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Genome-wide Association Analysis of Wheat Grain related Traits
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Abstract: Grain size and morphology is one of the main factors that determine the wheat yield. It is of great significance to
mine the associated loci of grain size and morphology related traits and screen related candidate genes for improving wheat yield. In
this study, 300 representative natural populations of winter wheat were used to identify the phenotype at nine grain traits, including
1000-grain weight, grain length, grain width, grain thickness, grain length-width ratio, grain area, grain perimeter, grain shape and
grain plumpness. This collection was genotyped by 90K SNP chip, followed by genome-wide association study using mixed linear
model (MLM+Q+K). The results showed that these traits showed rich phenotypic variation, with the coefficient of variation ranged
from 3.80%~26.06% and the broad heritability from 56.25% to 91.89%. Sixty-six loci (P < 0.001) were detected by GWAS on 18
chromosomes except 3D, 4D and 5D, explaining 3.74%~14.34% of phenotypic variation at each locus. Thirty-seven pleiotropic loci
were found associating with two or more grain traits. Especially, the BS00022512 51 marker on chromosome 3B was simultaneously
correlated with 4 grain traits (grain length, grain width, grain thickness and grain length-width ratio), with the largest apparent
contribution rate (7.06%~14.34%). The wsnp Ex c4480 8055475 markers on chromosome 6D were simultaneously associated with
six grain traits except grain thickness, grain shape and grain plumpness, and the phenotypic contribution rate was 3.81%-8.25%.

Haplotype analysis of BS00022512 51 and wsnp_Ex ¢c4480 8055475 markers showed that there were three haplotypes of GC-Hapl,
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AT-Hap2 and AC-Hap3 in wsnp Ex c4480 8055475 loucs on chromosome 6D, and Haplotype GC-Hapl is a haplotype with large
grains and high 1000-grain weight. The three haplotypes accounted for 65.58% and 32.25% and 2.17% in population, respectively.
Haplotype GC-Hapl was predominant in four winter wheat regions in China. Nine candidate genes were proposed based on 37
significantly-associated multiple effect SNPs.
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Table 1 Phenotypic data analysis and heritability of grain size and morphological traits in wheat

LGN 28 A S B bR 2 T 5 U i R R 4% 73
Trait Environment Range Mean+SD Ske. Kur. CV(%) H%(%)
R El 24.71—53.84 42.4+4.58 -0.38 0.40 10.81 84.75
TKG E2 26.54—57.49 43.64+4.54 -0.46 0.73 10.41

BLUE 25.58—53.11 42.97+4.27 -0.60 0.73 9.95
Hik El 5.60—7.52 6.63+0.29 0.07 0.38 4.39 91.98
GL E2 5.23—7.11 6.3£0.29 -0.03 0.69 4.62

BLUE 5.47—7.20 6.47+0.28 -0.02 0.50 435
L5 El 2.90—3.79 3.47+0.16 -0.64 0.39 4.54 86.40
GW E2 2.82—3.76 3.360.15 -0.56 0.77 445

BLUE 2.86—3.71 3.42+0.14 -0.76 0.83 421
L J5 El 2.62—3.68 3.13£0.16 -0.20 0.59 5.12 75.69
GT E2 2.64—3.68 3.1240.16 0.12 0.86 5.09

BLUE 2.65—3.52 3.12+0.14 -0.36 0.37 4.50
R A El 12.53—21.14 17.89+1.29 -0.35 0.67 7.23 84.74
GA E2 11.51—23.49 16.41+1.35 0.56 3.89 8.20

BLUE 12.14—21.38 17.15+1.22 -0.17 1.49 7.12
FPRLE K El 14.73—19.44 17.55+0.68 -0.19 0.83 3.86 87.55
GC E2 14.25—20.36 17.04£0.73 0.08 2.16 428

BLUE 14.55—19.33 17.29+0.66 -0.23 1.29 3.80
FPRL B8 b El 1.68—2.35 1.94+0.1 0.40 0.89 5.08 90.64
LWR E2 1.69—2.31 1.9+0.09 0.58 1.30 481

BLUE 1.68—2.33 1.92+0.09 0.50 1.38 4.73
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Trait Environment Range Mean+SD Ske. Kur. CV(%) H%(%)
HRLEAR El 1.00—4.00 2.36+0.54 -0.36 0.28 22.83 61.94
KS E2 1.00—4.00 2.33+0.61 0.01 0.00 26.06

BLUE 1.00—3.63 2.34+0.47 -0.34 0.46 20.03
L El 1.00—3.00 2.15+0.52 -0.46 -0.17 24.17 56.25
GP E2 1.00—3.00 2.26+0.57 -0.39 -0.52 25.06

BLUE 0.97—3.07 2.21+0.43 051 -0.08 19.42

TKG: THR#: GL: KiK: GW: h%: GT: KiE; GA: FRIEA: GC: ¥R LWR: FFRKTELL; KS: ¥PRIBR: GP: FFRLUMHE: El:
2018-2019 4FPEFIGIMFABL A5 E2:2019-2020 4F LA IE 5 BLUE: SELIETL M. TIF

TKG: values for 1000-grain weight; GL: grain length; GW: grain width; GT: grain thickness; GA: grain area; GC: grain circumference; LWR: grain
length-width ratio, KS: kernel shape; GP: grain plumpness; E1: Manas 2018-2019 environmental point; E2: Manas 2019-2020 environmental point; BLUE: Best

Linear Unbiased Estimate. The same as below
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Fig.1 Correlation analysis of grain size and morphological characters in wheat
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5. 8 Fll 8 Mb. fk#E Ak R /KPR B R B/ T 8 Mb X 8] 9 AL s R A3 A [F— A0 i, AL ik R 8

SR B B 5 3 B R G A ARER AR D . SR A Structure v2.3.4 B BEAT BEAAR S5 49 704, H (& 2-b)

AL, AKTE K=3 Bk, RUZEHAGE B ERECH 3. R RRE T PCA 2007, SR ER (B 2-0)

PO RLFEIRE 73 3 AN EHE. BRIk, AHEFE LA K=3 AR BER L1 Q ([EE 1) +3£4 KR K (FEHL
SR T [ MLM A EAT hrad - PR OCHR 04 o

(a)

T 5 K 10

(a) « BHASHIRER: (b))« BHASHITAK B K B2 (o)« ERpHH.
(a) : schematic of population structure; (b): population structure analysis A K as a function of K value; (c) : principal component analysis.
2 BRAEMRERSSIE

Fig.2 Population structure and principal component analysis diagram
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KRG AR (MLM, mixed linear model) %I AN 45 & BLUE fH H1 ) 9 AN/NEEAF R /INRITE A5 1
ARIEATFRAC-TEIRICIBE Mo 1 3 2 A 2 051K (Manhattan plot), PA-logio (p)=3 NEME, =T BMER, A
Ni% SNP A7 5 5% R B AR . 4014 0-0 B (Quantile-quantile plot), 27 52 brUl il (& 5 3122 8 A #0145
PR . W B S UL BRI AG I 1K) SNP A i MRS e A 5, B PR 1 mlan,  OCHR A B 2o Aar i 3
66 M E SNP A7 55 o IXEEAT 25 /3 A 7EFR 3D 4D+ 5D AW 18 Sk Ustiufh b, IfERE 3.74%~14.34% 1)K B
o FEFTAME (% BLUE (HIAED th Ik B OCHAL 0 16 A, B8 4 DRI, 4 /MRISE. 2 KL
JE 1 FPRITARAN 5 PR 58 LLIIOCTRAL /. A TUAE 1B Bt A I BIRFRL R /INFITE 25 1R B ASL A ¢
Z (12, A3 MK TMRJE TAFRER . 6 MR TE ELRT 1 ANFPRIMIEA s . 1B Jufafk
AT RERAFRL R NRTE S PR G BOGEMT, AT /E AT FORP R MR 1 2 e . [EAR RS, fEAD T T
RIAT 12 AL SRR AL i, X ey S AR TRLE . R, KEBE . RIS AFRLCFE L



WA 2 ArAn, AR 37 N5 Z2ANFERR N AE A MR B35 R ER AR E A7 il X BT UM AT AE 1A
1B. 1D. 2A. 2B. 2D. 3A. 3B. 4A. 4B. 5B. 6A. 6B. 6D. 7A. 7B fil 7D Jettufk I, n[fifRE 3.74%~14.33%
PR, H, KI4NE 44 KL ERFRCER R SCER A7 &l. /£ E1 A1 BLUE fEH 41 6B et
R (188.19-191.99 Mb) 4k J& E2 A BLUE {HI B ) 7B Hettufh (23.44-26.24 Mb) Abks il 241 4 1FF
RLPEIR K 2 200 v TE BT PREE R 242 1) 4 A S DA _EPEIR K 2 2007 20F7 . 3B e fA ¥ 687.76 Mb Ab4%
WP RLTE R EATFFRA 98 LU AL 5 B 6D Yt fk (1) 461.92-464.94 Mb Abf& il FhiE . ik, FiTE. FF
FLAR S PR RC 58 LI AL i BIR R IR e HLIRII 55 4 A K DL EFFRLPEAR OG0 A7 iU mT 5E,
A LAMES 73 7 hR i fl B & A QTL K 4H & i ) 35 4
2.4 BEERIGHT

¥ BT SR B 24 2 BS00022512 51 T wsnp Ex_c4480 8055475 {if s #EAT HA5 AL HT, IX AN 25
BIRABRMERBITTIRE (7.06%~14.34%, 3.81%~8.25%), HI[FEIN 5 4 UL FXFRPRSCEE. a1k 4-b
Jii, AT 6D Gt fA(r) wsnp Ex_c4480_8055475 bric Ab My Ffisis i A2 7E 3 AN §1£5 4 (GC-Hapl. AT-Hap2
Al AC-Hap3). EEMHSHT (K 4-2) KI, H GC-Hapl HAEHFHF (R) fETHE (43.38 g¢+4.19 g).
K58 (3.44 mm=0.14 mm). FFRIEAN (17.26 mm2:1.19 mm?) AR E K (17.33 mm=0.63 mm) _F &%

(P<0.05) & T A AT-Hap2 BAERUFEAN (R KT RE (41.77 g+4.21 g). K% (3.37 mm+0.14 mm).
FRITE AN (16.81 mm2£1.17 mm?) AUFRLE K (17.17 mm+0.67 mm); H GC-Hapl BAfE R A (R) K
MR DL (1.90£0.09) .3 (P<0.05) KT A AT-Hap2 Bf5AIH A (R) FIFFRIK L (1.94£0.10);
H AC-Hap3 HfERIH R CRD HFFRIMEIRTE P<0.05 /K°F 5 B GC-Hapl Fll AT-Hap2 543 5 () 5 Ff (52D
(ROFFRLVEIR IS T 2 %2 57, AR5 (H /T GC-Hapl Al AT-Hap2 HA58L S Fh (R) Z [, H AT-Hap2 #
FERE R (R BAREFFRK S LRI 2 2 (P<0.05) & T-H GC-Hapl BAERMMFF (R, HF
MR (R HRKAFIERE 2R, KSR EZRER, HAUN F 2RI T A GC-Hapl H£54
SRR (R RIS, PRI = AN SRR R i B A5 Y GC-Hapl W FFRLE K 1 e TR B FL A5 2L

AT BEAR S A AT, B GC-Hapl S5 AR i (R 1 65.58%, F AT-Hap2 S5 A4 i (R)
5 32.25%, H AC-Hap3 BRI RN (R) & 2.17%, E GC-Hapl JERESA (R) 2SR E K
T-H AT-Hap2 Al AC-Hap3 S5 R AD (FR). MWEERIAEA R ZE X AR A, F GC-Hapl FA5 R
(R AR RN A EZX (90.00%) >KILH FiFAFEX (89.74%) >HEAFEX (69.73%) >
JEEAEIX (69.57%) >[EHAMF (32.26%); F AT-Hap2 Bf5 R SR (R O ATATR R BN [ Ah i Fh

(67.74%) >HHEAFIX (27.52%) >ILIAFEX (26.09%) >PUR X (10.00%) >KITH R FEX
(7.69%); H AC-Hap3 S5 F (R) MNIEILFAEX, EELEZ XKL P Rl £ZX 0, HIE
BEZX PR 5% (Kl 4-c)0 ZXPAGERIY], =Fhi s B0 2 X oA i EAF RN ZE 5t



-logulp)

-logulp)

-logulp)

-|091U(P)

-|091U(P)

~logu(p)

3
H
i
a & | H
. .
s #
i 5
g =
N &
2 7
e &
1
- i
N W A 10 10PHE W W
T T T T T T
chr 24 34 4A SA A PA 1B 23 3@ 48 58 6B T2 1D 22 30 4D S 60 7O
s
a
3
- i "
b
F = o
H
.
! &
[
LI ] 10 10PHE B W
— T T T
chr 24 34 4A SA 6A PA 1B 23 3@ 48 58 6B TE 1D 22 30 4D S 60 7O
3
H
5 i
| B
- . ot
- B
Pt . B
- & -
2 * + 0 .
" : E
N NN N O] RRD0E NN ROE W0 SN 0N SN N N0 (SN0 SR WO S0E RRE R
— T T T T T T T T
chr 24 34 4A SA A PA 1B 23 3@ 48 58 6B T2 1D 22 30 4D S 60 7O
5
s
5 H .
. 1 . -
B -
s
4
- 1
= 5
a i
ir
s % : =
= %
E] ‘ 55
LA

W (W W1 IO S SN W00 (NN GNN ONE Wi (R T AT I
T T T T T T T T T

A ea TA 1B 2 3B 48 B SB TB 4D 20 3D 4D 50 €D 7D

Observed —logyy(p) Observed —logyy(p} Observed —log,g(p) Observed —logyy(p} Observed —logylp)

Observed —log;,(0}

E3 FoMKSHRIELK -0 BRER
Fig.3 Manhattan and Q-Q plot display of partial traits

Expected logio(p)

Expected logio(p)

Expected logia(p)

Expected logio(p)

Expected logia(p)

legio(p)

Expected



*2 ENSZMARTREZXKNUSER

Table 2 Locus information significantly associated with multiple grain traits at the same time

PEAR (A=) Qetnfk L/BER DAL Pa R TRE 73
Trait Marker Chr. Position (Mb) P value R? (%) Environment
GL/LWR Tdurum_contig60037_441 1A 23.97—28.62 1.54E-04—6.92E-04 4.15—5.65 E1/E2/BLUE
TKG/GW Ex_c15768_799 1A 517.48 1.18E-04 —9.59E-04 3.74—5.1 E2/BLUE
GT/KS wsnp_Ex_¢5780_10153638 1B 20.18—26.19 3.73E-04 —7.88E-04 4.12—4.6 E1/E2/BLUE
GL/GT/LWR BS00033332_51 1B 38.83—40.19 1.45E-04 —9.56E-04 3.93—5.38 E1/E2/BLUE
GW/GT/LWR GENE-0403_301 1B 109.73 2.72E-05 —8.54E-04 3.89—6.24 E1/E2/BLUE
GL/LWR Kukri_c19641_753 1B 275.67 4.65E-06 —3.44E-04 4.36—7.36 E1/E2/BLUE
GL/GC/LWR Excalibur_c10111_127 1B 637.62—642.68 1.70E-05 —9.30E-04 3.8—6.5 E1/E2/BLUE
GT/GP wsnp_Ex_c38849 46284348 1B 661.63—668.25 3.59E-04 —7.70E-04 3.95—4.64 E2/BLUE
LWR/GP TAAV426 1D 16.79 4.77E-06 —6.51E-04 7.74—13.07 E1/E2/BLUE
GL/LWR RAC875_¢259_1339 2A 759.83—760.56  4.69E-04 —9.67E-04 4.12—5.79 E2/BLUE
TKG/GW/GA BS00099658_51 2B 2491 3.59E-06 —7.97E-04 5.15—9.11 E1/E2/BLUE
LWR/KS BS00081406_51 2B 140.85—142.45 1.11E-04 —9.23E-04 3.83—5.21 E1/BLUE
LWR/KS Excalibur_c42512_584 2D 577.11—580.19 3.34E-04 —8.25E-04 3.94—4.55 E2/BLUE
TKG/GP Kukri_c14029_117 3A 53.34—55.09 6.68E-06 —8.93E-04 3.76—7.19 E1/E2
GW/KS TAAV8990 3A 375.82 7.11E-04 —7.87E-04 4.03—4.43 E2/BLUE
TKG/GP BS00097939 51 3A 729.58—732.04 1.29E-04 —8.84E-04 4.65—5.84 E1/E2
GL/GC Excalibur_c18641_1849 3B 230.34—235.87 1.12E-04 —8.32E-04 3.8—5.19 E2/BLUE
GL/GW/GT/LWR BS00022512_51 3B 687.76 4.05E-09 —8.17E-05 7.06—14.34 E1/E2/BLUE
TKG/GW Tdurum_contig31852_251 4A 734—734.07 1.24E-04 —9.62E-04 5.07—6.76 E1/E2/BLUE
TKG/GW TAAV971 4B 37.69—40.75 3.45E-04 —9.04E-04 3.82—4.44 E1/E2/BLUE
TKG/GW/GT Excalibur_c56787_95 4B 59.21 2.40E-04 —8.59E-04 4.11—5.88 E1/E2/BLUE
GW/GT Excalibur_c52517_464 4B 167.35 6.01E-05 —6.48E-04 4.01—5.59 E1/E2/BLUE
LWR/GT wsnp_Ex_c25373_34639805 4B 480.59—482.65 3.51E-04 —6.10E-04 4.12—5.53 E1/E2/BLUE
TKG/GW GENE-2771_327 4B 526.73—526.93 6.66E-04 —9.37E-04 3.74—4.26 E1/E2/BLUE
GL/GA/GC wsnp_Ex_c831_1625061 5B 10.53 2.51E-04 —8.32E-04 4.97—5.83 E1/BLUE
TKG/GW/GA BobWhite_c14575_323 6A 129.74 1.65E-04 —6.06E-04 4.11—4.97 E1/BLUE
GW/GT/KS RFL_Contig6053_3082 6A 594.99—597.79  4.47E-04 —8.11E-04 3.94—4.31 E1/BLUE
GA/GC/LWR/KS Jagger c¢555 287 6B 188.19—191.99 3.75E-04 —9.48E-04 3.81—5.08 E1/BLUE
TKG/KS Kukri_c50603_164 6B 451.93—456.76 3.41E-04 —7.98E-04 4.05—4.75 E1/E2
GL/GA/GC Kukri_c65194 111 6D 98.13 1.56E-04 —9.22E-04 3.89—5.04 E1/BLUE
TKG/GL/GW/GA/GC/LWR wsnp_Ex_c4480_8055475 6D 461.92—464.94 1.07E-04 —9.95E-04 3.81—8.25 E1/E2/BLUE
TKG/GT BobWhite ¢5396_296 7A 442.27—443.96 1.38E-04 —9.95E-04 3.77—5.18 E1/E2/BLUE
TKG/GC Kukri_c24408_743 7A 670.82 3.21E-04 —9.55E-04 3.85—4.67 E1/BLUE
GW/GT/LWR Tdurum_contig29240_206 7A 702.4 3.50E-05 —6.28E-04 4.02—5.97 E1/E2/BLUE
GL/GA/GC/GP CAP7_c1383_548 7B 23.44—26.24 1.16E-04 —9.62E-04 3.74—5.17 E2/BLUE
TKG/GA/GP wsnp_Ku_c665_1371121 7B 58.25—58.73 5.23E-04 —8.78E-04 3.95—5.18 E2/BLUE
LWR/KS Excalibur_c32138_394 7D 633.2—633.6 1.45E-04 —7.64E-04 4.1—6.29 E1/BLUE
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2.5 fEIRFE %

3 /N v [ 2 R 4L 808 2 (IWGSC, https://www.wheatgenome.org/), ASHF 78X} 5 2 ANFRL K/
FUTE A MR 525 OCHE SNP Fic HEAT I BE R e, I T 9 NPT REMMBRIZFEDR (32 3). 7E 1B Yotk 147
15 5 AN ik 3% JE K] TraesCS1B03G0270700 1 TraesCSIB03G1104100, 4% 7 4% % MYB % % K T (MYB
transcription factor) FIHH§ (Kinase). HI# Z5HMXAERBIERE, J5H FEEMMIAE 514 LHE RN

A
B =


https://baike.so.com/doc/657609-696054.html
https://baike.so.com/doc/6608813-6822601.html

AiE s hEMEH . 2B BRI TraesCS2B03G0104000 4 ¥ 40 il (2. % P450 (Cytochrome P450) 7EFEY)
WG RER, RAAMBETOESEIIRE. 2T 1D BeB A1) TraesCSID03G0071600 F1 3A Gt A1)
TraesCS3403G0182600 Jmtdh & &5 1 I 2 R 1 32 AR 5l (Cysteine-rich receptor-like kinase), = EAEMH Y4
KR H AR N A G HEAE o 3B Y AR ¥ TraesCS3B03G1107600 4 i% ik 5 & 17 41 (1) & A i

( Pentatricopeptide repeat-containing protein), F#Z HHEY M EPHEMAEKEE . 1T 6B J ki
TraesCS6B03G0448200 #ihiz 3 (Ubiquitin), Z 3 ME A MFEM, Z 2B YR 5 K/
ER2, AT 6D Bt AR TraesCS6D03G0893200 4t RING/U-box it K Ik # 1 (RING/U-box superfamily
protein), ZHHM T LMIBEE SRS LT TA YUK TraesCS7403G1260500 4wts F-box FK k& (A

(F-box family protein), 1ZFKWE AR ME-YINEZ 1, W: MEKKE . E5HSMED LAY
S foh e S5 5 TR B AR A
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Table 3 Screening to obtain candidate gene information

WERALE

LN SNP #Rict PERES ) . B3k 5 ] Thee R

Trait SNP marker Chr. Physical position Gene ID Functional annotation
(Mb)

GW/GT/LWR GENE-0403_301 1B 115.97 TraesCS1B03G0270700 MYB #35%H T

GL/GC/LWR Excalibur_c10111_127 1B 644.63 TraesCS1B03G1104100 g, e

LWR/GP IAAV426 1D 18.15 TraesCSID03G0071600 & & - E MR 152 R Im R R

TKG/GW/GA BS00099658 51 2B 27.54 TraesCS2B03G0104000 U P450

TKG/GP Kukri_c14029_117 3A 53.51 TraesCS3403G0182600 BRI K SRR s

GL/GW/GT/LWR BS00022512_51 3B 703.84 TraesCS3B03G1107600 A TR E S 5 I 2 A 5

GA/GC/LWR/KS Jagger ¢555 287 6B 198.25 TraesCS6B03G0448200 ZE, HE

TKG/GL/GW/GA/GC/LWR  wsnp_Ex_c4480_8055475 6D 484.02 TraesCS6D03G0893200 RING/U-box HZKEHEE, HE

GW/GT/LWR Tdurum_contig29240 206 7A 707.89 TraesCS7403G1260500 F-box Fjik

3 g
3.1 PRI R BIR 5

INERFRR NS PR = B, B SRR T I M R 2, AT TR E R 2
4 A B P, AFFIUR, NERPRA NG A IR 2 A 50, 45 /I7E 56.25%~91.89%
20, B EARERS BRI R, &4 T 2R AT . TR (e 1 TR R
Bz, BRI, JERE. R R RS S R, AR RRPRK G A, R
PRI 5 TR 2R E (P<0.001) FAIYYER, KRS TR E AR (=0.90), R HH
ZFFPRAK SIS, X B S TR E SR B EAIE . B985 TR A S ) B R TR
SR A . IR 55 TR (AR St 0 B TR RS TR (AR A, X2 W) H RN B
F B8 052 R G OB S A, e 8 L ) N\ OB e A EWIC . RS, ARG e FROR TR B 1 2 Y
WAL, DRI T 5 7 50 /N KR8 1 (AT SR BAEAE R M5 R o Giegas SERS4MT T K2 A E A1/
FE ARG AR, TN (A — i< 1 S A Pl — B8 5 . 580 9 0 A0



FRAFRL. Marshall 25RO NEXFRL A LT AL 0T, RIS KN S IR R 3 A7 e — e 2 5, K
R NSZ PR 26 5, WA IE B /N2 L HOM 26 i iy o K A SR Y 5 5 7= 0 R BB R 1 52 1 ¢
T HAFPRL AR BE K, PRI 58 FEE AR 5T B A B 2 B A AU B Atk
3.2 HAT GWAS R S5ET A TR

GWAS 1E Rl 5 RHE MR AR R0 ) TR, FERE s A% & Fi OR35Sk 2 (I E T, Nk
FLR /NI S MR SR B T 22 B R4 i (R B PR, Lg% A AT 1 52 30 JEE IR BRI B 855 AR ) 5
DR S 76 7S [ A 358 P ARG 1 A 2 (b e - MR OGRS A AT B i (M S K B, AR 5T Lh-logio (p)=3 A
B, PR, BRI IR 66 M€ AR - PR OCHRAL 5, AT AERRE 3.74%~14.34% )R AL 5 o
i, 1B YR E LB AL sk (1245, 31X 12 ML g R RS PR . FPRLK 58 LURFF
RV FE o 7 B s S ORI T I 1B Y fd NS F PR MR 45 B A B2, R4 Ja 0 /N PR TR
(IR 5 P AT AR St 35 1B e LRI L Ao KEASHIF S0 45 AN AT AW TEREAT BUARE, R — S8 AR 408 AH T (1 A7 s A
B ARHEFLT 4A Bett il g A 31 5005 2 25 GBI AR 10 Tdurum_contig31852_251 55 Yue Z5 B0V K 5E [k 5
B[N 6-SFT-A2 5HHEEZ) 4.9 Mb,  HEWNZAL fU2 SRR B2 2408 AT RESRVE T-1% 5K . Zhao Z5181 T 1D 4t
A TE 7 38 4% ARG B8 BE A7 L AX-108835501 15 AT 5 v 5 AL 1) BFF KL 58 b TAAVA26 A s AHEEAX 0.14
Mb, FEAHE T RES R R R R AR (10.84%~13.07%), AL 55 AT REAFAE P2 /N ZERFRLK T8 EL L A
[FI, AT 2B GetfAr) 24.91 Mb Abfar il 3145 H AR AR Y BS00099658_51 7 5 . Daba S BUAE1Z 4L,
1A 16.90 Mb AbHG I £ 167 58 (IFRIC S2B_ 16897947, ARSI IE iZ e i dA 1.60-10.17 Mb A4S 3147 i
FILJZ [ QTL, Malik SEB2EZAL 53 T 7 16.59 Mb ARK I 2] 1R AL 51, IX L7 i3 5 A UL R4 A AL 20 Mb,
R 2% G (004 DX B T i S 4% ) /N 22 KPR /IR 25 MR 1 T B X B . AW FE e A 1 4B Y iR 8 11
Excalibur_c56787 95 Fric R4 T-Ri 8 . Rive AURLE, B AWFFCHEAEN T 4B YOk B QTL X Fhi®E
FURFRL K NE 2 2 M S 31, [ B AL T 6A BBk 129.74 Mb Ab (g 42 i TR0 = L L 5 RURF R 17T AR 1)
BobWhite c14575 323 kric. 5 Daba £5B15E f7 Bk K A AR R 25 005 £ 2] 45 DKL S A Anic Az B A FE 3 Mb J8
P, A AL I R R I FRL IR AR DG IR R R, HE DR e MR vT R g ) — B R4 . B T 6D Ytttk 5 6
ANKFRLMER CBE ) wsnp Ex_c4480 8055475 hic 5 Li Z5B45E A7 B TR AR ic AX_109481324 1 Zhao Z5[18]
SEAL IR R B FE AR AX-95156239 AHFEASE 2 Mb, &4 £ AT g2 fl /N AR IR 1 32 20 QTL. 45 &,
AT TR I SNP A7 515 AV ZZFFRIAH SR QTL A7 s Bk R &, 2 B A 7 1 42 B DR 20 DR 40 #fr
AHEBEMIAEE. R RIS 6 MMFFRCEIR ISR wsnp Ex c4480 8055475 FRic fl 1D Gtk e 3R
RITTHRR K0 TAAVA26 bRic, AIAEN QTL A& 4l 5E L AR A I B ik«

EVARAT AR A IR 58 O B 2 (/N2 FPRL IR QTL, (H/INZZ SRR e KT A 2%, DA bk ot o 1 5
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KRB EENE, RIGECTIX/INE TaMYBS-3B SERB LRI, %HEF StkE . BF KA T RE R
MK TraesCSIBO3G1104100 Hitth 75 e, £ N i KA 5 F SO, 82 B PO e A I TP S 5
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PRI RER I AT e AEPIAS S B EFREE tp LA I 2] 66 AMFaE B 1) SNP Axid, Sar AT FRT LRI T 12 4
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