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Detection of Allelic Variations of PPO Activity and Psy Gene for
Yellow Pigment Content in Weibei Dry Highland Winter Wheat
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Improvement Center, Yangling Branch, Yangling Shaanxi 712100, China)

Abstract: The PPO (polyphenoloxidases) activity and yellow pigment (YP) content are two important
factors influencing wheat flour whiteness. In order to investigate the distribution of allelic variations
of genes Ppo-Al ,Ppo-D1,Psy-Al and Psy-Bl in Weibei Dry Highland winter wheat, functional mo-
lecular markers PPOI16 ,PPOI8,PP(029 ,YP7A ,YP7A-2,YP7B-1 and YP7B-2 were used to detect 46
wheat cultivars released. The results showed that two allelic variations at Ppo-Al locus were found in
Weibei Dry Highland wheat cultivars, Ppo-Ala and Ppo-Alb alleles, respectively. The frequencies of
alleles Ppo-Ala and Ppo-Alb were 45.8% and 54. 3%, respectively. Ppo-Dla and Ppo-D1b at Ppo-
D1 locus were 54. 3% and 45. 8 %, respectively. The frequencies of allelic combinations of PPO genes
for Ppo-Alb/Ppo-Dla(the lowest PPO activity),Ppo-Ala/Ppo-D1b (the highest PPO activity), P po-
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Ala/Ppo-Dla Chigher PPO activity) and Ppo-Alb/Ppo-D1b (lower PPO activity) at Ppo-Al and
Ppo-DI1 loci were 34.8%,28.2%,19.6% and 17. 4%, respectively. Two allelic variations at Psy-Al
locus were found in Weibei Dry Highland wheat cultivars, Psy-Ala and Psy-Alb alleles, respectively.
The frequencies of alleles Psy-Ala and Psy-Alb were 56.5% and 43.5%, respectively, and Psy-Alc
allele was absent in Weibei Dry Highland wheat. Three alleles Psy-Bla, Psy-Blb and Psy-Blc at
Psy-B1 locus were found in Dry Highland wheat cultivars. The frequencies of alleles Psy-Bla, Psy-
Blb and Psy-Blc were 52.2%, 41.3% and 7. 4%, respectively. Mean frequencies among allelic com-
binations in Weibei Dry Highland wheat were also different. The frequencies of allelic combinations
Psy-Alb/Psy-Blb, Psy-Ala/PsyBlb, Psy-Ala/PsyBla, Psy-Alb/PsyBla, Psy-Alb/PsyBlc and
Psy-Ala/PsyBlc were 39.1%, 28.3%, 13%, 13%., 4.3% and 2. 1%, respectively. Generally, the

number of cultivars with the lowest PPO activity was slightly lower, and the number of cultivars with

higher YP content in Dry Highland was slightly more.
Key words: Weibei Dry Highland; wheat; Ppo-Al ; Ppo-D1;Psy-Al ; Psy-Bl
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Al F Ppo-DI1 {5 j5 5550 28 5 K I 43 51 2% A i
PPOI18 .PPOI6 #1 PPO29. 4| YP & &3 A
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Table 1 Primer sequences, expected PCR band sizes, and their allelic variations for PPO
and YP content genes on wheat chromosomes
Frid EL/h2dl F R Y PCR =4 K/ bp
Marker Sequences of primers(5'-3") Genotype Size of PCR fragments
AACTGCTGGCTCTTCTTCCCA -
PPO18 AAGAAGTTGCCCATGTCCGC Ppo-Ala/ Ppo-Alb 685/ 876
TGAAGCTGCCGGTCATCTAC
PPO29 AAGTTGCCCATGTCCTCGCC Ppo-D1b 490
TGCTGACCGACCTTGACTCC .
PPO16 CTCGTCACCGTCACCCGTAT Ppo-Dla 13
GGACCTTGCTGATGACCGAG
YP7A-1 TGACGGTCTGAAGTGAGAATGA Psy-Ala/Psy-Alb 194/231
GCCAGCCCTTCAAGGACATG ,
YP7A-2 CAGATGTCGCCACACTGCCA Psy-Ala orPsy-Alb /Psy-Ale 1686/1 001
GCCACAACTTGAATGTGAAAC . J Peo ,
YPTB1 ACTTCTTCCATTTGAACCCC Psy-Bla/ Psy-BIb 151 /156
YP7B-2 GCCACCCACTGATTACCACTA Psy-Blc 428

CCAAGGTGAGGGTCTTCAAC

1.2.2 DNA #E 4 T .0 587 1 7 14 42 1
INZERERL DNAL Sy 1 58 RS I 235 2R Y o i
T o (3 A R D AR IR 2 O ¥ERL Y DNAL 4353
FHri Ppo-Al,Ppo-DI ., PsyAl 1 Psy-Bl {v
iR S AGYEC O
1.2.3 PCR ¥ ¥ Awiik%EZ fEric PPO1S
) 20 L PCR [ W 4K & o1, £ 20 mmol/L
TrissHClI (pH 8. 4), 20 mmol/ L KCI, 1. 5
mmol/L MgCl,, 200 pmol/L dNTPs, £} & 51 ¥
10 pmol, Taq B 1.5 U, ¥ iz DNA50~ 100 ng,
PCR J i #8594 C HiAEPE 5 min; S8 5 94 CA2
£ 1 min, 63 CiB A 1 min ,72°C #iEf# 1 min, 3t 36
MG 55 72 CHEf 8 min, 4 CIRAFE,

PPO16 } PPO29 #ricd kil i PCR S b {4
F MR DNA 50 ng. Taq lif 1 U, £ FiF519)
(5 pmol/L )4 1.0 uL,dNTP(25 pmol/L ) 0.2
WL 10X PCR 50t 2 oL, JFLJG B3 80K 4 76
itk & #& 20 pl, PCR % )i % F # B (Touch
down) i K FEF . B 56 95 C,5 min; 85 95 C 30
s. il 66 CIFih . AR 3 1918 Jl BE B fiko. 3°C
Bk HfE] 30 5,72°C 1 min, 3 40 NMER; &5
72°C$EAH 5 min.4 CA-AE

YP 4 5 H PCR I K % 20 uL, & 20
mmol/L TrissHCI(pH 8. 4), 20 mmol/L KCI,

0.2 mmol/L dNTP,1.5 mmol/L MgCl, , & 5|
¥ 5 pmol, Tag DNA R & 1 U, iz DNA100
ng., PCR WA M 95°C i A8t 5 min; 95 C 4%
130 s,62°CiB k30 s,72°C #E# 30 s~1.5 min,
35~40 MEH s B )i 72 CHEMH 5 min, 4 CARAF,
PCR 478%™ W) 28 10 g/ 1 B b 5E 58 L Uk 1
80 g/ L A2 5 VN M Tt g 5 J VB DK 2R A7 20 B L FL
VK8 UE AL £ BE SIS R AR AT Y 5 SR G 1
Gel Doc XR System g R 58 b 5 AMT 5 N
KT A9 UG A2 ATHRAL XTS5 R AT i0 5% 5047 .

2 HBREAHN

2.1 PPOFEHUENTERENMNSH

2.1.1 PpoAl 1= 5545 % F a8/
Ppo-Al 75728 F KA Ppo-Ala Fl Ppo-Alb B,
K H Sun IR R R PPOIS FRid. Ppo-Ala H
Ppo-Alb 55 A A8 5 25 A 43 5 1% 4 685 bp Al
876 bp it . M PPOIS Fricd # il iy 46 17
aAp L K 6 55 21 My ARG 685 bp 4%
i CEL D BB IX 28 5 B 54 Ppo-Ala 45 K& A
(7 45.8%0) 5K 5 58 4 25 fiy i 4714 114 876 bp
Foar. Ul K 3 A PpoAld FE AL BB
54.3%) .
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1 2 3 45 6 7 8 9

876bp (Ppo-A1b) —>
685bp Ppo-Ala)—>

10 11 12 13 14 15 16 17 M

— 2000 bp
— 750 bp

M. FrifESr F i Maker; DL2000; 1. 2848 4 5 Bima 4;2. %% 50 Jinmai 50;3. £ 150 Shaanmai 150;4. % 54  Jinmai 54;5.
W& 47 Jinmai47;6. Pk 143 Pubing 143;7. 4% 4 5 Tongmai 4;8: %% 95 Qinmai 9;9. K5 58 Changhan 58;10. K it 134
Changwu 134311, #£3 3 %5 Yanmai 3;12. #E 8918 Yan 8918;13. ik 148 Wunong 148;14. K i, 112 Changwu 112;15. % % 50

Jinmai 50;16. 7% 3 %5  Fengchan 3;17. %% 1 %5 Qinmai 1.

B 1 PPOI8 fRig#e /N EMmF Ppo-Al LmEML T REIE
Fig. 1 PCR amplification patters of wheat cultivars at Ppo-A1 locus using PPO!8 marker

2.1.2 PpoDIl 4z 55 EHnl /INE Ppo
DI {37 J5 A7 AE 2 P A8 57 28 8L, B Ppo-Dla Al
Ppo-D1b, FIF]l He %7 JF %k (5 PPO29 #Ric 3k
17 PCR #l . Ppo-D1a ARj L4174 . 17 Ppor
D1b 7/ 490 bp Wy F4H . PPOL6 Frict #E 1T
PCR Wl P po-D1a 3 [ iy b 57 88 1 713 bp
[HE 5 451 Ppo-D16 A F= A4 3 7= 4y 5 B X 2
ASBRITLE RO 0 R T B T LA 3

FIH PPO29 bric kil iy 46 5 Fhd, K 5 58 4§
21 iy i A 35t 490 bp B9 RF S 4500 UL 5
& Ppo-DI1b Zfi 3 ([ 45. 7%) s 4E PPOIL6 3
ICHY 46 3 Bhorb B 22 A7 4§ 25 iy Rl B
713 bp WFEF 5 UL Ppo-Dla 550 £
(i 54.3%) (B 2 F03) . B iRk b, 25 A 3
Ppo-D1b TE8 4t 5 35 /N 22 i Bl o iy L6 R AR T
Ppo-Dla SEAiHEA

M 1 2 3 45 6 7 8 91011121314 15 1617 18

750 bp

500 bp : 7_ . A

713 bp(Ppo-Dla)

M. Fr#fi4r 7 DL 2000;1. %2 47  Jinmai 47;2. 752 54 Jinmai 54;3. K 6354 Chang 6354;4. K i 134 Changwu 134.5. £
i 521 Changwu 521;6. #4¢ 148 Wunong 148;7. K 6359 Chang 6359;8. /ME 22 Xiaoyan 22;9. ZE4 142 Qinnong 142;10. #E3 3

C[E

Yanmai 3;11. &5 58 Changhan 58;12. Bt 8675 Shaanhan 8675;13. % 8918 Yan 8918;14. % 50 Jinmai 50;15. 3% 170

Jin 170;16. 5% 6 % Baomai 6;17. ¥ 7k 143 Pubing 143;18. Ji4 6028 Xinong 6028.
B2 PPOL6 fRiCHM/NERTH Ppo-D1 L m ST R E &
Fig.2 PCR amplification patters of wheat cultivars at Ppo-D1 locus using PPO16 Marker

M 1 2 3 4 5 6 7 8 910 11 1213 14 15 16 17

750 bp
200 bp

490 bp (Ppo-D1b)

M. #r#E4r FH  DL2000;1. K5 58 Changhan 58;2. 753 47 Jinmai 47;3. 4% 4 %5 Tongmai 4;4. %7 54 Jinmai 54 ;5. 7K
143  Pubing 143;6. & 6354 Chang 6354;7. Kt 134 Changwu 134;8. B 5 8675 Shaanhan 8675;9. i 148 Wunong 148;10. /)
{& 22 Xiaoyan 22; 11. 5% 6 5 Baomai 6;12. ZE4¢ 142 Qinmai 142;13. %% 11 %% Qinmai 11ai;14. & 225 Shanyou 225315, ZE
#% 35  Yanmai 3;16. P§4& 2208 Xinong 2208;17. pk 229 Shaan 229.
B3 PPO29 fRiCteM/NERTH Ppo-D] L m ST R EE
Fig. 3 PCR amplification patters of wheat cultivars at Ppo-D1 locus using PPO29 Maker

2.1.3 PPO EFWARAmLSH (ERNAY 46
U8 A6 R I8 5 Rl F2 6 PPO &R/ 2 A4S 3=
WAL Ppo-Al Fl Ppo-DI A£7E 4 Fh A [ i) 25 37
A S A A R AN [ 2 A 2 A 0 B AR 43 A Ee 1]
KA., PpoAlb/PpoDla HAEHKAAG 16 4y
SRR R B B (34, 8%0) s Hiik A Ppo-Ala/
PpoD1b HA KR A 13 4y & Fh (5 28, 2%);

PpoAla/PpoDla HEXMA 9 & Fh (5
19.6%); UL PpoAlb/Ppo-DIib 442K, & 8
b G 17.4%)

2.2 YPEEZMTRRMNMSE

2.2.1 PsyAl 25545 T F4H0n YP7TA 2—
A3 M )RR AR IO bR 10 7R B AT Ak A
Psy-Ala Wi Fihal I35 i 194 bp B 5
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 YP S A OG WA B A AR Psy-Alb 1
a R TR 231 bp R B, 5K YP F i AH
X, FIR L B EEFRICYP7A K0 T 46 4 5 Fh
(J 4A) K5 58 45 26 (il A 4 5 T 194 bp
9 B HEWN L4 Psy-Ala R, HM R
56,5703 A 47 5 20 S AR T 231 bp 1Y
B, e DN 4 A Psy-ALb R R B R
43.5%,

M FARIC YP7A St Psy-Alc & Fp i 474

W TR BE T LU B i 194 bp 19 BE L TG0 1K 4
Psy-Ala F1 Psy-Alc By & R, %5 2 2 F hrid
YP7A-2 X4} Psy-Ala 55 Psy-Ale $$8. YPTA-
2 FRICTE Psy-Alc W& A g4t 1 001 bp Y
R B MIEZEL s S Psy-Ala 1 Psy-Alc By &L Fh
TRf LY 1 686 bp (R B, A 5T A A L
BAEFRICYP7A-2 Ko 55 5 55 46 B ) A
B0 T 1686 bp f B CE 4B, T 1 5 iy
REHRAER PyAle,

M 123456 7 89 101112 1314 15 16 1718

200 bp
100 bp

231 bp(Psy-41b)
194 bp(Psy-41a)

A
H TR .

M. Fpife4y ¥ DL2000;1. | 5 58 Changhan 58;2. %2 47 Jinmai 47;3. K3 134 Changwu 134;4. {2 4 5 Tongmai 4;5.
7 54 Jinmai 54;6. ¥ yK 143  Pubing 143;7. 5537 6 5 Baomai 6;8. ZE4¢ 142 Qinnong 142;9. #£3 3 5 Yanmai 3;10. F§4& 2208
Xinong 2208;11. % yK 134 Pubing 134;12. #E 8918 Yan 8918;13. Bk 7859 Shaanmai 7859;14. ¥ 50 Jinmai 50;15. % 170

Jin 170516, K 6878 Chang 6878;17. i % 8918 Luomai 8918;18. 5 8675 Shaanhan 8675.
B 4 YP7A(A) F¥P74-2 (B)iRiEKNNERMPyA] L RNEMNEREL
Fig.4 PCR amplification patters of wheat cultivars at Psy-A1 locus

2.2.2 PsyBl 425 % 5% F4hn EXED
F i, Psy-Bl {7 5 3 Fh 25 {37 A5 5 25 B Psy-
Bla.Psy-BIb #1 Psy-Blc 4 % # Jil 3 f& 47 ic
YP7B-1 #1 YP7B-2 *f H #F 17 X 430, H
YP7B-1 Jy 3k i MERRIC . A BEAT A 0 B, 45 407
25 5 Psy-Bla §"38 HBL 151 bp B9 H- B, 257 75 5
Psy-BI "3 i 3 156 bp i i Bt B ] YP7B-2
PEATAG I ), 5437 25 5 Psy-Ble §7 34 1 3 428 bp
KN R B

FE IR 1 46 13 /N2 & Rl R FH 20 BB A i

YP7B-1 #ATH I (] 5A) R 1 555 24 iy fh
Fy 38t 151 bp K/NW R B, LB H 477 Psy-
Bla SR 3 03N 52. 2% s 248 161 %5 19 )
ARG 156 bp /NI A B s U B4 L
Psy-B1b (i 3L/ L 50 R g 41, 3% . K543 19 5
FHIhfERRIC YP7B-2 A7 R M if (B 5B) L % vk
143 45 3 4y SRR 4 4 14 30 428 bp RN A B
HAR AR Ry 6. 500, HE W L 55 A A8 F AR Ry Py
Blc,

M 123 456 7 8 91011121314 15 16 17

A

156 bp (Psy-B1b)
151 bp(Psy-Bla)

M. b4y F  DL2000;1. K 6359 Chang 6359;2. £ 5 58 Changhan 58;3. 3% 9709 Luo 9709;4. % K 170 Jintai 170;5. ¥
6878 Chang 6878;6. #£3 35 Yanmai 3;7. % F 15 Aifeng 1;8. €% 6 5 Baomai 6;9. £ 8918 Yan 8918;10. %% 54 Jinmai
54;11. i 134 Changwu 134;12. 33 8918 Luomai 8918;13. [AZ 8918 Yanmai 8918;14. vk 143 Pubing 143;15. i 5 8675

Luohan 8675;16. Kk 112 Changwu 112;17. i 5 6 5 Luohan 6.

5 YP7B-1 (A)fYP7B-2 (B)#Ri2#&MPsy-BI L = 0% L 3 7 BiE
Fig.5 PCR amplification patterns of some Shaanxi wheat cultivars at Psy-BI locus using YP7B-1 (A) and YP7B-2 (B) makers

2.2.3 YPAEARARS>H KK 46 43 &
Frepr sl YP & R 2 A A A Psy-Al1 Al
Psy-B1 4 6 iR [E ) 807 48 S 4l A 2880, R[]
LG B AR A ) R AR, Psy-Ala/
Psy-Bla 4142 A b7 i) He Bl fe i (i 39. 12605

HK S Psy-Alb/Psy-Blb A2 (5 28.3%);
H 4 PsyAla/PsyBlb Fl 4 4 Psy-Alb/Psy
Bla Fr 5 AR (5 13%) 5 4 & Psy-Ala/
PsyBlc 5 4. 3% ;44 Psy-Alb/PsyBle Jif 5
9 FE AR 2. 1060
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3 it

FSSEN S W g 252 13 /N 22 R 5 45
F W] iR/ A PPO I M b S5 i i 1O M BB £
Ppo-Ala/Ppo-Dla (35 PPO 3G M) W HL R 4H &
W N 59. 1% . sREFSE X RIETL 88 /2
an APIT T 45 R R W, g VAR PPO 6 4 14 1 i 55
AR A Ppo-Alb Fl Ppo-Dla it F i 9 4t
R K PPO WS ®IEEA S B Ppo
Alb/Ppo-Dla HGIHR (28. 8 Vo). ABF5EL
FO LRI ANE R PPO IE M & A A1
Ppo-Alb/Ppo-Dla LG - i Fil L 0] 18 3 = 7>
Z—. THALFIEAR PPO % £ & & 40 iUk 148 AN
FA A 16 By BPRL TR 2H T I N B R X S8R
HARSE AT I UK F AR PPO W& PERY i b

iKE R ER A FARE YPTA XF 95 iy 8
Je LA /NZE SRR AT A DN L 25 AL AE 5 Psy-Ala Al
Psy-Alb S35y 5 g 41, 100701 58. 906,
s FARIC YPTA XF 9788 247 ) /N2 i Fh
Kl s Psy-Ala Fl Psy-Alb J& PR ) 55 5 43 5] Ay
91.9 YoM 8.1 %, LA YP & Psy-Ala FEPIH
L AT SETY X 215 4y A [ A FE R TR
Psy-Al/Psy-Bl1 JER B A G150 Hr. 6 Fhdd
A W K /N Sl Psy-Ala/Psy-Bla > Psy
Ala/Psy-Blb > Psy-Alb/Psy-Blb > Psy-Alb/
Psy-Bla > Psy-Ala/PsyBlc > PsyAlb/Psy-
Ble, @580 (38 b B0/ 22 45 R 3R B, A8
SR MK Psy-Ala (56. 5%) fl Psy-Ala/ Psy
Bla (39. 1%) 414 2 ALY & i (4 L B 45 A0 X 45
L BLHTE AL B/ 22 vh s YP & & b E R
B2 XA F TN A S R T Ak g Sk S G
ri o RV T A 535 DX IR O Rl g
IECRITE =N ¥ W T ¢ S S
RGPS SN 2 S iU B =R =l PR
FRE A 20 I I B R O v R
PR T ROZ L X HETT R BCE YP R Ak
TR R BCR B 2 . TEAR ST . IIZ B X HfE )
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