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Supplementary Fig. 1 Initial mapping of Pm13a. A-V: Twenty-two different types of CS-Ae. longissima 3Sl#2 recombinants. R1B: CS-Ae. longissima T3Sl#1S-3BS.3BL

recombinant. R2B: CS-Ae. longissima T3Sl#1S-3DS.3DL recombinant. R indicated resistance to powdery mildew, S indicated susceptible to powdery mildew.



Supplementary Fig. 2 High-resolution mapping of Pm13a. a-s: Nineteen different types of CS-Ae.

longissima 3Sl#2 recombinants. Blue box indicated the presence of Ae. longissima 3Sl#2-specific molecular

markers, while gray box indicated the absence of Ae. longissima 3Sl#2-specific molecular marker. R: resistance

to powdery mildew, S: susceptible to powdery mildew.



Supplementary Fig. 3 3Sl#2-specific molecular markers, GISH and FISH validation of 11 TA3575 EMS

susceptible mutants. aMolecular markers analysis of 11 TA3575 EMS susceptible mutants. M, 100 bp Ladder

DNA marker. Arrows pointed to the polymorphic bands of the 3Sl#2-specific molecular markers present in

TA3575 and 11 mutants and absent in CS. b GISH patterns of 11 TA3575 EMS susceptible mutants. Total

gDNA of Ae. longissima was labeled with fluorescein-12-dUTP and visualized with green fluorescence. Wheat

chromatin was counterstained with 4',6-diamidino-2-phenylindole (DAPI) and visualized with blue

fluorescence. c FISH patterns of 11 TA3575 EMS susceptible mutants. FAM-modified oligonucleotides

(pSc119.2-1 and (GAA)10) were in green color. TAMRA-modified oligonucleotides (pAs1-1, pAs1-3, pAs1-4,

pAs1-6, AFA-3 and AFA-4) were in red color. Wheat chromatin was counterstained with DAPI and visualized

with blue fluorescence.



Supplementary Fig. 4 Molecular detection of T0 and T1 transgenic plants with AelMLKL gene mediated

by Agrobacterium tumefaciens. a Detection of putative T0 transgenic plants by PCR amplification of AelMLKL

gene using primer AelMLKL_OE. M, DL2000 Plus DNA marker; 1, common wheat CS; 2, common wheat

cultivar Fielder; 3, positive control of expression vector pWMB110 containing the full sequence of AelMLKL;

4-17, 14 individual T0 transgenic plants. Arrows pointed to the polymorphic bands of molecular marker

AelMLKL_OE. b The transcriptional levels of AelMLKL gene in T1 transgenic plants derived from selfing of

different T0 individuals were examined before inoculation at the seedling stage. Fielder was used as negative

control. TA3575 was used as positive control. Error bars represent the means ± SD from three biological

replicates.



Supplementary Fig. 5 Pm13 HeLo domain superimposed well with HeLo domain of human MLKL

(hMLKL), mouse MLKL (mMLKL) and Arabidopsis thaliana MLKL (AtMLKL), and CCR domain of

Nicotiana benthamiana NRG1.1. a Superimposition of the Pm13 HeLo domain (red) with hMLKL HeLo

domain (cyan, PDB ID code 2MSV). b Structural overlay of the Pm13 HeLo domain (red) with mMLKL HeLo

domain (lightblue, PDB ID code 4BTF). c Superposition of the Pm13 HeLo domain (red) and AtMLKL HeLo

domain (lightteal, PDB ID code 6KA4). d Superposition of the Pm13 HeLo domain (red) and NRG1.1 CCR

domain (paleyellow, PDB ID code 7L7V).









Supplementary Fig. 6 Kinase domain comparison analysis of Pm13. A multiple amino acid sequence alignment of 29 protein kinase catalytic domains involved in disease

resistance was used to infer the Pm13 kinase domain architecture. In Pm13 (row 1) all the 14 key conserved residues of a protein kinase are present. In the alignment, red triangles

indicated invariant residues (G52, K72, E91, D166, N171, D184, G186, E208, R280), which were numbered with upper case numbers representing their position in the α form of the



cAMP-dependent protein kinase catalytic subunit (cAPK). Likewise, black triangles indicate the nearly invariant residues (G50, V57, F185, D220, G225). Based on the presence of a L

residue at position R165 of cAPK in subdomain VI, Pm13 Kinase was classified as a non-RD kinase. Moreover, conserved residues in subdomain VIb (D166 -> N171, DLKPAN in

Pm13 vs. DLPKPEN in cAPK) and VIII (GTVGCIAPE in Pm13 vs. GT/SXXY/FXAPE in cAPK) indicate that the Pm13 kinase domain is a serine/threonine protein kinase. Labels:

red and black triangles, key invariant and mostly invariant residues in the protein kinase catalytic domains, respectively. Blue diamond pointed to the residue determining RD or

non-RD kinases. Black asterisks, putative substrate binding site. Green triangles, ATP binding site. Conserved subdomains I, II, III, VIb, VII, VIII, IX and XI are highlighted by

black bars labeled with Roman numerals. The catalytic loop and the activation loop are highlighted by purple and green bars. On top of the wrapped alignment, EMS missense and

nonsense mutations resulted in loss of Pm13 function and corresponding amino acid changes are indicated by black thin line.



Supplementary Fig. 7 Phylogenetic analysis of kinase domains of Pm13 and described resistance

proteins.



Supplementary Fig. 8 Protein sequence alignment of Pm13 and Pm13 homologues. Predicted HeLo (red) and STK (magenta) domains are indicated above the sequences.



Supplementary Fig. 9 Relative expression level of PR genes from one-week-old TA3575 and CS seeding

plants at 0, 6, 12, 18, 24, 36, 48 and 72 hpi with Bgt isolate E09. Expression of the TaActin gene was used for

normalization. Error bars indicate means ± SD (n = 3 biological replicates). Two-tailed Student’s t-tests; *,

P<0.05, **, P<0.01.



Supplementary Fig. 10 Validation of the usefulness of functional molecular markers AelMLKL-1 and AelMLKL-8 of Pm13 in partial wheat lines. M, DL2000 Plus DNA

marker; 1, CS; 2, CS-Ae. longissima 3Sl#2(3B) disomic substitution line TA3575; 3, CS-Ae. longissima T3Sl#1S-3BS.3BL recombinant R1B; 4, CS-Ae. longissima

T3Sl#1S-3DS.3DL recombinant R2B; 5, the newly developed CS-Ae. longissima T3Sl#2S-3BS.3BL recombinant W12-3 with tiny 3Sl#2 segment harboring Pm13; 6, Bainong 64; 7,

Bainong 207; 8, Zhoumai 16; 9, Zhoumai 18; 10, Zhoumai 22; 11, Zhoumai 28; 12, Ping’an 602; 13, Ping’an 0518; 14, Ping’an 901; 15, Yanzhan 4110; 16, Aikang 58; 17,

Zhengzhou 366; 18, Xinong 979; 19, Nannong 9918; 20, Tianmin 198; 21, Tianmin 369; 22, Yangmai 5; 23, Yunong 202; 24, Yumai 49-198. Arrows pointed to the polymorphic

bands of Pm13 functional molecular markers AelMLKL-1 and AelMLKL-8.


