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Fro ARWFFLL 151 4 B W ANNE SRR MR, RIS FHRIL RGN Pod-A1. Pod-DI1 Fl Pod-2D . 5 {1 5540 A%
5, BEZHEL N POD TP E, FRENTAS SR 28 5 M HL AL A FFRL POD S5 PR BB AR R o 45 R BOR, M R
ki POD &AL 325, FIYME AN 674.39 U g ' min!, 4508 431.30~954.81 U g™ min™', 5 RHN 15.52%; FFHE.

JE R R HCH AR N POD 5 PP 2B B S (P < 0.01). 3 M A B S kL POD WM, R4 AR 43
K Pod-Alb. Pod-D1b I Pod-2D-GG. YARMEAFLE 12 PP AR R A A, Kk POD Wi MK L Ay s M
POD G PERE N A28, =25 POD &1t Rk B B KPP < 005) MERNERRNEE . 3 AL FERL
POD ¥ 14 A 38 A% RN AKX A Pod-2D > Pod-A1 > Pod-D1. ¥F L POD i 14 bifi %5 £t 5= S5 A7 36 I £ B 1438 0 S 25 71 =
(R*=0.9681, P <0.05), 4 2~3 M I/ 22 i Fh (R )FFRL POD 36 1 B3 0 TR A 0~1 MR 3L R (K b kL (P <
0.05). K@ﬂﬁ&dxi%ﬁ(?)ﬂ@ﬂﬁ POD &tk 78 S5 KILA & AR 22 K. kR R A 66, 2% 24
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Analysis of the genetic effects of allelic variation at the Pod-A1, Pod-D1, and
Pod-2D loci on peroxidase activity in wheat grains
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Abstract: Peroxidase (POD) activity in wheat grains strongly influences processing quality and the color of wheat-based
products, and is therefore an important target for quality improvement. In this study, 151 wheat varieties (lines) from domestic
and international sources were used to systematically characterize allelic variation at the Pod-A1, Pod-D1, and Pod-2D loci
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using molecular markers. Together with multi-year, multi-location measurements of grain POD activity, we evaluated the
effects of individual alleles and their combinations on POD activity. Grain POD activity showed substantial genetic variation,
with a mean of 674.39 U g”' min "', a range of 431.30-954.81 U g”' min"', and a coefficient of variation of 15.52%. Environ-
ment, genotype, and their interaction all had highly significant effects on POD activity (P < 0.01). All three loci significantly
affected grain POD activity, and the favorable alleles were Pod-A1b, Pod-D1b, and Pod-2D-GG, respectively. In total, 12 alle-
lic combinations were identified and classified into high-, medium-, and low-activity combination types based on grain POD
activity. POD activity differed significantly among the three types (P < 0.05), whereas no significant differences were detected
within each type. The genetic effects of the three loci on grain POD activity followed the order Pod-2D > Pod-Al > Pod-D].
Grain POD activity increased significantly with the number of favorable alleles (R* = 0.9681, P < 0.05); varieties (lines)
pyramiding 2-3 favorable alleles had significantly higher POD activity than those carrying 0—1 favorable allele (P < 0.05).
Significant regional differences were observed in POD activity, allelic variation, and allelic-combination frequencies. Nine
varieties, including Liangxing 66, Lankao 24, and Jimai 22, were identified as carrying all three favorable alleles and exhibi-
ting POD activity above 800 U g™' min~'. These findings provide a theoretical basis and germplasm resources for molecular
marker-assisted breeding to optimize wheat grain POD activity.

Keywords: Triticum aestivum; processing quality; wheat-based product color; peroxidase; POD genes; molecular marker-assisted

breeding

N R E I FEAREEY Z —, AR
3k 2.35%107 hm?, 43474 2t 1.2~1.4 {2002 Bt
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N, T e A B oA R R RS v £
PRAREEUOIS R, o i it AL e 4R S kPR POD i
PE, B8 POD WS hnsflpy i, S48 m /N2 hn T
JoT . A T PR R R A A IR AR

INZZRFRL POD T 1 J& T 22 55 PR 97 ol Y At
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# N Pod-A1 B, FFIF K& T —XF Yk B A RERRIC
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et R S0 STk R IR, 2D YR A7 557 T A A
B BRI E] . Geng PO — AT 7D Yefn
& B Pod-D1I H:H, FFHR4E ¥ 3 22 5% (Pod-D1a il
Pod-DI1b)FF & T — X i P& B #M 5 i POD-7D1 il
POD-7D6. M5 %P5 T 2D Yefafk 1
Pod-2D B, IR P4 22 I R T 38 PSR
HHNFE S P PCR (KASP)#RiC Excalibur ¢95720
329-KASP, 1[4 %k Pod-2D-GG, Pod-2D-AA Fl
Pod-2D-GA & [F#l

K _E R D RE bR ic X ARl /NEE A POD
LR oA FUEEEA T 4325, {H R B 52 POD T
JEHEA T AR N S TR, HMP R Z RET
Pod-Al 1 Pod-D1 {3 5, WA WXF Pod-Al. Pod-DI
F1 Pod-2D 3 M i BRG M diE, #1291 /INE KT
KL POD VMRS FARICHT BN BRI 2ERE . Rk, ASHF
FELL 1510 E NS NZE SR (R) kL, FIHE IF A
HIZHRESRIC RGN Pod-Al . Pod-DI1 Fll Pod-2D 1vi
MAENAES, [FIRTZE 4 POD JEPEINE, WA AN
LN AR S T HH A % POD I P 3 AL 3500, i 10k v
POD VG VEIL A BT, /N2 AP RL POD 15 143
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HBEIAT R 151 E AN N SR (R), A4
SRR (R) 19 0 LR 14 4. WL 14 4y 0 ]
F 48 1. LLZK 30 fy . BRVE 23 iy AILLVE 3 4y, Hh
O R BE RN R b R

T 2012—2013 4EFH 2013—2014 4E4F 151 H3fit
TR R T 0 7 22 B RN 22 BOMEIR o R SR T BE AL
XHBE, 347X, 17K 1.50 m, 478 0.25 m, 47
FERN 50 Kz, 2 RE R . H AR R AR ™, TE#
BJE N TR, WA,

1.2 POD ERZE LT RN

(WA S L E B I T IR IR R 3
Sl —E kR, BTSRRI, =lRAEK 2, R
AT M A, FIFH DNA P 2 BOR ] & (K
WA LR AR A A, JEa)EGE 4] DNA. #
FEJF %4/ POD-3A1/POD-3A2, POD-7D1/POD-
7D6 il Excalibur_c95720 329-KASP 43T #ric 43 4
Kl Pod-Al . Pod-D1 F Pod-2D {3 y5 i) 45 {37 75 5
SIFE) . P8R BRI L X 3 PR A AR A R
W2 1, 5l A TAEY TR () A R 2 A
B

%1 Pod-Al. Pod-DI #0 Pod-2D I S RAREIZEM T FIEME 5 FriZER
Table 1 Information on molecular markers used to identify alleles at the Pod-A1, Pod-D1, and Pod-2D loci

FER Ir R Fric 2 175 iiiﬁ: SERLAESE Bk
Gene Molecular marker Marker type Primer sequence (5'-3") size (bp) Allele  Reference
Pod-A1 POD-3Al STS F: ACGGGAGACGACGAGAAGCAAAG 291 Pod-Ala [24]
R: TCGTGGAAGTGTAGGCGAAGA
POD-3A2 STS F: GTGGCGCAGGGCCTGTCA 766 Pod-Alb [24]
R: GTTGTCGAACACGTTGGGGGA
Pod-D1 POD-7D1 STS F: GCTTCGTCCAGGACGCGTT 540 Pod-Dla [26]
R: CGAGGAATGGGGGGTTGATG
POD-7D6 STS F: TGGGCATGGGGCTTCTGCA 640 Pod-D1b [26]
R: GCGAGGAATGGGGGGTTGATG
Pod-2D Excali- KASP  FAM: GAAGGTGACCAAGTTCATGCTccggacatcatgagggcA Pod-2D-AA [27]
bur_c95720_ HEX: GAAGGTCGGAGTCAACGGAT TccggacatcatgagggcG Pod-2D-GG
329-KASP Common: GCTCCAACTCATCCAGCGTA Pod-2D-AG

STS: JFHIFRICAHL AT ; KASP: 354k 5 7 FL [ 4E 5% PCR. STS, sequence-tagged site; KASP, kompetitive allele-specific PCR.

Pod-A1 M Pod-D1 3 i3 5& R BB 43 501 51 A
Wei Z524H1 Geng 25081, Pod-2D 137 5 i) KASP Fricd
RBRZR . P RE e S IR T ST . RN
450 J5, A PHERAstar Plus [ s B &7 L2 Ik
fifi bR (BMG Labtech, f&[H), >k FAM VIC ROM
R I AT 9615 5 H s, A Klustercaller %14
(LGC Biosearch Technologies, 3 [&)X} 47 4 # 4 ik
(e 35K s
1.3 POD i&EMHEME

I P A A R By i, R G S 5 /N 22 K AL
POD Gk, BRBIELHES B Wei P05k,
POD iU g ' min™") = AA/AXV &/ (mxV x0.01),
Hidr, AA/t 2 POD BTE 50~150 s NIROGEE A fH(AA)
PR AR, VLB SR FR(S mL), m A4
Z R FE R AL (0.5 @), Ve R i BT il R A R
(0.005 mL), 1&EPERANLE L B 2 MR AP TE I

NAZRH 470 nm AEWOGEEAEAL 0.01 Sy — AN BETE
(U)o BEANFEARTE MG 2 WK, a5 2 Yok 2 51
Z(EHME 10%, WFHEZME, FIEERZHEA
) POD & ME{H
1.4 HEHH

I F Microsoft Excel 2016 HFAT80 48 5 3 M |8 =
22l FIH SAS v9.2 34 (SAS Institute, 3 [F)#EAT
BEARG . ESNT . M. 25 W
t K6 M 2 5 R S G HT
2 HRE5HH
2.1 #¥#L POD HHET RS

XF 1SR /NAZ S (R) 4 AN T BIFFRL POD
TWEPEBEA I, S5 2 Bk, R4k POD %
WEAEFEENBAEES, FH¥HER 67439 U g
min~', 2FHEH 431.30~954.81 U g min™!, 25 F 2%
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H15.52%. AFEHELE POD i M S 4% % 1E A,
AR ECH 0.46~0.65 (P < 0.01),J7 2Z 50 Frh B it —

&2 PODFEMEMERSN
Table 2 Variation analysis of POD activity

H o, W, FEHE AR I H EXT POD {4 19 5 1
PR B B K (P < 0.01; 3 3).

E785 3 P fE PR 2 L H AR5 R AL
Environment Mean (U g ' min") Standard deviation Range (U g ' min") Coefficient of variation (%)
2013 % [H 2013 AY 514.06 112.27 188.59-858.58 21.84
2013 % 2013 SX 507.03 110.64 299.90-852.22 21.82
2014 % [H 2014 AY 781.33 129.88 477.48-1145.00 16.62
2014 jfEE 2014 SX 894.15 154.29 530.16-1252.00 17.26
SFHME Mean 674.39 104.64 431.30-954.81 15.52
AY: %[H; SX: &, AY: Anyang; SX: Suixi.
#3 PODEMMAEN
Table 3 Analyses of variance of POD activity
AR S R R FI i 2 SFI7 A ¥575 F{H
Source of variation df Sum of squares Mean square F value
4% Environment 3 31,444,477.25 10,481,492.42 1249.20™
& Replicate 4 641,996.62 160,499.16 19.13"
FHFH Genotype 150 11,633,333.18 77,555.55 9.24™
HFHxFF B Genotypexenvironment 449 5,841,814.51 13,010.72 1.557
B2 Error 528 4,430,213.44 — —

UHIRTE P<0.01 KFEEFEFE, T, significant difference at the P < 0.01 level.

2.2 POD EFEEMT R POD F AN

[Fi] — 57 5 AR S5 AR SR FF AL POD I 4 1 2
S EM TN 4 IR, TE Pod-Al A5, 72 47/
ZEF(R)SH Pod-Ala (i 5, S iR N
47.68%; 79 134T Pod-Alb 5148 5, A3 A i Hy
52.32%. &% Pod-A1b %5507 /N2 bl (FR )Y POD
171099 U g ' min YW & T84 Pod-Ala %
i S BEH633.59 U g min', P < 0.01), Pod-Alb
DK 2 VACE 8

fE Pod-DI i 5, BA %% Pod-Dla Fl
Pod-D1b WIRHEFY 50 64 43 F1 83 14, %15 43.54%
Hl 56.46%. BA Pod-DIb R:[H AR POD 1
(689.26 U g ' min ") g & & T A Pod-Dla JE Rk}
#1654.57 U g min!, P < 0.05), Pod-D1b it 555
s 5

TE Pod-2D i 5, Kl %] Pod-2D-AA. Pod-2D-
AG Ml Pod-2D-GG 3 FhEEALAE S, 4340 B2 5350
37.09% (56 13). 14.57% (22 3)F1 48.34% (73 143).

x4 FRERZFLEZ3 POD FIEAIF M
Table 4 Effects of different alleles on POD activity
N " LJES POD i fE2E ik AR RE
SR s o [ B (ifr' bl 22 I x#%éﬁl
L. Frequency POD activity Standard Range Coefficient of
Gene Allele Number of varieties o L o o
(%) (Ug min ) deviation (Ug min ) variation (%)
Pod-A1  Pod-Ala 72 47.68 633.59” 86.70 431.30-865.39 13.68
Pod-A1b 79 52.32 710.99 106.61 519.29-954.81 14.99
Pod-DI  Pod-Dla 64 43.54 654.57" 102.01 461.40-874.21 15.58
Pod-D1b 83 56.46 689.26 104.45 431.30-954.81 15.15
Pod-2D  Pod-2D-AA 56 37.09 572.75" 48.21 431.30-651.87 8.42
Pod-2D-AG 22 14.57 652.01 15.01 628.88-676.29 2.30
Pod-2D-GG 73 48.34 758.47 75.24 597.67-954.81 9.92

RT3 0 A T — 3 PR R [ A3 A8 S ) POD 3 22 5k 5t 3 (P < 0.05) Al 1B (P < 0.01)K T,

"and " indicate significant differences in POD activity among alleles at the same locus at P < 0.05 and P < 0.01, respectively.
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= POD JHMEAMKIK N 572.75 U g min™'. 652.01 U
g ' min ' M1 758.47 U g min', WFi] 2% 54554
i EKF-(P<0.01), Pod-2D-GG IS4 A8
2.3 POD BEFEEMTRAAXT POD iEEHI RN
e 151 KM R o, Pod-A1 . Pod-D1 FiI
Pod-2D o ALK E] 12 R4 728 Sl A, KR
POD &K H Al 3 253K 5), A Pod-Alb/Pod-
Dla/Pod-2D-GG (10.89%) . Pod-A1b/Pod-D1b/Pod-
2D-GG (23.81%) ., Pod-AlalPod-D1b/Pod-2D-GG (8.84%)
Ml Pod-Ala/Pod-D1a/Pod-2D-GG (4.76%)% i 7% 5
A I/NE BT (R) POD 1% P42, M POD itk
FEPIZH A 2581(758.14 U ¢! min', 48.30%); &4
Pod-AlalPod-D1b/Pod-2D-AG (4.76%) . Pod-A1b/Pod-
Dla/Pod-2D-AG (2.04%) . Pod-Ala/Pod-Dl1a/Pod-
2D-AG (5.45%) M Pod-Alb/Pod-D1b/Pod-2D-AG
(2.72%) S8 S A A I /NEZ SRR (R) POD T P4k
FHEEKF, S POD Ji P SE R 41 A& 24 51(652.01 U
g min', 14.97%); {4 Pod-A1b/Pod-DI1b/Pod-2D-

#5 TRZEMNTHFEEX POD EEAIHIT
Table 5 Effects of different allelic combinations on POD activity

AA (4.76%) . Pod-A1b/Pod-D1alPod-2D-AA (8.16%) .
Pod-Ala/Pod-DI1b/Pod-2D-AA (11.56%) 1 Pod-Ala/
Pod-D1a/Pod-2D-AA (12.25%)%5 i 75 S 20 4 i) /N 32
A () POD TG, AR POD 15 PR HI 41526
#1(572.75 U g ' min', 36.73%). 3 FhZ&AU[E] POD 3%
P22 2R3 i K (P < 0.05), ARSI AY 4 Ff
LA A AR ZES AT E,

XF 3 AR AR NG 4 FhEEALAR S 4G TH]
FJE K AVFD POD i PRt — 24041 & B, & POD i
PRS2 5 2 BN Pod-2D-GG Al 5455 728 5
1 POD & PSR A U LA Pod-2D-AG WL,
ik POD {5 P 3 R 241 5 2R AU HE T Pod-2D-AA4 Z5E57 7%
5, KW Pod-2D HEPIXFFARL POD i M 9 52 I e K .
HIRBIEN Y 4 PP AR 2 A 0] POD TG M 22 5 A iR
¥, [HEMALE POD TG 32— M &
POD TEMILHAI A AAI N, #EHF Pod-A1b 578 44
Bl (Pod-A1b/Pod-D1a/Pod-2D-GG (781.37 U g ' min™"),
Pod-A1b/Pod-D1b/Pod-2D-GG (759.06 U g' min"))

s i i POD il frfi i P 5RH
Allelic combination Num.be.r of  Frequency PODilact1'v17tly Stal.'xdz.trd ijgc'e ; Coe.fﬁ'c1ent of
varieties (%) (Ug min ) deviation (Ug min ) variation (%)

Pod-A1b/Pod-D1a/Pod-2D-GG 16 10.89 781.37 A 65.16  678.74-874.21 8.34
Pod-A1b/Pod-D1b/Pod-2D-GG 35 23.81 759.06 A 86.83 597.67-954.81 11.44
Pod-Ala/Pod-D1b/Pod-2D-GG 13 8.84 740.05 A 60.01 634.82-865.39 8.11
Pod-Ala/Pod-D1a/Pod-2D-GG 7 4.76 734.10 A 52.97  676.75-822.32 7.22

1 POD {f Pk 415 26 71 48.30 758.14 7531 597.67-954.81 9.93
High POD activity allelic combination type

Pod-Ala/Pod-D1b/Pod-2D-AG 7 4.76 655.67 B 12.51 637.58-675.77 1.91
Pod-A1b/Pod-D1a/Pod-2D-AG 3 2.04 655.03 B 23.41 628.88-674.02 3.57
Pod-Ala/Pod-Dl1a/Pod-2D-AG 8 5.45 649.34 B 16.59 629.92-676.29 2.55
Pod-A1b/Pod-D1b/Pod-2D-AG 4 2.72 648.67 B 13.48  632.06-662.73 2.08

T POD TE 12 K 4145 26 00 22 14.97 652.01 1501  628.88-676.29 2.30
Medium POD activity allelic combination type

Pod-A1b/Pod-D1b/Pod-2D-AA 7 4.76 583.62 C 45.33 523.44-651.87 7.77
Pod-A1b/Pod-D1a/Pod-2D-AA 12 8.16 576.15C 40.90  519.29-640.04 7.10
Pod-Ala/Pod-D1b/Pod-2D-AA 17 11.56 573.59 C 59.80 431.30-650.97 10.42
Pod-Ala/Pod-D1a/Pod-2D-AA 18 12.25 565.46 C 4545  461.40-625.96 8.04

ik POD {f P2k X 415 26 Y 54 36.73 572.75 48.56  431.30-651.87 8.48

Low POD activity allelic combination type

(7 7] 50 38 J5 A ) 5 3 7 AN [ 45 67748 55 47 [] POD i 14 2 5 3Kl 35 /K F-(P < 0.05)

Different letters following values within the same column indicate significant differences in POD activity among allelic combinations at P <

0.05.
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) POD &R T Pod-Ala %7 KL Pod-Alal
Pod-D1b/Pod-2D-GG (740.05 U g ' min"), Pod-Alal
Pod-D1alPod-2D-GG (734.10 U g ' min")); {& POD
TEPEIE R ALA KA, #E27 Pod-A1b 778 541k
(Pod-A1b/Pod-D1b/Pod-2D-AA (583.62 U g”' min™").

Pod-A1b/Pod-D1al/Pod-2D-A4 (576.15 U g' min'))
i) POD % 1kt @& T Pod-Ala #m‘r 56K

(Pod-Ala/Pod-D1b/Pod-2D-AA (573.59 U g ' min "),
Pod-Alal/Pod-D1a/Pod-2D-A4 (565.46 U g' min")),
FW Pod-A1 FERXFERL POD 16T IMAES K . 45
FFTR, 3 AL RRERE POD i 1 38 4% 38500 A Tk
4 Pod-2D > Pod-Al > Pod-D1I .
24 MBREMNTRHESHA POD FEMDET
S

X} Pod-Alb. Pod-DIb Ml Pod-2D-GG 1t 5% 1ii
A SR H SR POD JGMESEFT RIH 208, 25 R BoR,
FERL POD {500 5 45 A B R 8 H 42 38 B AR O,
FEI B RN, B P S A A R B E
%, AHL POD T P2 #i F 5 (R® = 0.9681, P < 0.05;

A 900 -
¥ =064.546x+562.94

T R*=0.9681, P<0.05
E
'on
2
z
Z
2
a
©)
[=%}

500 T T T

0 1 2 3

Number of favorable alleles
E1 PODEERRENTEEHHSH

Fig. 1 Distribution of favorable alleles of POD genes

Bl 1-A)o 5450 5L 8L H X POD I 4 5 i i) 2 8
Fegmprit—4 o, BE 2 A3 MMER J@EIB’J
INZE SRR (R)KFRL POD WEME(r N 71223 U g
min ' fil 747.73 U ¢! min Y@ EHTRAE 01
AN S FE B AR 5 R 565.46 U g min™' il
613.60 U g' min") (P <0.05; % 6),

1E 151 A B, 18, 44, 46 F1 39 iy /N3
MR (R IRA 0. 1, 2 F1 3 M RAE A R H,
B REA BB 12.25%.29.93% . 31.29%F1 26.53%
(% 6 M 1-B). fikdkfs 9 (3[R 34 Pod-A1b .
Pod-D1b Hl Pod- 20 GG 3 ML %78 5 H POD i
PERT 800 U g ' min ' AP R, 23090 KA 66,
22204 PR 22, JH 8425B. 2% 906, H 892,
K & 99, Barra 1 Norin 67,
2.5 AREMX/NERF(R)FFAL POD iF ST

ANTa) L XN A (FR)RFRL POD 1l PEAFAERER
Z5, K 2 i, 14 (742.24 U ¢! min YA
(688.34 U g ' min")/NAZ b Ffi () POD TG MEE i, T
J6(615.43 U g min YHIBEPE(620.23 U g' min "))

il

Number of favorable alleles

392 ©) = w
(= (= (=) (=
| L | |

—_
(e}
1

Number of wheat varieties (lines)

(=)
Il

A PSR H 5 POD G YRR UH 2T, B: 151 /032 i b (R DL S S 0 5 R R B 500

A: linear regression between the number of favorable alleles and POD activity; B: pyramiding of favorable alleles in 151 wheat varieties

(lines).

*6 MRERAKBI/NEZRI(F)POD EEHFM

Table 6 Effects of the number of favorable alleles on POD activity in wheat varieties (lines)

e FE A H A AL POD 75 1 il 22 R 5 R
Number of Number of POD activity Standard Range Coefficient of
favorable alleles varieties (U g ' min") deviation (U g ' min") variation (%)
0 18 565.46 C 45.45 461.40-625.96 8.04
1 44 613.60 B 76.29 431.30-822.32 12.43
2 46 712.23 A 88.92 523.44-874.21 12.48
3 39 747.73 A 88.95 597.67-954.81 11.90

(7] 9 500 i A ] - B2 7 55 S R0 5 B R /N 2 i il (BR) ] POD {7 1 22 5738 W8 25 7K F-(P < 0.05)

Different letters following values within the same column indicate significant differences in POD activity among varieties (lines) carrying

different numbers of favorable alleles at P < 0.05.
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2 FREMENERM(R) POD G IE LS

Fig.2 Comparison of POD activity among wheat varieties (lines) from different regions

M I PYA 3 AN SR, R AT 2 AT o ANl B3R AN R DX 5] POD 7% 1 22 57 1K 2. 3% 7K F- (P < 0.05).

Because only three varieties were from Shanxi province, multiple-comparison tests were not performed for this region. Different letters indi-
cate significant differences in POD activity among regions at P < 0.05.

Z Al (R) POD IEEEAR, E4HMN671.51 U g ' min™)
2 #0(645.06 U g min ' )/NEF(R) POD &
I F i 8B KT o I PE /N SRl POD TE R
602.71 U g min"', i1 FIZHLXAL 3 AR, FFRAA
AT Z 5 AT o
2.6 AEMX/NERF(R) POD BEEEMTE
REBAESHINE

7 A, AR IX /NG S AR (R) Pod-Al .
Pod-D1 Fl Pod-2D {3 53 S5 78 5 S HAH & J3 A 3%

R 2ES ., BRSNS Pod-Alb TR HLIX
/N Z i R (R ) Y 43 A AR e B Uk th R
(83.33%) >TFg="21(50.00%) >[E5}(47.37%) >
1t.(42.86%) >BE76(34.78%); Pod-D1b ()43 Aii B A
PRI G (62.50%) > d6(57.14%) >1114(53.33%) >
E Ah (52.63%) > Bk VG (47.83%) > % 1 (42.86%);
Pod-2D-GG B 53 A BRI M 1L 2R (76.67%) > 7
(58.33%) > [ 4h (42.11%) >Bk 75 (30.43%) > b
(28.57%) > 1(21.43%)

F7 AREMXNERM(R) POD ERENTFEREBENMINE

Table 7 Distribution frequencies of POD-gene alleles and allelic combinations in wheat varieties from different regions

S AR Distribution frequences (%)

%&Q%&/k\uﬂé . Syl E=PAN T ] W I i}
Allele or allelic combination w o
All Foreign Anhui Hebei Henan Shandong  Shaanxi

Pod-Ala 47.68 52.63 50.00 57.14 50.00 16.67 65.22
Pod-A1b 52.32 47.37 50.00 42.86 50.00 83.33 34.78
Pod-Dla 43.54 47.37 57.14 42.86 37.50 40.00 47.83
Pod-D1b 56.46 52.63 42.86 57.14 62.50 53.33 47.83
Pod-2D-AA 37.09 42.11 35.71 42.86 29.17 16.67 65.22
Pod-2D-AG 14.57 15.79 42.86 28.57 12.50 6.67 4.35
Pod-2D-GG 48.34 42.11 21.43 28.57 58.33 76.67 30.43
Pod-A1b/Pod-D1a/Pod-2D-GG 10.89 5.26 0.00 7.14 16.67 21.43 0.00
Pod-A1b/Pod-D1b/Pod-2D-GG 23.81 10.53 7.14 14.29 25.00 46.43 22.72
Pod-Ala/Pod-D1b/Pod-2D-GG 8.84 26.32 0.00 7.14 12.50 0.00 4.55
Pod-Ala/Pod-Dl1a/Pod-2D-GG 4.76 0.00 14.29 0.00 4.17 7.14 4.55
155 POD {1 14 45 v 3 (8] 4 75 26 Al 48.30 42.11 21.43 28.57 58.34 75.00 31.82

High POD activity allelic combination type
Pod-Ala/Pod-D1b/Pod-2D-AG 4.76 0.00 7.14 14.29 8.33 0.00 0.00




1600 £ ¥ % #H %5248
[E£3))
Allele or allelic combination e > A

All Foreign Anhui Hebei Henan Shandong Shaanxi
Pod-A1b/Pod-D1alPod-2D-AG 2.04 5.26 14.29 0.00 0.00 0.00 0.00
Pod-Ala/Pod-D1a/Pod-2D-AG 5.45 5.26 14.29 7.14 4.17 3.57 4.55
Pod-A1b/Pod-D1b/Pod-2D-AG 2.72 5.26 7.14 7.14 0.00 3.57 0.00
i POD V5 P 4 o B R A A 2 14.97 15.78 42.86 28.57 12.50 7.14 455
Medium POD activity allelic combination type
Pod-A1b/Pod-D1b/Pod-2D-AA 4.76 5.26 7.14 0.00 6.25 3.57 4.55
Pod-A1b/Pod-D1alPod-2D-AA 8.16 15.79 14.29 14.29 2.08 7.14 9.09
Pod-Ala/Pod-D1b/Pod-2D-AA 11.56 5.26 14.29 14.29 10.42 3.57 18.18
Pod-AlalPod-D1alPod-2D-AA 12.25 15.79 0.00 14.29 10.42 3.57 31.82
i POD 1 P4 55 4o B IR 21 & 25 70 36.73 42.10 35.72 42.87 29.17 17.85 63.64

Low POD activity allelic combination type

M I PYAS 3 AN/ R R, DR EAT AR 5 0 #

Because only three varieties were from Shanxi province, the corresponding analysis was not performed.

TG (58.34%) AT L 2R (75.00%) /N SRl (R & f
B 11 = POD I 14 3k PR 4 A5 S A (B4 T35 48.30%);
LER(42.86%) TR L(28.57%) /N2 il (R B i &
# POD 16 M JE R 41 A 28 R (VA28 14.97%); bR
P (63.64%) . 1AL (42.87%) F[E 4P (42.10%) /N 32 Fi A
(R)I% POD P HE PRI 40 A 257 5 LU 3% v (AT 3
36.73%) WIPG/NZZ S PP 2405 398 Pod-Ala/Pod-
D1b/Pod-2D-AA, HTFAL 3 AP, IR IEAT HL R
3T
3 itit
3.1 POD iFM4H FAric BN FEN 1T

/NZE KPR POD {4 3 2 3 45 11 7557 ) 4% 245 ¥4 T
JSCRI T T ity €035 A AR, 4 el T A T3
PEFNA 7= 5 T o 25 POD i M & 8] 16 184 5t 1l 7977
SR L RS T SR, TSR /NG B R
FLHBRDY, AR POD 16 1 8 T 22 35 R s il 1 B0
PEIR, M5 RAEFRRCRBAR, 40 Fhric 4 Bh it £
A R E T E FRERY,

AT E X 151 3 E AN INEE iRl (R) I
Pod-Al. Pod-DI1 F Pod-2D i 5 #47 ZRGifitbr, W
BT 3 AL SR/ INAZ KPR POD 1 P A 1 2 sl
BEWEER, Hd, 03K Pod-A1b. Pod-DIb
Ml Pod-2D-GG 57 POD % PR AH 36, 45 3k A
Pod-Ala. Pod-Dla 1 Pod-2D-AA ‘5 POD ifi 4 4H
5, 35 T R A B ORI AR 5 B A3 ) ek A v
3 X (F F Y INZZ b Pod-Al . Pod-D1 {3 j5 i RIFGE 45

R—F, [y, R E R Pod-2D 5 Pod-Al .
Pod-DI i gi¥kG 530, RH/NZEFERL POD I PEZ 3
PR I ) 36 3 i AR 40 -

AT R NEZ A BB POD TG PRAAAE)
AR, ARNE N 431.30~954.81 U g! min!, BRZ
Bk 15.52%. X —F & IEFRBEH R 5HER
ZIFEEAMLER . 151 O/NERFI(R) Pod-Al .
Pod-D1 1 Pod-2D i i AFTEA R SR AR 5, HA
[ S50 A8 S A st (L s 22 7 B 3, #57 Ik POD
T 1 JE DR 20 & SR (0 bR 36 AU 57275 U
g min', WA POD 5 3 R 414 A1 RLF
P PEisE] 758.14 U g ' min ' A, B8 KBRS
FE R B H AEXT POD T 4 S0 b 35 52 ), 2 B A Hb
J AR SR IAEE T4 POD W M HAT — 5 R R A
Mo FEMRMEGERMAR S/NEFFRL POD 1
P )35 1 i R BRI T IR SR RE LAl . TR L X /N
Z2 A (R PR POD 16 ME 5 POD HE K %5 (v A% 57 I H:
WA AP S VA, LR RN B /N SR (R)
5 POD i P 2[R 41 5 28 R 43 A A 23R (B R F- 33
48.30%)i5 75.00%F1 58.34%, H: POD i&E4r 5N
742.24 U g ' min ' #1688.34 U g ' min™', & T HAlHb
X /INZZ SRR (R ); AT G R P N 22 R (GR ) IR
POD {ifi P 3k R 41 5 2 B0 43 A AR (F- 35 36.73%) 3 5]
g 42.87%F1 63.64%, H: POD iM% AK(615.43 U g
min~' 162023 U g min"), Z&RFHF—HIELT
POD-3A1/POD-3A2 ,POD-7D1/POD-7D6 Fl Excalibur
€95720_329-KASP Hrichli Bhik £ A &k, K
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b 3 AMLEEEALAR T RS AT, AR HE TR L
POD i, Jy/NZZ POD T 14 22 1) i R 44t m 5 7 43
Fhrichl BB AR

3.2 /NEPOD EMMREA S KA

151 A3 b b} i A 5 46 6 48 5 Pod-A1b .
Pod-D1b Fl Pod-2D-GG A5 A 45343 1A 52.32%
56.46%F1 48.34%; = POD THPEIERZH A28 5 1
48.30%, {K POD I I3k R 4] &2 1 1t 36.73%, iX
5 i i AR PO RIBE AR S P A T 4 SR AR — 5, R
IR E/NZE i Fh POD LRI 5 S A8 53 R At #4541
B ATIURARAR, KPR POD IEMEAFAERE K I EA%
LR FNBR TS (B) L X AT B S L E A B AR
FRIR . XS RARSCAY POD & PR B A E LR EE AN
SRR Hak, AR 2R LR — POD JEHNLE,
e = X 2 5L R U [ RN 19 R SR, S e R AL
B ELISEER POD J PR RS HERERE . I, RAEk
INEF R TAESR, RN POD i M # % 7,
G FhricBnERRHOR, 17 POD TEMEZ N
DRI BERE, $ 1 5 S AR S R AR S B 1 o AT
R, TSE I R POD I /INZZ b ) B RLE B

AWFFEUESL, /NEEFERL POD 36 500 57 45 o7 ik
R H S B TE A DG (R = 0.9681, P < 0.05); B4
2 AF 3 AN IR R ) /INZ SRR (R)FFRL POD 1 1
WERTERES ONANL ML RERE M E(P < 0.05),
FME it Pod-Al. Pod-DI1 Fl Pod-2D 3 Mi 5 i 1k
GEERE, REARCTRLE = POD WG PEMEL, TRAb R
— R R BR T, R TR MR RRROR . X
— SR AW S R — 2, BRI D RebRic 1T
2 H PR AT SR B ACRP E—i R
B, BA 2 3SR RN i A (R) P2
POD {43518 712.23 U g min ' Fl1 747.73 U g
min', SR A 31.29%FH1 26.53%; #EATE POD
TG PERE R 2 & 28 BB B2 POD I6 £ 758.14 U
g ' min!, SMESIE N 48.30%. KL, ARG 2
3 AR E POD §PERT 750 U ¢!
min~' {E>4 POD & Mok B i & Fh B bx .

T ] 5 AN SZ POD TG PEE, B 5%
. ZE LB (polyphenol oxidase, PPO). A&
AL B (lipoxygenase, LOX)TG PE &= 85 PIAH 0 [,
5B POD ¥ 1 i R 5 1 (0 5 A B R 4R T, A
BORBUA T B MORES: 15, DIARHESE Ik iy R
66, 2% 24 FIBF A& 22 % 9 (R R4 3 MESRSL
AF5E(Pod-Alb., Pod-DI1b Fll Pod-2D-GG)H. POD i

PERTF 800 U g min ' AP TR N O IEAR, B
B A A HR, 768 iR AR (Fo/Fs) R 43
FhRC A TE B8, Tk 2~3 MR POD
K. Psy-A1b (& ¥ FK). Ppo-A1b (i PPO 7))l
Lox-Bla (# LOX &) SEF B, G,
454 POD IHMECKRT 750 U g ' min"), TiAGF5%kL.
T PR ISP L T B SR R AR S, SE /N
POD W& SN T8 . il G R R . it
Gh, ARG KB Pod-2D 13 55.%F POD 54 (I 4534
N 3% N W % (Pod-2D > Pod-Al > Pod-DI), H.
Pod-2D-GG “F (78 St JEE POD 1 M3k R4 4 26 1Y
MR RRAE, BRI, 8 R S B b n] A SE R
Pod-2D-GG W # kL, & L K G Pod-AIb Fl
Pod-D1b i A8 5, #E— L3t m Bk BEaeE.
3.3 NERIE POD ERIMNERMFIGE D
B Tk, POD s (AR i S AL P )
W LLE B (> 1000 U mg Y ain, &
A K TR R A 0.001%~0.010%., Fif ABFE & 3E,
100 g Mk RN 250~400 U 19405 POD A] @ ik
35 0 AR AR A AR >1O JE T AR ST POD ISR 2
7k, HHRA R POD i PEk 954.81 U g ! min ™,
BB A 1591.67 U g ' @28, w1 POD IRl
R . #R100 Fraignier S/ FIE R BH, /NFEATHL
POD &1 HA I B AL SURET 1, MBI 2 2R EL
HOL TG PR R W RE K, TRy POD & MR AR Bk R Y
5%~60%. WAL, HMIR ] 57 264 Ak FRS kb 2,
FE TN T R v L pH i M | $R R R A Ak
RYPTFNIREECT . Rk, AHFSE 5 H 0 POD
TEPEA R, HNTR POD BERA B LANE POD %R
Jnsfl, AT Tk R I POD & PR Sl A Wi
Tt il i 5 R R GV S5 0t — A BT

4 g

Pod-Al. Pod-D1 F1 Pod-2D 13 p5 ¥4 %5} /N2 kL
POD &4 ELAT W358,  HIst s Kk Sk Pod-2D >
Pod-Al > Pod-D1, Pod-Alb . Pod-D1b F Pod-2D-GG
TS A AR S AR i A I B 12 A AR
SA A, WKIEFRL POD W& MG LR 4 e . .y AR
POD %M 3E R A28/, 3 Fh2eAlfE] POD M2 =
VIR R0 K, MW 4 FA AR 2ZE R AR E
INFERFRL POD I 1 50 S A 0 B R SR G SR
B, $ Pod-A1. Pod-DI1 Fl Pod-2D {3 5 5k
A F, RS AEGR = POD IS PEAT R, R T B
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