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R AR T AT 0GR T B AR AR, R R L AAF A B 228 s TR A AR, R R B ALK AL DTOPSIS i3 A i 4k
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Analysis of Wheat Resources for Plant Height, Grain Traits, and
Diseases Resistance Cultivated in Ningxia Spring Wheat Region

SUN Gang, CHEN lJia-jing, YAO Ming-ming, MAO Xin-yuan, LI Qing-feng, LIU Cai-xia, LIU Feng-lou,
LI Wen-xia, WANG Zhang-jun
(Agricultural College, Ningxia University, Yinchuan 750021)

Abstract: This study attempted to evaluate the plant height, grain traits, and diseases resistance of wheat
resources derived from different wheat regions of China at four major breeding stages that were cultivated in
spring wheat region of Ningxia Hui Autonomous region, China, in order to provide the methods and excellent
germplasms for local wheat breeding in future. A total of 228 wheat resources at four breeding stages were used.
The entropy-weighted DTOPSIS method was used for evaluating the plant height and grain traits in order to
select good breeding parents. The diseases resistance and proportion of resistant genes were evaluated by field
resistance survey, in combination with 18 molecular markers that associate with main wheat diseases in
Ningxia, China. The results showed that, at the breeding stages I to IV, the plant height and index of the
protein traits were gradually decreased, while the grain number and grain weight were gradually increased.
According to the C; value, 11 resources (Hongxinglong No.3, Nuomai, Xinjiang wheat, Shanglin wheat,
Ningchun No.45, Huining No.19, Ningchun No.32, Ningchun No.58, Ganchun No.25, Yongliang No.15 and
Xiaobing No.33) ranking top 5% in popupalation were identified. The resistance survey results showed,

there were 181, 220 and 83 in 228 resources that were resistant to stripe rust, leaf rust and powdery mildew,
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respectively. These 11 resources based on the C; value showed better resistance to stripe rust and leaf rust,

and three of them, namely Hongxinglong No.3, Shanglin wheat, and Xiaobing No. 33, were also resistant to

powdery mildew. In addition, 18 molecular markers associated with diseases resistance, showed different

proportions of amplification results in 228 resources. Collectively, the DTOPSIS method based on entropy

weighting and molecular markers associated with main wheat diseases can be used to evaluate the wheat

resources at the different breeding stages. These selected wheat resources with good performance can be used as

candidate parents for wheat breeding in Ningxia, China.

Key words: wheat;plant height; grain trait; DTOPSIS ; disease resistance ; molecular marker
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Table 1 Name, origin, stage and breeding time of materials

BBt BBt BB
i E4S e (B | g5 EAS R CHEUED) | 45 EA KW (A
Code Name Origin Stage Code Name Origin Stage Code Name Origin Stage
(breeding time ) (breeding time ) (breeding time)

S1 WRANE B I S28 T EE pu)i] I S55 ThH4S  TH 11(1980)
S2 B|EUNE VR I S29  thE(phlb)  puji| I Ss6  THSY  TH 11(1982)
S3 IR NE 5L I S30 gLk I S57  THEI0S  TH (1988)
S4 KAk N5 I S31 Wi YN I S58  THIY  THE 11(1983)
S5 AT 1S 7 I S32  FMURE T I S59  TH145  TH 11(1990)
S6 2155 F# i I S33  IHLsE A 1(1923)  [S60  FHISS  TH 11(1991)
S7 HEE A I S34  WEfF1YS R 1 s61  THI6YS  TH 111(1992)
S8 EANE =S RN R I S35 FEVE 24 R m(1971) ||s62  THITS < TFTH m(1987)
S9 TriEE R I S36  shi1s THE 1(1969) ||S63  TH185  TH (1997)
S10 KT TH I S37  TFTHIE  TH il S64  THI95  TH 11(1988)
S11 P &= TH I S38 THE2Y TH il S65  TEHE20YT  TH 11(1989)
S12 EP\E S TH I S39 THE3IY TH il S66  THE21YS TH 1(1995)
S13 HelkdE  TH I S40 &4 BEA il S67  TH2S T m(1998)
S14 1z TH I S41 W55 1m(1958) ||s68  TH3IE 111(1992)
S15 INET R TH I S42 22380 R il S69 Bk 229 (S 11(1993)
S16 Kerdz TH I S43 M 741 TR il S70  #HFEses R 11(1999)
S17 #-3 TH I S44  FFE3E 1A m1970) |[S71  AF 4185 L m(1999)
S18 H BIRIL I S45 i8S HJpiT il S72 WARLE LR 11(1995)
S19 T 7R I S46  HiEN1E  FIRIT m(1971)  ||S73  HiwF9% BIEVL  I(1988)
S20 /=AM I S47 AAe101 IR m(1975) ||S74  wFE3S5 BT 1MI(1982)
S21 NGER bEIE] I S48 LIXPE3YS HIJEVL Il S75 WEi4s BIJEVL II(1991)
S22 yNEES ) I S49  HHFE1w U il S76 i 145 MIRIL NI(1994)
S23 HLR-3 ) I S50  #H&E1016  HHK | S77  /NK33E MK 11(1995)
S24 VLI il I S51 a23 B il S78 o 1T/ m(1981)
S25 Skt WL I S52 i 97-24-1 e 11(1997) S79 92R137 1L m(1992)
S26  mE/ME B I S53 EE1S REEE II(1999) S804 158 195 11(1993)
S27 mMKEE B I S54  H&E205  Hl m(1997) S81 A8 WL m(1993)
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4= 574 Bt
G5 A il (FREE) | s A KR (AT || 4R AR KU (FRR)
Code Name Origin Stage Code Name Origin Stage Code Name Origin Stage
(breeding time) (breeding time) (breeding time )
S82  EA38E U m(1997) S131  #F315  HM IvV(2017) S180 A&k 135 dbat IV (2004)
S83  ZifH26M  PUJI| 11(1995) S132  WHETS BN IvV(2018) S181 A 145 IV (2004)
S84 4ifH26% I I(1995) S133  [e#39%  Hilt IvV(2018) S182  4R9123 Wb IvV(2012)
S85 Kedz26 bl 11(1985) S134  H#H4E ik IvV(2018) S183  fjUL35 b 1V (2004)
S86 MEFTES M 11(1999) S135  WFHES  HiN IvV(2018) S184  JHFE 17 M| IvV(2004)
S87  HifR20E  HiE Iv(2007) S136  FI12E5 iR Iv(2021) S185  HHIE E IvV(2004)
S88  HH299 HE IvV(2008) [S137 4RF105  Hif IV(2021)  |S186  J&His8 T IV (2005)
S89  Hif30%  HiE IV(2009) S138 #1105 Il IvV(2021) S187  FRFZ 1308  Eg v
S90 W37 HiE IvV(2012) S139  JkR15Y  THE IV (2000) S188  :%198 NN v(2011)
S91 FHIH38 Hifg IV(2005) S140  JkR26%  TH 1Y S189  FBM 6= Mala) v(2011)
S92 FHE36E NFH 1V (2000) S141  THNE  THE Iv(2002) S190 k1124 Iv(2018)
S93 MESS  HNEN IV (2005) S142  TH33E TH Iv(2002) S191  [H6% L Iv(2019)
S94 B2 NEE IV (2005) S143  TH3ISES TH IvV(2003) S192  #FE 170 ;] IvV(2014)
S95  J@AK 2344  BRVY v Sl44  TH3ITS TH IV (2005) S193 4340515 TR v
S96 rAf148  PRPY IV (2000) S145  FHIIS TH IV (2005) S194 25 YL IV (2000)
S97 42000  BkYE IV(2006) S146  TH3IE TH IV(2006) S195 & 1% I v(2001)
S98 P4 889 e p IV(2005) S147  TH405 TH IV (2005) S196 #1355 VLA Iv(2002)
S99 RAe168 By v S148  TH4S TH IV (2005) S197  ##F 145 TR 1V(2004)
s100  ®&E3S Hl IvV(2001) S149  FHERYS TH IV (2006) S198  #FE 155 IR IV(2004)
S101  Be&E23%5  Hik 1V(2004) S150 TH43YS THE IvV(2007) S199  #FEl6esS T 1vV(2004)
S102 P30S HiR 1V(2004) S151  TH44S5 TH IvV(2007) S200 #FE 185 TN IvV(2005)
S103  [kH245  HE IV(2005) S152  TH4SS TH IvV(2007) S201  THEE1E TR IV(2008)
S104 K179 Hl IV(2005) [S153 ‘TH41S5 TH IV(2008) [S202 #7199 I IV (2008)
S105  H#H21%  Hil IV(2005) |S154 TH48%5 TH IV(2009) [S203 ##20% T IV(2010)
S106  WAE8S  Hil IV (2005) S155  FHS0S  TH Iv(2010) S204 WA 0686 VTN 1v(2010)
S107  ®FESS  HIF 1V (2005) S156  THS3S TH IV(2014) S205 kG 1Y TLAN Iv(2010)
s108  ®FE4E  HiR IV(2007) [S157  *7*2038 THE IV(2014) [S206 TF9E I IV(2010)
S109  H#HF255  Hilt IV(2008) S158  THS4E5 P IV(2016) S207 #FE21%5 IR v(2011)
St10 %29 Hor IvV(2009) S159  THSSES TH IvV(2017) S208  #pF 225 U IvV(2012)
S111 HHE24%5 Hil 1V (2009) S160  THES6S TH IV(2018) S209  #HFE 10 bW IvV(2013)
S112  2K24%5  Hilt 1V(2009) S161  THSTS THE IV(2019) S210 #2355 V6 1V(2014)
S113  Be#279  Hill IV(2009) |S162 687 TH IV(2020) [S211 #2495 I IV(2015)
S114  [gH29%  H# IV(2009) | S163 %076 T IV(2020) [S212 #FE25% IOk IV(2016)
S115 P25 Hilt Iv(2010) S164  ND646 TH Iv(2020) S213  TF26 b Iv(2016)
Stte  ®F6s  Hl IvV(2010) S165 MI346 TH v S214  HiF 133 TTIn IvV(2017)
s117 - ®XFETES S HM 1v(2010) S166  THSS TH Iv(2021) S215 #2054 VT IV(2018)
S118  ®AHFESES HIR IV(2012) S167  THO6lYS  TH IvV(2021) S216  fEF 1028 VLN IV(2018)
S119  FEIS  HiR Iv(2013) S168 K 131921  TH v S217 #2715 I 1V (2020)
S120  WE6S  HiR IvV(2013) S169 7K 132256  TH v S218 %7 2049 VLR Iv(2020)
S121  H#HE2%  Hil IvV(2014) S170 /K 13H887 TH v S219  J3F 899 TR Iv(2022)
S122  H#26%9  Hil IV(2014) S171  ##s2 L v S220  WHNE8YH Py 1V (2003)
S123 W34S Hilt IV(2015) S172 Mk 19% W% IV(2001) S221  NFE9E paji IV(2004)
Si24  HHE3IS  HM IV(2015)  [S173  ¥#20% L& IV(2004) [S222 MZE 105 oI IV(2004)
S125  H#F27%5  Hil vV(2016) S174  F#E22% IR IV(2006) S223  WNE1LS gl 1V (2004)
S126  H#HF32E  Hilt IvV(2016) S175  =#it% R IvV(2016) S224 N7 836 pa IvV(2008)
S127  R&EIS  Hlt IV(2016) S176  #HA&K2E UK IV(2010)  [S225 %5482 i IV (2008)
S128  #kHE235 Hil IV(2016) S177 24 14 IvV(2019) S226  JI[# 54 ] 1V(2009)
S129  £719%5 Hilt IV(2017) S178 i 102 HIER IvV(2021) S227 #3416 pai v
S130  WESS  HiR Iv(2017) S179 4393 dbat v S228 mES2E &M 1v(2007)

F B I ARG A0 B 7R 75 R A

Some materials in the table without a specific year indicate breeding time unknown
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Z B /N 22 00 o T 54 3R A0 0 R Sl s o )
XAk v AR AR | AR A TR A T A, 154K
TR HARBRUE R 7 bk s BT X B AL SR L
3AELRR, 3 15 bR, IS R B3 R IF A 31
AR FSORI REoRT 8 M\ B AR R BEAILE I 15 4> A
RBOTARE , 43 5348 5 T-RCEE Sy 1000 A Ff
KL E . G L 8 DA7200 BUEZLA 3T X
DN A RREL A 5 T3 % S RN TR, T A
B 30 g, 5 REE A, 1 S8/ Al R R Y
At GRITD A 7
1.3 /MEHEHFEERE

TE/INAZ BRI, XoF FH ] B 4R & 1 55 55 L
B A R BT E SR TR A, LA L AR
TRXTRE L AN (5545 455 ) B Rl A A& 2 B 0~
5 PARUE : 0 M5 (1, immune) , 1 M & PT(HR,
highly resistant) , 2 2% 4 /1471 (MR , moderate resistant ) ,

®2 PURMEXSFRRICSIMER

3 2% M H g% (MS, moderate susceptible ) , 4 2% S = Ji&
(HS, highly susceptible) , 5 2% A% & (ES, extremely
susceptible) 2. /N FURMRPUIE JHAE 2 BE 0~9 Zibn
T O R (1) .03 M i 5030% (NI, nearly immune ) |
129 5Bt (HR) \3~4 G 4L (MR) \5~6 G0
J(MS) L 7~8 Gk = % (HS) L9 Z A il (ES) ™,
26 WA 3 A0 T R A B, 25 A O R BT 200
R—, W Hi-s & (MR-MS) | HJ&- 5% (MS-HS),
LIURYN/SE:71%/75K 1 01 e e |1 8
14 SFHRigsoh

/N2 I I B 3 T 41 DNA 2 BUR B CTAB
LR ASCHRARGE Y 18 /N2 BT B R /QTL AH G
S FARc P AR B TR (3R 2) , 5140
WA TR TR AT BR A Rl & L. PCR N 4™
WIKRSBRIP S EEEES, P YR 6%
SR DN 05 T e 5 e R DK RN, R 4 J 4 REDIL 2, I 458
TH 4

Table 2 Primer information of molecular markers related to diseases resistance

etk BHQTL  SMET ) RiE(s) B O
Traits Gene/QTL Code of primer ~ Forward primer (5'-3') Reverse primer (5'-3') Fragment size Anncaling Reference
temperature
F Sr22 Xcfa2019 GACGAGCTAACTGCA CTCAATCCTGATGCGG 234 56 [35]
Stem rust GACCC AGAT
Sr25 Xwme221  ACGATAATGCAGCGGG GCTGGGATCAAGGGAT 190 56 [35]
GAAT CAAT
Sr28 Wpt-7004  CTCCCACCAAAACAG AGATGCGAATGGGCAG 194 56 [35]
CCTAC TTAG
2 Yr65 Xgwml8 GGTTGCTGAAGAACC TGGCGCCATGATTGCAT 205 58 [36]
Stripe rust TTATTTAGG TATCTTC
Yr67 Xcfa2040  TCAAATGATTTCAGGT TTCCTGATCCCACCAA 245 60 [36]
AACCACTA ACAT
4595 Lr67 cfd71 CAATAAGTAGGCCGGG TGTGCCAGTTGAGTTT 214 56 [37]
Leaf rust ACAA GCTC
IREEIR Ofhs.ifa-54  Xgwm293  TACTGGTTCACATTGG TCGCCATCACTCGTTC 205 55 [38]
Fusarium TGCG AAG
head blight  Ofhs.ifu-54 Xgwm304  AGGAAACAGAAATAT AGGACTGTGGGGAATG 202 55 [38]
CGCGG AATG
Ofhinau-4B Xgwml49  CATTGTTTTCTGCCTCT CTAGCATCGAACCTGA 152 55 [38]
AGCC ACAAG
SO Sesl Xgwm526 ~ CAATAGTTCTGTGAGA CCAACCCAAATACACA 140 55 [38]
Sharp eyespot GCTGCG TTCTCA
FIH Pm37 Xgwm332 CATTTACAAAGCGCAT GAAAACTTTGGGAACA 193 57 [39]
Powdery GAAGCC AGAGCA
mildew Pm55 SEST-237  GTTTATCAGGCGGTGC GGACTTCTTGCTCCCC 730 56 [40]
CATA TTTC
Pm56 KU.962 GGACTTCCTTGTGGCT TGTCAGGGCACCAGTG 400 60 [41]
CAGG ATAA
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&2 (%)
etk BEOQTL B4 A R B O
Traits Gene/QTL Code of primer ~ Forward primer (5'-3") Reverse primer (5'-3')  Fragment size Annealing Reference
temperature
Pm59 XMAG1714 ACGAACTGTATCACAA TAAGCCGAGCATGTAG 188 53 [41]
CACCCA ATGGA
Pm59 Xmagl759 GTACGAGTATGGCAAC CCAACTCTAGGGGCAG 204 51 [42]
AGC ATG
Pmé61 Xgwml60  TTCAATTCAGTCTTGG CTGCAGGAAAAAAAG 196 55 [43]
CTTGG TACACCC
Pmo61 Xicsx79 TTTGAAACTAAAGTTG GTTAACTATCCATGTGC 143 55 [43]
GGTCA CAGA
Pmo64 WGGBH218 CCTTCCTCCGGTAACT CGAGCTAGCAATCAGA 166 53 [44]
CATA GAAG

1.5 ZitoH

K Excel 2010 4t i1 %di , 1 SPSS 26.0 X /)N
FE R 2 AR R PR B A 7 A S AR S 475
H Tbtools 1 7 R2253#7 ; # H Origin2021 4443
BOHE FFAE B 5 MRS T 2 SR A 3 00 (8 AL 1
DTOPSIS %, BARABRINT .

(DS AE R e THE AN -

e = — ﬁZ‘Pij Inp;;
Ao, PR T MORESS j AR AR A o AR A A
55 N EFRMEZ R FLE N R

(2) B AEFRAE W TR AN -

1 - ¢

zi -

)X /NESE AR AR RS PN A,
SRR A YEAT O B WAL A BRAS 206 4 Z, HOE 18145
PR o e PR A AT

_ Y
NAGEE Y Z;= !

max (Y)
o Y

i 4= Y, +abs(Y, - Y;)
P, Z 058 PR A PER B UL BHE T T
TC i A TS R AR Y 5 1 REER 1
ARG FEAE, Y, AR j N6 PR i H AR {A , abs
AV CR O (=

(4) T AR RE R TR

W, =

Ry =W; xZ;
(S)IHAAFEFR IR (X)) AR (X)) o
X; = max (Ry)

X; = min (Ry)

A, XX #9j=1,2,3,,n,
(6) R IR L ASIE B0 T3 T A ka5

RIGHR S MR BE B (i E9)S), Szt
ARTE] AR RS (B B BE RS ) ST, T TR L )8 C L AR
i DTOPSIS /0 Hr JFU L, C (B R /R 25 otk ik
i, AR

DR = X[y Si=

i=1
T
L oSiEss

2 FERESH

2.1 HBEMFHERNER BXE.BEXITR
IS{L H i
2.1.1 HREMFFRERTREST SENIANE
Folt B Bz 228 13 /INZ2 % U5 1) Bk i FOFE R AR 64T AR
ST (3R 3) G5 SRR WA BRLE S bR 5 A8 i oy
49.45~144.16 cm, By BE1~TV ¥k & 5 248 4 5 R
110.76.101.89 .86.57 F179.74 cm, A XF T 4= [ B i
A AR 2IE 87.03 cm 43 BRI 27.27% . 17.07%
—0.53% Fl1-8.38% ; LA~ B Bl 1 34 e ki 250 2% 1 Ry
30.00~69.00 Fi. , By B 1~1V - 5 {5 43 5] hy 44.00,
45.00.,47.00 F1 50.00 %7 , AHXT T 4= B B i A 4 B
Y{H 48.39 K743 A AN T -9.07% . -7.01% . —2.87%
F13.33%; BB RTS8 B AR IR A 1.02~3.37 g,
i BEI~TVSEYME 4350k 1.67 .1.88.2.01 F12.21 g, H
X4 W B BT A A REF 24 (E 2.08 g 43 il 35 T
-19.71% .~9.62% . ~3.37% 1 6.25% ; .4~ 1 - 15
TR E AR IR Hy 23.27~56.41g, By BEI~IVF- {1 43 5
41 34.86.38.12.39.05 F140.47 g, #H%F T AW B Ar fy
R 418 39.26 g 43 B3N T -11.21% . -2.90%
—0.53% F13.08% ; S MR- B AR 13 AR IR A
13.17%~20.64% , By BE1~TV - {8 43 51N 16.50% |

C, e (0,1)
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O ¥ iR 24 %

15.95% .15.33% 1 15.13% , FXF T 4= v BE AT A5 44 84
SEYAAE 15.42% 43 BIRE N T 7.00% .3.44% .—0.58% Fll
—1.88% ; TR B} Y- 298 T 4577 % st AR M R 26.70%~
43.69% , By Bt I~TVF-241E 53 31 4 35.15% .34.01% .
32.86% 1 32.36% , H1XF T 4= B B i A M4 FHE 2494E
32.97% 53 B3N T 6.61% .3.15% .—0.33% F1-1.85%;
BAAS AR YU RE AR AR W A 24.11~54.61 mL, By B¢
I~IVE 2416 43 514 40.21 .37.58 .36.20 #1134.72 mL,
AEXT T4 B Be T A MR- 201E 35.97 mL 435138
RI HREWFRIERER SN

Table 3 The variable analysis of plant height and grain traits

T 11.79% .4.48% .0.64% F1-3.48%. 7 MR A
BRI B e R RN Ak A BTV
L, REOR 5 T EE AR 1A 7 = > 1> 2 B B> 1>
IV, Uk B FHLEE (A & B >R B TSIV, TR
HI>2 BTV, AR SR SRR, bR s AR 5
RBAEA R B R B B e K BT, SR 5 218 T
K o RIE A LT3 bR R A 5 R 8K
BRUT AR AE B BEI~TV _E T, FoAb bR i 25 5 st
PR R TR

PRAR ¥ A5 S FHEIE brifE 55 2 E (%)
Traits Stage Variation rang Average value Standard deviation Variable coefficient
i (em) I 78.10~144.16 110.76 14.20 12.82
PH il 55.66~124.95 101.89 18.66 18.31
11 52.47~116.10 86.57 14.17 16.37
v 49.45~132.94 79.74 14.62 18.33
e 49.45~144.16 87.03 18.78 21.58
TR EL I 30.00~67.00 44.00 8.68 19.73
KS I 35.00~61.00 45.00 7.16 16.00
11 37.00~64.00 47.00 6.90 14.64
% 34.00~69.00 50.00 7.04 14.07
2R B 30.00~69.00 48.39 7.67 15.85
T () I 1.02~3.19 1.67 0.42 25.34
KWS Il 1.25~2.72 1.88 0.37 19.40
11 1.37~2.92 2.01 0.37 18.45
v 1.29~3.37 221 0.41 18.44
BB 1.02~3.37 2.08 0.45 21.59
ThiHE(g) I 23.27~51.55 34.86 6.66 19.12
TKW il 26.55~48.85 38.12 5.50 14.42
11 29.06~48.74 39.05 4.66 11.94
v 30.84~56.41 40.47 4.17 10.31
B 23.27~56.41 39.26 5.18 13.19
HEAS (%) I 13.17~20.64 16.50 1.54 9.36
CPC il 14.14~18.10 15.95 1.18 7.40
11 13.92~18.34 15.33 1.01 6.61
% 13.18~19.00 15.13 0.85 5.63
EE 13.17~20.64 15.42 1.15 7.43
AT 7 2 3k (%) I 29.09~43.69 35.15 3.31 9.41
WGC I 29.44~39.18 34.01 277 8.13
11 29.38~38.81 32.86 2.13 6.49
v 26.70~41.58 32.36 1.94 5.40
BB 26.70~43.69 32.97 2.50 7.57
PLFE(E (mL) I 31.58~54.61 40.21 474 11.79
Y il 28.28~47.10 37.58 438 11.66
11 30.46~45.78 36.20 3.01 8.32
v 24.11~45.28 34.72 3.16 9.11
LB 24.11~54.61 35.97 4.02 11.18

PH: Plant height; KS: Kernels per spike; KWS: Kernel weight per spike; TKW: Thousand kernels weight; CPC: Crude protein content; WGC:

Wet gluten content; SV: Sedimentation value; The same as below
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2.1.2 HREMIFRIEREREST X228/ E
BEUR = FAF R R BEA T AR S 0 A (3R 4) L &6

FW] MR A0S B BTV R i A MR A B B 2R
FUBTEEAR B B LR 13 AR R L [ BEITY
A T A 5 RO RS2 0 35 IR ARG, 5 B BT
R 0 1 [ BRIt o & 8 58 2 e oG, 5
I B TR Fh 0 TR B S d 2 R OG5 RS 5 iy
o B R B S AR A IR AR OGS A B ORI
FIBT B A UL (EL 52 (25 TE ARG, 55 B BOVAYHL
FI o 2 2 U R, A Be iy 3 SRR S A

F4 RS TFFRIERE RS I

Table 4 The correlation analysis of plant height and grain traits

B E AN SC ; B H S TR A AN R B Bty SR
FHIEASE, 5HBIARLIE A SR 2R & IAE, 5
2y B TR SR 2 DR O TR
B BLIV 2 TR S 25 T A5G, 5 B BT
PR T 373 % S 2 IR ARG 5 8 1 RMRIRAE BT By
Bl 249 S A 2 TR AR O s HAR B B R PR AR (R AR 5
PEA R o ASCPEEE SRR, 1 21 1 i M BE, bk
19 T B () R 0] A B A IR R
UEF= IR T T B

EZ7N BBt M TaRIEL TR E TR MEA SR WA
Traits Stage PH KS KWS TKW CPC WGC
TRIEL I -0.163
KS i -0.064
11 0.115
v 0.339%*
Eoliid= -0.045
Tehr I -0.392% 0.623%*
KWS I 0.267 0.756%*
il 0.297 0.796**
v 0.492%* 0.850%*
2B -0.045 0.810%*
ThiHE I -0.383% -0.199 0.616%*
TKW i 0.307 0.066 0.605%*
I 0.324 0.031 0.568%*
v 0.466%* 0.131 0.557%*
BB -0.038 0.136% 0.634%*
itk R R iy I 0.476** -0.331 -0.381% -0.120
CpC I 0.302 0.309 0.374 0
I 0.373% -0.327 -0.188 0.202
v 0.222%* -0.208* -0.072 0.271%*
ABrB 0.477%* —0.303%* —0.285%* -0.065
TR A I 0.435% -0.340 -0.293 -0.003 0.985%*
WGC I 0.381 0.301 0.388 0.028 0.985%*
1 0.430%* -0.278 -0.084 0.336* 0.972%*
v 0.300%* -0.113 0.036 0.321%* 0.961%*
Ei= 0.496%** —0.249%* —0.194%x 0.017 0.976%*
DUREE I 0.458%* -0.266 -0.285 -0.101 0.907** 0.896%**
Y I 0.243 0.498* 0.426 -0.114 0.923%* 0.914%*
I 0.534%% -0.306 -0.194 0.176 0.862%* 0.852%*
v 0.315%* -0.020 0.069 0.225%* 0.833%* 0.850%*
2B 0.539%* —0.195%* -0.217%* -0.107 0.889%* 0.890%*

* TR B E ML (P<0.05) , ¥+ FR i 2 & A5 (P<0.01)

*indicated significant correlation (P < 0.05 ), **indicated extremely significant correlation (P<0.01 )

213 HRESIFREREBEST X228 4/ NET
DR PR e AORFRL AR AT IR0 (B 1), B A %%

W S A KRE(I-V) , R SR IR AT S41.,837
S5 S8 A RL, R LAVL IR AR Ve X 55 4
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PE SR, X IR S bR R SR IR R TS
S144 .S75 % 50 {5 B4}, ook 50 15 3R [F K43 A2
DX — S A R B 22 DR RS AR X
B AR MEATR , R A — S IIEAFE AL 45 S28.,
S22 88 1T Akl R &4 My i, 3X AR
Pypkim i BRI ER — e B8 1 BRI 5 56
IVERFALEE S142.S100 55 73 AL, FZELLH G

D SV
MR E WGC
HEASE CPC

T RN FE R PGICEZZ X ) — B B F R Fh, X 2R
WA AR R 3 L R R A 5, S iz b DX B 4
PR ) f A 5 565 VIR BRAU 5 S91.S50 % 30 1 M Kk, =
BN T 22 K 7 b R R AR T A A, Xk
dl A R SR IR R (R MR A 1
PR -

THiH TKW
FiRiE KWS
RRIE KS

% PH

Wy,
T

]

508880, i

SaLH58s Bagaazengg

I|
Tk TR B IR LS G SRR 1
The arrow indicates the starting position of each group,the number is the same as table 1
E1 EFHEE5FERe/NEREREE

Fig.1 Cluster diagram of wheat resources based on the plant height and grain traits

5 K EBE IR = FUFERL IR 32 Z R BN - 1Y
PR (E2A) , TI>V>TV>I- 1 - iR 5 (K1 2B ),
IV>V>II>I115 A R (5] 2C) , IV> V>
STk H ([ 2D) , VSIVSTI>T> I - 2 KL 1
i (B 2B ) T 7 % it (81 2F) FiikeE (K1 2G)
V>II>1>1V>1, Hof 2RItk m %,
74.8415.17 cm; FERETV - X5 R0k SO Bk 5 44
BT 23R 63.6122.82 KiF 2.97+0.18 g3 5BEV I F-
¥k R S R R A
I3k 42.75+5.56 g.17.01%+1.16% .36.61%+2.53%
F141.54+3.65 mL,

’/fun-;# I

fii
T
] T \
s Ty

TR

A \\\"f&\\ S J ”
W

214 HESHFHNERNOTN FMHTTESEE
X [/ N2 Bl 7 B BE AR Ak, Mk = R BN T R
OB BIS LI IV EEbE & 22 S5 A8 B 2 L 0
BB, B B~ R () 2B 25 5 B 3 LR B
B (EI3A) s B B S IR 502 S R g 2 4
A&, By B~V P-4 (8 25 57 i 2 15 e ]
B (E 3B) 5 B BEI~TV 7 2 R 8 22 5 B 25 1
B (1 3C) 5 By Be L5 oAt 34~ B B P34 TR EE 2
SR 2 BEINECHE B B IS TV A3 22
SR E AR (E 3D) ;4 4B B~ F- XL
o IR AR A Y R B T
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oS RE TR (K 3E~G),

2.2 KRB FAFRER RS

221 B—HRESHMBRRN 7228 0/NE
TEIR, A3 BRI T AR R F PR MR S0 11 453
PR S)  Hoh bk R R 0 A KL S185, 4 49.45 emy;

A B

TR B 2 RO AT RE S138 , ol 68.57 i s Tk B e B A
RES166, Sk 3.37 g; T 0L 5 5 T A9 B4 kL S109,
56.41 g; 8 1B R B 47 A A R S32, HOML 5 11 &
T AT R AR AR 300 R 20.64% 43.69% Fl
54.61 mL.

140 . 70 g
=100 be b = 50} be g2 % JEeny Lo I
= = i 7 2. ez
53 % f ;40 — —-l— d EE 0
¥E o g 20 - E220
= aoff £ 20 3
| ¥} =
20 f 10 210
P R U R N I R " -~ 0 L L L I L I
| 1] n v / | it I I 1] IV v 1 Il 1] IV v
W Group 354t Group #M Group
E 20, G s
a a a 1
18+ a a a
_ E l6F ¢ b c b f c I 1 b .
£E 14 T -
. TR )
2 10
T E 8
28 ¢
T E 4
<
| [l ] I ! I ] v v 1 Il Il IV \
P Group 358 Group AW Group
ANE/ING FREFOR B % 225+ (P<0.05) , R A
Different lowercase letters indicate significant difference ( P < 0.05 ), the same as below
B2 SKEFNEZREKRSIFFRER
Fig.2 Plant height and grain traits of five groups in wheat resources
A 160 B g D 5
. a b 4 T% i a a B
@ a N i ab b il = 44 b 3 T
=5 120 L] : b = g ) — T2 40 ____L_-——-
‘E-é 100 | _%"+-.H__ b b __—]———‘_ - 2 E:E 36 el [
#3 o ““‘{-—- . s FE
228
60 £ 24
40— L L L 20 L \ . : i . o 20 L ) ) .
| Il I IV I Ii | I 1l ] IV I 1 1] v
Fir Bt Stage BirEd Stage BT EE Stage FirEL Stage
E 20 G 52
19 |
=2 18f ¥
3 ab
ST I be
L '“-—--q_h_____h T £
mE sk T4
st
I I m IV | 1l m v I I m IV

[irEL Stage FiTEL Stage
E3 ARMEBRNMNEFREMHRSAFRIERENL

Fig.3 The changes of plant height and grain traits of wheat resources at the different breeding stages

FirEL Stage

222 WMBGERESIERNNE KB AEHE
J B R BRI Sy < R 1 > R > ok 25>
T T 737 B > TR E > TR B>k L Bk = b, HoRr
6 M PERACE B85 T 0.1, X 5 Bl 24 PR 52 i 45
K AT A 2B B /N2 7 i FER
PR 2R bR (32 6) o

223 ETHERE DTOPSIS ix a4 228y
INFEGFPRIK) C A 0.155~0.700, V1418 Ky 0.414, FL

H, HEZ SRR (i MBS E05%) 19 1L AR MR CHE
49 0.550~0.700, -3 {E A 0.578 (£ 7) , i LE 41} Fk
TR L, PR R B S

2.3 HRHERAERS FIRIESH

231 HUmEMIEE X228 /A UEIE EAT RRR
BIZCG50 HEE A UR e bE E A (1E 4) , o
181 M 8E(79.39% ) P s T (B 4A, 32 8) . A 1710
(7.46% ) AT rh e F &z 8], = BSR4 38 )
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(16.67%) 5 220 3 #1 ¥} (96.49% ) Bt i 45 9 (1K1 4B, #RE(19.74%) A F rh St AR Z 8], 45 80 13 14 K}
£ 8),H 8 M BLH(3.51%) 4 T HhHi Fil v gk 22 J] (35.09%) AT HUBRAE IR 0], 20 1M KH(8.77%)
83 KL (36.40% ) FLIAK G (B 4C, 6 8) , 454y  FIJhek,

&5 IINERBIFAERHERET 1B R
Table S Excellent germplasm with top 11 ranking in wheat plant height and grain traits

¥k (cm) PH FRIEL KS FHRIH (g) KWS TR (g) TKW
izimg G CPERER T PMHREE 45 OPIMSREE 48 OPI9iRER
Code Average+SD Code Average+SD Code Average+SD Code Average+SD
1 S185 49.45+1.33 S138 68.57+6.16 S166 3.37+0.29 S109 56.41+0.19
2 S78 52.47+1.54 S166 67.60+3.43 S17 3.19+0.23 S125 53.60+0.14
3 S182 54.35+1.99 S17 66.50+4.64 S173 3.16+0.10 S16 51.55+0.15
4 S187 54.60+2.13 S164 66.27+2.59 S138 3.13+£0.34 S40 48.85+0.18
5 S227 54.66+2.20 S173 65.734£3.55 S159 3.08+0.29 S165 48.82+0.27
6 S84 54.68+1.29 S68 64.00+4.40 S97 3.02+0.55 S66 48.74+0.14
7 S224 54.93+1.84 S139 63.57+3.02 S164 2.994+0.12 S147 48.49+0.30
8 S223 54.98+2.93 S94 63.50+4.06 S165 2.97+0.21 S39 48.21+0.11
9 S225 56.08+3.58 S159 63.23+£3.92 S137 2.96+0.31 S228 48.02+0.16
10 S43 56.66+4.50 S137 62.33+3.52 S52 2.92+0.20 S100 47.66+0.10
11 S172 58.45+1.35 S52 62.00+1.35 S147 2.88+0.11 S1 47.50+0.02
HLEE 25 (%) CPC T 2 5k (%) WGC TIFEAE(mL) SV
izimg Gis VMR mYS FBMEE &S IR
Code Average+SD Code Average+SD Code Average+SD
1 S32 20.64+0.14 S32 43.69+0.37 S32 54.61+0.45
2 S1 20.02+0.14 S1 43.67+0.37 S48 47.10+£0.31
3 S129 19.00+0.07 S129 41.58+0.21 S6 46.14+0.43
4 S31 18.43+0.25 S48 39.18+0.17 S1 46.09+0.69
5 S77 18.34+0.08 S31 39.07+0.46 S77 45.78+0.21
6 S48 18.10+0.05 S77 38.81+0.16 S31 45.60+0.71
7 S3 17.96+0.03 S3 38.66+0.13 S129 45.28+0.16
8 S26 17.84+0.03 S26 38.40+0.18 S26 45.17+0.55
9 S39 17.65+0.06 S39 38.23+0.34 S5 44.94+0.29
10 S109 17.54+0.04 S38 37.73+0.30 S27 43.76+0.44
11 S4 17.52+0.04 S109 37.43+0.09 S3 43.45+0.22
xo6 HiTMIERHBEMNE &7 DTOPSISENHER
Table 6 The entropy values and weights of each evaluation Table 7 The results analyzed by DTOPSIS method
index %' CfHHE# AR EAUEEE MR
EMNFERR e K KR HET Code  Ranking of C, value S, S, C,
Evaluation index Entropy Weight Ranking S48 1 0.283 0.122 0.700
— S31 2 0.245 0.173 0.586
b PH 0-992 0.075 7 s1 3 0283 0207 0.577
FRIALKS 0.983 0.168 3 S32 4 0.297 0.219 0.575
FBE KWS 0.982 0.174 b S152 5 0.229 0.173 0.569
S129 6 0.255 0.195 0.567
TR TKW 0.989 0.107 5 s141 7 0229 0179 0.562
HLE & At CPC 0.977 0.231 1 S166 8 0.273 0.213 0.561
P T 3% B WGC 0.986 0.140 4 S109 ’ 0237 0.187 0559
S139 10 0.247 0.196 0.557

DR SV 0.989 0.105 6 S77

—_
—_

0.231 0.189 0.550
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351.75%
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A Stripe rust; B: Leaf rust; C: Powdery mildew
4 INEETR. HERMAEMEIEEESER

Fig.4 The survey results of strip rust, leaf rust and powdery mildew in wheat

RS MHEMBNHER

Table 8 The distribution of materials resistant to diseases

k==t U R 5 MR HeBl(%)
Disease types The code of disease-resistant materials Numbers Proportion
A S1~S6.S10~S32,S35.S38.S39.S42~S51.S53~S56.S61~S63 .S66.S67 ,S69~S74 .S76~S80.S82 | 181 79.39
Stripe rust S84~S90.S93~596.898~S101.S103~S105.S107~S117.S119.S121~S126 .S128~S130.S132~S137 .

S139.5141~8169 .S171~8174 .S177.S180,S182 ,S185 ,S186 ,.S189~8195 ,.S197 .S199~8202 ,S204 ,

S207~5218,5220~S228

-5 S1~S8.S10~S120,8122~S129.S131~S136.S139~S156.S158~S179 S181~S200,S202~S228 220 96.49
Leaf rust
FUB S4.S6.S13.S17.S18.S23.S25.528.S29.532,S35~S37.542 ,S45 .S48 .S52.S56.S63 .S66.S68 83 36.40
Powdery mildew S71.872.S79.S81.S82.S84.590.592.S95.S100.S104.S106.S107.S108 .S110.S112.S117,

S119.S125.S134.S140.S143 .S150.S151.S164 .S165.S170~S173

232 HFREEQTLHEXSFIRIESHT 1815
INEBUREER/QTL ARSI 43 Fhic AE 228 3 B i
G3AT EBIASTE (B 5) , Herb  HiAH 5 2L ] Sr22 .Sr25
H1 Sr28 M FRic Xcfa2019, Xwmc221 il Wpt-7004
43 1E 194 227 F1 23 iy AR A R A5 5L, 4300 o
R B 85.09% .99.56% F1 10.09% ; 311 5% 55 9 &
[K Yr65 Fl Yr67 1 bric Xgwm18 Fl Xcfa2040 4351
TE 30 1127 O3 pHRE A R 45 5, 4390 o5 b4 A s 4
f9 13.16% 1 55.70% ; It M-85 9 ZE A Lr6 7 A5G HRIC
cfd71 7€ 68 1 M B b A K 25 51 o5 b RE B
29.82% ; YL IR EE NN FE A Ofhs. ifa-54 F1 Ofhi.nau-4B #H
KARIC Xgwm293 . Xgwm304 Il Xgwm149 43 i 76
57.31 F1 153 Gy MR A RGN Z5 R, 43501 o B4R
B 25.00% . 13.60% Fi1 67.11% ; H1 SR I J [H] Ses!
FFEARIC Xgwm526 7E 65 U3 A1k p A K 45 5%, 5
BRL B 28.51%; BT 11 K3 i 2L I Pm37 . Pm355 .
Pm56. Pm59. Pm61 Fl Pm64 A 5 #5 ic. Xgwm332,
5EST-237.KU.962 . XMAG1714 . Xmagl759 . Xgwm160
Xicsx79 A1 WGGBH218 43 3l 7€ 211, 191, 1,226,
225.77.62 F 191 {3 B4 B b A w25 5L, 43 031) o b4
B EL 92.54% . 83.77% .0.44% . 99.12% ,98.68%

33.77%.27.19% 1 83.77%. H v #5ic Xcfa2019,
Xwme221, Xgwm332, 5EST-237. XMAG1714,
Xmag1759 1l WGGBH218 7 44 6} A5 i £1] fr) 45 %
BIE 1t 80% , 31X 7 A5 B 5k K 8 AR e £E A R
Wz oA U AT PO BE A S22 .Sr25 . Pm37
Pm55 . Pm59 . Pm64 (1) /NZ2 S A A [A] & R B B
FFE5A MR BT &k 5 R R .

18 N /INZE IR PR A 5 43 FARIC TE AN [ B B i
Ak 43 A A AN ], BURT 59 2k (5] 25 ZE B Bt
LI A MR 4G 431, Sr22 F1Sr28 53 I AE B
BAIVHIIIABE o3 A fe ey , A 89.44% F112.12% 5 4L
ZBIHER Yr65 T Yr67 43 BIAE B BEIURITAY 44 4} o
AT K 16.67% F160.61% ; i H-45 5% 5L Lr67
FERY LR RE R A i, oM 72.22% 5 Bt o B 2 IR
Ofhs.ifa-SA TEB BEURNIIA BE b 43 A0 3438732, 4393
} 36.36% F1 44.44% , Ofhi. nau-4B 1 ¥ B ITKE K}
I3 AR, K 82.86% ; PLEUH I KL A Ses! 78 i B 16
A A e, R 33.33% ;s LA KR SE R Pm37
Pm35 53 BITE B BEUURINTLA BLH 2598 5341, Pm56
Pm64 53 5 FE B BEILFNIV AL B 4347 B i, o4 5.56%
H187.32% , Pm59 # Xhric XMAG1714 7£ B B ITAN
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NI R B4 434 AR iC Xmagl759 7EBYBOAITL il Xiesx79 Y 7E Wy BT A5 it & L 23 5l 42.429% Fl
MR A 3 Aii , Pm61 AHOC T S Al Xgwm160  54.55%(3K9).

Nefn2ini9

Xwme221

Wit T

Xgwmlg

Nefa2ibin

«fdTi

Xgwml93

Xgwmdi

Xgwmi49

NgwimsTh

Xgwmdil

SEST-237

KU.926

KAMAGITIS

Kmeagl 759

Ngwmll

Xicsx79

WGGBHIIE

Xefa219
Xwme221
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Nefalin
ofdTl
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Nimag] 750
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wer 4m 4. 4o 2o erma or er-
=2 s i b e 22 S58a: 2L aha
R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R R R R R R R R R R R AR R R R R Y
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Red and blue bars indicate positive and negative amplification results in materials; The code of abscissa is the same as table 1
5 PURIEEXS FARICE 228 B NN ERIR PRI R

Fig.5 The detected result of molecular markers related to disease resistance in 228 wheat resources

®9 HRUEER/QTLEXS FIREEARMEM#HH S

Table 9 Distribution of molecular markers related to genes/QTL for disease resistance in materials from different stages

PR FEH/QTL 5| Y= HA] (%) Proportion

Traits Gene/QTL Code of primer I I I v

M Stem rust Sr22 Xcfa2019 81.82 72.22 77.14 89.44
Sr25 Xwme221 100.00 100.00 100.00 99.30
Sr28 Wpt-7004 12.12 5.56 11.43 9.86

254595 Stripe rust Yr65 Xgwml18 9.09 16.67 11.43 14.08

Yre7 Xcfa2040 60.61 22.22 57.14 58.45
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F9 (%)
PR FEH/QTL Elb/E =2 HA5 (%) Proportion
Traits Gene/QTL Code of primer I I I v
4595 Leaf rust Lr67 cfd71 36.36 72.22 22.86 24.65
FFHH Fusarium head blight Ofhs.ifa-54 Xgwm293 36.36 16.67 20.00 24.65
Ofhs.ifa-54 Xgwm304 15.15 44.44 17.14 8.45
Ofhi.nau-4B Xgwm149 54.55 72.22 82.86 65.49
SUHK Sharp eyespot Sesl Xgwm526 24.24 33.33 25.71 29.58
Pk Powdery mildew Pm37 Xgwm332 75.76 94.44 100.00 94.37
Pm55 SEST-237 96.97 100.00 65.71 83.10
Pm56 KU.962 0 5.56 0 0
Pm59 XMAG1714 96.97 100.00 100.00 99.30
Pm59 Xmagl759 100.00 100.00 97.14 98.59
Pm61 Xgwm160 4242 2222 40.00 31.69
Pm61 Xicsx79 54.55 44.44 22.86 19.72
Pm64 WGGBH218 84.85 50.00 85.71 87.32
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