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Abstract: Stripe rust, caused by Puccinia striiformis f. sp. tritici (Pst), is a global devastating fungal
disease that severely affects wheat production. Exploring resistance genes and their use in breeding are the most
economical and effective method for controlling stripe rust. Wudubaijianer, a wheat landrace from Longnan
region, Gansu province, China, showed moderate to high resistance to stripe rust in the lifecycle, but the
resistance basis remains unclear. To decipher its genetic mechanism of stripe rust resistance, the F, and F, ;
populations derived from a cross between Wudubaijianer and a susceptible parent Huixianhong were inoculated
with the Pst race V31/lab at the seedling stage, and were sampled for BSE-Seq (Bulked segregant exome capture
sequencing) , BSR-Seq (Bulked segregant RNA-Seq) and linkage analysis. The results indicated that resistance
to V31/lab in Wudubaijianer was conferred by a recessive locus, tentatively designated y»WUD. Based on BSE-
Seq and BSR-Seq, 12 KASP (Kompetitive allele-specific PCR) markers were developed. The linkage analysis
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mapped yriWUD to a 2.6 cM genetic interval on chromosome 4AL, flanked by markers 44136 and 44L11 with
genetic distance of 0.9 and 1.7 ¢M, respectively, corresponding to a physical interval of 13 Mb (4A: 610.26-
623.35Mb ) harboring three disease-resistance related genes, TraesCS4402G329100, TraesCS4A02G330000 and
TraesCS4402G330100. These three genes were detected with differential expression between the resistant and

susceptible pools, and were proposed as candidate genes for yrWUD. Additionally, the KASP marker 44136 was

validated in a natural population. Collectively, this study identified a stripe rust resistance locus yrWUD in

Wudubaijianer and validated its effect in a natural population, providing a new resistance gene and molecular

markers for selecting stripe rust resistance in wheat breeding.
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51 (Q20= 97.45% . Q30=93.24% ) ; Ji&jth M > 3L p= A= Fig. 1 Disease resistance responses of Wudubaijianer,
Raw data 21.44 G, ﬁ{)‘f‘)’é E/‘] Clean data 20.07 G, {mu Huixianhong and F, inoculated with V31/lab
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Table 1 Disease resistance responses of Wudubaijianer, Huixianhong and F,.F, populations inoculated with V31/lab

ey , o
Rk . SHREL mews RE P
Infection type
Material Total number  Expected ratio Ve P value
0 03 1 2 3 4
AR 1 #L Wudubaijianer 0 43 0 0 0 0 43
J#% E-41. Huixianhong 0 0 0 0 0 43 43
F, 0 0 0 0 7 15 22
F 0 301 136 144 641 968 2190 1:3 2.73 0.10
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Yefafk Chromosome
2 ETF BSE-Seq B ith 21 WHF-R #1 21WHF-S £ 7514 SNP &5 5%
Fig.2 Distribution of polymorphic SNPs on the wheat genome between bulks of 21WHF-R and 21WHF-S based on BSE-seq
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PP E (Mb ) Physical position
AR 21 WHF-R F1 21 WHF-S f) A SNP-index; £L (4 EEE : ST HE P 25 5T 9 SNP 1Y B 5
B:{iith 2l WHF-R 1 21 WHE-S [ii] SNP 78 4AL Yt oA 4550 4
A:The ASNP-index between bulks of 21 WHF-R and 21WHF-S; Red dotted line: The threshold for the SNP for significant association with disease
resistance genes; B:The frequency distributions of SNPs on chromosome 4AL detected from bulks of 21 WHF-R and 21WHEF-S

&3

Bt 21 WHF-R 0 21WHF-S BSR-Seq 4 #7455

Fig.3 BSR-Seq results of bulks of 21WHF-R and 21WHF-S

23 SFIREFES yrwUD EE1EE
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(FR2) KN F, 4700 BRI EA 7 B AL AR IRl 22l , s 1
B 114 12 4~ KASP AR id st 14 07 B 5 P B 4t
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Table 2 KASP primer sequences used for yrWUD mapping

GlL/ETRE BIL A YIHALE (Mb) PN (5-3")

Primer code Primer name Physical position Primer sequence (5'-3')

44L14 4AL14A 593.35 GAAGGTGACCAAGTTCATGCTAGTACATTGTTACACATGGTCCTAG
4AL14B 593.35 GAAGGTCGGAGTCAACGGATTAGTACATTGTTACACATGGTCCTAA
4AL14C 593.35 GTGCTCTGCTAGATTTTCAGC

4AL17 4AL17A 594.21 GAAGGTGACCAAGTTCATGCTTCCTCTCCCTACTTGCAAGAA
4AL17B 594.21 GAAGGTCGGAGTCAACGGATTTCCTCTCCCTACTTGCAAGAC
4AL17C 594.21 GCTACGTAGTTCAGAAATAAGGTC

4AL22 4AL22A 597.69 GAAGGTGACCAAGTTCATGCTTCTTGAATGAAGCCCAGTGT
4AL22B 597.69 GAAGGTCGGAGTCAACGGATTTCTTGAATGAAGCCCAGTGC
4AL22C 597.69 TGCAGTTGACAAGATCATCATAAAG

4AL27 4AL27A 600.90 GAAGGTGACCAAGTTCATGCTTGAACTCAAACACCAGGTTCG
4AL27B 600.90 GAAGGTCGGAGTCAACGGATTTGAACTCAAACACCAGGTTCT
4AL27C 600.90 TTGATCTGCTGCTAGATGCG

4AL31 4AL31A 603.64 GAAGGTGACCAAGTTCATGCTCCGCATCATCCCGGGCTC
4AL31B 603.64 GAAGGTCGGAGTCAACGGATTCCGCATCATCCCGGGCTT
4AL31C 603.64 AGTTCTCGTCGGCGAACTTTTG

4AL33 4AL33A 607.28 GAAGGTGACCAAGTTCATGCTGACAACTCCATCTCTGGCACA
4AL33B 607.28 GAAGGTCGGAGTCAACGGATTGACAACTCCATCTCTGGCACC
4AL33C 607.28 GATCTCAGTTTGCACAACGAAGA

44L34 4AL34A 608.83 GAAGGTGACCAAGTTCATGCTGGGGTATTGCCATGAAAATACTT
4AL34B 608.83 GAAGGTCGGAGTCAACGGATTGGGGTATTGCCATGAAAATACTC
4AL34C 608.83 TGATGACGATGAATAGATGATTGGT

4AL35 4AL35A 609.81 GAAGGTGACCAAGTTCATGCTACAGAGGAGAAAGATAAGCAGGC
4AL35B 609.81 GAAGGTCGGAGTCAACGGATTACAGAGGAGAAAGATAAGCAGGA
4AL35C 609.81 GACGATCTGTCTTAGTCGTCC

4AL36 4AL36A 610.26 GAAGGTGACCAAGTTCATGCTTCAAGAAGAAAGTGAAGAGGCTG
4AL36B 610.26 GAAGGTCGGAGTCAACGGATTTCAAGAAGAAAGTGAAGAGGCTA
4AL36C 610.26 CATTGGTGGCAGTGGATGTG

4AL3 4AL3A 614.23 GAAGGTGACCAAGTTCATGCTTGGATCAGTCTGTGGTTTGG
4AL3B 614.23 GAAGGTCGGAGTCAACGGATTTGGATCAGTCTGTGGTTTGC
4AL3C 614.23 TTGAGCAATGGTGTCCTGGA

4ALS 4AL8A 617.10 GAAGGTGACCAAGTTCATGCTCGCAAACTTCTCCTGCCCTG
4AL8B 617.10 GAAGGTCGGAGTCAACGGATTCGCAAACTTCTCCTGCCCTA
4AL8C 617.10 TGTCCATCTATGTGTGTGTTCT

4ALI1I 4AL11A 623.35 GAAGGTGACCAAGTTCATGCTGGTCCACCTCTAGAACACAGT
4AL11B 623.35 GAAGGTCGGAGTCAACGGATTGGTCCACCTCTAGAACACAGA
4AL11C 623.35 GCTCCATGGAAGATAGATGCA

XIT KASPHRIC , A Fll B RN SE AR5 191, C Fomid HTR 514 s FAM FHEX 9t He Sk AL AR
For KASP labeling, A and B indicate allele-specific primers and C indicates the common reverse primer; FAM and HEX fluorescent adaptors are
indicated in bold
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10 #4
0 4A4L14
22 44L17
3.1 44L22
4.9 44L27
7.2 44L31
8.1 {44134 4AL33
10.7 {44136 4AL35
116 |yrWUD
: |'44L3 44L8
13.3 4ALI1

W A X R A% yr WUD E P9 2.6 cM 38 E X 1],
FRIC 4AL3 M 44L8 5 yrwUD 37385
The interval marked in blue represents 2.6 ¢cM genetic interval
spanning yrWUD. 4AL3 and 4AL8 co-segregated with yriWUD

4 FFERIUEEEyrwUD EHEE
Fig.4 Linkage map of stripe rust resistance gene yrWUD

Fz3 yrWUD MR EE
Table 3 Predicted candidate genes for yriWD

2.4 yrWwUDf&iEE R

WA b E S 5L, 76 yrWUD L 3
[X ] 610.26~623.35 Mb PN, f04% 215 1~ B A5 T
FESLEA, LA 23 A2 SHUR ARG LR . MR TR
fth BSR-Seq 5 3 , 52 O X [A] Bt Jaksth 1] 2 57 Fe 1k 3 [N
A 134, SHORA I H B Zeik & w3t
HA 39, TraesCS4A02G329100 , TraesCS4A02G
330000 F1 TraesCS4A02G330100, 53 5] 4 B4 1% 5E $7t
9% % [ RPP13 BE 4K 1 (NB-ARC) , 2 AR B RE 2R
Xa21 (PKinase) Fll i & 5% 2 R 55 &2 N i 45 #4581 2
1 (LRRNT 2), #El A yrWUD B R E N (£3)
2.5 yrWUDTE/NE @A EITED

FIH 5 yrwUD % 8155 85 5 3 19 KASP Frid
4AL36 XF 146 1y /NAZ bRl b AT T SE R A L, A7 B
WARI(E 5A) o SV, 4AL36 FE P B 5450
S PR S 25 A OC (18] 5B) , Hovh 83.6% 11 R 57 5
AR A LA R ZR A A S L N B yr WUD TR &
Pl L — e R

- kM T RSk RBOE Gp) HEEEGD)
Gen ID IT“PKM of FPKM of log2 fold Stam.ng Terml.n'fltlon Gene annotation
resistance-pool sensible-pool change location position
TraesCS4402G324600 1.85 45.24 -4.52 612072716 612078621 -
TraesCS4402G325800 64.99 14.01 2.20 613366832 613368026 -
TraesCS4402G326400 81.70 0.00 9.36 613543124 613544389 AP2
TraesCS4402G329100 491.16 86.17 2.51 614251593 614258300 NB-ARC
TraesCS4402G330000 219.12 22.62 3.27 615104066 615106167 PKinase
TraesCS4402G330100 87.27 9.70 3.15 615106331 615107512 LRRNT 2
TraesCS4402G331100 3809.57 100.17 5.25 615693852 615702428 ABC2_membrane
TraesCS4402G333900 275.75 700.07 -1.34 617227996 617235045 KH_1
TraesCS4402G335200 204.26 547.13 -1.42 617933283 617940601 Pkinase_Tyr
TraesCS4402G335900 506.95 17.24 4.87 618411671 618412941 -
TraesCS4402G336000 20.42 0.00 7.37 618417529 618419227 -
TraesCS4402G336100 49.20 5.39 3.16 618463055 618464687 -
TraesCS4402G341100 382.53 66.78 2.52 621784829 621792600 -

—: FEP RS BN AL V1.1 OO D R S

- indicates no gene annotation according to Chinese Spring reference genome v1.1
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