9311 BN N(99.1£1.5) d, A EAH
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R R 2016 FLEFINE3)FIFFI N 75.2~120.8
d(® 1-C); ZZAREA 9311 (KA Jv(98.1£1.3) d,
BEPRSEAS H A A 9 (88.6+1.5) d(E 1-D),
SF AN [l R 22 50K B Y 2 7K ~F(P<0.01) o
2.2 1HTEHR QTL o4R

MRAE 128 NG ta g B H R0 9311 A
MRME, 454 Bin MERE, ETZ0RIES7
i, JLEME] 6 ANE 3 ASIRETH B RS I 1)
QTL(F 1), Hrr, 252 fsE s Jetafhk L&A 2 1
53OS 8 Jethfk EKA 1 4. qHD2.1 #ERLTE
552 Ytttk LK) 759 848 bp XN qHD2.2 #5E
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A FAHARIX (8], qHD3.1 #{E LIRSS 3 Getifh iy
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147 931 bp XA N ; qHD5.1 e M ES 5 Jetifhk b
1) 213 351 bp [X[A]N; qHDS5.2 #ERIAES 5 Geth
& L) 442 305 bp X[AIN; qHD8.1 #E L ES 8
et fk 1) 538 176 bp X [A] 4 .
2.3 IHEEHA QTL MR #f

X 128 NEWF F BAT 8T, AT 6 A
FEHI QTL H 5 MR I 5 7 B &R o FIHIX 5
G R B iy B R0 QTL AR #EAT 704 (& 2)-
qHD2.1 RIUNEERIER, 16 3 MBI RN
SRIA—11.5. —72 F1—10.5 d, RN 2%
AN —10.7%. —7.3%M1—10.7%. qHD3.1 &I
NRCSAER, TE 3 ANIEE IR 5 5 — 4.4
—3.1 f1—3.6 d, INPERN 7255 A —3.8%.
—3.1%AM1—3.7%. qHD5.1 RICAMRAEM, 7 3
ANIRAE IR RR 2 1.4, 2.5 AT 1.6 d, At &s
B HIN 1.3%- 2.5%F1 1.6%. qHD5.2 F£Hi N
WRER, 15 3 AR5 5] 12.84 3.0
A11.3 d, BPRROS E 73Z 550008 11.9%. 3.0%F1
11.5%. qHD8.1 EI FIRBAEH, £ 3 NN
PR ArH—12.7. —84. —11.5 d, IntESNH

Table 1. QTLs for heading date in rice.
N N X i 2
N et th il I R F
in QTL Ch I b Size of the
r. nterval/bp interval /bp El E2 E3 El E2 E3
x107  gHD2.1 2 36017977—36 777825 759 848 0.0313 0.0368 0.0429 11.26 11.81 15.56
x108  gHD2.2 2 36 777 825—36 823 111 45286 0.1166 0.0703 0.0827 63.01 2745 3928
x113  gHD3.1 3 1539 134—1 687 065 147 931 0.0060 0.0175 0.0169 8.90 1224 1211
X216  gHD5.1 5 23739776—23953 127 213351 0.0161 0.0287 0.0234 12.99 13.64  13.88
X233 gHD5.2 5 26 863 063—27 305368 442 305 0.3071 0.1695 0.3406 102.25 43.08  65.09
X278  qHD8.1 8 2797 908 —3 336 084 538 176 0.3174 0.3386 0.2750 58.60 64.51 89.44
2 ATEFEFHMEL QTL M2
Table 2. Additive effects of the QTLs for heading date in the in different environments.
El E2 E3
QTL Egit) IVERORE AR E gt PJ18 6 25 A 1 Y OV Egis) YRR AR
Phenotype  Additive EFES Phenotype  Additive EFES Phenotype  Additive EFES
effect/d AEC/% effect/d AEC/% effect/d AEC/%
9311 108.0 99.1 98.1
gHD2.1 85.1 -11.5 -10.7 84.7 7.2 1.3 77.1 -10.5 -10.7
gHD3.1 99.9 4.4 3.8 92.9 3.1 3.1 90.9 3.6 3.7
gHD5.1 110.8 1.4 1.3 104.1 2.5 2.5 101.2 1.6 1.6
gHD5.2 133.6 12.8 11.9 105 3.0 3.0 120.7 113 11.5
gHD8.1 82.7 -12.7 -11.7 82.3 8.4 8.5 75.2 -11.5 -11.7

AEC, Additive effect contribution.
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