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Quality Analysis in a Collection of Wheat Varieties Approved in China
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Abstract: In order to clarify the situation of the quality-related genes and corresponding traits of Chinese wheat varieties, 530 wheat
varieties released in China in the recent years were analyzed for volume weight, crude protein content, wet gluten content, water
absorption and stability time. This collection was genotyped with 13 quality related KASP markers, enabling deciphering the
distribution and pyramiding of favorable alleles in wheat-planting areas. The frequency of favorable alleles among different regions
was unevenly distributed. The frequencies of /1BL/IRS (-), 1Ax 1/14x 2*, Pinb-D1b and Pinb-B2b were significantly different among
different regions, while no difference on the frequency of /BxI17+1Byl8, TaPsy-Dla and TaPod-A1b among different regions was
observed. Twelve genotypes containing four elite alleles of /B/IR (), 1Ax 1/14x 2*, 1Dx5+1Dyl0 and glu-B3g+ at five gluten quality
related loci were identified. For three grain hardness genes, the elite alleles combination (Pina-D1b + Pinb-D1b + Pinb-B2b) was not
detected, while the combinations of either Pina-DI1b + Pinb-B2b or Pinb-DI1b + Pinb-B2b were found in 16 and 88 samples,
respectively. Ten samples were found containing favorable allelic variants of five color related genes. Four genotypes simultancously
containing 10 favorable alleles were obtained, and 16 varieties with 9 favorable allelic variants were found. The results of quality
analysis showed that there were regional differences in quality traits, and the stability time was inconsistent with protein content and
wet gluten content. The frequency of elite alleles at gluten quality related genes, such as /1BL/IRS (-), 1Ax1/1Ax2* and IDx5+1Dyl0,
was significantly different in the wheat varieties with strong gluten, medium strong gluten and medium gluten, and the allele frequency

was positively correlated with the quality.

WS A 2022-10-31 1EE BH: 4% R F A :

URL:

F—1EBW T ITI AR NEZBAEE M, E-mail: quanwei360@sina.com

BIEMEE: RKET, WA NELRFMR AR, E-mail: cp_zhao@vip.sohu.com; FEXKI, 5077 M N/NESrF B, E-mail: 1492196201@qq.com
ELWH: Jbni iR WA 2GR RIH B 8L T (KICX20200115; KICX20200304) 5 K E AR ITRITE (2016YFD0102000)

Foundation Projects: Beijing Academy of Agriculture and Forestry Sciences Sci-Tech Innovation Capacity Building Program (KJCX20200115;


mailto:quanwei360@sina.com
mailto:cp_zhao@vip.sohu.com

Key words: Wheat; Quality related genes; Quality Traits; KASP marker

FRE R T R /N AR = A o [, /N2 R R R TR0, F AR =0 R e SR B 2 4
BAREEZE N R R0 30 i E/ N AP IUG T E RIS (RIE T ER IR % 4. MERRIRE,
HHERED T B E, NEr=afoeE, BlEr-dumar, HEREEMN. pudamgEea. 3
BT, B MEUE T A E RS, RENE RS R, R B R AR B, 2021 AR E /N
ZZreE N 13425 Jm, [FEE BT 2.0%; 2020 A EN AL P2 BN 5742 AT/ A, FIE BT 2.2%0,
A B N BAE TS AP AR W, /N2 SRR 2 3 2R 2R AL i & /N2 7R R
BOK, BHETR B T H/NE AR S A 2 AT R, EVNEHE O ER AR, M 2010 4F 121 JimE B KR
2021 4 971 Jimfio #E /NG DA i /N2 FR /N 22, K Y /N 22 g e B T AR FHIOY. MURR B 22 4 f
FERYE, FRE/NE RS EE NS, e DRwaen, EEXN TR RENTRING, EREYE
J5 TR TR N R B e 4x, R DL SRON S 518N ol R R 7 1), /NS E F, sz
FIEM .

ST ARG R B B M P AR A, AT DLPRGE HER AR SRR AR R Y, R o TR YRR v
%58, MM SAAMER. FRMIE. $e%. STMEEMI S FrhoaciiBekul, F IR S5 05
PRI ik 28 S0 EL D), B4 KASP SNP ARic (AN F g Mse s, AR . @R (RAARSE 0 s BOMAS I /)N
22 i R AR S IR AL B B SR T B, Al AN SRR R 12 % . BT, IRZ¥HECITRE TH
H KASP R[] SNP Fric %€ TAEE12,

FURT, it SR 5 32 BT A ke ) AR T AR 2, 1) B 60 S 8 R A R4 o FPRLEEE /N
TR RS, RN S RAEN K EESFN R AR . R I Tk AR b, FRLEE AN
Wil BERY BERE S TEZEMUKE . o, 1 B2 P Tk BORE K/ s TR RLEE 70 o BECA T b B B e b A
PR S8 I K 3], Friabilin 8 HREW AL/ NI, 5 SiekhBRRmmH BN, HEAREE S
LA JEE 5% 52 25 AP DR U, S BT 20 ARG Sx it ot A i 5 R SRR DS

WE LG gk B Tk, XHR R E BRI E R . TR A ] S A /N 2 T
PR E B e br . HZ 33 (Yellow pigment, YP) « ZE%E LEF (polyphenol oxidase, PPO) M idH 4L
fify (peroxidase, POD) FZMBIRIS1T, /NN R ECIHIRY N B YP & 82 3 YP A& o 18 v i S S il ok 8
WN\NEFEMLZE S KM (Phytoene Synthase, PSY) . (-#HEF M EMAME ({-carotene desaturase, ZDS) F1/\
AFENMLEZIEE (Phyoene desaturase, PDS) %5021, [Aif A7k At S ALY (peroxidase, POD) X /M3
THRy S K THT 1) it 1 €35 L AT 184 3 4 220,

X TN I F BT, DA P R AN R TR I e LR . AT, & TR EREA
SEFERFER 1R 2%, 5+10 S5 ] T 96 AR SO IE AR 24, R TR ERE A HER Glu-B3g
o THIJ5 5 AT E Ta) /R R 20, T 1B/IR S Avr fit v ) TR J357 0 B 22, o0 I i JoT 9512627048 o DR Ukt /) 282 ) T 5 9 P52
A5 Bt /N 22 PO TP B R A, RS ROARIN AL R E R A, TRIN 3R ), A AR T KASP £
AR SNP FRIC H2 AR AT LRI A /)N 22 it Ak A S 3 PR R

HATHE O E T KA NS i b, R A2 XA AR A SR 530 fr 2010-2021
S TA] [ Y E /N 22 A, B R T KASP BOR SNP D g B ARIC 70 B A [5] DX 355 A /)N 22 i ol 10 ot o/ O 2
CRFEFPRLAERE . B, & R TEER RO, 1B/IR HALR) KM, g fhrb i
BRI A GO, RIS 23 B XIS E) /N 22 A 2 2 . R AR I BT iy T T A 25 B A A I TR S MR T 22 5

KJCX20200304); National Key Research and Development Program of China (2016YFD0102000)



PRI BN 22 73 T AR e M Bh & AR LB A, BRI R S B R S5 .

R ZES=VaP:
1.1 o

AN 22 i T g R [ P 5 (AN [ DX el N 22 i, FG o B 3R [ 55 S PR A T R g R, S
it 530 . HIAERC T ARMBE A BE 28 58 N2 FE R A S SV P DR AT . 4722 158 J&4T 58 /ME 6. BF 34,
VA% 979 A1 PH82-2 st s Ad . Mkdls (R E/NEZSBTIXRITT S GRAT) ) (2001 H ) =R R4
BN T X (BRI AKX ffh 306 4 X A, J9MAEX) ffl 134 4y X
Wi SRHEZZDXD @B 90 4, VEILR 1~3. AR SCHIT A I i TR DB SR T ot ol o AR AR = i o
BRI MR OIS RAEZR A AT

=

=1 kg XNERMBREEERS

Table 1 Variety name and approval No. of the 213 tesed wheat materials in I region
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No. Variety name approval No. No. Variety name approval No. No. Variety name  approval No.
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Table 2 Variety name and approval No. of the 136 tested wheat materials in II region
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No. Variety name approval No. No. Variety name  approval No. No. Variety name approval No.
1 ©HE- T TH % 2015001 46 W 32 % 201207 91 Bz 139 3 2011006
2 24 0711 g4 2014002 47 W 33 [ % % 2014001 92 H# 126 JII'HH 22 2016004
3 2 1124 [ 57 % 20180004 48 W 35 [ % 2013011 93 & 51 JII# % 2013005
4 R"E 15 FRE % 201006 49 HEZ 43 Byt i 22 20200008 94 K ZZ 830 JIIHE 22 2017001
5 ¥ 25 FREE 201205 50 T 56 [E] % 2 20210064 95 E# 969 JI'Hi 2 2013009
6 R"# 55 FRE 2014003 51 HE1S AR FZ 2013001 96 HEE 1S IR 201204
7 B# 29 JIIHE £ 2011003 52 L% 816 75 % 201306 97 HFE 105 % 2016014
8 E# 32 JI'H# 3 2015016 53 L% 919 75 % 201308 98 HE-S PR 2 201302
9 & 75 JI|'# 3 2015008 54 Wk 155 V2 2011008 99 HEIS 3 2013003
10 JI|#E 8 5 JII# 27 2015003 55 W 16 5 VT FE 2011009 100 KIR 198 [ % % 2014009
11 JII % 104 [ % 2012002 56 Wk 185 VT FE 2013002 101 Rauifl 55  EEZF 2017003
12 JIIZ 1131 JIl8 3 2015011 57 BFE 49 )IIEZE 2015005 102 BEFRL 06290 B2 2011011
13 JIIZ 1247 JI|'H 2 2015010 58 B# 45 BURERT 2 2011001 103 E#E 076 % 2011012
14 JIIZ 1826 )18 3 2016005 59 IR 608 I 3 2016013 104 BEEF1S i 2011003
15 JII# 60 [% % 2011001 60 EFE 65 75 % 201208 105 I # 606 5t % 2013004
16 JII#£ 602 JII8 2 20170006 61 HEH#E TS 75 H % 2014005 106 MR 0901 3 2014001
17 JIIZ 61 JII8H 27 2012002 62 R#E 45 )4 % 2007010 107 KK 0818 3 2013002
18 JII#£ 63 JI'H# 3 2013010 63 I 15 VT F 2011001 108  wFE 95 3 2015003
19 JII#£ 65 JII#H 27 2013004 64 JeFkt 1109 BiA 2016001 109  FERFE 105 )il % 2015002
20 JIIZE 68 JIIEH 2 2015001 65 5 502 [#® % 2011016 110 VRS JIIH 22 2012006
21 JIIZE 69 I % 2015015 66 i 22 % 2011014 11 7R#E9 Il % 2014011
22 JIIZZ 81 JII5 2 2015006 67 W83 6010 S0 22 2013001 112 3335 SR 2 2015001
23 Il 82 JIIEH 2 20170007 68 437 1403 JII# 2 2007001 13 1®x#32 PR 2 201206
24 JII# 92 JIJHH 2 2015004 69 43 1618 )i % 2013001 114 %35 [ % 20170007
25 |4 29 JII'H 2 2015009 70 47 285 I % 2015007 115 #iEEs S b 2011013
26 JI|4k 32 JIIH 2 20170002 71 W7 312 )l % 20170003 116 #HE# 101 PR # 2014001
27 JIXFE 15 JI|'H 3 2013007 72 A7 168 [ % % 2007003 117 %20 =4 4 2010002
28 T 85 VEH 2 2015003 73 W25 PR #E 201105 118 21 PR 201102
29 T 27 B 2 2010003 74 B 302 JII# 2 2012005 119 %% 29 PR 2 20180004
30 TR 580 /N 2012001 75 M# 618 JII# 2 2013003 120 #iEE 1S PR 2 201003
31 BERH i3 2011008 76 M 991 JII 2 2015013 121 ®FE-S VEH 2011002
32 B 6 5 g4 2011005 77 T 19 PR 2 201201 122 HFE=S V2011004
33 HE 15 Y 2013001 78 T# 20 P % 201202 123 #E 155 T 2 2013001
34 JFE 25 Y% 2013002 79 TH 21 P % 201303 124 =% 60 V% 2011005
35 JFE 35 Y 2015001 80 TH 22 [ % % 2013003 125 =% e63 V% 2011007
36 HARFE 305 BARTEE 2015002 81 TH 23 [ 2 2013005 126 = 64 VEHTF 2012002
37 HZ 15 JIJHH 2 2011002 82 T 24 i3 2015009 127 =#F 66 VEHTFE 2013004
38 EZ3 185 B 2011001 83 W15 I 2 2010003 128 =F 67 VEH Z 2013005
39 ANR e3¢ 2011002 84 T#E25 758 % 201005 129 =% 68 VAT 2014001
40 1£57 2566 2 2 2010001 85 B 1S BSHIE 2014003 130 H#HE 10T PR 2 201301
41 £ 65 75 3 201304 86 JhF 188 [ % % 2012005 131 #HFE9I5 F5H 2 201001




42 wFE 75 758 3 2014002 87 REME 1 JIl'5 2 2014007 132 HRLE 138 5 2 2014002
43 HERZ 12013 i 22 2017011 88 HiitE 520 [ 5 % 2014006 133 HRE 47 JIIHE 2 2014008
44 EZ 30 P53 201007 89 Fite & 520 PR 2 2014006 134 FEEE 1S FRH 201104
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Table 3 Variety name and approval No. Of the 90 tested wheat materials
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No. Variety name approval No. No. Variety name approval No. No. Variety name approval No.

1 %95 [Ed % 2011019 31 & 3T HH 2015001 61 Kik 515 H# 2 2012008
2 & 715 [ d7 % 2010017 32 TeiEF 19 2011001 62 Kifk 54 5 HH# £ 2015012
3 EF 16 5 HH# % 2011002 33 TR 20 = # 2012003 63 RETS H# % 2010005
4 EFE 1T 5 H % 2014001 34 F 37 2014002 64 RE- 5 HH % 2012003
5 FETG 41 5 HH# % 2010004 35 H# 39 = # 2015003 65 HAr 17 5 H A % 2013009
6 WL 45 HH# 2 2010010 36 Bz 26 5 H 2 2010006 66 (RN HHi 3 2015006
7 W35 HH# 2 2011003 37 Pt 28 5 HH# % 2011001 67 W335 Wi 2 201001
8 4T HH## 2015010 38 Pt 30 5 HH## 2013004 68 Wi 345 Wi 2 201101
9 W55 HH## 2016013 39 P 32 5 HH## 2014002 69 W35S Wi 2 201102
10 WA 10 B 2015004 40 Bz % 101 HH## 2011006 70 W35 W 2 201201
11 wE 1S B 2010001 41 2% 103 HH# 2 2013006 71 Wi 38 5 W 2 201202
12 w3 B 2011003 42 Bz % 107 HH# 2 2016011 72 W39 5 W 2 201203
13 S5 ML 2012001 43 Bz % 108 HH## 2015009 73 w415 W 2 201302
14 $i 07-0145 S # 2014001 44 WedE 3% HH## 2010017 74 W& A5 i # 201401
15 $i 2577 ZEH 3 2010001 45 PeE 45 H 2 2011005 75 WK 355 Wi 2 201104
16 ik 01 HH## 2012005 46 PeE 55 HH## 2012012 76 WK 365 Wi 2 201105
17 fiik 122 Hdi 4 20170013 47 TH 505 TH F 2010001 77 WK 375 Wi 2 201106
18 22K 131 Hi 2 20170014 48 THSL S THH 3 2010002 78 WK 385 Wi 2 201107
19 2ER26T HH# % 2010007 49 T4 165 THF 2015003 79 4395 B # 201204
20 2ER2TH HH## 2010008 50 TA1T 5 TH # 20160002 80 W45 i # 201303
21 2R 28T HH## 2011007 51 THE9T HH## 2010012 81 WA 425 B # 201304
22 2R30T HH# % 2013007 52 Tt 45 5 HH## 2010013 82 WA 435 HH # 201305
23 2R3E H 2 2013008 53 K 151 HH## 2016008 83 WK 455 Wi 2 201403
24 2R34T HH## 2015008 54 HELT FHH 2 2012001 84 WK 46 5 Wi 2 201404
25 2ER3ISH HH## 2016014 55 HE25 2013001 85 WK 415 Wi 2 201405
26 I 34 5 HH## 2010002 56 HHE3 5 HH# 2013002 86 WK 615 Wi 2 201607
27 1% 36 HH# 2 2014003 57 HE4T FHH 2015001 87 KR 155 TH 2010

28 I 4< 9555 HH# 2 2010011 58 Kifk 46 5 HH# % 2010014 88 k%30 5 HHi3 2012009
29 HHF1T HH 2014001 59 Kifk 49 5 HH## 2011011 89 it 6 5 H A % 2016010
30 WHF2 5 i # 2015002 60 Kk 50 5 HH# & 2012007 90 FEIR 12 5 H A % 2015011
1.2 53

1.2.1 NFEFE2H DNA $2EL
BB 30 KLFh, ZKIGERZE 15d J5, BN a2y, R CTAB 42 HUE R4 DNA, FIH
LHNM I E DNA K, FHH ddH.0 % DNA &RFFE 2 100 ng/ul 1 T/ER, T -20C

VKA P il A2

1.2.2 KASP SNP #Rig#&:ml

13 N5 5 AH K H) KASP SNP ARig #EAT 3R - A, AR10 70 /N2 FB 22 1B/IR Sy R AR 1
M @A TEEREALIEIER 34 R TEEZREEHE 1S FPRUAE B 34, ARy
PREAHICEE R 5 A, dRid VEIE WAL 4, dRic 513 50T WAL 5. KASP b1l 51 M ¥ vt ik il 2% Rasheed

SRR,



% 4 it/ ERBEX KASP #RIETIFE
Table 4 The List of KASP markers related to quality in wheat

LERN £ e S AR S et}
Traits Gene Superior allelic variation Effect
NP G & .
1BL.1RS IBL/IRS (-) Major effect
Rye translocation line
S Glu-A1 Glu-Ax1, Ax2* Major effect
)
o o Glu-B1 1Bx17+1Byl8 Major effect
Glutenin subunits R
Glu-D1 1Dx5+1Dy10 Major effect
Glu-B3 Glu-B3g Minor effect
e fi i Pina-D1 Pina-DIb Major effect
Kernel hardness Pinb-DI Pinb-D1b Major effect
Pinb2-V2 Pinb2-B2b Major effect
Pod-A1 TaPod-A1b Minor effect
. Ppo-DI Ppo-Dla Major effect
i .
Zds-Al Ta Zds-Ala Minor effect
Color
Pds-B1 TaPds-B1b Minor effect
Psy-D1 Psy-Dla Major effect

1.2.3 BUBRGIT ot

FIH Excel 2010 F1 SAS 3R {47 2 AL AN G 115347



x5 SIMFSIFERYIER

#H ElEZE2: FAM 3|4 (5'-3") VIC 51# (5'-3") FRREFIY (53D FAM VIC FAM Genotvpe | VIC Genotype
Gene Primer name FAM primer (5'—3') VIC primer (5'=3") Common primer (5'=3') Call Call P P
GAAGGTGACCAAGTTCATGCTGGAGCAGGT GAAGGTCGGAGTCAACGGATTCGGAGCAG
1B-IR IRS:1BL 611 AAGCT TAGATGGA TA A 1BL-1B 1BL-1R
5 6110 CCAGATCGCG GTCCAGATCGCA GAAGCTCCGGTAGATGGAGGC G S S
GAAGGTGACCAAGTTCATGCTAAGTGTAACT | GAAGGTCGGAGTCAACGGATTAAGTGTAA
- *
Glu-Al gludl.1 1883 TCTCCGCAACA CTTCTCCGCAACG GGCCTGGATAGTATGAAACC A G 12 null
Glu-B1 Byl8 1976 AGTCAGGACAAGGGCAACAATCAGA AGTCAGGACAAGGGCAACAATCAGG ATTGCTGCCCTTGTCCTAGTTGGTG | A G 17+18 non 17+18
GAAGGTGACCAAGTTCATGCTCGCTAATCCT | GAAGGTCGGAGTCAACGGATTGCTAATCC AGCCAAGGGCATGTTCTATGTCGA
- + +
Glu-D1 GuDI_4777 GCGAGCAACAAAT TGCGAGCAACAAAG A T G 212 S*+10
GAAGGTGACCAAGTTCATGCTCTGTTGGGGT | GAAGGTCGGAGTCAACGGATTCTGTTGGG
Glu-B3 Glu-B3g SNP TGGGAAACG GTTGGGAAACA AGCAGCAGCAACCGCAAC G A non Glu-B3g Glu-B3g
GAAGGTGACCAAGTTCATGCTAAGAGACCA GAAGGTCGGAGTCAACGGATTAAGAGACC
TaPpo-D1 Ppo-DI1 GCAGATCGATG AGCAGATCGATC TACTGGCCTGGCGGTACATGAT G C TaPpo-D1b TaPpo-Dla
GAAGGTGACCAAGTTCATGCTTTCGACGACC | GAAGGTCGGAGTCAACGGATTTTCGACGA AAGGAAGTCCGGGCTCATGGTGGG
TaPod-Al TaPod-Al GGCTCTTCCCG CCGGCTCTTCCCA GTCA G A TaPod-Ala TaPod-Alb
TaPsv-DI PsviD. GAAGGTGACCAAGTTCATGCTAAAGTTCTTG | GAAGGTCGGAGTCAACGGATTCAAAGTTC TATGCCAGCCCTTCAAGGACATGA G A TaPsv-D1 TaPsy-Dib
s wires TACCTCGCCTTCTTG TTGTACCTCGCCTTCTTA T asyia sy
GAAGGTGACCAAGTTCATGCTCCATGCACTT GAAGGTCGGAGTCAACGGATTCCATGCAC
TaZds-Al Zds-Al GGACCTAATAG TTGGACCTAATAC AAGCCGACGCGGATTTTGAA G C TaZds-Ala TaZds-Alb
GAAGGTGACCAAGTTCATGCTCATATTGCAA | GAAGGTCGGAGTCAACGGATTCATATTGC GGCAGAAATGTATTAGCAAACAAA
TaPds-B1 TaPds-B1 TCTCTATGAGGCTAC AATCTCTATGAGGCTAG ACC ¢ 6 TaPds-B1b TaPds-Bla
GAAGGTGACCAAGTTCATGCTCTCATGCTCA | GAAGGTCGGAGTCAACGGATTCCTCATGC
Pinb-D1 Pinb-D1 I TCACCT! ACAAAAT! T il ft 11 Ch
inb inb-DI_INS CAGCCGCC TCACAGCCGCT GTCACCTGGCCCAC G C Wild type (soft) | null (hard)
GAAGGTGACCAAGTTCATGCTAACTGCCAA GAAGGTCGGAGTCAACGGATTTTGTCTAG
Pina-D1 Pina-D1 I ATGAA TCTTCCTCATA A il ft Mutant Ch:
ina ina-DI_INS CAACTTCGCTA TACCCCGCTCTG GAAGGCCCTCTTCCTC GG G Wild type (soft) utant Chard)
AAGGTGACCAAGTTCATGCTGCACCTA AAGGT! AGTCAA ATTAGAAAAA
Pinb2-V2 Pinb2-Bv2 GAAGGTGACCAAGTTCATGCTGCACCTAGC GAAGGTCGGAGTCAACGG G TGTTTTGGTGGTGGTGAAGATGA G C Pinb-B2a Pinb-B2b

AATAAATAAACGGGAG

AGCCATTAAATAAACGGGAC

Table 5 The list of primers information




2 ERE5 7
2.1 FRIGBRMEREXEEN S IR
2.1.1 NRIB/RBURERS. ROTFEXBREBTENSHINER

Xt 530 AN R X3/ i AP REAT 1B/IR Sy A, L 88032 70 IBL/IRS (=) 5 BIASGAIZAL ST
fameRl, Z2E KB, RFEEALAR A AT 59.29%, (HZE 3 DRI AT A I, AN IR XS] 23 A AN
W, Hop AR e e F e 25 . ALrsm i, &L X LS S A AR S A AR 51.19%, RS
HH 58 7 A 22 X R0 e S AR S AT IR O 66.41%, T < 9 A A 22 X A0 e S A8 S AT IR 9 76.83%

* 6 mAMTRAXERMFFMAERETRXE S MR

Table 6 Frequencies of Superior allelic variation related to quality traits in different regions

A R L A [ IR L
friﬁs (%e Supegf)faﬁ;ﬂi%;ation [ Tk X &t Totl
gyﬁ‘rii%ime IBL.IRS IBL/IRS () 51.19%%** 66.41%%* 76.83%%** 59.29%
Glu-Al Ax1/4x2* 55.59%** 65.67%** 79.52%** 62.00%
A3 HE Glu-BI 1Bx17+1Byl8 4.25% 5.93% 3.33% 4.52%
Glutenin subunits Glu-DI IDx5+1Dy10 27.27%* 37.40%* 23.53%* 29.20%
Glu-B3g Glu-B3g+ 54.93%%* 53.38%* 40.23%* 52.10%
Pina-D1 Pina-D1b 6.49% 9.09% 7.95% 7.39%
ii ﬁfl’idmss Pinb-D1 Pinb-D1b 67.58%** 44.88%** 58.11%** 60.32%
Pinb2-V2 Pinb-B2b 27.18%%* 37.40%%* 17.98%%** 28.17%
Pod-Al TaPod-Alb 31.07% 20.15% 31.46% 28.38%
- Ppo-D1 TaPpo-Dla 66.13% 60.00% 71.11% 65.42%
Color Zds-Al TaZds-Ala 68.18%** 79.55% 79.55% 72.92%
Pds-B1 TaPds-B1b 16.05% 31.50%%** 17.24% 20.08%
Psy-DI TaPsy-Dla 90.43% 93.75% 94.25% 91.89%

e ORI 0.05 KV 2R B3 FORXIREITE 0.01 AP 257 2.

Note: * indicates significant difference between regions at 0.05 level; ** indicates significant difference between regions at 0.01 level.
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Fig 1 Frequencies of Superior allelic variation related to quality traits in different regions
ARG I 3 D T EEREAWE, SHGT A By D Rtk b, Glu-Al L& LR HE R N
1Ax] BV 1Ax2%, JET758 M A2 X A izB WM R 169 41, SR N 55.59%, T+ AKX
A SR 88 6y, BN 65.67%, . SEAIEZ IR K AT 66 7, SN 79.52%, =AM X



3§, B) 12 5 ORI 1) o A S (0] AR 5 2 . Glu-D1 A s T A 3 (K] 43 73l 8 1Dx5+1Dy10 F1 1Dx2+1Dyl2,
IDx5+1Dy10 5o A R, Forh by sl o i A 22 X I b P b S A i R R IO 84 4y, SIERAN
27.27%. FETTHH SEAEX 49 6y, T SREEIX 20 43, S EIAR D R AR Y 29.20%,
Bl 524 MAKEIE T, A 153 45 A S IDx5+1Dy10 AR . XK ) 1Dx5+1Dy10 Y0 H 70 A 4 5
DL V2R . 1Dx17+1Dyl18 B\ N XF Il i i & IEAR OGN, 7E S i Al i) oy A il 7E L7 58
s RIAZEXE) 312 IR 13 A A AR, B A XA 8 Akl . R
HHEEXA 36, ML 24 R, BHIERN 4.52%, HEILTTEE . THAEX, EhTH. SHAEKX
AL T oA« P A& X B A A B 4.60%. 5.93%M1 3.33%. T i W R A B b . T
ARSI FRERE A WIEM 1| NER S, Glu-B3g SEFIEIAH, F%M 2% Glu-B3g+
FEALTT B A XM 7 il . 89 A 22 X X ARSI ARG, s BRI 2 X A A SRS AR,
B H 52.10%

3 S PR 2 B /)N S TR PO T A 98 S M SR &R, IBx 17+ 1Byl 8 W FEAER I h A3 A SRR, 22 A W
BREE VI EAL A AR R AORIE 12 6y, Horbeb i, SRR X R 7 6. & IBL/IRS (<)
1Ax 1/14x 2%, 1Dx5+1Dyl0 =AM 5F A0 48 5 (A KL 65 47
2.1.2 MR EEHEXEENS

ARSI I = A KFRLAE FEAH CHE DRI (¥ SNP A5ic, 233l 2 ANFPRLAE B2 £ 248E R Pina-D1. Pinb-D1 il
1 MYSEIER Pinb2-v2, HEFA R4 A8 5 Pina-Dla. Pinb-Dla 1 Pinb2-B2a N JF/NEFLHN AL, L5
A AR S A (K R K B 93 A Pina-D1b  Pinb-D1b 1 Pinb-B2b, A1 Pinb-D1b &[5 A SR AE =AM 5
SR (] Ay A B, N 60.32%,  ELANIR] I XS R] A A AR AR 2 S, R Ak . R A X
TR RN 67.58%, FHUCNT i SREZEIX 58.11%. Pina-DI1b FEH [FE AN 7.39%, HIX
WA A TC B R ZE 5, Pinb-B2b JEFI B AN 28.17%, XA A 2B EZR, R NE T+
. 59 A X R om 37.40% , H O AL g7 R E . O & 2 KR N 27.18% . & A Wl R I
Pina-D1a/Pinb-D1b/Pinb2-B2b & KM B 88 43, (St I#4 #LK) 16.2%, Pina-D1a/Pinb-D1b/Pinb2-B2a
A TR R 203 4 S RIF R 37.7%, Pina-D1b/Pinb-D1a/Pinb2-B2b A& BALEL 16 43, & 3%,
Pina-D1b/Pinb-D1a/Pinb2-B2a & FPIM KL 23 47, & 4.3%, R E] Pina-D1b/Pinb-D1b/Pinb2-B2b
Pina-D1b/Pinb-D1b/Pinb2-B2a &R AR KL
2.1. 4 FPRER G A AR E AR R X EE Y 23 Fa LL 4R

THT B L 1) i PR € 2 W s /N2 B (VD L AR A, XTI A 1 Sk S T ) b 0 S A L R i . itz
PO 2 Y A B . RIS 3 AN 5 A FAM R EER, 08 56O ER G B \E
ARG (Phytoene Synthase, PSY) F:[N TaPsy-DI. (-8H3 N ZMEM (Ccarotene desaturas, ZDS)
FEK TaZds-A1 F1)\DFEHLZEWE (Phyoene desaturase, PDS) #:[K TaPds-B1. 1 Nz H/NE 2 Wy S AL
TR EE LR (polyphenol oxidase, PPO)  TaPpo-DI, 1 Nit%EALYIEE (Peroxidase, POD) 1%
TaPod-A1. A&¥E (53 & 5 AIBGHIK G P R 0E g 1 Se B R (£ S A5 A0 A8 57, R R (1) TaPpo-D1a BRI By /N3
2 W E A IS AR 2R A, 2R DR Y () A A3 A1 AT ZE N 65.42%, TR IBT . 58 A 2 DX (R RE A3 A1 A2 B vl
T1.11%, FEA i 5954 F XA = A X IR SRR/ 4 N 60.00%;  TaPod-A1b H AL /N it B AL PGS
PEARZEAY, 125 DRIRT U P i A AT g 28.38%, BT il 58570 &2 X A A 20.15%, A% T HAR#



AN, 5308 31.07%H0 31.46%. /N T FRA SER Y TaPsy-Dla M TaZds-Ala PIAMKTE (3R B Y 1)
SR AR R, 20 BN 91.89%A1 72.92%, TaPsy-Dla 1€ XIS E T B W25, 1 TaZds-Ala
TERGITHR i S A2 XA o 9 4 22 [X 1) o A e 2 v TAL 7 38 . il A2 X il . TaPds-B1
(IR 57 550 A8 57 TaPds-B1b S A5 A SZ B AR T AT PN E R o A AT, H 20.08%, HEd s, 55
7 2% 22 X I o A AR B S e T A A XS0, TA ) 31.50%, HARPIA XI5 514 16.05% 1 17.24%.
2.1.5 @EHEX SNP #RiCLAA I RSRE

SERGERI: RA S DB TS AR R A ARG 10 47, b 9 sk BdbTT R . h
AFZEXMEMM: RE4INMRFEMEFERNUYM A B AMASG R, 40k
TaPpo-Dl1alTaPsy-Dlal/TaPod-Alb/TaZds-Ala (61 4iy) H TaPpo-Dla/TaPsy-Dlal/TaZds-Ala/ TaPds-B1b (48
B> HadbTr i . A X B AR 60 A, BT SHAE XN 24 A4S, . SREEE X
i 25 /N JE 3 AL AR AR R R R A REE 236 4y, ABEIRATRIT 43.87%. F by i
HR & 22 X 135 43, 2 IXAPRL 43.27%, B T7 T8 55 057 & 22 X i Al 53 A4S, HIZIX AR 39.26%,
i R E X ISR 47 A, HiZXAM RN 52.22%.
2.2 FEIXEE/NERMGERMER S

S A DX ARG B R S /N SRR S B ARG, St RAE, HEOSE, R
i, WOKE, DUREAFR A A Xk ST HEVE LR 7. 8.

*® 7 FREXE/ & mME &R IR

Table 7 Quality characters of wheat varieties in different regions

e - HEARS® T 5 1 K2 VA FasE I 1Al
Region fﬁta ﬂ;ﬁi Gr:r% L Crude protein Wet gluten Water Sedimenta- Stability
& content/% content/% absorption/% tion value/mL time/min
FRAH Max 849.00 18.72 42.50 77.10 84.00 37.00
I x/ME Min 740.00 9.77 24.40 50.80 16.15 1.00
BIE Avergae 796.85 14.63 31.55 59.36 43.18 525
CV/% 233 7.68 9.13 6.24 39.85 97.34
R AE Max 855.00 17.72 35.10 73.00 60.50 32.0
11 F/MHA Min 727.50 8.50 16.10 50.40 13.20 0.80
¥IE Avergae 794.50 13.30 27.58 57.93 32.01 476
CV/% 3.12 10.76 14.95 8.69 30.24 89.89
FRAH Max 848.00 19.94 37.10 66.50 66.40 41.8
I x/ME Min 738.00 10.88 3.00 54.40 0.58 1.00
Bl Avergae 794.43 14.63 28.60 61.31 33.38 7.05
CV/% 2.73 10.33 26.57 4.64 31.77 118.95

* 8 TRRXE/NERMEREESITHE

Table 8 The number of wheat varieties with quality type in different regions

- = IX X X &
R RAR o FrEAE . . . -
Qualit KR Standard I Region I Region IIRegion Total
uality . anaar
Index Quality type values | BE %3 ¥E | WE | KE | WL | ¥E P53
No. ratio (%) | No. | ratio(%) | No. | ratio(%) | No. | ratio(%)
A 97 Strong Gluten >800 145 48.82 62 61.39 32 3951 | 239 | 49.90
Volume IR >770,
Weight Between Medium and Strong Gluten <800 133 44.78 19 18.81 38 46.91 190 39.67




>750,

#1# Medium Gluten 70 18 6.06 13 12.87 8 9.88 39 8.14
9945 Weak Gluten <750 1 0.34 7 6.93 3 3.70 11 230
it Total - - 297 - 101 - 81 - 479 -
#2/% Strong Gluten >14.0 216 71.52 43 32.33 52 60.47 311 59.69
HEA iR . H % Medium and Strong >13.0,
75 24.83 36 27.07 26 30.23 137 26.30
Crude Protein Gluten, Medium Gluten <14.0
597 Weak Gluten <13.0 11 3.64 54 40.60 8 9.30 73 14.01
4iit & Total - - 302 - 133 - 86 - 521 -
FRH Strong Gluten >30.5 195 64.78 35 26.32 39 45.35 269 51.73
. 285,
.EP A =285 63 20.93 22 16.54 16 18.60 101 19.42
Vi T A Between Medium and Strong Gluten <30.5
Wet Gluten 5280
1175 Medium Gluten - 2'8 5 14 4.65 11 8.27 2 233 27 5.19
597 Weak Gluten <28.0 29 9.63 65 48.87 29 33.72 123 23.65
4iit & Total - - 301 - 133 - 86 - 520 -
JRH Strong Gluten >60 112 43.92 9 7.32 13 22.03 134 30.66
LSS R >58, <60 | 54 2118 8 6.50 5 8.47 67 15.33
Water Between Medium and Strong Gluten
Absorption 14 Medium Gluten >55, <58 62 2431 59 47.97 19 32.20 140 32.04
597 Weak Gluten <55 27 10.59 47 38.21 22 37.29 96 21.97
4iit & Total - - 255 - 123 - 59 - 437 -
FRH Strong Gluten >10.0 42 13.95 9 7.32 13 22.03 64 13.25
" 570,
.m@“ﬁﬁ =10 28 9.30 8 6.50 5 8.47 41 8.49
Fa e Between Medium and Strong Gluten <10.0
ility Ti " . >3.0,
Stability Time 1% Medium Gluten e 100 3322 59 47.97 19 32.20 178 36.85
597 Weak Gluten <3.0 131 43.52 47 38.21 22 37.29 200 41.41
4iit & Total - - 301 - 123 - 59 - 483 -

E: 2 (R A EARE (EXRZD ) 2017

Note: * Refer to the Main Crop Varieties Certification Standards (National Level) 2017
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2 it/ EEMEEER S

Fig. 2 Distribution of quality characters of tested wheat varieties

2.2 NEFEGMERRXIEINSELLR

HE 7 Gt a5 R B, ARFE XA 25 BAEE 848 g/L~855 g/L . [A], ¥J{H 794.43 g/L~796.85 g/L 2 [,
At REAE 2.33%~3.12% 2 [0, S8 2017 (EERAED M EbrdE (ERD ) WErMHEE, HhAE
>800 A5k fl, ZXHE>770 H <800 JyHufifhy, #H>750 H<770 N, ZE <750 NFHH, GuitAFE XK
MR X AT R (PEILER 8) 5 T AN[R] it 03 S T 10 75 F A 4 AL 1D WA A [R] DX 3 [0 /N 22 it o o A 25 i A0 L 451 ([
2), Gt R IR, PR RE 2 H A B 5 T AR A RE BT 239 4, (5 T 49.90%, 7 Lk B g i
JAFRAERIFAEL 190 41, 5 39.67%, SMAKE , 75 Hk B vhoi i L _EARAERI AL R 1 429 4y, o5 ELik F] 89.57%.
Horpdbram . & EE X R EIA BRI RS 93.6%, &b, TR S8 A X A EIA R
SERGARAERIATEL L 80.2%, L ARE <750 MISSHMELA 7 40, HIZXEGRIGARHE) 6.93%; 5RiF. T EE
2 X 25 Bk B PR A RL 7 86.42%, M fE%E FILRE, dbrRR . PHAEX > . PHEEZEX
> TR FHAEX



222 EARSE

S ANA ST R AR A AR HE (. LR AR & > 14% A 3258, ML (R & E>13.0%, A<
14.0% 9 F 98 5 A0 e 77 B SRR, RHLAR 1R & B <<13.0% 9 59 15 i R 2K ) LR (1R & B S5 R Se i T

JETTBERM . A XN SRR B T IEN 14.63%, BATEEN 9.77%~17.72%, &5
FHON 7.68%, HXIK 216 G BEEUMDRHFIRL S 5 & Bk B N AR dE, X 71.52%, 75 AR
R E R A bR, o5 EE 24.83%.

BT 59 A3 X LR A RSP IAMEN 13.30%, ARAKTE RN 8.50%~18.72%, A8 RECH
10.76%, 1ZIX 35k 43 4 (SR 8 5 & SR B N AR, X 32.33%, 36 4 APRRA F|
SR AR AR, AT 27.07%, 54 AR NS /N EARHE,  40.60%.

SRIF Ol AEE X IR T A AN 14.63%, AT R 10.88%~19.94%, ZE 5 RECH 10.33%,
ZX I 52 4 BEIA BRI B A IR B A N AR, X 60.47%, 26 G MORLA B i i A1 o
JbRAE, 5 EE 30.23%, 8 AR NS /N ARUE, 5 9.30%.

SERKE, JbT75RI . T A X R R A R ORER s B R AR, TR 39 A XL
LT 2 55 AR uE (A R b . XSRS BT A AR . P AE X > R AFEX
>R BHAEX
2.2.3 BEFEE

HE 7. S IBMM & EG I RS R JLIradii. o422 IR & &5 8 31.55%, ¥MEKTEE
ST /INE R A B bR, HARLTE ] 24.40%~42.50%, A5 R H 9.13%, A MRTESERIATE 195 4,
AR X 64.78%, SR AR EE XN & R 30.28%, HEITHRIH T EARME, ARTEHE 21.14%~
37.10%, B35 RECH 14.24%, 15 B8 /N2 10 T S SRR AORL 39 43, AR DX IR BT 45.35%
LA, 3% DX 355 455 /0N 22 T T 555 it R AR RS 29 0 7 33.72%. B 7 A« 59 05 A 22 IX T A & BR8N 27.58%.
AR TR /N il ot [ K bR, o 65 i bAkl, 1A B XK 48.87%.

2.2.4 RjIKZE

G TE R, HORON F) DX oK 238 hn - ME AT DUE e il SR 2 X E R &, L3
61.31%, {KHEE 8 WKAHIFREME, BB SR /N S BThRTE . SRR K 8 0 i (A IR AE AL DT 5 0 . &
X, 1LF) 77.10%, HILFISRBFRERIMRL G B, o 43.92%, AHAZ X0 SRR K S E AR T 7
BEEX . EATH $90 &FXRKEREWTE BB 50.40%~73.00%, 225 R &R 8.69%,
38 )5 55 KT B BN 7.32% o 12 DX 458 AT £ i A 5 05 T W 7K 23 2 SR8 K o EL K 3 A ek g ol s R 95 755 7K T 5
ELA (5 86.28%,  fF 412 DX 38k Fr) it 4R o
2.2.5 RPE{EFIFEERTIE]

HH 3% 7 TR A AN A E I 1) (K48 e R BUBOKR, 2R & X3 P it Ao ) 100 T R ABL AN A i I T 22 S 80K, e
FERATE A, A ] B8 S R BT LUA ) 118.75%. HIFE 8 H ] LU FIA% 52 I 18] ) X 3 P9 S [ 5 S A i F
orAidieE MR, AL A X R e I 1]>10.0 min FIAPREE 42 4y, %X ISR SRR IA BB E i
] SR AR HEAT R LT 70 6, IZIXIEAEHR BRI 23.25%; FERRAG . PO ERFE IX O B b SR bR v AR R
18 63, S IZIX A B 30.5%: TERT 5 iH . 598 4 XA 17 - BhalbbRkEe e I )ik 2 o i brfk, o
55 05 LL ik 21 86.18% . — AN X IR B T KB Fa g I (13 B 3 i bn vl (AR 105 43, (5 EE 21.74%. HIE 2



TR AE oy A B K 347 1 & A VIR E AR AR Goi R, UIREE R T 60mL FIA BT 47 43, 36mL~60mL
AR 124 47, 1 35.53%, 30mL~36mL KA EHT 64 £3, (KT 30mL KA EHG 114 4, i 32.66%.
2.2. 6 NERRSHFHFMNESR KASP FRIZHIXFR

SO ARG B R LR 9, DARRGER R) L AHAR (1. VRIS AN R EERARE A ARYE, Se B AR S
462 1y, IR FARFR R ARAE, 18 PR ESR DA FEAR A 2 5 N A, =AY H G 79
DR RLT & s i b e, £ =ANXIISAG 20 A 9 PRI DY AN FE bR 25036 2 55 i br vk, AAEFG 7 . 5979
KFZIX o AR SRR G A SRR, RS [ T 2SR 1 i R A AT R B R K B Gt e i (G
JLZE 10D I A T3] it J53 58 BT 13 DA S5 S5 A 7 S5 14D 43 AT S0 o 5t ol 18 o5t J FRD M AE 25 57, SRILAE : B Pinb2-V2
A, oAt R 5 DR P S5 S5 A 72 S AT AT 15y 2 SO 5 o > R 5 SR> TR S SRR IBL/IRS ()
Glu-Ax1, Ax2*F1 IDx5+1Dy10 W53 AT SZELE R IT,  HF o g Al eb i i b i) 26 225 22 7, HLS i iR 2 AR
RFEIEMC. R, ST SR R 7 S A AR 7 ) /N R IR 4 e A IE AR A
#9 Wi ERMBRERGITR

Table 9 Quality types of tested wheat varieties

B TR 5575
[X 42 Ve Strong Gluten Medium strong Gluten above Weak Gluten
Regions Varieties No. g Lk Ho Lt i) Hk Lt i)
No. Ratio No. Ratio No. Ratio

b7 PAEX (D
North strong gluten and middle gluten 290 11 3.8% 56 19.3% 0 0
winter wheat areas
T A EX D
South middle gluten and weak gluten 120 2 1.7% 10 8.3% 9 7.5%
winter wheat areas
SR hERZX (D
Strong gluten and middle gluten spring 52 5 9.6% 13 25% 0 0
wheat areas
&1t Total 462 18 3.9% 79 17.1% 9 1.9%

* 10 TRIXERMBEEXERRRFNER D MINRLE

Table 10 Frequencies of Superior allelic variation related to quality traits in different varieties

. . . SRR T v TS J5 i A o A
4] L S AR . .
; /Ij‘ 5 U.LFI& 2"}@}25“- . Strong Gluten Between Medium and Strong Medium Gluten
Traits Gene Superior allelic variation . . o
Varieties Gluten Varieties Varieties

NFE-TRE G A

L IBL.IRS IBL/IRS (-) 81.25%"" 76.40%"" 51.70%""
Rye translocation line
Glu-Al1 Glu-Ax1, Ax2* 88.90%" 77.53%" 57.70%""
ﬁ%ﬁﬂ% . Glu-D1 1Dx5+1Dyl10 66.67%" 52.81%" 25.58%""
Glutenin subunits
Glu-B3g Glu-B3g+ 53.26% 44.94% 44.44%
Pina-D1 Pina-D1b 27.80% 11.20% 7.04%
S T R
FPRLIEIE Pinb-D1 Pinb-D1b 72.22% 64.04% 55.87%
Kernel hardness
Pinb2-V2 Pinb-B2b 38.89% 2.25% 30.02%

e SRR XIIALE 0.05 KT ZRRE: *FRRXIBIALE 0.01 /KTFEREE.
Note: * indicates significant difference between regions at 0.05 level; ** indicates significant difference between regions at 0.01 level.
3 1Tie
3.1 SNP #RiCHYIEE S A
IBL/IRS Gy Z (R FAEHERE IR [ /N2 B A R v R 4% T ERIOE RS, 7RIS P~ Piidi ) RIS, tHA7AE



— LA AR, A0S AT AN BRI A SR R R, BN N LA BT AR 57, FLRR IR EEBORT AL HE A
F XA SR (R TR R I IBL/IRS Sy XHFFRIRE L« M) = 0 T fi7 08 P A 3
TR, SR LHE. ORGSR, PPO IEVERIEM A B3 Erm . 76 LG R & MO EZEH br
WRTHE T, AESHEZ BB IR A A 5, FESRAREACH) S BT U B, ARSI i
an R, AN [ DX ] (PR S S5 A A S 1) 4 A A (A E AR 35 (72 5, AR /N2 il 1BL/IRS Sy &k
M, JRE A RERTE s MPUR IR F IR, EH %5 AL R AR R A

FPRLEEFE FE /N T P SR AP B SR, RANES R B RAE M I E BN R RS . FFRLIEE
FHR I EREEH Pina F1 Pinb, fEBHE% € HREEEMIER . Pinb-DI1b Al Pina-D1b RAZFRIGMEFR AL, &
[E] /N2 it o P e O Y AR S B DI B ARy 3, DB ] A T R

FABEEBIX KL A R X 105 4 /N0 B, B )i 22 AR & 22 A7 AE Pinb-D1b. Pina-D1b 1
Pinb-Dlp =28 5257, AR5 M 29.5% « 10.5% A1 3.8% B, ZEXMLEXF 105 43 2000 4E 5 &
DU I /NE SRR, R IUKFRL & Pinb-D1b BE RIS FIA 1147, SEN 10.5%. TKHEFPGHT 169
UrBevi/NE Sl (R A HRER 22 ZEH Pinb-D1b SERIBILL L. W 77 B4 7 SR S BOXE i 380 4 /N 2 AR
Y 1FH Pina-Db FERAEHT 584 b k] Y 28.57%, Pinb-D1b 1 24.49%. ¥4 [REZEBIXS 514 /N i (D)
Hh 50 8 5 A S 3 IR ) 90 TR I & ) Pina-Db 3£[R 25.32%, Pinb-DI1b 5 21.52%. 253 & SE0006} P i /N 22
s PR RLRE B84 Z AR 121 AN/ FR, 17 408 Pinb-D1b 5RY, 5 13.93%, 12 434 Pina-D1b 257,
5 9.84%. 5 FRAECTE g /N A KPR LA AL AR BT I 1 66 4975 /N 22 i POk s 3 R DR ) A5 2 38 5
LR, FUENEUIRE AN, BB R 47.0%, 58738 5 () S FORFRE I BB 5T o 45 HYLE 75 A8 5T /)N
] DUB I SRAR R 40 FARICHTIE G o ATt 530 43 B P9 5 5 /N2 S RIgEAT 7 2 ANFFRLAR B 2Kk
(Kl Pina-DI+ Pinb-DI1 F1 1 MEEEFER Pinb2-V2 () KASP bric A ill, At 5 2507 A8 A i (1 5 K R 43 55 N
Pina-DI1b . Pinb-D1b 1 Pinb-B2b [ S ATINZHA 7.39%. 60.32%H1 28.17%, Pinb-D1b ZRAEILE ALK T Ff
H o AR s, X5 F. Chen M Xia LQ 5 P4 3K E 51/ i M K Pinb-D1b FERI A (A 35 1) 45 AR )
(38391, Pinb-D1 1 Pinb-B2 LEAN[R] X IR [A] () 73 A 2R & 2 5, JbJ7sffi . i & 22 X ) Pinb-D1b KK Y
IIARATR B RN 67.58%, FA T 33 AFZIX K Pinb-B2b FEK B oy A A% 5 21 37.40%, 1] Pina-D1b ¥
BRI ATIRIAK . Martin 25006 LR B, Pinb-D1b JERL Ry o T MRS 557 DA KK TH] 4% R0 Sk R n T
JRIRT Pina-D1b 254 . DRk, TE/NZ2 5 S RO R ol DI K28 R S/ 5T NFIH bR 1 42 =
PR SR DR A

THOBy B L) it B e /N 22 PP A b BT B ROME R, AN IR SR Y ) ot S TR SR AN R, B TR R AR
o R E R ORS RS, REMASNES. Bk, RTrEmalGERARN R, BEaRs
EARM/NEE R . Bk, 76 E MR EE R CEE, B E K PPO W MEAMKIE (0 R & B /N3 5
i 5 TR 1) it € R R P € R 1 B A0 A%, AP 2 2 R DR ], LR B 0 3R FAH DG R TR i 2K,
H ATV e 2 12 /N 2 A LEEE D (PPO) , HIREHGEA SN, #kiE, HEMWEFER (POD)
(=i SE AL A 57 TaPod-A1b X/ M A M EL RO RUREY, A H R HAF 8>, A RBEEE T 5 A Hi0
IR, RS A IER T Psy-DI LTS 0 AR S (RS AR AR e, N 91.89%, A9UR
SRR 104 43 H N SRR R LA IR Psy-Ala 3N 60.58%, B EELWIN HEE X 41 43/
BN o T I Psy-Ala 53 A SZE Y 60.98% o AN LU TE B 58 b Bl R B > A A B B T = . A



TaZds-A1 FE K 0 55 A28 57t TaZds-Ala SR ATATZR 9 72.92%, T 5K AR F SEU3I0 BRI 194 473/ 22 i Al (R
KW TaZds-Ala 5 43.3% . 1 TaPds-B1 HE K AL 50048 R4 SR AR, 0N 20.08%, B8 &M T
Xt 40 AN/NEFERF PPO JETEIE KL, A Ppo-Dla A28 F i A 12.18%, Ihah B 5 AL b 45
B (12.34%) FHIE . EANANEESINS 113 438188/ i fh (R 1 TaPod - A1b FEPRIRLU/INEZ SA (R 1 36.3%.
KRICH TaPod-A1b 3R B RAR I> A AR R 28.38%, AN [A) b it X dek [ A5 22 5%, (HANEZE

3.2 ik mMEER A IR

Toil A R R R UKL R, 72 & Fh B1AE H FR 2 R TT RE SR &t 7 TR R AR /N2 S T, AR SOk
JFURH DR DR 1) o A 00 B L SR A 1 AT 4 W SR i BT SR AR OGHE R 5 A, 4330 IB/IR Glu-DI .
Glu-Al. glu-B3g M Glu-Bl, M1 Glu-BI 1 55347 1Bx17+1Byl8 R ATSRIRAK, ik FIN &4 1B/IR
(=)« 5410+ 1/2*. glu-B3g+ 4 MR AR 12 34kt FPRUE AR SCHEDR 3 > rb AR W B [F) )
4 Pina-DIb  Pinb-D1b 1 Pinb-B2b Wit KL, & Pina-D1b+Pinb-B2b A4 WM EL 16 4y, & Pinb-D1b
+Pinb-B2b M4 MFEL 88 fiy o 5 AMAFRLEN (AR R R h RIS S 4 5 MRS T IARL 10 6y, G 44
WSS AL AL 89 4y, G 3 ML AL S AP RL 146 By A 13 ANEER SNP dridr, KRR
BE 1A RS REF MR, RE 10 MERSAE FERMEE 4 6y, BE 9 MEREA
WREIMEE 16 4, RE 8 MUMELE 43 4, RE 7 MIMEHT 89 6.

3.3 FEIXEEMmRAEENES

R ERAEY) AR e AR e (BRSO MmN e b, EREA S, B & ERRKE
FEbR PIE AR P I>TI> T, A HAIEAR LBV T>100, A8 5E I EE ARSI >1>11: - 55 5 /N 22 i SR PR
H, EARE. HEASE. RIS SRR IERR G P> >, F85E I EAAR & EOAT> > 1. 1
X CIbArsfs hiAZE XD FabnE s 250 i bn v i) L 2 22 S, R AR A BRI T A A B (1 T bR
KB 71.52%F0 64.78, ZXH KR FIIEFR R A 48.82%F1 43.92%, 1A 5E i 18] A AR RN 13.95%, XA
5 5 55 2 A ST 32 7= X /N 22 ot ot X 3R] PR 22 57 23 BT B 50— B0, S90S e I 18] 5 2 1 5 B R T
i EARAR AN IR, SR h E N SR R R R R R, LS TR R T R

DX A5k 1 5 S 990, 255 A 00 5 5 R o S5 PO AR PE S« v B R 2 X A AR e v, LU T 5 A
T AFZIX, S5 SR B ATIE R T 39 A X, U0 S A AN S A AR AR BT T X K
A 53 AELE N2 58 000 A0 55 50 PR /N 22 S R SR 0 A 1 L R BB, A7 A i A AR 17.1%,
SRR RML 5 3.9%, S3IAPRIUTE A, X0 1.9%. iR &N X6 5 3 FhAE 78 X3k 8] (0 22 S vk, (B
o A RE o BRSO, SR A AN S5 A R 2D, R /N 32 T P TE AR R R 0 e 2 )

ARSI T ORFRLAE | T SR T B AR D 13 S ThAREAY M SNP ARic FFJE KASP Al T
€, KASP ik B &DO0IE. ik, WM AR, HREAE o] USeBl il & Polimal, BBt
I o JXEE SNP FRic VR T vh f IR R 2 2 AR ThREFE DRI s A s B 2Rl B P R I ThREAL i, ©4&T
NEEREAR B AR B S e W0 TE, wTEEvEar. SR, WM RN S, SHERENE R, B2 R
FEtl, FEREREEH 2 ANEMER, HP Ll Gu-B1 N, Hgmiimmn FEEAEAWSE 1By Al 1By H
SRR RE, REZ G 4 R T (I AR R AN TR, 76 H AT IHARISE R ) KASP ARidH, Glu-Bl
) KASP %58 I8 A8 583, {1575 18id SDS-PAGE 58 PCR-Es flg bl i LUK 25 5 150 EAT % 58 « WIFFRENE T K E £
() SNP bRid fE B A RLH, /N F-hac i i & A e SR B STk
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