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WE: [Eth) NEFRTANWE (peroxidase, POD) EUMEH B TR FTHEE YW, LKiEEH
Hrhr POD EMEEM A, FHRAXGEAEE, INMZRAGERESHEM. [FHE] U 151 BEELELR A
Q2 A IAZ R EM (R) AMH, 2RFAKE F/AZE 90 K SNP X #y 18 189 fn 18 417 /N i & SNP
ARiL, xt POD vEM#H4T AL HA X4 (genome—wide association study, GWAS). [ R 1 ftiX a4+
POD EMERIM) ZHERATRAL AN, EHELZREMARE POD EMERZIY 15.4%—21.8%, @tk h A
0.79, dL#X XA B POD FE MR R HH 15. 0%—19. 9%, & AN 0.82, MKBEAITEA, T FHFHZE
ME POD EMEII D Z A A, HEERM ALY N 0.46—0.89 (£<0.0001), hHERMEZINY
0.50—0.87 (P<0.0001). £ AMIEELE PICIHA 0.09—0.38, F/NEL3 EHE MAF &% 0. 05—0. 5,
PRGN ER, EEARXGHUMERX 2NNEABARENEE, JT0H 3NEH. CWAS T EREW,
A KA R A 2] 20 N5 POD vE M B R ERAAL A (P<0.001), A% 1A, 2A. 2B, 2D. 3A. 3B.
3D. 4A. 4B. 5A. 5B. 6A. 6D fn A JefaiR b, EAML SR T 80—13. MR A R . ALK R
e E] 20 A5 POD &M B E KB (P<0.001) #yfrh, 47 1A. 1B, 1D, 2A. 2B. 2D, 3A. 3B. 4B. 6A. 6B.
TA. TB o 7D Fea iR b, BAME S TARRE 14, 40—23. MR AR . i E B TR, MEGRRFUEEKE
B3 %, /NEAAL POD VEME M E . ERILM BT A POD VEMAR KL A F, 2 ML AEFEEL KA I E R+
BRI 3| ELfa F 3y, WAL A4 STARP (semi-thermal asymmetric reverse PCR) B¢ CAPS AFit, WL JH T
ATFICH B E M. R 3/ANG POD E A KRB E, 27 fa ok B H AR RALEE (PMV-DI). BT A
By (PER40) Foft X AR AN LR EE (F775.31640). NE®]) HEEZR SABAEZR 2N KRB L AN
B, BAREEE, A TAREAKXRKM. & 2B RBERT 28 L 20 A POD FEMALR, HFETFMAMN
o K i 2 3 MERBIERE. &M S (RS 7 AR 2 POD /&Mt
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Abstract: [Objective] Peroxidase (POD) activity has browning and bleaching effects on the color of flour and flour-based
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products during processing and storage. Identification of associated loci and candidate genes for grain POD activity is important
for molecular marker-assisted selection (MAS) in wheat quality breeding. [Method] In the present study, the POD activities
were surveyed with 151 and 82 Chinese bread wheat cultivars from Yellow & Huai Winter Wheat Region (YHRVWWR) and
Northern China Plain Winter Wheat Region (NWWR), respectively, and each set of cultivars was planted in four environments.
A genome-wide association study (GWAS) was performed using the mixed linear model (MLM) based on 18 189 and 18 417
high-quality SNP markers from 90K SNP array for two sets of cultivars, respectively. [Result] The POD activity of the tested
materials showed extensive phenotypic variation and diversity. The variation coefficient of YHRVWWR was 15.4%-21.8%, the
heritability was 0.79, and the variation coefficient of NWWR was 15.0%-19.9%, the heritability was 0.82. The POD activity of
the materials in different environments showed a significant correlation, and the correlation coefficients were 0.46-0.89 (P<<
0.0001) and 0.50-0.87 (P<<0.0001) in YHRVWWR and NWWR, respectively. The polymorphic information content of value
was between 0.09-0.38, and the minimum allele frequency was between 0.05-0.5. The population structure analysis showed that
the two natural populations in YHRVWWR and NWWR were simple and could be divided into three subgroups. In the
YHRVWWR cultivars, 20 loci were found to be associated with POD activity (P<<0.001), which were located on chromosomes
1A, 2A, 2B, 2D, 3A, 3B, 3D, 4A, 4B, 5A, 5B, 6A, 6D and 7A, and each explained 7.8%-13.3% of phenotypic variation. In the
NWWR cultivars, 20 loci showed significant association with POD activity (P<<0.001), which were located on chromosomes
1A, 1B, 1D, 2A, 2B, 2D, 3A, 3B, 4B, 6A, 6B, 7A, 7B and 7D, explaining 14.4%-23.2% of phenotypic variation. Two loci were
detected in both the YHRVWWR and NWWR cultivars, and the associated SNPs could be used to develop STARP
(Semi-thermal asymmetric reverse PCR) or CAPS markers. The regression analysis showed that the POD activity of wheat grain
was higher with the increasing number of favorable alleles. Meanwhile, three candidate genes PMM-DI, PER40, and
F775 31640 were scanned, encoding phosphomannomutase, horseradish peroxidases and alkyl hydro peroxide reductase,
respectively. [ Conclusion] The genetic diversity of the two natural populations in YHRVWWR and NWWR are rich in genetic
structure and were suitable for genome-wide association analysis. Twenty POD activity loci were found in 2 natural populations,
respectively, and three candidate genes were detected. Regression analysis showed that the more favorable alleles variation, the
higher the POD activity.
Key words: common wheat; POD activity; SNP; population structure; candidate gene
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Table 1 Statistical analysis of POD content of 233 wheat cultivars
AN SFEIME PR BRRE A2 R 4L Correlation coefficient ALy
Environment Mean SD - CVOR 2013 WHE 20130 KM (2014) R (2014)
Anyang (2013) Suixi (2013) Anyang (2014) Suixi (2014)
ZBH (2013) 507.03 110.64 21.8 0.79
Anyang (2013)
R (2013) 513.82 111.94 21.8 0.46%%*
Suixi (2013)
ZfH (2014 781.35 129.89 16.6 0.49%%* 0.59%*%*
Anyang (2014)
R (2014) 894.16 154.29 17.3 0.6%** 0.61%** 0.65%%*
Suixi (2014)
SFEIME 727.5 112.27 15.4 0.76%%* 0.80%** 0.84%%* 0.89%**
Average
JEa 2013)  CASKE (2013)  dbmT (2014 AFE (2014)
Beijing (2013)  Shijiazhuang (2013)  Beijing (2014)  Shijiazhuang (2014)
et 2013 591.63 110.48 18.7 0.82
Beijing (2013)
FHIE (2013) 567.45 113.01 19.9 0.50%**
Shijiazhuang (2013)
et 2014 899.49 166.06 18.5 0.58%** 0.55%**
Beijing (2014)
FHIE (2014) 858.88 137.33 16.0 0.56%%* 0.62%** 0.63%**
Shijiazhuang (2014)
SFEIME 729.36 109.26 15.0 0.78%%* 0.79%** 0.87%%* 0.86%**
Average

*RRRIRE P<0.0001 K2R R3%: SD: ArffiZ: CV: TBRFRH

***Significant at P<<0.0001; SD: Standard deviation; CV: Variable coefficient
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Table 2 Statistical analysis of SNP markers for analysis of wheat cultivars from Yellow & Huai Winter Wheat Region
(YHRVWWR) and Northern China Plain Winter Wheat Region (NWWR)

Retufk PR X YHRVWWR JEFAZ X NWWR
Chromosome  yeipiyt  JLAVEMERGIE MAF  2&FRARPIC  bRid¥dE  SMVEGOEESE MAF  Z&EA PIC

No. of markers Ty T Ty e No. of markers Ty S 8 e

Mean Range Mean Range Mean Range Mean Range

1A 1176 0.24 0.05-0.50 0.27 0.09-0.38 1053 0.27 0.06-0.50 0.29 0.10-0.38
1B 1823 0.27 0.05-0.50 0.32 0.09-0.38 1871 0.23 0.05-0.50 0.27 0.08-0.38
1D 463 0.27 0.05-0.50 0.25 0.09-0.37 454 0.25 0.06-0.47 0.27 0.10-0.38
2A 1049 0.26 0.05-0.50 0.28 0.09-0.38 1068 0.23 0.06-0.50 0.26 0.10-0.38
2B 1439 0.27 0.05-0.50 0.29 0.09-0.38 1458 0.29 0.06-0.50 0.30 0.10-0.38
2D 552 0.26 0.05-0.50 0.31 0.09-0.38 611 0.38 0.05-0.50 0.29 0.10-0.38
3A 874 0.26 0.05-0.50 0.28 0.09-0.38 955 0.25 0.05-0.50 0.27 0.09-0.38
3B 1192 0.31 0.05-0.50 0.28 0.09-0.38 1217 0.26 0.05-0.50 0.29 0.09-0.38
3D 212 0.18 0.05-0.47 0.25 0.09-0.37 249 0.27 0.05-0.49 0.29 0.08-0.38
4A 737 0.28 0.05-0.50 0.28 0.09-0.38 779 0.27 0.05-0.50 0.29 0.09-0.38
4B 718 0.24 0.05-0.50 0.28 0.09-0.38 743 0.26 0.06-0.50 0.29 0.10-0.38
4D 49 0.30 0.05-0.50 0.26 0.09-0.37 63 0.29 0.06-0.48 0.30 0.10-0.38
5A 1007 0.26 0.05-0.50 0.31 0.09-0.38 1011 0.25 0.05-0.50 0.28 0.09-0.38
5B 1790 0.29 0.05-0.50 0.31 0.09-0.38 1778 0.24 0.06-0.50 0.26 0.10-0.38
5D 167 0.18 0.05-0.47 0.29 0.09-0.37 169 0.24 0.06-0.50 0.25 0.10-0.38
6A 1083 0.32 0.05-0.50 0.27 0.09-0.38 1093 0.30 0.06-0.50 0.29 0.10-0.38
6B 1314 0.21 0.05-0.50 0.28 0.09-0.38 1314 0.26 0.06-0.50 0.28 0.10-0.38
6D 166 0.25 0.05-0.48 0.28 0.10-0.37 166 0.24 0.06-0.49 0.26 0.10-0.38
TA 1123 0.27 0.05-0.50 0.28 0.10-0.38 1076 0.29 0.06-0.50 0.29 0.10-0.38
7B 1089 0.25 0.05-0.50 0.28 0.09-0.38 1121 0.28 0.05-0.50 0.29 0.08-0.38
7D 166 0.17 0.05-0.47 0.25 0.09-0.37 168 0.22 0.06-0.47 0.24 0.10-0.38

207 a 157 b
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Fig. 1 Estimation of number of sub-populations (K) in Yellow & Huai Facultative Winter Wheat Region (a) and Northern China
Plain Winter Wheat Region (b)
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Fig. 2 Population structure analysis of 151 cultivars from Yellow & Huai Winter Wheat Region (a) and Northern China Plain
Winter Wheat Region (b)
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Fig. 3 Genome-wide association of POD activity with mixed linear model
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The X-axis shows —logl0 transformed expected P values, and Y-axis shows —loglO transformed observed P values.2013SHV: 2013Suixi, 2013AHV:
2013Anyang, 2014SHV: 2014Suixi, 2014AHV: 2014Anyang and Average: Average of the four environments; 2013BBY: 2013Beijing, 2013SBY: 2013
Shijiazhuang, 2014BBY: 2014 Beijing, 2014SBY: 2014Shijiazhuang and Average: Average of the four environment

4 EEZEX () MILHLERX (b) ¥ POD iF S EREHXELSHTHY -0
Fig. 4 Quantile-quantile plot for POD activity of Yellow & Huai Facultative Winter Wheat Region (a) and Northern China Plain

Winter Wheat Region (b)
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*3 HEZZXSIALZEXAMPS POD JEMEEE KIKAY SNP FRIC

Table 3 Marker-trait association for POD activity in Yellow & Huai winter wheat region and Northern China Plain Winter Wheat

Region

FRic Yo firE e MLM kg
Marker Chromosome Position (cM) P4 P value RA(%) ENV

WA F X YHRVWWR

1 RACS875 ¢39125 365 1A 70 5.2E% 8.9 One
2 BobWhite c48481 81 2A 66 3.8E% 8.5 One
3 BS00073382 51 2A 66 6.2E 8.5 One
4 Excalibur_c15740_1106 2A 66 53 7.9 One
5 Excalibur_rep c67994_169 2A 66 5.6E% 7.9 One
6 GENE-0749 215 2A 66 2.9 8.1 One
7 TACX8060 2A 66 5.6E™ 7.9 One
8 RACS875 rep c78518 198 2A 66 5.6E% 7.9 One
9 GENE-1003_357* 2A 177 1.4E%.3.0E™ 10.1-10.9 Two
10 BS00086322 51 2B 109 9.5 7.8 One
11 BobWhite_rep c64049 232 2B 109 9.5 7.8 One
12 CAPS 2833 325 2D 103 3.0E-"-8.6E 8.2-13.1 Three
13 D contig03185 174 2D 101 8.4E-"-1.9E™ 10.4-11.5 Two
14 D _contigl3570_307 2D 103 3.9E-"-6.8E% 8.3-12.3 Two
15 Excalibur_c2311 1116 2D 97 43E-"-8.7E™ 8.8-12.8 Three
16 Excalibur_c2311_1190 2D 97 1.1IE™.2.5E™ 9.8-10.9 Two
17 Excalibur_c2311_2260 2D 97 4.0E-"-47E™ 9.0-12.3 Two
18 Excalibur_c5193 2213 2D 103 2.7E--8.6E 8.2-13.2 Three
19 Excalibur_c4167 231 2D 103 3.4E-"-9 g 7.8-12.7 Three
20 Excalibur_c7366_1475 2D 97 2.5E--8.0E* 8.5-13.4 Three
21 Excalibur_c66045_388 2D 103 3.3E--6.7E% 8.4-12.9 Two
22 Excalibur_c9619 1136 2D 101 4.0E-"-47E™ 9.0-12.3 Two
23 GENE-1304_646 2D 99 3.5E%-43E™ 9.3-9.4 Two
24 GENE-0762 74 2D 101 8.6E-"-2.0E™ 10.4-11.5 Two
25 TAAV790 2D 97 1.98™ 8.4 One
26 TAAV9128 2D 103 3.8E-"-6.9" 8.3-12.5 Two
27 Jagger ¢7882 154 2D 103 3.0E--6.5E% 9.0-13.6 Three
28 Kukri_c17_943 2D 103 2.9E-"-7 g 8.3-13.3 Three
29 Kukri_c16094_496 2D 103 3.9E-"~9 9™ 7.8-12.8 Three
30 Kukri_¢5276 447 2D 97 42E-"-97E™ 8.5-12.8 Three
31 Kukri_¢38203_354 2D 103 3.7E-%-9 7E% 8.0-12.5 Two
32 RACS875 ¢22873 1129 2D 97 7.2E--1.5% 10.6-11.7 Two
33 RACS875 c¢15171 858 2D 97 1.1E™-2.0E™ 10.3-11.1 Two
34 RAC875_¢35807 595 2D 101 8 4E-"-19E™ 10.4-11.5 Two
35 RAC875_¢4851_1600 2D 103 3.8E-"-6.9 8.3-12.5 Two
36 RAC875 _c64504 417 2D 99 6.0E**-9.0E 8.1-8.7 Two

37 RAC875_¢5998 1056 2D 103 2.9E-"-8 7 8.1-132 Three
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423 3 Continued table 3

FRic gefifk e MLM EZS

Marker Chromosome Position (cM) P{ii P_value RX(%) ENV
38 RAC875_¢67940_296 2D 99 4.0E-"-47E% 9.0-12.3 Two
39 RAC875_rep_c101664_297 2D 101 1.2E%2 2B 10.0-10.8 Two
40 TA002335-0425 2D 97 2.3E-%.7.9™ 8.6-13.7 Three
41 RAC875_rep c77646_102 2D 97 2.5E-%-8.0E™ 8.5-13.4 Three
42 tplb0042021 938 2D 99 4.1E-"-47E™ 9.1-12.4 Two
43 1plb0030101_1677 2D 99 1.2E%2 2B 10.0-10.7 Two
44 1plb0060e06_1267 2D 99 12E%2 3% 9.8-10.7 Two
45 wsnp_Ex_c9619_15913632% 2D 99 1.6E*-3 5% 9.6-10.5 Two
46 Excalibur_c25043_618 2D 97 49E™ 95 One
47 wsnp_CAPI1 _rep c4157 1965583* 3A 34 6.3E "™ 8.6 One
48 TACX2831 3A 34 8.6E™ 8.1 One
49 BobWhite_c35789 281 3A 85 43E™ 9.3 One
50 BS00022029 51 3A 86 6.6E™ 83 One
51 Ku_c17569_905 3A 87 9.2E™ 8 One
52 wsnp_Ex_c3478 6369892 3A 87 9.5E% 8 One
53 wsnp_Ex_c12341_ 19693090 3A 123 2.5 9.7 One
54 BS00064472 51 3A 129 508 8.7 One
55 Excalibur_c49743_97 3A 130 2.0E™ 10.4 One
56 Excalibur c78654_184 3A 130 22E% 102 One
57 Tdurum_contigl0548 1605 3A 130 2.4 9.8 One
58 Excalibur_rep_c110501 525 3A 130 3.2E% 9.4 One
59 wsnp_Ex_c700_1379957 3B 97 9.8E™ 7.8 One
60 Excalibur_c47973_67 3D 148 1.8E™ 10.2 One
61 Excalibur_¢5624_1331 4A 87 6.4E " 8.5 One
62 Kukri_¢29142 747 4A 91 2.6E% 9.8 One
63 Kukri_rep_c106490 583 4A 91 4 8E™ 8.8 One
64 RACS875 ¢8472 1174 4A 91 5.4E% 8.9 One
65 Excalibur ¢5624_1026 4A 91 728 8.2 One
66 Kukri_¢34435_265 4A 91 7.2 8.2 One
67 Excalibur_c5624_845 4A 91 8.1E™ 8.1 One
68 Kukri_¢29142 473 4A 91 8.3E™ 8.3 One
69 wsnp_Ex_c2288_4293430 4A 91 9.1E™ 8 One
70 Kukri_¢29142 450 4A 91 93E™ 7.9 One
71 Tdurum_contig33737 157 4B 56 47E-% 12.6 One
72 Excalibur_c36630 2194 4B 56 1.4E™ 10.6 One
73 BobWhite_rep c49034_132 4B 56 1.8E™ 10.2 One
74 BS00021984_51 4B 56 2.6E 9.7 One
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423 3 Continued table 3

Fric ® gefifk fir & MLM EZS
Marker Chromosome Position (cM) P{ii P_value RX(%) ENV

75 Excalibur c42450 727 4B 67 758" 83 One
76 BS00021969 51 4B 89 5.0E™ 8.9 One
77 Excalibur_c766_462 5A 80 42E%.77E™ 8.4-9.3 Two
78 TA001999-0444 5B 180 7.0E™ 8.6 One
79 Excalibur_¢23801 115 5B 183 638" 8.5 One
80 Tdurum_contig66604_927 5B 183 6.5 8.4 One
81 Tdurum_contig27939 357 6A 7 3.3E-"-1.6E™ 10.7-13.3 Two
82 Kukri_c14679 1082 6A 30 2.8E™ 102 One
83 Excalibur_c4789 2748 6D 9 8.0E-” 9.4 One
84 BS00078460_51 7A 83 538" 8.6 One
85 IAAVI265 7A 83 548" 9 One
86 Ex_c9615 574 TA 83 5.9 8.5 One
L4 X NWWR

1 Ra_c54249 1031 1A 71 9.20E 14.4 One
2 BS00067201 51 1B 61 3.00E™ 17.5 One
3 Excalibur_c28681 966 1B 63 8.90E™ 15.7 One
4 BS00083060_51 1B 98 6.50E" 15.4 One
5 BS00077498_51 1B 122 9.50E* 159 One
6 D_GASKES402HUUGY 172 1D 48 6.50E 15.4 One
7 GENE-1003_357* 2A 177 3.0E*-7.4g% 16.5-18.5 Two
8 Excalibur_c13413_165 2B 52 8.50E-" 153 One
9 Kukri_¢52384_196 2B 97 6.30E" 16.5 One
10 Excalibur c12675_1666 2D 103 1.50E™ 147 One
11 wsnp_Ex_c7366_12631101 2D 97 3.6E%.6.1E% 15.5-16.9 Two
12 wsnp_Ex_c9619_15913632*% 2D 99 9.7E%.9 7E* 15.5-18.2 Two
13 RAC875_c64504_417 2D 99 4.70E" 16.8 One
14 Kukri_¢23833_181 3A 86 1.20E™ 203 One
15 wsnp_Ex_c12354 19711297 3A 86 1.20™ 20.3 One
16 BS00022029 51 3A 86 2.60E™ 18.9 One
17 RAC875_rep ¢75557 177 3A 124 9.00E* 147 One
18 RAC875 rep c112642 422 3B 67 9.00E* 145 One
19 TACX5989 4B 62 9.10E™ 15.1 One
20 BS00022466 51 4B 87 2.30E™ 18.6 One
21 IAAV8633 6A 3 5.50E% 16.7 One
22 BS00055293 51 6B 0 5.30E" 16.6 One
23 BS00003852_51 6B 39 1.50E% 213 One
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423 3 Continued table 3

FRic gefifk fir & MLM EZS
Marker Chromosome Position (cM) P{ii P_value RX(%) ENV
24 GENE-0418_209 6B 39 3.80E™ 17.9 One
25 IACX6021 6B 39 3.80E™ 17.9 One
26 RACS875 ¢536 872 6B 39 420E™ 18.2 One
27 BS00090070_51 6B 39 430E™ 17.8 One
28 TA004901-0137 6B 39 8.80E 152 One
29 BS00011530_51 6B 39 9.20E™ 15 One
30 IACX6023 6B 39 9.30E™ 15 One
31 BS00003891 51 6B 39 9.80E™ 14.8 One
32 BS00011365 51 6B 39 9.80E™ 14.8 One
33 Kukri_¢35255 1234 6B 39 9.80E™ 14.8 One
34 Kukri_rep_¢104879 103 6B 39 9.90E™ 152 One
35 RAC875_¢13920_836 6B 40 9.30E™ 15 One
36 RAC875 ¢2532_64 7A 213 4.60E 16.9 One
37 RAC875 _¢11283 379 7A 213 9.60E 14.4 One
38 Excalibur_c12499 1907 7B 98 1.9E -8 g™ 14.8-19.6 Two
39 Excalibur_c57808_355 7B 99 2.0E%-9 4g 15.6-19.7 Two
40 Excalibur_¢3309_1180 7B 99 5.6E%-6.5" 15.8-16.0 Two
41 Tdurum_contig23504_196 7B 98 1.7E%-8 7E% 14.8-19.5 Two
42 Excalibur_rep c68461 1046 7B 99 1.8E%-9 7E% 14.7-19.5 Two
43 wsnp_Ku_c854_1768062 7B 99 53E%.6.6E" 15.8-16.2 Two
44 wsnp_Ku_c854_1768346 7B 99 53E%-6.6E™ 15.8-16.2 Two
45 wsnp_Ex_c10500 17163956 7B 99 53E %648 15.9-16.6 Two
46 RAC875 ¢3361 2093 7B 99 3.50E " 18.8 One
47 Excalibur_c12499 2075 7B 99 5.80E™ 17.7 One
48 TA006077-0786 7B 100 8.30E™ 15.8 One
49 Kukri_¢5789 1029 7D 182 1.2E%-1 8 19.2-21.4 Two
50 BS00074120_51 7D 184 1.3E™.33™ 18.0-20.6 Two
51 BS00074121 51 7D 183 1333 18.0-20.6 Two

“Marker # A2 PERIR RN TE™) A Ef SNP Fxid; "Chromosome ZL (A4 K © Position S8 SNP FRIZHIPI E YENV 7E 4 ANFRBE
BRI B, One AREAE 1 AP IR R, Two AARAE 2 NI P IR S, Three fAFRAE 3 AFREE PR 5]

*Marker, shared markers were detected in MLM models at the threshold -log (P)=3.0; hChromosome; ¢ Position, the marker position on the linkage map; dENV,
times of MTAs identified in four environments. One means MTA identified in one environments; Two means MTA identified in two environments; Three means

MTA identified in three environments

LOX (lipoxygenase) - I PSY. PPO Fl LOX Hl%
BEPRIHEAT (RIS e B0, AR I S AL ) POD
(A FTER > o POD A 72 5 il [HI A9 P €5 1) o B2 4 A

K G, B9 POD ¥ M 25 DR XS /s 22 il Jot o5 (R B AT o 2

AAFFCRIH 90K SNP J [RLES % 2 AN Xk 11 4R B
RZ/ANIAEE T 1) POD 5 EREAT GWAS, AE] 2A.
2D. 5A. 6A. 7B Hil 7D 2 FE LA . H
W1 2D A5 (97—100 M) 7E 3 ANIREE R34 RER I 2],
S LA RS (ISR AT AL, AT AR JLIE B ic T R BT I
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Fig. 5 Regression of favorable POD alleles in 151 cultivars from Yellow & Huai Winter Wheat Region (a) and Northern China
Plain Winter Wheat Region (b)

R4 HEXEXMILBLEEXAMFERSHIREER

Table 4 Candidate genes screened from cultivars from Northern China Plain Winter Wheat Region and Yellow & Huai Winter

Wheat Region
X35k Frid 4R R 2 et i BHEALE B KL A 222 R
Area SNP Genotype Chromosome Position (cM) Candidate gene Reference
TOEA X 144V9128 A/G 2D 103 PMM-DI1 [22]
YHRVWWR Excalibur_c5193_2213 AG 2D 103 F775_31640 [23]
RAC875_¢67940 296 T/IC 2D 99 PER40 [23]
LA FE X NWWR  RACS875_c67940 296 TIC 2D 99 PER40 [23]

YHRVWWR FIl NWWR F3 5 AQ 8 i A e IXRIAL A 21X o BRI ZR0HHL A DAy A0 e S50 20
NWWR and YHRFWWR represent Northern China Plain Winter Wheat Region and Yellow & Huai Facultative Winter Wheat Region, respectively. Bold of
genotype indicates favorable POD alleles

Fid, T2 FhRiciiBh a Rl B LRSI 12
A~ SNP Frid (CAPS ¢2833 325. Excalibur ¢2311
1116  Excalibur ¢5193 2213 . Kukri c17 943 .

Excalibur _c4167 231. Excalibur c7366 1475 Jagger
c7882 154\ RAC875 rep ¢77646 102 Kukri c16094
496 . Kukri_c5276 447 « RAC875 5998 1056 F
TA002335-0425) %4kl STARP 5k CAPS ki, #
N FhRlh B A MR A R TR . eI B 2
GG E AL IbRICA T, 7D A7 R TR AR K

H18.0%—21.4%. KKk, 7EdE—Bt5irh, nfLi% g
RAEIESE 2D b5 7D YR IR ST sk — bR TRE 4N
SENT BN SR I REARICTT R, Ao AR Bl & i
7 SR (=05 WO | O EE s Rl O O VAP I T (T pvivec 7 €% &1
B, S AT ST a5, KA R IR POD ¥%
PEOT SR TT A BT I S bR il 5 /N2 3A YLt fi ity
POD HTEIIHERRIC POD-341 F1 POD-342" A 454,
W ZA T WL TG B HERIAT 7 Fhric il BhiE$E, fef
FIREIEPRRCR, BRSOk m POD IR MR
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AT SEB T H AR BN 7, HONSE. ZHAL
SEPONEIRE ] 90K SNP A8 1 6 THI R i e MR EAT QTL
SENE, P 2D (84.3—94.0 cM) + 5A (71.7—76.3 cM)
Al 7B (109.2—114 ¢cM) QTL SAWFUAMEIK 2D
(97—103 cM) . 5A (80 cM) F1 7B (98 F199 cM)
P RAHIT . 2 Py 2 ] B BRI 2 (1 B S A m AR e
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% 15 POD i HEAH G IRIBAL 1 o I A KR FH Bt o0 AT idk
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) POD 542+, PMM n LB R BTE L PR
LR (& kAN POD #5HEP? . PER40 4t AR ik
A FIAR DG IR 43 Wb Pk (R A S A g, it
A JE TR L0 FE AOitE POD B XIRITER
F775_31640 9wt S0t A ic )i (AhpC)
TEAEYIAEN, AhpC HTLLEIE S POD 58 4+4H [F 4
H,0,, ki POD it DL E ki FE R gt AN [R]
B, A& kR 2 5 POD i PER
K, HHENDE N FFRL POD SR TEE ATTER, R,
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4 i

PR X G LA X 2 A AR EERBLE 2 Rk
FH, BHARGSE R, ST AR NA T 1
2 A EHARBEAR T 4 5 KL 20 A POD JEPER i, Horp
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Table S1  The POD activity in Yellow & Huai Facultative Winter Wheat Region (U-min”g™)
SRR A4 FR eVt 2013 i i% 2013 %[ 2014 42 2014 i i% SFEMIE
Name Origin 2013SHV 2013AHV 2014AHV 2014SHV Mean
1 85 ' 3385 Zhong 33 [ g Henan, China 547.5 559.8 780.3 984.9 718.1
2 Aca60l FIFREE Argentina 652.4 550.8 857.7 930.0 7417
3 Aca 801 R %E Argentina 417.1 387.8 797.4 610.7 553.2
4 Barra RO Italy 627.0 559.5 1015.1 1136.4 834.5
5 Dorico ROKAF Italy 585.8 477.9 910.7 1010.1 746.1
6  Genio R Italy 729.6 509.9 697.7 670.3 651.9
7 Hk1/6/Nvsr3/5/Bez/Tvr/5/Cfn +H-JL Turkey 4011 530.6 7614 883.4 644.1
/Bez//Su92/Ci13645/3Nai60
8  Kanto 107 H s Japan 498.4 434.8 764.0 781.4 619.6
9 Kitanokaori H A Japan 459.4 505.0 868.7 863.1 674.0
10 Klein Flecha FTHRZE Argentina 302.9 4475 721.1 668.0 534.8
11 Klein Jabal 1 FTHR%E Argentina 439.0 379.4 584.7 694.4 524.4
12 Libero RO Italy 416.7 535.5 807.0 876.0 658.8
13 Mantol R Italy 496.2 476.9 783.2 1182.8 734.8
14 Nidera Baguette 20 PR % Argentina 322.8 846.9 899.3 946.4 753.8
15  Norin 61 H s Japan 632.7 444.8 785.1 952.4 703.7
16 Norin 67 H A< Japan 491.0 705.6 956.1 1046.6 799.8
17 ProintaColibr 1 R %E Argentina 430.3 494.0 685.8 782.4 598.1
18  Sagittario RAH Italy 392.2 398.5 761.1 707.0 564.7
19  Abbondanza RH] Italy 527.8 546.8 699.4 786.1 640.0
20 Funo BORH Italy 646.3 635.9 825.5 989.7 774.3
21 % 3 Aifeng 3 FFEBEPE Shaanxi, China 479.2 479.5 713.7 1032.8 676.3
22 %158 Aikang 58 H[E ¥ Rg Henan, China 383.4 425.8 754.5 831.3 598.8
23 421331 An 1331 [ 2% Anhui, China 352.2 416.1 690.6 827.0 5715
24 Ty 3217 Bainong 3217 i [E g Henan, China 416.8 406.8 537.1 780.9 535.4
25 4% 64 Bainong 64 1 [y B9 Henan, China 351.0 404.1 625.2 713.4 523.4
26 8145 Bimal [ B PG Shaanxi, China 466.3 438.1 768.3 838.7 627.8
27 3845 Bimad [ B PG Shaanxi, China 561.6 4758 879.0 855.2 692.9
28 F7= 3 Fengchan 3 r}[E Bk Shaanxi, China 370.9 526.9 679.5 857.9 608.8
29 5936 Fu 936 [ 2% Anhui, China 463.9 655.7 644.6 886.8 662.7
30 #ifft 503 Gaoyou 503 w7 -Jk Hebei, China 503.2 546.6 669.6 822.8 635.5
31 il 8901 Gaocheng 8901  *f'[H i It Hebei, China 365.5 188.6 524.7 646.5 4313
32 W 35Guan 35 Hh [k Hebei, China 465.1 422.4 623.2 625.1 533.9
33 1§ 6172 Han 6172 Hh [k Hebei, China 4835 594.4 795.6 898.4 693.0
34 ffiy 7228 Heng 7228 b [E{ ]t Hebei, China 479.9 444.6 710.3 756.5 597.8
35 #iM 33 Hengguan 33 Hh 3T Ik Hebei, China 455.7 396.2 650.8 851.9 588.7
36 £} 5% Huapei5 H[E ¥ Rg Henan, China 3935 336.2 660.8 693.0 520.9
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Name Origin 2013SHV 2013AHV 2014AHV 2014SHV Mean
37 i 18 Huaimai 18 o1 [ 224 Anhui, China 4485 458.5 613.0 712.8 558.2
38 i 20 Huaimai 20 o} [ 22 Anhui, China 521.3 437.0 782.4 999.5 685.0
39 M 21 Huaimai 21 [ 22 Anhui, China 361.7 452.7 752.3 802.9 592.4
40 PeA 19 Jimai 19 s [E 1L % Shandong, China 359.0 450.8 571.0 687.7 517.1
41 BrZ 20 Jimai 20 #1111 4 Shandong, China 528.2 512.6 757.4 825.0 655.8
42 BrE 21 Jimai 21 s 1l 4 Shandong, China 644.8 710.9 772.5 1203.2 832.8
43 PF 22 Jimai 22 [ 111 %% Shandong, China 758.9 670.1 1041.0 1176.6 911.6
44 ¥reg 17 Jinan 17 [ 111 %% Shandong, China 468.5 416.6 661.8 824.4 592.8
45 HF3* 16 Jining 16 s 111 % Shandong, China 430.7 405.6 699.6 7473 570.8
46 FI 02-1 Jishi 02-1 rpEATL Hebei, China 631.9 512.8 747.6 927.5 704.9
47 4K 9123 Jinhe 9123 rh [T L Hebei, China 573.0 390.7 671.9 757.4 598.2
48 Br# 61 Jinmai 61 #1114 Shandong, China 460.9 341.6 642.6 879.3 581.1
49 2% 24 Lankao 24 [ ¥ Henan, China 852.2 758.7 1016.9 1136.4 941.1
50 %% 2 Lankao 2 [ H9 Henan, China 658.1 659.9 775.2 1089.9 795.8
51 %% 906 Lankao 906 [ #9 Henan, China 784.2 489.3 1081.4 1151.3 876.5
52 K 4 66 Liangxing 66 i [E L 7% Shandong, China 839.3 705.1 1048.8 1226.0 954.8
53 K A 99 Liangxing 99 s [E 1L 7% Shandong, China 528.1 644.4 11315 1090.4 848.6
54 %5 2 %5 Linhan 2 fFE 1 V5 Shanxi, China 460.3 438.2 705.9 861.8 616.6
55 It 12 Linkang 12 [ 1175 Shanxi, China 421.6 465.0 664.4 891.0 6105
56 I 25 Linmai2 [ 111 %% Shandong, China 487.2 654.5 1054.4 1252.4 862.1
57 I 4% Linmai4 [ 111 %% Shandong, China 592.3 5745 776.4 1150.5 773.4
58 #5311 Lumai 11 s [E 1L % Shandong, China 385.3 534.2 559.0 659.8 534.6
59 &% 14 Lumai 14 [ 111 4% Shandong, China 4736 633.3 11445 1228.7 870.0
60 &3 15Lumai 15 [ 111 4% Shandong, China 506.3 4472 712.4 853.7 629.9
61 137 21 Lumai 21 [ 111 %% Shandong, China 612.0 673.8 7745 846.0 726.6
62 4 23 Lumai 23 [ 111 %% Shandong, China 527.6 558.3 898.7 1014.5 749.8
63 4 5Lumai5 [ 111 %% Shandong, China 510.3 509.9 832.8 941.3 698.6
64 “.3 6 Lumai 6 s [E 1L % Shandong, China 535.9 505.1 770.3 1039.8 712.8
65 % 7Lumai7 [ 111 4% Shandong, China 571.1 647.1 808.4 1043.1 767.4
66 77 8 Lumai 8 #1111 4 Shandong, China 436.1 601.0 593.9 830.9 615.5
67 137 9Lumai9 [ 111 %% Shandong, China 646.5 705.2 930.8 1085.0 841.8
68 5502 Lunyuan 502 [ 111 %% Shandong, China 558.6 671.1 1003.2 914.7 786.9
69 2% Luohan2 ¥ #9 Henan, China 349.6 4152 646.1 871.8 570.7
70 %3 21 Luomai 21 ' [E"T RS Henan, China 451.2 565.6 776.3 921.9 678.7
71 N % 188 Neixiang 188 1 5" B9 Henan, China 561.8 605.8 827.0 924.3 729.7
72 tlifk 20 Shannong 20 *H[E 1L 7% Shandong, China 498.7 650.9 931.4 799.7 720.2
73 Bk 229 Shaan 229 I E VG Shaanxi, China 452.4 456.4 677.9 917.1 626.0
74 Pk 223 Shaan 253 [ B4 Shaanxi, China 397.6 469.6 719.3 862.4 612.2




21 1 ISR Sl /N H R A A ) i i 4 DR A DG TR 3 1T
ShRRA4FR V5 2013 {lfiE 2013 =z 2014 =z 2014 {lfiZE FEMH

Name Origin 2013SHV 2013AHV 2014AHV 2014SHV Mean
75 Bk 354 Shaan 354 I E VG Shaanxi, China 519.5 471.0 760.1 726.7 619.3
76 Pk 512 Shaan 512 [ B4 Shaanxi, China 368.4 350.4 7145 706.7 535.0
77 Bk 715 Shaan 715 [ B PG Shaanxi, China 299.9 318.2 7223 629.2 492.4
78 k3 509 Shaanmai 509 rh [E B P4 Shaanxi, China 634.9 423.4 844.8 805.1 677.0
79 [ 94 Shaanmai 94 fFEBEYG Shaanxi, China 570.1 564.5 873.2 998.6 751.6
80 A 78-59 Shaannong 78-59 - [E ¥t Shaanxi, China 507.7 434.6 777.0 671.4 597.7
81 B4k 981 Shaannong 981 I E VG Shaanxi, China 434.6 327.0 591.8 581.1 483.6
82 Al 225 Shaanyou 225 T EBEPE Shaanxi, China 378.1 385.0 715.1 746.2 556.1
83 73 4185 Shi 4185 Hh Tk Hebei, China 443.1 392.9 796.2 665.5 574.4
84 F KT 15 Shijiazhuang 15 1 [E{if ]t Hebei, China 383.1 564.2 814.2 814.9 644.1
85 415 £ 8 Shijiazhuang 8 w1 [ -Jk Hebei, China 494.6 394.5 876.3 878.9 661.1
86 417 733 Shixin 733 [T L Hebei, China 525.0 396.5 622.0 819.0 590.6
87 417 828 Shixin 828 w1 ]k Hebei, China 576.8 436.9 7116 803.0 632.1
88 fifk 17 Shiyou 17 Hh L Hebei, China 520.0 366.7 955.2 1079.4 730.3
89 i 0663 Su 0663 v [ 448 Anhui, China 535.2 630.8 657.8 805.5 657.3
90 T4 6 %5 Sunong 6 b [ 22 80 Anhui, China 518.3 739.5 982.1 1049.4 822.3
91 Z&1li 1 %5 Taishan 1 b 111 %< Shandong, China 692.6 607.6 1013.1 1183.5 874.2
92 Z&1l1 5 %5 Taishan 5 b 111 %< Shandong, China 512.2 579.2 780.9 1078.5 7317
93 fi¢ 23094 Wan 23094 o1 [ 224 Anhui, China 4116 667.6 753.0 870.9 675.8
94 e 29 Wanmai 29 v [ 48 Anhui, China 333.8 4003 545.0 734.4 503.4
95  [MEd 33 Wanmai 33 v [ 48 Anhui, China 456.5 4715 658.6 929.0 628.9
96 [5iF 38 Wanmai 38 [ 2 Anhui, China 517.4 407.1 695.1 862.5 620.5
97 i3 50 Wanmai 50 w1 [ 22 Anhui, China 539.7 521.3 825.8 1108.6 748.8
98 i 52 Wanmai 52 w1 [ 22 Anhui, China 499.1 503.3 759.9 886.5 662.2
99 ¢4 53 Wanmai 53 o1 [ 22 Anhui, China 470.9 544.2 746.6 805.4 641.7
100 ¥4 14 Wennong 14 s 111 % Shandong, China 477.4 561.2 1085.1 1115.1 809.7
101 A& 5Wennong 5 sF[E 111 % Shandong, China 551.4 528.1 809.4 788.7 669.4
102 74 148 Wunong 148 i [E L 7% Shandong, China 410.6 4175 664.1 836.3 582.1
103 P4/& 1376 Xinong 1376 i [E Bk 7Y Shaanxi, China 478.6 4786 699.3 804.0 615.1
104 P& 2000-7 Xinong 2000-7 '[E % Shaanxi, China 409.4 379.8 654.8 633.3 519.3
105 P4 291 Xinong 291 " [E B 7Y Shaanxi, China 509.0 508.2 1016.0 855.4 722.2
106 744 88 Xinong 88 [ B4 Shaanxi, China 4585 522.3 715.1 775.9 617.9
107 P4’& 975-005 Xinong 979-005 *1[E %1 Shaanxi, China 484.4 4387 660.3 770.2 588.4
108 /IME 22 Xiaoyan 22 r}[E Bk Shaanxi, China 630.7 519.9 762.3 983.4 724.1
109  /ME 54 Xiaoyan 54 I EBEVG Shaanxi, China 499.6 4245 737.4 790.1 612.9
110 /ME 81 Xiaoyan 81 fFE VG Shaanxi, China 568.7 584.2 848.9 905.2 726.7
111 ¥ 19 Xinmai 19 rF =315 Xinjiang, China 750.0 482.2 733.4 980.1 736.4
112 %% 9408 Xinmai 9408 Hh[E3F73E Xinjiang, China 594.8 562.4 7415 1068.3 741.7
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Name Origin 2013SHV 2013AHV 2014AHV 2014SHV Mean
113 ¥ 9 Xinmai 9 rF =815 Xinjiang, China 497.6 564.0 813.5 948.0 705.8
114 4 15 Yannong 15 s 111 % Shandong, China 751.9 520.2 880.2 968.1 780.1
115 4 19 Yannong 19 s 111 % Shandong, China 4322 644.3 835.4 1118.1 757.5
116 {Ef% 4110 Yanzhan 4110  *F[E ] Henan, China 650.5 627.7 788.4 952.1 754.7
117 3% 13 Yumai 13 i [E g Henan, China 367.6 361.6 677.6 7373 536.0
118 3% 18 Yumai 18 i [E g Henan, China 4203 484.6 806.9 820.8 633.2
119 %3 21 Yumai 21 [ ¥4 Henan, China 356.9 367.9 4775 643.3 461.4
120 %% 2 Yumai 2 " #9 Henan, China 435.0 536.8 787.2 780.3 634.8
121 5 34 Yumai 34 " 9 Henan, China 575.1 555.1 854.3 1184.6 792.3
122 %3 35 Yumai 35 Hr[E ¥ Rg Henan, China 564.3 487.8 879.0 992.3 730.8
123 143 47 Yumai 47 i [E g Henan, China 639.9 463.9 7215 942.8 693.5
124 3% 49 Yumai 49 i [E g Henan, China 536.0 660.3 944.4 1040.0 795.2
125 3% 50 Yumai 50 [ ¥ Henan, China 4956 589.6 895.7 859.7 710.1
126 4% 63 Yumai 63 [ H9 Henan, China 336.3 613.8 823.7 864.9 659.7
127 #%# 7 Yumai7 [ #9 Henan, China 4458 419.2 599.6 905.9 592.6
128 #9023 Zheng 9023 i [E ¥ Rg Henan, China 468.4 5445 783.3 842.1 659.6
129 51 1% Zhengyinl H [E" 5 Henan, China 537.2 685.0 972.6 878.9 768.4
130 JBM 345 Zhengzhou 3 1 [#A B Henan, China 791.9 695.2 932.4 1042.1 865.4
131 1892 Zhong 892 [ 9 Henan, China 797.8 561.5 978.0 1066.4 850.9
132 1% 871 Zhongmai 871 [ H9 Henan, China 531.6 474.2 7817 860.4 662.0
133 1% 875 Zhongmai 875 [ H9 Henan, China 4916 4958 808.2 960.4 689.0
134 717 895 Zhongmai 895 b [E{#4 Henan, China 460.7 478.6 745.7 922.6 651.9
135 HH 5% Zhongyu 5 H [E" 5 Henan, China 306.7 398.9 821.4 530.2 514.3
136 HH 9% Zhongyu 9 H [EM 5 Henan, China 401.9 517.9 757.1 761.3 609.6
137 JH4 8425B Zhou 8425B w9 Henan, China 554.8 820.5 1061.1 1199.6 909.0
138 fH4# 11 Zhoumai 11 [ H9 Henan, China 4783 449.2 895.2 960.3 695.7
139 J8% 12 Zhoumai 12 [ ¥4 Henan, China 608.3 7126 926.9 1015.7 815.9
140 JH% 13 Zhoumai 13 [ ¥4 Henan, China 713.4 858.6 725.0 1126.4 855.8
141 J4% 16 Zhoumai 16 w9 Henan, China 542.3 4137 713.1 1037.9 676.7
142 JH% 18 Zhoumai 18 w9 Henan, China 535.7 513.0 804.0 1023.2 719.0
143 JH% 19 Zhoumai 19 [ ¥ Henan, China 449.8 349.0 675.0 961.5 608.8
144 JHZ 22 Zhoumai 22 w5 Henan, China 515.4 492.0 7415 962.7 679.4
145  JH% 23 Zhoumai 23 [ ¥4 Henan, China 491.9 580.2 701.1 830.7 651.0
146 JH7 25 Zhoumai 25 w9 Henan, China 529.3 4336 611.8 757.5 583.0
147 JH% 26 Zhoumai 26 w9 Henan, China 512.4 533.4 902.6 803.6 688.0
148 JH% 31 Zhoumai 31 w9 Henan, China 391.7 464.6 707.1 765.9 582.3
149 JH% 32 Zhoumai 32 [ ¥4 Henan, China 514.7 4765 670.2 888.9 637.6
150 ifi# 12 Zimai 12 [ 111 %% Shandong, China 583.3 509.7 854.1 1077.9 756.2
151 WSk 2 % Zixuan 2 Fi[E 111 A& Shandong, China 588.5 541.4 8345 870.3 708.7
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Table S2  The POD activity in Northern China Plain Winter Wheat Region (U-min”g™)

AP AL R V5 20134630 2013 AT 2014 JbR 2014 AL T
Name Origin 2013 BBV 2013SBV 2014 BBV 2014 SBV mean
1 Batjko % 7 Russia 781.2 649.8 1037.4 1130.9 899.8
2 Bruta 2 France 238.1 577.6 820.1 908.9 636.2
3 C i [H Britain 482.3 368.8 849.5 698.3 599.7
4 C39 Y [H Britain 505.9 572.9 907.5 799.7 696.5
5 CA1119 [ Jb 5t Beijing, China 596.0 602.4 788.9 951.8 734.8
6 Carimulti 1%:[# France 717.2 636.1 1155.6 1128.3 909.3
7 D 1 France 669.1 523.8 900.1 975.3 767.1
8 Darius 1 France 584.6 598.6 845.1 820.5 712.2
9 E FORH Italy 758.4 811.9 1202.1 1154.9 981.8
10 F498U1-1021/Boema %'t 2 7 Romania 619.6 624.8 1065.8 777.3 771.9
1 F98047G14-2INC %' Jg 7 Romania 694.5 549.1 962.4 869.7 768.9
12 Festin % France 521.6 521.6 1033.8 984.8 765.4
13 Fro3717 1%:[# France 786.6 424.6 863.9 825.3 725.1
14 Fr03724 1%:[# France 627.7 428.2 819.0 918.6 698.4
15 Fr03725 12 France 630.0 516.9 848.1 567.3 640.6
16 Fr3713 12 France 508.6 502.8 1039.3 743.4 698.5
17 Insignia % France 604.8 689.4 787.7 787.7 717.4
18 Jagger/W94-244-132 S USA 556.4 595.0 838.7 801.9 698.0
19 Kniish 46 # % 1i Russia 767.8 639.1 1014.3 736.1 789.3
20 Lovrin13 %' g 7 Romania 780.9 595.7 842.7 964.8 796.0
21 Magnus fii[§ Germany 525.9 525.9 825.1 825.1 675.5
22 Manital 1%:# France 425.9 425.9 778.2 778.2 602.0
23 Mason/Jagger RORH] Italy 440.0 436.9 831.2 824.6 633.2
24 Mesofold [ France 4153 394.4 621.6 635.1 516.6
25 NSA09-3645 1 France 619.7 619.7 1052.7 9125 801.1
26 RE714 E Norway 629.8 527.9 990.8 891.5 760.0
27 Salmone ¥ France 478.2 486.2 857.3 801.6 655.8
28 Soissons %L France 883.9 772.7 1590.5 1200.0 1111.8
29 Thesee 1%:[# France 675.7 537.5 1175.9 851.4 810.1
30 Wgrc10/3/KS93U69sib/ S USA 608.0 502.7 952.1 874.5 734.3
TA2455//KS93U69/4/Jagger
31 JE 5t 0045Beijing 0045 [ Jb 5t Beijing, China 595.6 540.0 826.9 789.3 688.0
32 KX 134Changwu 134 T E VG Shaanxi, China 571.1 766.5 914.1 743.4 748.8
33 B4 45Jinmai 45 [ 1175 Shanxi, China 675.6 731.1 919.9 884.1 802.7
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A2 R K5t 2013 b5t 2013 AiKE 2014 ks 2014 fiKHE 3
Name Origin 2013 BBV 2013SBV 2014 BBV 2014 SBV mean
34 5( 9428Jing 9428 [ 1k 3¢ Beijing, China 578.1 626.0 872.1 901.2 744.4
35 A& K 139Nongda 139 rp 5k 5t Beijing, China 685.0 511.3 843.5 961.4 750.3
36 %4k 151Qinnong 151 [ B PG Shaanxi, China 5135 574.3 956.9 708.3 688.3
37 %44k 731Qinnong 731 [ B PG Shaanxi, China 602.1 626.4 999.8 795.2 755.9
38 /N Yangxiaomai Hp [} 5 Local species, China 801.5 561.8 881.6 989.3 808.5
39 H 4 206Zhongyou 206 H[E k5t Beijing, China 496.9 493.9 773.0 772.8 634.1
40 i 9507Zhongyou 9507 1 [E-k 5¢ Beijing, China 738.4 729.5 1031.6 901.7 850.3
41 CA0548 [ Jb 5t Beijing, China 576.0 7414 805.4 903.9 756.7
42 CAO0816 (white) rp [k 5t Beijing, China 488.7 649.6 853.4 880.4 718.0
43 CAO0816 (red) rp 54k 5t Beijing, China 529.2 567.7 855.4 677.1 657.3
44 CA0958 1k 5t Beijing, China 546.8 654.0 7755 990.0 741.6
45 CA0998 1k 5t Beijing, China 4325 4178 704.3 613.2 542.0
46 CA1055 H[E k5t Beijing, China 611.2 4477 514.7 7733 586.7
47 CA1090 H[E k5t Beijing, China 605.3 646.7 905.1 933.6 772.7
48 CA1133 [ Jb 5t Beijing, China 643.4 833.6 1161.9 1104.0 935.7
49 CA1135 [ Jb 5t Beijing, China 659.9 773.9 1033.6 1167.2 908.7
50 5t 411ing 411 rp 51t 5t Beijing, China 690.5 715.5 924.6 841.8 793.1
51 “J*4 11Ningdong 11 i[5 5* 5 Ningxia, China 619.4 592.7 958.4 912.0 770.6
52 Wi 37Xinmai 37 r} [ 578 Xinjiang, China 446.5 491.2 555.0 612.9 526.4
53 ¢ 175Zhongmai 175 r}[Et 5t Beijing, China 760.2 887.0 921.0 1190.4 939.6
54 2 415Zhongmai 415 HE k5t Beijing, China 437.9 445.9 657.6 647.2 547.1
55 98039G5-103 %' Jg 7 Romania 694.3 461.9 803.4 891.2 712.7
56 Aztec 1%:[# France 597.3 595.8 995.8 909.6 774.6
57 Azulon 1%:[# France 508.7 467.3 927.3 938.1 710.4
58 CA1062 rp [k 5t Beijing, China 502.2 354.1 695.8 540.9 523.2
59 CA9722 rp 5k 5t Beijing, China 528.7 515.3 728.3 800.9 643.3
60 Donski-93 & 27 Russia 676.3 676.3 1214.4 987.6 888.6
61 F92080G1-1/F93042G2-1 %' JE ¥ Romania 587.5 448.6 996.3 996.3 757.2
62 LASEN ¥ France 561.2 405.2 700.4 786.8 613.4
63 Lovrin10 %' 2 7 Romania 625.1 649.2 1101.2 9155 822.8
64 MV05-08 % 7F ] Hungary 580.5 555.7 1189.0 926.6 812.9
65 Palpich %' 17 Russia 562.9 467.2 924.3 936.6 722.7
66 Selyanka % 17 Russia 711.0 587.8 1124.5 939.0 840.6
67 Starshina %% 17 Russia 609.8 546.1 903.0 7721 707.7
68 TX03A0148 S USA 610.4 610.4 834.2 881.9 734.2
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A2 R K5t 2013 b5t 2013 AiKE 2014 ks 2014 fiKHE 3
Name Origin 2013 BBV 2013SBV 2014 BBV 2014 SBV mean
69 YANA 1 France 556.0 488.2 9223 676.8 660.8
70 Jb 5t 841Beijing 841 [ 1k 3¢ Beijing, China 484.0 4715 827.8 755.7 634.8
71 .4 Doumai R [E 1 75 Fh Local species, China 490.9 419.4 653.8 706.2 567.6
72 471 2Fengkang 2 " [E L5 Beijing, China 477.4 541.5 760.1 808.2 646.8
73 % 67Jinmai 67 Hr[E 11174 Shanxi, China 631.0 616.3 958.3 908.7 778.6
74 34 17Jingdong 17 b [H 1L 5T Beijing, China 398.4 600.0 778.5 845.1 655.5
75 54 22Jingdong 22 H [k 3¢ Beijing, China 744.4 613.7 1086.2 920.4 841.2
76 5% 8lingdong 8 [ ]k 3¢ Beijing, China 682.3 588.7 914.0 859.2 761.1
77 5UX 16Jingshuang 16 [ ]k 3¢ Beijing, China 567.5 628.8 937.5 9345 767.1
78 FHif 6654Keheng 6654 w1 ]t Hebei, China 560.1 4726 646.8 682.2 590.4
79 #3% 987Lunxuan 987 k3¢ Beijing, China 406.7 323.4 665.2 745.1 535.1
80 “J*4 10Ningdong 10 1 [E5* 5 Ningxia, China 626.3 549.1 866.1 823.2 716.2
81 4K 211Nongda 211 *HE k3¢ Beijing, China 544.7 557.2 853.4 834.5 697.4

82 4K 212Nongda 212 *HE k3¢ Beijing, China 548.8 635.2 807.6 871.8 715.9




