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Fusarium Crown Rot for Wheat Accessions
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Abstract: By applying the millet grains as pathogen medium, we inoculated the 163 wheat germplasm
accessions which widely cultivated currently. No immune or highly resistant wheat accessions were identified,
while the resistance variations estimated by disease index (DI) were found following a normal distribution
13.28-83.33 in greenhouse and 10.27-73.89 in field, respectively. The correlation coefficient, based on the
phenotype collected from greenhouse seedling assay and field trials was 0.79, supporting a high correlation on
resistance at the seedling and adult stages. Furthermore, the genome-wide association study (GWAS) found
significant SNPs distributed on all chromosomes of wheat, with enrichment on chromosome 2A with an interval
from 725 Mb to 763 Mb. This was in keeping with the results of the bulked segregant analysis (BSA), which
revealed significant SNPs distributed from 730 Mb to 750 Mb on chromosome 2A. GWAS and BSA indicated a
significant resistance locus, which resided from 730 Mb to 750 Mb on chromosome 2A and associated with
fusarium crown rot (FCR) infection. This study can provide important reference for identifying resistant wheat
materials and exploring FCR resistant loci in wheat.
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Fig.1 Typic FCR symptoms on seedlings
in greenhouse investigation

INEZE B R B ETEEE R ITM
/INZE ZE LB g T IR) 40P 8 7 T 2021-2022 4F:
HEAT , BEMR B RE T 2021 45 10 F FRE 3T 4k
PR M e el DX AR AR e b 0] 40 A 3 m?
(1.5 mx2 m) (/N IX B /N R 5600 L o 45 b
P ¥ S e - 3R, B/ N X 200 g, BRI S
RZ TR G5 R AR R, R I R DU TR
AT HE 25 om, BAT SRR 20 K SR FHBENL X 41
Wit HA WY, ] L iR — R A B
ESTi

TE 2022 4 5 H /NAZ B | BB RLE AL
W30 HAZE i BRSO I o0 SRR HE A T A IR T3
W TEE . WURR I 15 23 bR S B = 25T
T O G AHARZEFT O B SR 5 1 ) B — 25
WA AR RREAR s 2 90 58 2R A AR A T
AR 3GRBE TR 2L b (HR A H R
49 FEARBEMRAE T (FIBE) o PUPETPANARIER] 1.3,
BT R

" SRR < IR %

g i) - AL PIED

F F Microsoft Excel 2010 A2 %t B 44 b4 4t
PR E S R I TREHE Y ST P A R X B A2
an AN , 2 RO SR P A A AR R 5 1
VT SR P ) 68 85 R )P B R R RO 22 5
ENE IR ARG T
1.5 2EREAXBKSH

FIFI/INZZ 90K SNP it - X BER A 7 LR 437
K FH PLINK B A7 Jou s , 18 ik GAPIT #1044, R ]
TRA 2 R (MLM, mixed linear model ) 474> 3&
TR > b, L P < 0.001 Jgbmife, 4
JE Ja PR/ T BAE Y SNP FI 2 5 R A0 @ 3 0C
WAL i o i — 20 2 25 v [ 5 Ak [N 20 S0l
(http://plants. ensembl. org/Triticum_aestivum/Tools/
Blast? db=core) , XJ {8 2 SNP & BYNOL S A 78T o
1.6 BEERSBESN

HR A e R A 45 2R, AFAAC R 23 E B 10 49
T 4R BT 35 Fil i T 65 BYA LIRS T3 P Rk Frdz
PRAL P, BRI R 505 R 1.3, 3681 4 d 5 Ok
BN SHIEEAE S (7AW R0 E Y P S 1Rl
HE— 2 /N2 660K SNP o8 H #E 474 Sk B 20
o AR LA A B AL SRR 43 B BT AT 90%
(9 SNP 7 s J , XF A I 1Y) 2. 3% SNP #4758 104
o e L X B

1.4

100




2 SRR NP BT R

IS FRBLIESE RE KR (5 o A 187

2 HRESH

21 IEMREBEZEEFROAEIARERE

TR

R AR AT, 28 N (E1) T E] (B2) %5 /)N
A2 IR MBS AN R R i B /N 2R, HLH
43 4 BE 5 8% (3 L https: //doi. org/10.134301j. cnki.
jpgr.20230718001 , fff & 1) ;s FEAR Y 2L JE i Hi Pk g
PEARGFIX 43 R R BLEA A H AR A %
JE H T ECE RN AN (B 2) o Gt &
PR, 2 PNORITHH ] %552 H 4T (10.01<DI<20.00) Y /N4
EIRAY A 2 B2 35 T4 881) AN 3 4 (Pl 22
157 & 19 % F35), & %EE SN 1.2% M

4

1.8% ; JEJ75 (20.01<DI<30.00) it /N A2 95 P43 5 11
Oy RN 12603, o %58 BB 6.7% 1 7.4% ; = B /N
A GER (DI230.01) 43 B4 150 43 Fl 148 17, 5 % &
S 92.0% F190.8% . i — 43 BT KB, K4
A E 05 175 i B FRAE 40~60 22 1], 35 PN A HH ) 2
TE B 77 6y F93 4y, o M e BRI 47.29% A
57.1%, FHIHEXBEMARMEIILER 1. Z6kE,

P B BT P AR HE ST, AR 4R 2 80b R
) ZEBE e B T8 2 8 (R I 22 i
BT, A [v) ot o ) 25 R JE e P Ik A E A B 3 25 5
b, X /INEZ B G A T 2R B B R M S R I 48
BT X B R B R L,

60 - =N El
® [H]H] E2
50 L
£ 40
<
IH &
B/
&= 530 f
o2 <
E
=
“ 20 L
10 I I
0 .. . . . e
<20.00  20.01~30.00 30.01~40.00 40.01~50.00 50.01~60.00 60.01~70.00 >70.00

atfTe4L DI

DI: Disease index; The same as below
2 MRENEEREERORESTRE

Fig.2 Number of wheat accessions at different levels for resistance to FCR
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Table 1 The representative accessions with different resistance level to FCR in greenhouse and field

TR EL fR2H (DI 4] / DI-FH[A])

DI Representative accessions (DI-seedling / DI-field )

<30.00 BE3E wEsSE B 7859 B 4 157 HEF 19
(13.28/15.57) (22.22/22.68) (28.89/26.09) (20.20/10.27) (29.00/19.33)

30.01~40.00 JiF 18 BH 32 B 211 #3423 JEZ 23
(32.22/38.26) (33.00/31.00) (33.33/31.64) (33.33/31.35) (36.11/33.19)

40.01~50.00 PiAc 979 HF 50 ih4 34 {EJZ 4110 Bets 65
(42.22/40.17) (43.21/46.86) (46.03 /47.52) (48.89/48.77) (50.00 / 40.06)

50.01~60.00 A< 64 B4k 201 BFE1S HF 98 HHA 15
(56.56 /50.08) (55.56/50.70) (53.09/57.57) (55.56/57.51) (58.02/51.77)

60.01~70.00 HFZ 8998 #C527-2 L 30 V44293991 4% W7 45
(65.08/60.90) (65.08/68.49) (66.67/67.58) (66.67/63.86) (68.89/60.76)

>70.00 15 B2 A 35 ek 92 ik 28
(70.37/70.83) (71.72/70.48) (74.60/72.77) (80.00/72.98) (83.33/73.89)
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Fig.3 The GWAS analysis of FCR in different environments
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Table S1 The phenotype identification of wheat accessions for FCR in greenhouse and field

DOI: 10.13430/j.cnki.jpgr.20230718001

% ey i DI-#i DI-H [f] ETRE) ey i DI-# DI-HIA | %5 R DI-# DI-H[A]
No. Name DI-seedling  DI-field No. Name DI-seedling DI- field No. Name DI-seedling DI- field
1 PE 45.00 33.22 56 i 4185 52.78 33.53 111 Bk 225 55.56 36.75
2 i 84-7111 27.00 36.10 57 #B1E 0840-3 68.25 43.17 112 15 98-4025 63.89 54.37
3 #9987 63.89 51.14 58 12 893 i 33.33 4257 113 NP209-1-2-1 75.56 61.43
4 W 19 46.67 35.30 59 T4 64 56.56 50.08 114 FBH 181 70.37 50.28
5 HE 4589 51.11 40.85 60 3 953 43.21 41.94 115 BE25 67.90 58.49
6 MZ 182 50.62 40.51 61 % 18 75.56 67.03 116 15 553 69.44 53.50
7 3 923235 26.67 25.40 62 B 20 47.22 50.51 117 5411 65.08 53.66
8 04 #1 70 40.00 31.69 63 #9023 36.51 35.71 118 %0 14 60.00 51.91
9 wifl 503 68.89 54.23 64 EH3E 43.21 38.61 119 WE 45 68.89 60.76
10 i 898 67.90 51.56 65 B 157 20.20 10.27 120 W55 75.00 59.74
11 50 4321 46.86 66 B % 862 33.33 25.08 121 HE 45 70.37 58.29
12 W 54 60.00 42.18 67 3 026 31.00 21.68 122 Hifk 28 83.33 73.89
13 %3 47 36.11 40.31 68 IEL 58 42.00 35.10 123 Jbat 841 24.44 37.27
14 HBNE 1S 58.02 47.60 69 Ak 202 33.33 2322 124 FiK 2419 48.15 51.05
15 RE 15 62.96 47.13 70 %% 57 23.81 2430 125 Jifi 02-1 52.00 41.00
16 &% 15 5111 39.11 71 W 19 29.00 19.33 126 T3 64.44 55.81
17 33 62.22 45.13 72 ks 5 44.44 36.58 127 B 8675 53.33 58.64
18 HH 47 48.89 34.30 73 % 41 33.00 26.12 128 FHi 8T 45.49 53.80
19 BN160 55.56 49.67 74 G323 33.33 31.35 129 FH 5099 61.90 59.50
20 %# 13 38.89 31.25 75 B35 13.28 1557 130 H 94-5316 72.84 57.90
21 36 50.62 35.77 76 A 34 46.03 47.52 131 Bk 354 61.90 56.23
22 41 27.78 30.84 77 Pk 881 19.11 41.80 132 # 97-5297 51.11 58.98
23 Bk 160 53.33 41.51 78 %3 51 55.56 47.61 133 WAL 361 74.07 69.67
24 ME 45 40.74 29.35 79 HIE9 T 45.00 47.02 134 = 98 55.56 57.51
25 & 19 57.78 44.92 80 %% 58 33.33 34.54 135 THI0S 49.00 50.11
26 W 49 57.78 37.17 81 B C522-9 77.78 47.27 136 ;B 9201 58.02 50.06
27 %E105 80.25 58.96 82 #Ak 416 45.56 39.54 137 I3 5027 51.11 59.02
28 26 55.56 43.06 83 JH# 23 36.11 33.19 138 ol 132 70.37 67.34
29 30 66.67 67.58 84 %% 50 55.56 46.06 139 JIE 105 45.89 52.54
30 1]k 187 57.78 55.04 85 BE3 5 44.44 39.81 140 mE15 70.37 70.83
31 ¥ 18 61.73 47.92 86 BF 95 60.49 54.49 141 HM 005 48.15 53.41
32 %% 53 52.78 41.10 87 %% 55 30.56 32.97 142 #8998 65.08 60.90
33 MZ 184 40.74 45.07 88 % 22 48.15 57.98 143 AR 15 58.02 51.77
34 61 30.86 27.44 89 %3 52 35.80 46.06 144 NZ 8% 77.78 69.67
35 JEi% 16 61.11 55.73 90 %3 1410 40.00 37.62 145 Jb& K 92 80.00 72.98
36 B 004 60.49 38.47 91 %E 45 46.46 55.59 146 AR 8761 66.67 48.10
37 2J& 4110 48.89 48.77 92 %E 15 53.09 57.57 147 2T 16 57.56 58.69
38 Bk 9901 44.44 35.27 93 ik 979 42.22 40.17 148 ik M17 62.22 53.30
39 HE 95 68.89 56.20 94 ok 201 55.56 50.70 149 3 5272 65.08 68.49
40 % 18 32.22 38.26 95 HF 9694 66.67 55.73 150 #3FH 8640 49.67 66.53
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Table S2 The significant SNP identified by GWAS in greenhouse and field

I 3% SNP Peti i AL E PfH BUNBALEERSAR AR R AR R BrIE)S PfE
Environments Significant SNP Chr. Position P.value maf Rsquare with SNP Adjusted_P-values
=R Excalibur_c5443_473 1A 3917396 5.44E-03 0.25786164 0.32625388 0.40598906
El BS00030770_51 1B 3812342 4.44E-03 0.41509434 0.32821871 0.36703485
Excalibur_c19640_270 1D 2241915 2.32E-03 0.28301887 0.33452847 0.36703485
GENE-1246_417 2A 5203194 7.59E-03 0.13836478 0.32305965 0.42956109
Kukri_c2009_463 2A 5309087 3.27E-03 0.40566038 0.33117658 0.36703485
Kukri_c31381_1690 2A 6419270 4.44E-03 0.41509434 0.32821871 0.36703485
RAC875_c19282_1102 2A 725346623  2.34E-05 0.41509434 0.35358267 0.37557200
Ku_c4168_547 2A 732853373 4.54E-05 0.31761006 0.37201390 0.42956109
BobWhite_c9164_182 2A 737046165 4.54E-04 0.38993711 0.36029584 0.36703485
BS00064436_51 2A 741827498 3.44E-04 0.23899371 0.36821871 0.36703485
RAC875_c42310_173 2A 745265261 5.65E-04 0.13207547 0.36322187 0.36703485
BobWhite_c28726_131 2A 747616716  6.34E-04 0.3081761 0.35821871 0.42823733
Excalibur_c49077_94 2A 762900354  8.15E-04 0.14150943 0.36431871 0.36703485
Kukri_c49522 313 2D 5346401 5.49E-03 0.12578616 0.32615269 0.40598906
Excalibur_rep_c84765_764 2D 9849225 1.98E-03 0.36477987 0.33610106 0.36703485
D_contig01089_344 2D 9910957 8.46E-03 0.39622642 0.32201390 0.42956109
Kukri_c8475_305 3A 3424555 7.59E-03 0.13836478 0.32305965 0.42956109
Kukri_c8223_1889 3B 10513282 4.44E-03 0.41509434 0.32821871 0.36703485
Kukri_c23811_506 3B 10567348 4.44E-03 0.41509434 0.32821871 0.36703485
Ra_c52736_1354 3B 10718708 6.88E-03 0.17610063 0.32399885 0.42956109
CAP7_rep_c12123_125 3B 10766856 3.58E-03 0.29874214 0.33029584 0.36703485
Excalibur_rep_c68757_1424 3D 1281392 6.10E-03 0.40566038 0.32514270 0.42823733
Excalibur_c42974_156 3D 1847392 3.56E-03 0.29559748 0.33034342 0.36703485
D_contig79290_372 3D 2602309 3.80E-03 0.25471698 0.32970619 0.36703485
D_GB5Y7FAOIEVJPB_299 3D 6951310 4.44E-03 0.41509434 0.32821871 0.36703485
Ex_c5902_1448 4A 7034100 4.72E-03 0.41194969 0.32761765 0.37557200
tplb0024b15_1494 4A 7171600 3.81E-03 0.31761006 0.32970153 0.36703485
Kukri_c1985_1666 4B 4863679 4.44E-03 0.41509434 0.32821871 0.36703485
Tdurum_contig12453_246 4B 4930327 8.31E-03 0.38993711 0.32218544 0.42956109
BS00063008_51 4B 6972721 8.44E-03 0.14465409 0.32203887 0.42956109
Kukri_c32686_1714 4D 14472296 4.44E-03 0.41509434 0.32821871 0.36703485
RACS875_c11532_308 SA 2671066 4.44E-03 0.41509434 0.32821871 0.36703485
TA004167-0738 5B 2244027 8.78E-03 0.25786164 0.32166712 0.42956109
Tdurum_contigd7033_241 5B 10853003 7.59E-03 0.13836478 0.32305965 0.42956109
RACS875_c51670_117 5D 171781 3.59E-03 0.25157233 0.33027221 0.36703485
D_GBFI1XIDOICPTHP_149 5D 2736800 4.44E-03 0.41509434 0.32821871 0.36703485
BS00019894_51 5D 4605329 6.43E-03 0.3081761 0.32464854 0.42885423
BS00110963_51 6A 4353667 3.44E-04 0.23899371 0.35358267 0.36703485
Kukri_s90839_74 6A 4403209 2.80E-03 0.30188679 0.33268713 0.36703485
wsnp_Ku_rep_c71567_71302 6A 5834888 2.58E-03 0.05974843 0.33348331 0.36703485




RAC875_¢31381_883 6B 583151 3.90E-03

RACS875_c4198_1065 6B 2085254  4.24E-03
wsnp_Ex_c3854_7003399 6B 4291198  2.90E-03

GENE-4826_86 7A 4251750  6.21E-03

JG_c225 999 7B 3089122 4.44E-03

Excalibur_c19288 288 7B 3132722 4.01E-03

RAC875_c43810_265 D 3386058  7.43E-03

TAAV649 7D 3956020  9.65E-03

mE Excalibur_c7444 391 2A 1916734  6.81E-03
E2 RAC875_c19282_1102 2A 725346623  4.54E-04
RAC875_c42310_173 2A 745265261  5.65E-04

BobWhite_c28726_131 2A 747616716 6.34E-04

Excalibur_c49077_94 2A 762900354  8.15E-04

BS00010115_51 4B 4952162 3.72E-03

Ku_c4397_1536 5D 2749021 2.58E-03

RAC875_c16313_1175 5D 4605538 6.24E-03

BS00110963_51 6A 4353667  6.86E-03

wsnp_Ex_c3854_7003399 6B 4291198  4.83E-03

GENE-4654_196 7A 4180681 5.80E-03

wsnp_RFL_Contigd475 5295587 7A 4193923 2.50E-03

GENE-4826_86 7A 4251750  7.89E-03

Kukri_c26118_583 7A 4388478 5.80E-03

Kukri_c28917 96 7B 6742105 1.84E-03

RAC875_c43810_265 7D 3386058  9.54E-03

tplb0026¢22 471 7D 3924494  2.50E-03

0.46540881

0.28930818

0.13207547

0.14779874

0.41509434

0.28930818

0.3081761

0.14150943

0.375

0.3899371

0.1320755

0.3081761

0.1415094

0.2361111

0.0555556

0.0416667

0.1909722

0.0972222

0.0555556

0.0625

0.1215278

0.0555556

0.0486111

0.2743056

0.0625

0.32947388

0.32864761

0.33233058

0.32497693

0.32821871

0.32919262

0.32325203

0.32076901

0.29484665

0.31029584

0.29322187

0.29821871

0.30431871

0.30173274

0.30593109

0.29583660

0.32143543

0.29873236

0.29665621

0.30629937

0.29318813

0.29665621

0.30983303

0.29105249

0.30629937

0.36703485

0.36703485

0.36703485

0.42823733

0.36703485

0.36703485

0.42956109

0.42956109

0.67108711

0.67108711

0.67108711

0.67108711

0.67108711

0.67108711

0.67108711

0.67108711

0.67108711

0.67108711

0.67108711

0.67108711

0.67108711

0.67108711

0.67108711

0.67108711

0.67108711

PHLZRTE S A E1 A ) E2 3R5E N S REAI 2] 11 22 SNP

The bold  represent the significant SNPs that can be identified in both greenhouse and field



