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QTL-Seq Analysis for Identification of Protein Content Traits in Rice
Grains
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HU Qingfeng, YANG Jun, ZHOU Yiwen, WU Zhangping, GONG Hongbing

(Zhenjiang Institute of Agricultural Sciences Hilly Region of Jiangsu Province, Jurong 212400)

Abstract: Grain protein content is one of the important factors affecting rice eating quality. It is of great significance for rice
eating quality improvement to analyze the genetic regulation mechanism of grain protein content. Using an recombinant inbred lines
(RILs) population from two japonica rice cultivars, Zhengeng 2400 and Jiahe 218, with significant different protein content of rice
grain, BSA-Seq (bulked segregated sequencing) method was used to locate the QTLs controlling grain protein content in rice.
Subsequently the QTL locus was further verified by QTL mapping using Ici Mapping 4.1 software and narrowed down by fine
mapping. Four QTLs were found on chromosomes 1, 2, and 12 in Fs9 RIL by ASNP index method analysis, and eight QTLs
distributed on chromosomes 1, 2, 6, 7, 8, 9, and 11 in Fg:10 RIL were detected by ED method analysis. A major QTL locus designated
as qGPC1 accounting for 13.2% of the phenotypic variation with a LOD score of 3.91, which was detected both in Fs:9 and Fe:10 RIL,
was verified by ICIM and fine mapped. Finally, the qGPCL1 locus was delimited in the region of 516 kb between markers 1-3782 and
1-3834. Of them, a reported gene OsAAPG6 regulating grain protein content was no differences in sequencing between zhengeng 2400
and Jiahe 218. Maybe a new gene in this region regulates protein content of rice grain. Moreover, Zhendao 1818 with excellent eating
quality and higher plant height, seed setting rate and thousand grain weight compared with the control variety was finally screened.
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This study lays the foundation for further cloning of grain protein content genes and analyzing genetic regulatory mechanisms, and
provides excellent germplasm resources for improving rice eating quality.

Key words: rice; eating quality; protein content of rice grain; QTL mapping
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JKAE R BN 2400 & ARG B Fh AT RS MNU (R RS R 348k, B T hoiiRg,
T 96.6£1.52 K: FEK 218 S5 X4 i AR MV ABFAHI TE i 5 b E K FEmIE 78 B & 15 & AL - 2 7, i
1] 105.241.10 Ko PABEFRE 2400/5 K 218 @i A ALVESRTF — B0 268 MR RIL A (Fao 4D .
P A 5055 SEVLI A AR EBE R B AE VI T T ik & RO (R i fl, 8 TR ARG, S kE 23 S
T ECHE DX AV BB 78 BT ik B 1 5 M A DX RS R, IR B B AR = AR T RS S A

1.2 HERLE

SEEGAA BT 2022 SEFT 2023 4 1240 Al A TV 75 B b XAV T ROV B Z400F 70 AT AT ik B B . 5 H
15 H¥EFh, 6 H 15 HEgH#k, Mk, SmARFREDI4T, BT 12 #k, #RATEE 16.5cm>19.8cm, 5 /K AE
EH, FRAJEBGRE MR RIS AT =47, AR, HEiE 20 Bk, BRI IR P A=A H &R
1.3 FREARSENE

IR KRG Tl 728 HUREHL (FC2K, Otake, Janpan) it 572 i SRS K, 6 K HRE K AL (VP-32, Yamamoto, Japan)
TR BE b kS K o R B & B 5 SR KR B kit (RLTAL0B-K, SATAKE) #HATMIE, FFAMkRME =X,
EUSE A N Z ik R R AT 04T .
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HifE 1818, BUIZAF 23 S FIRGFE 5055 7E MM vk . A3 808, RRIL. 45 SRAER ZERTE R,
FEAFER T 5 k. SRR (STALA, SATAKE) 8 U BB E KA. TURFI 254 3E4)
BEAFE I E DI S FORLZR AN (1 FE ] SC-E BRSNS RATI A4T RGE (IER) , B IIE 4
Wo BAHE. BEAR S EMNEE N S ERFRENEMBARG WA FNE. S0 2400 FI5E R 218 HAMR S
BT R 5, HEHAE 1818, IS HE 23 S IR RE 5055 A& Z MR S ARG K S A B5 73 K F XS H g

1.5 £ EFHEENF BSA-Seq EEESHT

CTAB LR HU i 5 R K PR DNA J&, 5 R G A Feo MR A A Imit . 158 A AR AT Foa0 1Y
R ARl w38 llumina HiSeq Xt Fao AP MRS Foao AR AR S 1 AT/ A 2t
ITAERI BT, SRASFIAR st (1 3500 PP R B 2y 30>, il 3 450 48 1ok e il 8 L BRI il 1593
Clean Reads; f#F BWA #1154k 5K RS R H 4 (http://plants.ensembl.org/Oryza_sativa/Info/Index) J¥
FEAT X, 3@ Lt e 47 Clean Reads &5 5K FAI B, 454 GATK FAIT XE IR I P 513k 47
LEXS AT SNP 32 H 2324, QTL A7 48 2K F ASNP FR B0 AR [REE B§ 7% (Euclidean distance, ED) Wi fh 4347

JPEHAT VRG] A DR 2 B 7 E P ot AR AE IR R BR A | SE A

1.6 EEBHIEZEIERZER QTL 4T3k

AR 5 25 SR PAFXCE B 22 R M BE R L 450, TR HAe Rk SNP FRid, TS AR A A 2 451 SNP
Frid (R 1, FIAXLERCRN RIL BEAR RIEEFA, @i QTL Ici Mapping 4.1 i, 40t 2 & MEbx
AR EBIOC R, M H bR B R BITEE DX [R] FRE SIS A% PRI 1k . SNIP BE R B e I ZHE St IR A= A BR A 7
FEf. OSAAPG JE [A Il F7 Z5 6 B 5 S 4 A= s R A PR 7] 58 1o

#= 1 AFAMSERFEENRAR SNP FRi8 K& OsAAP6 EENIEFES |4

Table 1 SNP markers for gene mapping and OsAAP6 gene sequencing primers in this study

Frid )P4 E (bp) SIFFE (5°-3)

Marker Position Primer sequence (5°-3°)
1-3764 F 37643035 GTATTCGTGATCCATTTCATGTTG
1-3764 Rg 37643035 GAAGGTGACCAAGTTCATGCTGTATGTAACGGTCAGGTATAAGTTCAG
1-3764 Rc 37643035 GAAGGTCGGAGTCAACGGATTGTATGTAACGGTCAGGTATAAGTTCAC
1-3782 F 37825493 GTGAGCTGCCATGACGCC
1-3782 Ra 37825493 GAAGGTGACCAAGTTCATGCTCGGCGTGGAAGAAGACGA
1-3782 Rg 37825493 GAAGGTCGGAGTCAACGGATTCGGCGTGGAAGAAGACGG
1-3806 Fc 38060795 GAAGGTGACCAAGTTCATGCTGGTTTTGTTAATTATCCCGTGACTAC
1-3806 Ft 38060795 GAAGGTCGGAGTCAACGGATTGGTTTTGTTAATTATCCCGTGACTAT
1-3806 R 38060795 CAAACCATTCCAATACTTCGCA

1-3834 F 38341969 CGTTGTTGTTCCCCCGG




1-3834 Rg 38341969 GAAGGTGACCAAGTTCATGCTGAAGGTCGTGCGCCCTG
1-3834 Ra 38341969 GAAGGTCGGAGTCAACGGATTAGAAGGTCGTGCGCCCTA

1-3876 Fa 38762634 GAAGGTGACCAAGTTCATGCTACATATCTATATAGTATCGGCCTTCAGCA

1-3876 Ft 38762634 GAAGGTCGGAGTCAACGGATTACATATCTATATAGTATCGGCCTTCAGCT
1-3876 R 38762634 AACCGAGAAAGCAGAGCGAA
1-3960 Fg 39602780 GAAGGTGACCAAGTTCATGCTCTGCAAATAGGCGTGATCCATTTG
1-3960 Fa 39602780 GAAGGTCGGAGTCAACGGATTCTGCAAATAGGCGTGATCCATTTA
1-3960 R 39602780 ATCTGCATTGAAAGGGGCCA

OsAAP6-F1 38136496 CTCAAAATCCTTTCCGCTCAG

OsAAPG-R1 38137749 CCACTTGGACTTGGTAGGGTAT

OsAAPG-F2 38137597 TTACTAGGACAACGTGAAGGATAG

OsAAPG6-R2 38138955 AACAAAATTCAGTTTCGTCAGTG

OsAAPG-F4 38139928 GCGTCACGACCGTCTTCTAC

OsAAP6-R4 38140674 ACCATACTCCTCAAGTCCCAT

OsAAPG-F5 38138660 GATGGAATCCTGGAGATCCTTTTG

OsAAPG-R5 38139382 TCGTAGCGGTCGTGATGGTGT

OsAAPG-F6 38138943 ACGCAAGAATGGCACTGACGAAA

OsAAPG-R6 38140201 CCAGCTTGCACAGCGTGAACC

OsAAPG-1-f 38134303 GGTGAAGGAAAACCACAGCCG

OsAAPG-1-r 38135699 CCGCCACGAAGCACACATTG

OsAAPG-2-f 38135363 ATATGACGACACGTGAGGCTGT

OsAAPG-2-r 38136838 TCAACGGTATGTGGTGACAATG

2 ZR5HH
2.1 JER RIL #AMTFRNERRSERE

TR 2400 HEALBIAE (FFFRLER (15 & AR AE 6.5% 70 47, 1 57 AR 218 FIFFRLER 175 75 i 4L B 4E R AT 8.6%
FEAT, REEMKFRLE AR & B AERR M R IMBON R, HXICERESWESAERREEER (B 1A) . HA
HAZ & (RIL) FIFFRIE AR S &2 AT 5.4% ~ 12.0%, HEMWAICE AR & &, RMHIES S mMEER
HEE (B 1B) , REZMIRZ B 2 B % .

Z RIL KRB IR RO, AT IRT 70 3% B 4% il A 1) S AR R Dy HdL F0 Ehd1P), T X RE A
Jii & B AE Hd1 F1 Ehdl AFEZERRA A M A 2R (B 1D) , BMAFRIH hd1+Ehdl #ifEHH 84.79 K, KR
B S EHME N 9.40%, hdl+ehdl fhfEHAY 95.46 K, K REE RS =HME N 8.80%, Hd1+Ehdl fhifH
105.38 K, FKAREAR S EIMEN 7.20%, Hdl+ehdl fFELIA 114.03 X, X REAF S EIHE N 6.20%

(E 1C. D), I BE SRR 388 i 2 0 5 = PR A



A: BUIE 2400 FIFEK 218 MWL AR & &, “FIME £4RUEZ, n=3, ***P<0.001 (M%) : B: RIL KRAIFREAREESMi: C: RILK
AAIAEN, CPEE S ARER; D AFEMBEHIRAE RIL X REAREE, FIE RS

A: Grain protein content in Zhengeng 2400 and Jiahe 218, Means = SD, n=3, *** P<0.001 (t-test); B: Grain protein content distribution in RIL; C: Heading

date of RIL, Means+SD; D: Grain protein content of RIL with different heading date, Means +=SD
E 1 FEAHMRIL MFFRERRE EREEHI

Fig.1 Grain protein content in parent, RIL and the heading date distribution

22RIL RAEBRSEMIHIER K QTL-Seq Bt ENF

BT RIL R R ME A &m0 AR (B 1C. D), 48 [ & = AE 7.5%0F, 7 hd1+Ehdl
AT, BTREAMESE, ME Hdl+ehdl 4T, BTF&EAREE (B2 , KNHERMBEII i E
FUR S ARG QTL M5, PRIk I 5% 2 Ik A 1 A S CRAIE R AN Sl R 2 0 B A A7, DR A AR A S R
HIEARFRRE (£ 2) , WRIEIFRE, A Fao {0 RIL Frkik B (AU & B MG R R 28 4, =8 )i
ErEMINTAR R 25 N M Foao RN RIL kit HARER FUTT & = Ak & 22 A4S, el A& = i i ik
%251

XFSEAR 4 AR T A TR A T E, AR I (0 7 2R BE R 30>, 315 ¥/ i s Ak = 4
BRE 2400 7y 11.82Gb, F&7K 218 74 10.67 Gb, Feo X RIEIR 7375y 12.51 Gb M1 11.57 Gb, Fo:10 4U KR
43 13.33 Gb 1 12.90 Gb, GC &1L 41%~43% [H], Q20 KT 96%, Q30 ¥J KT 91%, MIFHIE AL,
R A, Wi B S 8P A EER BIKRE H ARG 225 2R KA b, 6 ANFE a5 255 BRI 2H IS G Z7E 98.5%~99%
20, b, aHTES b QTL MEML (£ 3) o Gil/FHILL Al SNP A7 532, ¥ Feo fAA Fo.0
AR R AE 3 1K) SNP AT InDel £ 815 W AR EAT LU, I S8 — BT 2US , Feo fRIL7H 978999 4~ SNP
A1 InDel £ f5, Fo.10 83545 938767 4~ SNP A1 InDel £7 25 T QTL-Seq 447 .
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Fig.2 Distribution of protein content in RILs with different heading date types
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Table 2 Selection criteria for lines with extreme protein content

i bt

Genotype of heading date

R A R A (%)

Extreme lines with high protein content

IR AR K 2 (%)

Extreme lines with low protein content

hd1+Ehd1l >11.0 <7.5

hd1+ehdl >9.0 <7.0

Hd1+Ehd1l >8.5 <6.5

Hd1+ehdl >8.0 <6.0
=3 2HEFEAENFER
Table 3 Result of whole genome resequencing
R FFURE 2400 FEK 218 Fao (& F1ItL Fa.o 1 8 it Fo-10 IR & L Fo-10 S 8 it
Sample Zhengeng Jiahe 218 Fg.9 DP-Pool Fg.9 HP-PoOI Fg.10 DP-Pool Fg:10 HP-Pool

2400
TG
79381740 71597982 77642488 83963220 86657424 89637122
Raw reads
R AR 1) S B R
11907261000 10739697300 11646373200 12594483000 12998613600 13445568300
Raw bases
O B A
78924050 71234480 77269480 83530060 86085918 88936900
Cleaned reads
ORISR AE/ TP u R
11817033900 10667141054 11571778444 12509203080 12899711423 13327540729
Cleaned bases
T o
97.08 97.32 97.42 97.21 97.19 96.96

Q20 (%)




Bl o A

91.89 92.40 92.58 92.12 92.22 91.81
Q30 (%)
GC & (%)

42 41 41 41 43 43
GC content

EE =2 U A
(%)

99.20 98.84 98.78 98.54 99.00 99.00

Comparison rate with

reference genome

23FFNEBRRESE QTL EL

53 AIFH ED A1 SNP 455 Fh SR SR V2 0) 300 P 50408 1R 47 G TR 73t « Fao AR FH ASNP #5804 70 J5 £
%1, 2 M12 Getdk BILARE) 4 4 QTL, 5 1 JeiRkill 3] 2 4> QTL, 55 2 A 12 Zeefi sy filka i 3 1 4>
QTL (¥4, K 3A. B) . #—3¥% Fouo 0T QTL-Seq 7 Hr KB, K FH ASNP #aH0E /M E 1-12 Yetofk
XA RER QTL, MAEH ED /ot /iikat /s, 7255 10 2. 6. 7. 8. 9 Al 11 Zettik B3G5 8 4~ QTL

(%4, EI3C. D), 144N 24 QTL, HH{iT 35.9~37.8 Mb [X[alff] QTL #% & Skl %

% 4 QTL-Seq MBI MITHIFEREBRSEN QTL XiE

Table 4 Grain protein content QTLs detected by QTL-Seq

AR Bt fh LSNP I ASNP WAL E (bp) F BRI (Mb)
HIA (bp)Start 241k (bp)End

Generations Chromosome /\SNP peak value /ASNP peak position Size

Fs.9 1 21547 1975210 0.83 304376 1.9
1 36072210 39871484 -0.89 38762634 3.6
2 16395716 19999826 -0.86 19801825 3.6
12 21143708 24994311 0.77 23162720 3.9

Fo10 1 37643035 39609020 -0.96 38974500 19
1 41135157 43226829 -0.95 42529885 2.1
2 17321 2481618 -0.96 1585992 2.5
6 21023225 24999963 0.96 21359081 4.0
7 10000071 14998576 0.97 10572722 5.0
8 25022875 28433855 0.96 26870574 34
9 9000387 11997888 -0.96 11300356 3.0

11 24066710 29018426 0.97 26390493 49




A Rl C 43772 RIL 5K % Fa fll Fa.10 3T SNP/INDel 1 A (SNP-index) <B4, £0£81R0FK 95% MU RIMELE, HLR10FR 99%IIELk; B Al D 4>
B RIL K 2 Fao il Fo T SNP/INDel 1) ED JCHE4M T, ZLZRARE 99%1H) 18 26

Aand C: A\ (SNP-index) association analysis diagram based on SNP/InDel for RIL Fg.g and Fg.10, respectively, the red line indicates the 95%
threshold line, the blue line indicates the 99% threshold line; B and D: ED association analysis figures based on SNP/InDel for RIL Fg.9 and Fg.10, respectively, the

red line indicates the 99% threshold line.

3 QTL-Seq HHFsER

Fig.3 Result of the QTL-Seq analysis

2.4 QTL i s B9 IE B A8 240 E L

) FH 4 5k DR £HL 5 00 5040 R A RO SRAR ) B R 2H 72 S Bl . 758 1 Yeffk 35.9~37.8 Mb X [R50t
SNP #3id, L3RG 6 XA AWMLY (KD o FIAXLEEZEM SNP Frick RIL BHAZET RN S e, @
i QTL IciMapping 4.1, 4 T 4% HilFFRL R 0T & 5 5L R (1 R st AL JE B R, R4S 6 % RIL KRR AR S
AT QTL KEAEAr, AL 1 YRR 2] — SR RLAE (5 & =10 QTL {7 TAxid 1-3782~1-3834
Z 1), WyEPE A 516kb, FAITTERZ AN LOD fEH 7378 13.20%F1 3.91 (K 4) , AP H v 44 qGPCL.
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Fig.4 Location and genetic effect of gGPC1
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It 5 Peng SEPURIRE R 58 45 B ELEL, K I qGPCL I 15 & A CL va M H kPR 2R (A B 2 B 4% 2 [Fl gPC,
ZEE R it —AMEE B IEIE R OsAAPS, REfg IE [ AR EE i & &, 7E OsAAPSG (1) S"UTR [X 1)
it 2 42 TC A R AR E R AN SRR 53 7T R 32 ZE SRR R OFERL AR R & R 1 2 R G DRI R 2 R AE
WG Z NAFAE 22 5, AU X BE0FRE 2400 F15E K 218 [¥) OsAAPG JERIBEAT I, 45 FRBLZEER K 5°UTR [X
CRIBE RPN B IR FERCER L ZE R (B 5A) , HAZ3E K 5 3h 7 DXR g A5 X 7E XU ) 3546 I 51 22 5
(K 5A. B) , X#iHH qGPCL A siAF/E— T AR R B L &

R FE 0 5 5 o U AE 516 Kb IX (] Py kA7 3 4 LU o0 BT R B, HEBR R AR DR ). SRR B R N
T IXRAR Je A LA, A5 12 R & A SNPER INDel 28 5, 1| i /K FE R 08 1 450 4 /o
(http://ricexpro.dna.affrc.go.jp/index.html) it 7 B D5 Zh e T, 45 SRR BHIX 124N BE PR o AT 44N R R S i e B 1 2
B, INRBEARERF, 7MEEBRIIBEMER (R , XEETUEA RS FOKE AR & &,
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The boxes in Figure A represent the reported mutation sites
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Fig.5 Sequencing analysis of the promoter region (A) and CDS (B) of OsAAPG6 gene in parents
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Table 5 Candidate gene and their putative functions in the location interval

HEH RARHMY ThREFERE

Gene Mutation type Annotation
LOC_0s01g65169 SNP JRF UL SE K e 12 i
LOC_0s01g65200 SNP THIR SR st E
LOC_0s01g65470 SNP R RE EA

LOC_0s01g65480 SNP PEE M Dnal FKIREH




LOC_0s01g65560 SNP PrReFRE EH

LOC_0s01g65690 SNP % 4,5-DOPA XUINAM #b —FEE 1
LOC_0s01g65720 SNP WEE K fie iy
LOC_0s01g65770 SNP R RE A
LOC_0s01g65780 SNP B Yy Al
LOC_0s01g65810 SNP FikEH
LOC_0s01g65920 SNP/InDel EORARES. SEMEARNES
LOC_0s01g66060 SNP TR BoE R e

2.6 S MERIERE 1818 BYBIHI

AT RIL % 50 R AR AR B A vk il o7 S BRAGARE 1 18 251290, f gk Hh A0 5 o 5 B4 1818, qGPC1
KRR H BT 2400, ROKAMILS 0} St A iz B 23 5 AR 5055 AHLEL, RILVEEIER] (& 6) , 17 1818
P ZESERATRE L BN, AR S R 5055 B R F E R, L RMAG RS A EEE
Z5t (£ 6) o EERKERMFAEACRAE S I, 08 1818 MK ETIR 7>« M A BB e by 12 2
F TP AR, T ORI 2 AR R S R AR T s AT 28 5 ATRIRE 5055 (R T) .

[ 6 $HFHE 1818 SXtIRMINAARINRSIHT

Fig.6 Rice appearance analysis of Zhendao 1818 and control varieties
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Table 6 The agronomic traits of the new germplasm Zhendao 1818

BEA AR (X

. 4 - THLE(g)
R FiE(cm) 109 R L5 (%) A i 01(d)
. . Effective panicles per . . . Thousand-grain .
Variety Plant height hm? Spikelets per panicle Seed setting rate . Growth period
weight
Hf 1818 101.240.842 325.7432 582 113.6411.19° 92.842.322 26.740.21° 160.8+1.92°
gk 23 5 97.641.52° 321.0420.10% 135.2416.752 89.840.47° 26.040.40b 159.2+1.30?
Fi ¥ 5055 96.0+1.41° 300.0424.60° 130.8:+15.22% 90.240.75° 24.640.29¢ 159.4+1.67°
NG P RER IR AR SRR ) 22 57 76 (P<0.05) i R HEKF; RIH]
Lower case letters indicated the level of significance at (P<0.05) of differences between different varieties; The same as below
=7 FhMPREETE 1818 RUKIR BIRTFIE RFLERIBILIERR T
Table 7 Eating quality of rice and physicochemical indicators of the new germplasm Zhendao 1818
. EHRER (%)
B 44 RE RS S 4 FE (%) REEARE (%) eFE (mm) FLRTE N 5 (%)
; Rate of chalky
Variety Overall _eatlng Chalkiness Protein content Gel consistence Amylose content
quality kernel

1% 1818

84.8540.39° 14.2140.85¢ 3.7340.22¢ 5.6340.04¢ 81.5040.41° 17.9440.252
Zhendao 1818
iz 23 5

79.7040.65¢ 27.6340.48° 9.9340.46° 6.5040.04° 65.6340.31¢ 17.3040.13°
Wuyungeng23hao
B 5055

82.60=0.25° 34.60+2.062 8.50+1.29° 7.2740.06° 76.3340.43° 8.6140.14°
Nangeng5055

3 i

el RE K S R AR RAT N, R £ i R A YT AT SRR IR AT R TR RS K 2R 5
ER B RE W, RIDIBEARARED & AR S BRI AT RIL SR RS 5 e
BOK, KA ZE 32,09 K (B 1C) , SBARE RS MA 2 GRS, iiiiss, ZamRaEls (8 1D) ,
HAEM RN, SHXRNEARSTEVRIE S (K 2) , XUHZ RIL ZXAKE AR & BAER

SE 1A% o

AT, F BT 2400 A3 K 218 1 RIL B4k, 1E Feo AUAIIR] 4 /> QTL, AL T26 1. 2 fil 12
Petifk,  Foio fAKMIF] 8 A QTL, AFT45 1. 2. 6. 7. 8. 9 F1 11 etk . Sar AWF 54 RAH L4,



e B A5 LR U 3 F 7 T4 1 etk 1 qpel A7 TR0 RMA72~RM104, AHX T H A< I 31 55 2 2y 37889084 bp
~ 40167060 bp; Wang S0V 2] — AN a2 N EERR & BI040 QTL, A7 FAxic RM315~ RM104, #3
PR ESly 36734135 bp ~ 40167060 bp, X/ QTL HAWFH AL T 5 1 JLta ik gGPCL (36072210 bp ~
39871484 bp) A7 s @ T [A— 07 A1, X VL% QTL BsifA (e Hfesgistfl . T /NT 208 A 27 158 12 Y
AR K qPaT12 7T/ T #5ic RM3331~RM5479, )3 £ 23460827 bp ~ 24379166 bp, 5 Fa.o ALK £
AL T 45 12 et ikl QTL (WAL E 21143708 bp ~ 24994311 bp) fr 5 H Ao M1 5026 I 21 (1 12 1 ks
KA A AR QTL A7 gBRPC6.2 £ T4 Tric RM20076~RM3827 (#FE {7 & : 16811995 bp ~ 22297320
bp) 5 Foao AR BIHIAL T3 6 Bett Ay QTL (WHEALE . 21023225 bp ~ 24999963 bp) #/rH &, AWFFT
H Feo AARTIINE] 4 4~ QTL Al Foao AT MRN8 A~ QTL v, HAH 1 Jetfkft) qGPCL BB B AT H], HAhAL
PSR, K T RS K AR 5T R 0 3 A 2 O DR 1 AT, 38 52 38 A3k DR RN A 5 1R 3% 1 5
Wi, HRFREN, &ARSESER MRS, A Fih qGPCL §Eil 2 [ WCR1PY; Foioft
R T 25 6 Yeta i) QTL FEiL Dul3 J:[K, Duld SRty CoH #E4RE 1, Bl R WxP 18334
DR RR AL B & B, Fono MRAIIEIM S 2 Ytk QTL 55 OsBEIIb K A& % EH,
OsBEIb 5 K gu i e b 43 S 1b,  Xof 7K ARG IR L S A 45 A ke S B FBY: Foaao ARSI 2 (155 8 Hettufdk QTL
5k 25 SCHE LN OsISAL ER, 1SAL S e #y & ORI 7L R B 122, Sk e g SRA0HIE 2 (1 & & 5T &
MOCHERIRE AL R R V), BRI 75— DR 7.

I 5 ET AT A LR ORI, qGPCL A7 sl & A TS FE I LR OsAAPG/QPCL, 1% HE K 4t — M T
ML ROE AR, REUS Em R RIE RS &, 125N 5 IR EINE G 2 N AR TR S8T
RIS 25 B 2 B 2 AR 2l R 2400 FIFE R 218 19 OsAAPG DRI, 45 RILZEEFT 50 i
CARE RIS B AR RAEXCRBE 2 5, HAZHE PR g i X R A5 X _EilE 2kb L EAT I3 22 57, X RAE
% QTL AIREAFAE — BT B R AR R RL R B B & . 1E— 2P # qGPCL jE 73] 516 kb [X[a], i X
SFERAENF M ZB, 3 12 NEFEKAE T SNP 5 InDel 2853, i LOC_0s01965200 £t i iR #h 4%
B A, 1ZEER IR SRR R P RS R AL A R R B, IR RO R AR 1 B TR AR AR
ARA, H A 326 58 PR ¥ 977 26 5 Th R S UE IR 75 2 — P I SRS eI . AR AN RIL R it th A e b o B A
1818, A R HIARHE i) wt MGz A 23 5 (4T AR 1000 /5T BA D AR RE 5055 C(HE)THIFA 2000 5
BLAE) MERIVEE Sk, WTEERTEM, 460 FhmchhBhiz s 3R E M HE
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