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AWFFEiERE ] POD I 1 37 5t 4% A F AR S IR M
RIS A 0 B e R R
ARHEY) 338 /N A2 POD & M2 e K g Al
EHRA 3 ~T A5 HBER T (P <0.05) ok
ANFEHTRT R /N (R ) R (R ) 6] POD
WP AEE 3 ~ 10 £l R R AR B
F# POD 1 Al Bl (F2) W AT Rebordi-
nos 211 ) R IR L P S 3 F 58 6 W, 3 308 /N A
POD JEPEILPRN 55 3 FsE 7 [l YL (o i 2 I,
TS 3 YR YL ik . Brenchley 45" i 57 %
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gov/nuccore/ AF525425 ) i [ 1 3% 38 /N 22 KR
() Class %Y POD 3 4 3L K (WPL) (1) 4 K )3 51
(AF525425) . stk vk B § 4%/ 4185 RIL
TR ZE A 90K 1Y iSelect 3 K05 47 POD Jif 14
FERENL, X QPod. caas — 3AL . QPod. caas —
4BS FI QPod. caas —5AS 3 >R S, B TR
{ERI) QPod. caas - 3AL {5 i 347 R SE R, va b
T 3A Zefafk POD 3L K TaPod — A1 3£ [H 4 DNA
(gDNA) &= K gt 751 3 BT & T —XF Pk B Ab
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FHECHER X BPRE 151 { 5ALERA 21X 82 17 i A
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POD 1ML 4T GWAS, % Bl 2A 2D 5A 6A .
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706, Bk FIH] TaPod — Al fi7 15 ThBEARIC
POD — 3A1/POD — 3A2 %} 129 {4y 7 8 /N 32 &
(R) bRicAl & B, B/ NG i fl (R) LLE A K
POD & PEAA 1Y TaPod — Ala (1) 550 A8 5 25 Al
HE WS R TaPod — D1 {37 S T RERR
it POD —7D1/POD —7D6 %I 98 )} Hi 3@ 4% /N2 iy
Fi(R) AT TR B R BimA /N il ()
PLE AL POD JEPEARC ) TaPod - Ala HYA5 28
SRR E . [ AR S ] 8RN T A X
BriE/INAZ POD T M AH 5 35 PR 45 67 22 S5 43 A7 1 150
AR (H i AR A B/ Nz POD T OB s/
Z TaPod — D1 JEPR A AR 5 43 A1 15 DL 38
WS R/ NAZ i Bl (R ) 2ok S8 Ak 1y i 0 P v AR O T

ST A SE R AR S I ARUR A o [ FLAR e 1) S A
[F) ] 113 358t/ N 22 Bl (3R ) 3647 POD I Pk
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POD - 7D6 73 Hric 45 2R, A 58 7 45k /N 22 o Ao
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Sy AR S POD 1& M 2Z A &R B UE T
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-7D6 WA RN, HRIH S FFRid ik #%5 POD %
PE/NZZ Sl (R ) TR R BT 85 /)N 22 T K JB B
IS FIR R I
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FTHE20 em, B4R AR (R AR 3 47,2 IRE A,
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Ak B SEBEHE N 0. 01
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HRHEAESE B BT s A /N Sl (R 2B 4T
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SEUR 5 B3 OREAT AR A T RO R 4
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7D1/ POD — 7D6 #5 I 24 {5y 3 Gk & /N 22 i P
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Table 1 Molecular markers and their primer sequences for detecting POD active genes
(2N TR S519F51(5-3) PR S 27 3Lk

Marker name Primer sequence(5°-3") Product size(bp) Allele Reference
F.:GCTTCGTCCAGGACGCGTT

POD -7DI1 540 TaPod - Dla  WHE, 281 2017
R:CGAGGAATGGGGGGTTGATG
F:TGGGCATGGGGCTTCTGCA

POD -7D6 640 TaPod - D1b 4%, 4501, 2017

R:GCGAGGAATGGGGGGTTGATG

1.3 #HEAE

FH Excel #E47 8040 G811 FIAH G 53 B, >R H
IBM SPSS statistics 21 X &G HE1T ¢+ 156 S BB R &
UE-ViR

2 HRE 5

2.1 FEZEB/NER POD &

BRI, i3/ N b Fh (2R ) 19 POD I 153
AR (730 ~4 600 U/ (g - min)) , Fe i 5
fik POD & PEAHZE 6 £, POD ~SF-347 1 2 436.

5 U/ (g + min) , ARG POD JEHAHSCRECH
0.6(P<0.01), HgmE/NER POD iEHE(2 507.
8 U/ (g« min) ) & FH#RA/INZ i) POD P-4y 4
(2417.2 U/(g » min) ), 7EHIEL /N H, POD
RPN S 2GR (FR) (W 2 501.7 U/ (g
-~ min) ) > 77 (FR) (2473.9 U/(g - min))
> HBEMA(FR)(2320.3 U/(g - min) ) ; 7E57 56
F/NA H, POD i R B R SRR (R ) (2
524.0 U/(g » min)) > B IS A ( £) (2 426.9
U/(g - min)), %2

®2 AEXRBFEMEZRM(FR) B POD EHE

Table 2 POD activity of different types of Xinjiang wheat varieties ( lines)
£ /N4 Winter wheat F /A Spring wheat
R AL A BT 2
=]
() (zy AR am  BESEC EMEE R
Varieties All varieties () (R) (%) Bt (R) (R) it
lnlro.du.ced Landraces Bre.ed!ng Total Landraces Landraces Total
varieties varieties
o %
S (R ) 113 34 16 39 89 20 4 24
No. of varieties
LS
R 100 38.2 18 43.8 78.8 83.3 16.7 21.2
Frequency (% )
POD {f
POD activity 2 436.5 2 501.7 2473.9 2320.3 2417.2 2524 2426.9 2507.8
(U/(g * min))
Frifi2z Sd 584.9 579.2 420.5 578.1 558.8 699.7 516.1 671.2
AR Ak 730.0 ~ 1500.0 ~ 1760.0 ~ 730.0 ~ 730.0 ~ 1200.0 ~ 1 600.0 ~ 1200.0 ~
Range 4600.0 4600.0 3420.0 3900 4 600.0 4570.0 3310.0 4 570.0

2.2 2ANEBERMNRAREMETRE POD FEHE
W5E M 78 TaPod - Al {5i i, BF TaPod —
ALb SR SR RN (52 ) B POD 5% (2 595.
3U/(g-min))REE(P<0.01)5THA Ta-
Pod — Ala Z5A178 B AR (R ) (2 346.0 U/ (g
- min) ) , TaPod — A1b 5550078 5, TERT B4
INFZZE 5 R (R ) FR8E 3R /D 22 5L A

(F) 1 2 AREALAE S 2T A A RLE] POD 5 #1:1
HAW R 5225 (P <0.01) ;4 TaPod - D1 i 5,
HAY TaPod - D1b 51728 5 2R 5 Fh () 9 POD
1P (2 503.9 U/(g » min) ) & (P <0.05) & T
HA TaPod — Dla 578 5 28R (R ) (2
376.9 U/ (g« min) ) , fEBT SR /N2 bl ()
2 ANEEAAR SRR A4 RHE] POD 3% 1 HA 2 3%



1768

57 %

%5 (P <0.05), TaPod — Al fi 5 K 5 %L 5%
Jik 3, o] T 8RN A POD I M Y Bk

£, M0 TaPod - D1 {3 s YKL 25 2R 7R TaPod ~
D1b Jffes A 5 . 353

*3 FRXENEHHREZMT R POD FHE
Table 3 POD activity of different allelic variations of different types of wheat material
2 /\N#Z Winter wheat #/NA Spring wheat
. Ecrinyal = ey
£t A7 A i N
S (zy TR g AREFC RS EMEE
Gene type Al varieties (R) (%) (R) Bt (%) (%) it
varieties  pyoduced " Breeding Total - - Total
.. Landraces . Landraces Landraces
varieties varieties
TaPod - Alb 2595.3%  2722.3* 2852.5 2365.0 2613.2% 2238.34 2641.1° 2570.0
TaPod - Ala 2346.0°  2327.6" 2 448.7 2302.8 2 344.8" 2992.5% 2250.8"  2356.8
TaPod - D1b 2503.9*  2585.1 2537.0 2418.9  2500.7° 0.0 2543.8 2543.8
TaPod - Dla 2 376.9" 2418.2 2 368.8 2192.8 2 315.0" 2 426.9 2 519.1 2 500.6
TaPod — A1b/TaPod - D1b 2 706.2* 2 914.1* 0.0 2503.5°  2756.3° 0.0 2543.8°  2543.8
TaPod — A1b/TaPod - Dla 2 516.8% 2 634.4% 2 852.0° 2249.6% 2444 3% 2238.3"% 2 680.0° 2578.1
TaPod — Ala/TaPod - D1b 2 408.4>  2292.8" 2 537.0° 2394.0° 2 408.4" 0.0 0.0 0.0
TaPod — Ala/TaPod — Dla 2 283.6"  2351.7" 2272.0" 2161.8"  2265.9° 2992.54 2 250. 8" 2 356.8

I ARTHRRZERBH
Note: Different letters means the difference is significant

2.3 TaPod —Al 1 TaPod — D1 i SE T RA
A5 POD FEHHX R

TERT I B 113 47338 58 /N 22 A1 kL, TaPod -
Al FIl TaPod — D1 F:[R A 5 e AE TaPod — Ala/
TaPod — D1a .TaPod — Ala/TaPod — D1b . TaPod —
Alb/TaPod — D1a Fl TaPod — A1b/TaPod — D1b DY
PR G2 . AN 20 G 288 0 B AR o A
HeBI R . WF9E R, 2 A~ 5 POD i PS54
s 2 4 TaPod — Alb/TaPod — D1b ( 35 1 R

x4 2N ERAREFE

2706.2 U/(g -+ min) ) B3 & T H 2 MK POD ji
PE {4 25 {57 A8 240 4 TaPod — Ala/TaPod - Dla
(2283.6U/(g * min) ), fi—> POD {ifPEFI—
A& POD 15 PS5 AE S 4 A ) TaPod - Ala/ Ta-
Pod — D1b (2 408.4 U/(g + min)) fl TaPod -
Alb/TaPod - Dla (2 516.8 U/(g * min) ) POD 3%
PETC I 25 7, B 2 DN IRedsic Al & A, AT L
PRSI H EBR AR, K4

T ZH) POD ik

Table 4 POD activity of different allelic variants of two genes

POD jF

Aihe compiton N e Peauency oD sty PR !
' (%) (U/(g-min)) #
TaPod — A1b 41 36.3 2 595,34 685.2 53.5 1 200.0 ~4 600.0
TaPod — Ala 72 63.7 2 346.0° 498.4 29.4 730.0 ~3 500.0
TaPod — D1b 53 46.9 2 503.9* 580.8 39.9 730.0 ~4 600.0
TaPod — Dla 60 53.1 2 376.9° 583.2 37.6 970.0 ~4 570.0
TaPod — Al1b/TaPod — D1b 17 15.0 2706.2% 724.5 87.9 1 450.0 ~4 600.0
TaPod — A1b/TaPod — Dla 24 21.2 2 516.8% 648.3 66.2 1200.0 ~4 570.0
TaPod — Ala/TaPod — D1b 36 31.9 2 408. 4" 472.5 39.4 730.0 ~3 500.0
TaPod — Ala/TaPod — Dla 36 31.9 2 283.6" 517.1 43.1 970.0 ~3 310.0

T AR FREFORE 5 B

Note: Different letters means the difference is significant
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2.4 FERBENERM(R)H TaPod - Al
# TaPod - D1 (L mEMNTRM D HIME
R, 7E TaPod — A1 {5 3, Hr s /N
mn (R FEA TaPod — Alb 78 R AR A R
17 43 (15 70.8% ) , Fp A 3545 401 7% S, JH v BRI
Tl (5 ) AT SR (5 ) TaPod — A1b 53 A B 3843
B4 75.0% F170. 0% , 7 TaPod — D1 {3 i, A
TaPod — D1a TEF A /INZ fAl (R ) BEIE A 20
13 (83. 3% ), Jy Al 35 55 A0r A8 S, o L 40 o
() FLH A (R ) TaPod — D1a 5341 4515853 3]

24 100. 0% 01 80. 0% , T i J2& M 86t /1N 22 il b
(FR) 1 SR 2 D0 B30 1910k 7, 2 R B
TaPod — A1b il TaPod — Dla AL $ 45 2% R
15 24 i /N R R LA TaPod — Ala/Ta-
Pod —Dla . TaPod — A1b/TaPod — D1a F1 TaPod -
A1b/TaPod — D1b3 FhEE; A8 B TaPod — Al1b/ Ta-
Pod — Dla 1t 24 (35 88/ NAE b Bl ( F2) (L0 0t Ao
(R)BEL At (FR) s AR50 0 54.2% |
75.0% F150.0% , KR AR HERLF, £S

%5 ARXRFEENEMRTRAEETRRE

Table 5 Frequency of different allelic variation of different types of spring wheat materials

24+ Tatal R SRR (3R ) Landraces A& ( 3 ) Landraces
DRI
Gene type Rl (FR) £ LIES Rl (R B iR AP (52 2 e
Numbers (%) Numbers  Frequency (%)  Numbers (%)
TaPod - Ala 7 29.2 1 25.0 6 30.0
TaPod — Alb 17 70.8 3 75.0 14 70.0
TaPod — Dla 20 83.3 4 100.0 16 80.0
TaPod - D1b 4 16.7 0 0.0 4 20.0
TaPod — Ala/TaPod — D1a 7 29.2 1 25.0 6 30.0
TaPod — Ala/TaPod — D1b 0 0.0 0 0.0 0 0.0
TaPod - A1b/TaPod — D1a 13 54.2 3 75.0 10 50.0
TaPod — A1b/TaPod — D1b 4 16.7 0 0.0 4 20.0
3 it i JUARA S X 5 4 AR, 98 VA H AR AR

3.1 POD FEMHAE

R W, Em ) AR N2 R (FR)
POD &, B () ()36 M A8 53 Bl oK, 3
POD Jf P RS T4 [ 3 A E =& X (JbiB4&
22 X IR 2 ORI VL 3 5 P R 22 X)) T 1Y
AR (FR) o IWARRIZE PS4 KR TR, Brsi /N2 FF
L POD I P A AR 5 T [ b A 22 IX/IN A b
(%) (729.36 U/ (g« min) ) B3RP, e 2K
YIRS P g &2 X /N2 i Fl (R ) (653.38 U/
(g-min) )17 ff, B2 RSN 21
BRI, T 8 ) T2 R X AR R O R
117.8 mm, 23 [ LA (%) 520 FR b X, A 18
R EEA A R A AR A Y SR A, B 5 T R
Fh(Z) 1 POD J5PE 6 272 0 M H T Hifth 22
DX, B/ N iRl (R ) B b E AR 22 X /INEE
i (FR) APRL POD 16 Pk 3563, X E 2R T

FOMAHIE T AHTBER [RI 2R T/ 1 POD i
VESRTR , BriE & /N4 POD S 1% P (2 507.8 U/
(g + min)) & T Hr 824 /N4 19 POD - 34 7% 1
(2417.2 U/(g + min)), #7227 5 fh
A0S TR INE R (R ) B TR AR A
JEA b BT AT ST, R BB R AN SRR (R B R
FBT & s A He A& /N 22 i, VR SRR AR 1 5 2 A
TR POD LA AR Y T S B
Z POD 3% Pk A9 I 520, DRIk, 7 388 o /N 22 i ol
(R)A BT POD IEMESA (R) A MR .
TER A /N Rl (R ) b, 51k s A (52) POD
PERE R T AT MF(R) MM S (R),
B, SRR (R SRR /N2 TR i 0T AL o R
() F B AR TR R /N2 A v g e AR
SIHESN b R (FR ) o Bk B /N 22 00 TR o
JiT. fEHTHA/ N AN (R ) POD 5
TR (R ) S BR T IH 285 XN 22 i o Bk B
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BT SR Z AN W T N A B A
AR PG A TN TS (L O e i T
P /N O 11 ) R POD 33 M i PR A5 U AE i
WA (R) heRE .
3.2 POD iFEMHMEERE TaPod — A1 F1 TaPod —
D1 S FHamgs R

TR /INZZ SR () 1E TaPod — Al 1 TaPod
- D1 2 FEH A, B LA A IK POD T 1 AH 56 1)
TaPod — A1a(63.7% ) F1 TaPod — D1a(53.1% ) 1Y
SENLAR A Ry X 2 PP AR AR R R AR
TR/ SRR (R ) T o3 A AR R A A
INZ R ) o 5 POD 3% P AH OC B4R 5 45
£ 204 TaPod — A1b/TaPod — D1b FE i im4% |
BN R CR) AR BAR, 8 R
14.6% F115.0% o ) A% BEge L0, - H /N
22 ot BURIFGE RS AL B, T IO O 22 1 OG0 T
MR, 20T T A as AR e R T S T A A —
SE RIS AE BEAT v 7 0k B 11 [R] IR, N 28 5% 1]
AR S S AR S R A B L R T AR 8] T R
2§ S AR 20 4 TaPod — Alb/TaPod —
D1b TEFRA/NAE AR o3 A L3R/ Ry 5 | 3t o
(R)>HABMF(R) >HIr b (&), TER
SRR /N TP A AR I B R (R ) >
IR A(R) o RUEsE My fhRp (R ) Xp e
AN RSN R TAEA B Sk R 5T 1 51
ARG /INZZ A 5 554 A8 S A A5 B4R T 5 5 B[]
BF, SRR RN B B SR o DI T SR A B
m AP (R) ARG R EAR TR, SRR T A5
ANH S e T /N2 B s e . IRE, 7
A5 B R T AE R R AR S| S A PG
(R) , RAM SRR G (R) NEAR,
X T B /N R (R ) M 5 5 AR R
R HET ISR SR/ INAZ i R R R T AT o
3.3 POD iFMHEXS FHRCHE AN

Ty REARIC LAFLHERR | =3 T B R T R
BN TAER B Y SIREARIC 1T & B i FH i
WIFR NN Sy T AR AT, B
JREED R A BT R W, TaPod - D1b 1 Ta-
Pod — Ala 3[R R 5% POD &M AH ¢, TaPod -
Dla Fll TaPod — A1b £ #1 5 & POD 15 PEAH &,
52 TaPod — A1 F1l TaPod — D1 /N5 POD 1
FE T REFRIC X B8 /INZ SR (R ) dEAT A6

BRI TaPod — Al %5 {3 A5 5 fll TaPod — D1 ¥ 5
POD i P 5L 4 3.3 IEAR G, Horh BAT TaPod - Alb
S AR SR RHE POD I M 18 35 & T HA TaPod
- Ala S8 SRR, BAT TaPod — D1b 2543748
SERPEL B9 POD 35 P4 5 % 8 T B A TaPod - Dla
SER AR SRR, IHEESETS F T TaPod - 7D1
TaPod -~ 7D6 FRig %t 243 4t [ /N2 b BE AT T
K, 554 POD I MEFR AR 40T , 1% BLE. Ta-
Pod — D1a %5 {3 75 5 i 04 L B AT O 25 9 POD 7%
P, BF R 45 R S I 45 AR — 8, FE R R
POD f935 M52 38t % TR T A 2 TR R 5 4 i 25
S 2R R 0 BT B ORI DR L S 3R
SR AL A K T84 700 S T Y o 5 3
2t e TR R i) ) A R HE S R 1 A T
JINAZ BT R 2F I S A s IS5 S i e
DIREFR ORI , o % BLIR] — T e bR iC 2 ] BF
355 T LA [ 45 SRR s [ — S BEAR I TE A ]
BT b B 3 25 S B A R R P42
BRI, 7645 1 TAE h @ i 3 FORE A B R mi b
AREAL A, %) TaPod — D1 A3 55 [F) 83 A%
55 POD & VM A BEATIR AR SE , K4 2L T Ta-
Pod - D1 £ PIJF % (S REFRIC I & FhSc B .

4 %%

TSR/ N R (2R AR, LL 2 AN POD
TSN AS 2 TaPod — Ala FI TaPod — Dla
R, H 2 4~ POD 3G PS5 AR R TaPod —
Alb/TaPod — D1b Fif Y H 514857 . TaPod — Al ()
IhEEFRIC POD - 3A1 il POD - 3A2 AEHAT1Y X 7>
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Detection of Peroxidase Activity in Xinjiang Wheat Cultivars and

Allelic Detection of Related Genes
WANG Lili, ZHAN Shuaishuai, XIE Lei, WANG Jiqing, Hanikai Makan, REN Yi
SHI Jia, GENG Hongwei

(Key Laboratory of Biotechnology of Xinjiang Agricultural University College of Agronomy, Urumgqi,
830052, China)

Abstract ; [ Objective ] Peroxidase (POD, Peroxidase) activity in wheat grains has an important effect on
wheat processing quality and flour color. To understand the peroxidase activity of Xinjiang wheat varieties
(lines) and determine the variation types and distribution of related genes, so as to lay a foundation for wheat
quality inheritance and improvement in Xinjiang. [ Method] In this study, 113 Xinjiang wheat cultivars were
genotyped by TaPod —3A1/TaPod —3A2 and TaPod —7D1/ TaPod —7D6, combined with the results of meas-
uring the POD activity of Xinjiang wheat cultivars the effects of different allelic variation of POD activity — re-
lated genes on POD activity of wheat cultivars the validity of the functional markers of TaPod — A1 and TaPod
- D1 genes and the frequency of allelic variation of POD related genes in Xinjiang wheat cultivars. [ Result ]
In Xinjiang wheat cultivars, the POD activity of TaPod —A15(2,595.3 U/(g + min) ) was significantly higher
(P <0.01) than that of TaPod —Ala (2,346.0 U/(g + min) ) at TaPod — Al loci and the distribution fre-
quencies of the two genotypes were 36.3% and 63.7% ; the POD activity of TaPod — D16(2,503.9 U/(g -
min) ) was significantly higher (P <0.05) than TaPod — Dla genotype(2,376.9 U/(g * min) ) at TaPod —
D1 loci and the distribution frequencies of the two genotypes were 46.9% and 53.1% . [ Conclusion] Accord-
ing to the results of this , TaPod — Ala (low POD activity) and TaPod — D1a (low POD activity) the main al-
lelic types; markers of TaPod — Al and TaPod — D1 can distinguish the POD activity of wheat seeds well. The
combination of two site — specific markers can screen out materials with high POD activity more it can more ef-
fectively screen materials with high POD activity, increase the frequency of excellent allelic variation of Xin-
jiang wheat varieties (lines) , and promote genetic improvement of Xinjiang wheat quality.

Key words:wheat; peroxidase; function marker; marker combination; allelic variation
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