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Supplementary Fig. 1 Characterization of stripe rust resistance in TD121.

a Responses of seedling and adult TD121 and LDN leaves following inoculation with Pst. Left
panel, responses of seedling leaves to Pst race CYR34 at 14 days post inoculation (dpi). Right
panel, responses of flag leaves to mixed Chinese Pst races in the field. Scale bar, 0.5 cm. b
Molecular assays for the presence of eight cloned Yr genes in TD121. Genes Yr3, Yri5, YriS,
Yr28, Yr36, Yr46, and YrSP were assayed using gene-based primers. Yr7 was characterized by
KASP marker. Sanger sequencing showed that both TD121 and LDN carrying Yr46 homologous
sequences. Yr46R, the Yr46 resistance gene (NCBI accession number KR604817); Yr46S, the
Yr46 susceptible allele (accession number KR604816). SNP (G/T) in purple shading results in
critical amino acid change that distinguish the YR46S and YR46R proteins. Positive control,
wheat line harboring the corresponding cloned Yr gene. LDN, susceptible control. The marker
sequences can be found in Supplementary Table 2. All experiments were repeated three times with

consistent results.
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Supplementary Fig. 2 BSR-Seq analysis identifying SNPs putatively associated with YrTD12].
a Distribution of SNPs (AFD >0.7) in resistant and susceptible DNA bulks on different wheat
chromosomes. b Physical positions of SNPs on chromosome 1B based on Zavitan reference genome

sequence v2.0.
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Supplementary Fig. 3 Graphical display of predicted genes on chromosome 1BS of Zavitan v2.0

corresponding to the YrTD121 genomic region defined by nine recombination events.

Number of lines for each recombinant event is listed in parenthesis. Blue dashed lines indicate the region of

the YrTD121 locus as defined by fine mapping. S, susceptible, R, resistant.
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Supplementary Fig. 4 Identification of 7d VLRI and TdNLR? full-length transcript sequences.
RNA sequencing reads generated from HY-45, HY-64, and HY-187 mapped against TD121 PacBio
contigs and viewed using IGV software. a Alignment of 7dNLRI transcripts. b Alignment of TdNLR2

transcripts. Red arrows indicate the direction of transcription.
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Supplementary Fig. 5 Validation of 7dNLR1 using VIGS.

a Target positions and sequences of TdNLRI in BSMV-VIGS experiments. b Phenotypes of HY-45 16 dpi
with either BSMV:TdNLRI-1as or BSMV:TdNLRI-2as silencing constructs. Scale bar, 0.5 cm. ¢
Screenshot of the color transformation step in Imagel software (https://imagej.net/ij/) used to identify
stripe rust pustules. d Mean percentage (%) leaf area covered in uredinia at 16 dpi; TdNLRI-silenced
leaves of HY-45 were inoculated with Pst race CYR34. Error bars, mean = SD (1 = 8 biologically
independent samples). Statistical significance, as indicated by P-value, was determined using a two-tailed
Student’s #-test (***, P <0.001).
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Supplementary Fig. 6 Validation of TdNLR2 using VIGS.

a Target positions and sequences of 7dNLR2 in BSMV-VIGS experiments. b Phenotypes of HY-45 16
dpi with either BSMV:TdNLR2-1as or BSMV:TdNLR2-2as silencing constructs. Scale bar, 0.5 cm. ¢
Mean percentage (%) leaf area covered in uredinia at 16 dpi; 7dNLR2-silenced leaves were inoculated
with Pst race CYR34. Error bars, mean * SD (n = 8 biologically independent samples). Statistical

significance, as indicated by P-value, was determined using a two-tailed Student’s #-test (***, P <0.001).
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Supplementary Fig. 7 Validation of TdNLR1 and TdNLR?2 by genetic transformation.

a Schematics of TdNLR constructs used for transformation. ProUbi:TdNLRI, coding sequence of
TdNLRI driven by the maize ubiquitin (Ubi) promoter. ProUbi:TdNLR2, coding sequence of TdNLR2
driven by the Ubi promoter. b T; transgenic plants expressing both ProUbi:TdNLRI and
ProUbi:TdNLR2 were resistant to Pst race CYR34. “+” and “— " signs below each leaf indicate the
presence or absence of TDI121-derived TdNLRI and TdNLR2 transgenes. ¢ ProUbi:TdNLRI T
transgenic plants were resistant to Pst race CYR34. Transcript levels of 7dNLRI in transgenic plants
determined by RT-qPCR. d ProUbi:TdNLR2 T, transgenic plants were susceptible to Pst race CYR34.
Transcript levels of 7dNLR?2 in transgenic plants were quantified by RT-qPCR. Error bars in ¢ and d,

mean £ SD (n=3 technical replicates from a single plant). Scale bar, 0.5 cm.



Identity
TdNLR2 WIS TR R W RO — W 10T -
TraesFLD2D01G344800.1  44.0%  mumsm miam imwamms nuinmsinnnm + I
TraesFLD2B01G357400.1 44.7%

TraeSFLD1B01G0189001 602% LRI LU U TR D IR T L I LT TR IR L TR L TR T

TraesFLD2B01G357400.1 TraesFLD1B01G018900.1

Supplementary Fig. 8 Identification of TdNLR2-like homologs in Fielder reference genome.

a Three TdNLR2-like homologous sequences (TraesFLD2D01G344800.1, TraesFLD2B01G357400.1,
and TraesFLD1B01G018900.1) were identified in the Fielder reference genome. Amino acid identity
was determined by comparing the homologous sequences with that of TANLR2. b 3D structures of
TANLR2, TraesFLD2D01G344800.1, TraesFLD2B01G357400.1, and TraesFLD1B01G018900.1
proteins predicted using AlphaFold3 (https://golgi.sandbox.google.com/) and visualized by PyMOL
(https://pymol.org/2/). Gray, blue, and yellow represent unknown function (Un), NB-ARC, and LRR

domains.
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Supplementary Fig. 9 Tissue-specific expression patterns of TdNLRI and TdNLR?2.

a—b Transcript levels of TdNLRI (a) and TdNLR2 (b) in root, stem, and leaf tissues of HY-187,
estimated using RT-qPCR. ¢—d Transcript levels of TdNLRI (c) and TdNLR2 (d) in plants
homozygous (Hom) or heterozygous (Het) for Y#»TDI121. e—f Transcript levels of TdNLRI (e) and
TdNLR? (f) in mock-inoculated or Pst-inoculated HY-187 plants. Each bar represents the mean =+
SD (n = 3 biologically independent samples, each sample has three technical replicates). Statistical
significance, as indicated by P-value, was determined using a two-tailed Student’s #-test (***, P
<0.001; NS, not significant).



TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nlr2_ WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nlr2_ WEW110665

TdNLR2
nlr2_Zavitan
nlr2_ WEW110664
nlr2_ WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nlr2_WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nlr2_ WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nir2_ WEW110665

TdNLR2
nlr2_Zavitan

nir2_ WEW110664
nir2_ WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nlr2_ WEW110665

TdNLR2
nlr2_Zavitan
nlr2_ WEW110664
nlr2_ WEW110665

TdNLR2
nlr2_Zavitan
nir2_ WEW110664
nlr2_ WEW110665

TdNLR2
nlr2_Zavitan
nlr2_ WEW110664
nir2_WEW110665

TdNLR2
nlr2_Zavitan
nlr2_WEW110664
nlr2_ WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nlr2_ WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nir2_ WEW110665

TdNLR2
nlr2_Zavitan
nlr2_ WEW110664
nir2_ WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nlr2_WEW110665

TdNLR2
nlr2_Zavitan
nlr2_ WEW110664
nlr2_ WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nlr2_ WEW110665

aTGgatgAggTaattttcgggtttacathct ggagTTCTTcattTgaTAtTAATTaCTCCTcTtagttctAcccqtgAtcTCCaccattqcagGatgchCagcatcttAcatt
160 * * 220
SCAGATGAAGGGCGTTATTGGGAGGATCTCCAAGCTGCTGCTGCGGTATCACGGTCGGCGCGTCCGTTCCA

wG"—AATCAAGGPAf‘TA TACTA CA( ;ATGAAGGGCGTTATTFf‘PAGGATPTCCAAGCTf‘4'TG"‘TGCGGTATCACf‘GTf‘GGf"GCGTCCFTT4'1‘P
G

* 260 * 280 * 300 * 320 * 340 * 360
A BAGTATCGAGGTCG

B CTGTTGTTCTTGAG 5 3 TTCCATTGCCGGAT
B

“CTGTTGTTCTTGA > . c TTCCATTGCCGGA

“CTGTTGTTCTTGAG: | TTCCATTGCCGGA
CGGattCGGtCAGcchtthTcttgathtcttganGttgagcTTAqCGAcctttctgaattaCTGAgagAaCttccattqccggatCGgGatgGTagtt

ATTatatCAagtccg

*

* 460 * 480

ATAATCACAAGCAAGECTGGTGCGATT)
GTATAATCAC ) O T G G TG G A T T

CTTTTGTCGTAC
GEETETGTCGTALC

CCAGGATCCCCTTCECAAATCTATTCE.
ICCAGGATCCCCTTCICAAATCTATTCCA?
(CCAGGATCCCCTTCICAAATCTATTCCA.

TTCTTGCGAGATG|
TTCTTGCGAGATG|
TTCTTGCCAGAT G

cthTAGqAaGCCGCTTGTTGGcqTCCAthCchCTAGchATAAGGTGcTCAGGTGGTTCATGGACGACCA

* 860 * 880 * 900 * 920 * 940 * 960
GGAAGACATGACTCTTAAAATCATCTCCATGGTTGGACCCEGTTGGGGTGGGGAAA

* 980 * 1000 * 1020
ACGGCCATEGCCATGGATGTCTACCEGCAAACTCCGACGTAGAGGACGTGAGGAAGGCGA-

* 1100 * 1120 * 1140 * 1160 * 1180 * 1200

“CGTTGGGGTGGGGAAGACAGCTAT]
CCGTTGGGGTGGGGAAGACAGCTAT]
TAAATGCGACACTGTTAAAATCATCTCCATGGTTGGA CCGTTGGGGTGGGGAAGACAGCTAT)
taaatgcgacactgttaaaatcatctccatggttggacccgttggggtggggaagacagetat

5GAGCAGCTTATTC T T
ACAGATEG!? CEGGE FAGCACCAGCGTCCATT GCTGGAGCAGCTTATT T G TTC. CTTTGACATCCTAECTTTTA'
CTCaCAGATtGAcGAchGGCAGCACtchaCcaGCqTCCaTTGATGAGcTanqcaqcttaTTCAGAAAATCAGTqAATGCCTTCAAGATAGGAGGTACTTTGacaTCCTacCTTTTAT

ctqaatactqqatatatqtctttAATTCAtctttcaqaaAaaTAthcCTt AtacATtGATcatcCta ATACtATTcTGcAGTTaATaTaTCCTATTATTGTCCATTGAtAGGTACC

CTETETTTITEGGC
TETELTTTTC

TGGAaGAtGTCCCCCAGCTGCTaCAgATATTTGAACAAGCgTTgtCTCCTACTTATGATGATCTCCCTCACattATGAAGGTATTg TgCTtTCCATGAGtATGCTTCCTGAaCGTTATA

120
116
116
116

174
235
234
235

294
352
351
352

411
441
440
441

531
514
513
514

648
634
633
634

721
707
753
707

776

873

835

993

907
890
1233
890

1018
1010
1353
1010

1092
1130
1473
1130

1187
1248
1593
1248

1307
1361
1713
1361

1424
1481
1833
1481

1544
1601
1953
1601

1664
1721
2073
1721



TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nlr2_ WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nlr2_ WEW110665

TdNLR2
nlr2_Zavitan
nlr2_WEW110664
nlr2_ WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nlr2_WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nlr2_ WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nir2_ WEW110665

TdNLR2
nlr2_Zavitan

nir2_ WEW110664
nir2_ WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nlr2_ WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nlr2_ WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nir2_ WEW110665

TdNLR2
nlr2_Zavitan
nlr2_WEW110664
nlr2_ WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nlr2_ WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nlr2_ WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nir2_ WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nir2_ WEW110665

TdNLR2
nlr2_Zavitan

nlr2_ WEW110664
nlr2_WEW110665

TdNLR2
nlr2_Zavitan
nlr2_WEW110664
nlr2_ WEW110665

* 2300 * 2320 * 2340 * 2360 * 2380 * 2400

"AAATTGGAAAGGACCTACTCAACGGGAGGATTG
‘GGTAATTGAGATATTACTTTACGAGCTCATCAACAGGAAE'TCFTCACCCCAGTGGfAA.TTGGRAAGGACCTFCTCAACGGGAGGATTG A ACACTA TEATCGACTEG
AGGTAATTGAGATATTACTTTACGAGCTCATCAACAGGAACATCATCACCCCAGTGGCAARTTGGAAAGGACCTACTCAACGGGAGGATTG! \ SAE TCATCGACTGEG]
aggtaattgagatattactttacgagctcatcaacaggaacATcAtcaccccagtggCaaAttgghAaaGgacctAcTcaacgggaggattgGGtAgATTttAcACtAACTcaTCgACTgG

2420 * 2440 * 2460 * 2480 * 2500 * 2520

*

* 2780 * 2800 * * 2840 * 2860 * 2880

* 3860 * 3880 * 3900 * 3920 * 3940 * 3960

CAGAGTGAGATCGAAATTGTTGGCGCCCCAAAGCTGTACGATGAGGTAAACTTCA]
: CAGAGTGAGATCGAAATTGTTGGCGCCCCAAAGCTGTACGATGAGGTAAACTTCA]
H CE G, CA| Ci AGCCAGAGTGAGATCGAAATTGTTGGCGCCCCAAAGCTGTACGATGAGGTAAACTTCA]

* 3980 * 4000 * 4020 * 4040 * 4060 * 4080

[TAGGCATGCTCGCACTAATGAAGTTCATTCAGTACTAGTAAATATTATTACATTGTCTAGATCTATCAACTGCGGGCTTTCTTATACATTTCGTGATTCCACTTGCAGAGCACAGCTTCA)
[TAGGCATGCTCGCACTAATGAAGTTCATTCAGTACTAGTAAATATTATTACATTGTCTAGATCTATCAACTGCGGGCTTTCTTATACATTTCGTGATTCCACTTGCAGAGCACAGCTTCA)
[ITAGGCATGCTCGCACTAATGAAGTTCATTCAGTACTAGTAARATATTATTACATTGTCTAGATCTATCAACTGCGGGCTTTCTTATACATTTCGTGATTCCACTTGCAGAGCACAGCTTCA]
taggcatgctcgcactaatgaagttcattcagtactagtaaatattattacattgtctagatctatcaactgcgggctttcttatacatttcgtgattccacttgcagagcacagcttca

HECAGGATTCTCGATGGTATCCTGAAGACGGGCAT TGANEERIWE

HECAGGATTCTCGATGGTATCCTGAAGACGGGCAT TGANEEEPAY
[CAGGATTCTCGATGGTATCCTGAAGACGGGCATTGA NI WL
caggattctcgatggtatcctgaagacgggcattga

Supplementary Fig. 10 Alignments of nlr2 allelic sequences.

Identical sequences are highlighted in shading.
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Supplementary Fig. 11 Alignments of nlr1 allelic sequences.

Identical sequences are highlighted in shading.
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ATG TGA
ravce! - — | R LR 200bp
1 3,511
GenBank
Haplotypé 914 {933 |1030{1038|1257 CDS_haplotypes |Protein types numbers Numbers
TdNLR1_hl CATCCAGGGCGTCCATGACGA G G|C|A|T|C|G|T|G T | A TANLR1-CDS_h1 | TANLR1_P1 [OP948046 4
TdNLRI1_h2 CATCCAGGGCGTCCATGACGA G Gg|c|c|T|C|G|C]|G T|G TANLR1-CDS_h2 | TANLR1_P2 [OR472555 1
TdNLRI1_h3 CATCCAGGGCGTCCATGACGA G Gg|c|c|T|C|G|C]|G T | A TdANLR1-CDS_h3 | TANLR1_P3 [OP948047 9
TdNLRI1_h4 Deletion G Gg|c|c|c|Cc|G|C]|G C|A TdANLR1-CDS_h4 | TANLR1_P4 |OP948057 18
TdNLRI1_h5 Deletion G Gg|c|Cc|Cc|C|A|C]|G C|A TdANLR1-CDS_h4 | TANLR1_P4 |OP948058 4
TdNLRI_h6 CATCCAGGGCGTCCATGACGA G C|C|A|T|C|G]|C|A T | A TdANLR1-CDS_h5 | TANLR1_P5 [OP948048 3
TdNLRI1_h7 CATCCAGGGCGTCCATGACGA A G|c|Cc|T|C|G|C]|G T | A TdANLR1-CDS_h6 | TANLR1_P3 [OP948049 2
TdNLRI1_h8 CATCCAGGGCGTCCATGACGA G G|A|lC|C|C|G|C]|G C|A TdANLR1-CDS_h7 | TANLR1_P6 [OP948050 5
TdNLRI1_h9 CATCCAGGGCGTCCATGACGA G G|C|C|T|C|G|T]|G T | A TdANLR1-CDS_h8 | TANLR1_P7 |OP948051 4
TdNLRI_h10 CATCCAGGGCGTCCATGACGA G G|c|Cc|T|C|G|C]|G T | A TdANLR1-CDS_h9 | TANLR1_P8 |OP948052 2
TdNLR1 _hil CATCCAGGGCGTCCATGACGA G G|CcC|C|T|C|G|T|G T | A TdANLR1-CDS_h10 | TANLR1_P7 |OP948053 1
TdNLRI _hi2 CATCCAGGGCGTCCATGACGA G G|C|A|T|C|G|C]|A T | A TdANLR1-CDS_hll | TANLR1_P9 |OP948054 2
TdNLRI_hi3 CATCCAGGGCGTCCATGACGA G G|c|C|T|T|G|C]|G T | A TANLR1-CDS_h12 | TANLR1_P3 |OP948055 1
TdNLRI_h14 CATCCAGGGCGTCCATGACGA G G|A|lC|C|C|G|C]|G C|A TdANLR1-CDS_h13 |TdNLR1_P10|OP948056 1
TdNLRI_hl15 Deletion G Gg|c|Cc|C|C|G|T]|G C|A TdANLR1-CDS_h14 |TdNLR1_P11|OP948059 1
TdNLRI_h16 Deletion G G|c|C|T|C|G|T]|G C|A TdANLR1-CDS_h14 |TdNLR1_P11|OP948060 1

Supplementary Fig. 12 Haplotype analysis of 7d/NLR1 from 59 wild emmer accessions.

Rectangular boxes represent exons and gray lines show introns of TdNLRI. Capital letters in red indicate nucleotide variations. Nucleotide positions located in exons are

marked in gray shading.
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Supplementary Fig. 13 Sequence alignment of predicted TANLR1 protein haplotypes.

Protein sequences were aligned using the ClustalW function implemented in MEGA 11. Identical sequences among TdNLRI

haplotypes are in black shading.



TdNLR2

A'|I‘G

1

TAG

LRR

3,310

200 bp

‘ GenBank
TdNLR2 hl |ATG..GGA| G | A | A | T | A | A |Deletion| C C A G TdNLR2-CDS_hl TdNLR2_P1 | PP874936 4
TdNLR2 h2 |ATG..GGA| G | G | A | T | A | A |Deletion| C C A G TANLR2-CDS_h2 TANLR2_P2 | PP874945 13
TdNLR2 h3 |ATG..GGA| G | G | A | T | A T |Deletion| C C A G TdNLR2-CDS_h3 TdNLR2 P3 | PP874937 2
TdNLR2 h4 |ATG..GGA| G | G | A | T | A T |Deletion| C C A A TdNLR2-CDS_h4 TdNLR2 P4 | PP874938 10
TdNLR2 h5 |ATG..GGA| G | G | A | A | A | A |Deletion| C | A | A G TANLR2-CDS_h5 TdNLR2_P5 | PP874939 1
TdNLR2 h6 |ATG..GGA| G | G | A | A | A | A |Deletion| C C A G TANLR2-CDS_h6 TdNLR2_P6 | PP874940 25
TdNLR2_h7 |ATG..GGA| G | G | T | A | A | A |Deletion| C C A G TdNLR2-CDS_h7 TdNLR2_P7 | PP874941 1
TdNLR2 h8 |ATG..GGA| G | G | A | A | A | A TA C C A G TdANLR2-CDS_h8 | TANLR2 P8 * | PP874944 1
TdNLR2 h9 |ATG..GGA| G | A | A | T | A | A |Deletion| C C A A TdNLR2-CDS_h9 TdNLR2_P9 | PP874942 1
TdNLR2 h10 |ATG.GGA| C | G | A | T | A | A |Deletion| C C A G | TdNLR2-CDS h10 | TdNLR2 P2 |PP874943 1
TdNLR2 hll Deletion | G | G | A | T T | A |Deletion| G C G G | TdNLR2-CDS hll | TdNLR2 P10 [PQ412542 1

Supplementary Fig. 14 Haplotype analysis of TdNLR2 from 60 wild emmer accessions.

Rectangular boxes represent exons and gray lines show introns of 7dNLR2. Uppercase letters in red indicate nucleotide variations.

Nucleotide positions located on exons are marked in gray shading. ATG...GGA represents a 184-nucleotide stretch of TdNLR2
starting from ATG. Deletion of these 184 nucleotides in 7dNLR2 hll leads to putative truncation of the protein. *, Premature

termination of translation.




TdNLR2 P1 H ) DS ) GS N (IS MQQYRGRR CWLRYFEVEL GPN SSM YG XTGIMRLDKR “RTR! H 130

TANLR2 P2 EG ) g 3 y SRLMQQYRG CWLRYFEVELSSLS SDLGPNY MNSW SERLDK . : 130
TANLR2 P3 130
TdANLR2 P4 : : 130
TANLR2 P5 : \VENG NTDEPASS \ OME 1K / v <k N MNSWLYG 2 X LDKRE AIFRF R
TANLR2 P6 : SNTDE v L > 3 3 RLD : 130
TANLR2 P7 130
TANLR2 P8 ) ;130
TANLR2 P9 ¢ ) GSATDR v SRLMQQYRG S¢ C < LGPNYIDSSMNSWLYGIN KR . : 130
TANLR2 P10 : : ) LY R E )LGPNYIDSSMN 5 A, AERTGERLD 3 : 98
TANLR2 P1 260
TANLR2 P2 260
TANLR2 P3 260
TANLR2 P4 1 260
TANLR2 P5 : N AP > v ANK MD K > MDVYRKLRRRG I {LSRRP 8 ;260
TANLR2 P6 : OLNGYWLEZ / DD HPY MPLY A 'MDDQ K > MDVYRKLRRRGREEGDNLLY K :PDMKK L |
TANLR2 P7 /| 260
TANLR2 P8 260
TANLR2 P9 260
TdNLR2 P10 C : y < 228

PFQLNGYWLEAPYIIDSPSRYRHLLLGDDAnHTSRTSSTQPHPY QTDESSMPLVGIESTLANKVIRWFMDDQEDMTLKIISMVGPVGVGKTAIAMDVYRKLRRRGREEGDNLLYCATAKLSRRPDMKkL

NB-ARC domain
*

TANLR2 P1 : < 3 v o) V PPENIR : 390
TANLR2 P2 : 3 W N PPENIRQ 3 390
TANLR2 P3  : SQID v 0K I q SR TTQ C W PPENIRQ ;390
TANLR2 P4 < y {ISQC Y SDWN {NSRC VIT \RECCSYTWLYV : N RKAF( NPPENIR 3 I 390
TANLR2 P5 390
TdANLR2 P6 390
TANLR2 P7 390
TdANLR2 P8 390
TANLR2 P9 390
TANLR2 P10 358
TANLR2 P1 520
TANLR2 P2 520
TANLR2 P3  : : 520
TANLR2 P4 : C 1 0 q DEVPQLLK € LY > M NAEGMKEFSSELIDR v [ : 520
TANLR2 P5 1QKQQEV q ) QLLK : Je MDTLHC SNAEGMKEFSSELIDRN C MLQ 520
TANLR2 P6 : | > K 3 ) v CR AEGMKEF ) v : 520
TdNLR2 P7 ] DDLS ) ] ) g 4 520
TdANLR2 P8 459
TANLR2 P9 520
TANLR2 P10 488

* 540 * 560 * 580 * 600 * 620 * 640 *
TdNLR2 650
TdNLR2 : RV S < < (KLLM : 650
TdNLR2 : R DPDLONFLNTRD 3 LEK : KY 3 PEIK : 650
TANLR2 : HQPDPDLONFLNTR > > v 2 3 33 <LLM ¢ 650
TANLR2 : ] NILRRISLHQPDPDLONFLNTRD DRVPLEKF 7 RLKNKD v 4 3 > M ;650
TANLR2 VSKSVKG XSNCNNILRRISLHQPDPDLONFLNTRD 3 STVDRVPLEKFVHLSVLD RLKNKDLSLICNSGM Y NTSISR v A ¢ 650
TANLR2 : g 3 NILR DPDLONFLNTR > KNK v s 3 v 650
TANLR2 479
TdNLR2 650
TANLR2 618
TANLR2 780
TANLR2 780
TdNLR2 780
TANLR2 780
TANLR2 780
TANLR2 780
TANLR2 780
TANLR2 -
TANLR2 780
TdNLR2 748

* 800 * 820 * 840 * 860 * 880 * 900 *
TANLR2 Pl COMDFLTSLPNP GSIEKFE KIPQ Q v y GLR g R >RLOK W AAMPSLTC <1 S ;910
TANLR2 P2 SLPNP IEKFE GLR 3 0 W MPS : 910
TANLR2 P3 < 910
TdANLR2 P4 910
TANLR2 P5 910
TANLR2 P6 910
TANLR2 P7 910
TANLR2 P8 : -
TdNLR2 P9 : 910
TANLR2 P10 878

TdNLR2 P1 : 1002
TdANLR2 P2 : : 1002
TANLR2 P3 : : 1002
TANLR2 P4 : \ : 1002
TdANLR2 PS5 : |3 \ \ VLSYNEWYTMDSNVQ AVTK (HRY PN NGN < AREDAAKATRCQSA! GN : 1002
TdANLR2 P6 : N i NEWYTMD 5 Y 3 AREDAAKATR NLQ : 1002
TdANLR2 P7 : 1002
TdNLR2 P8 :

TdANLR2 P9 : : 1002
TdNLR2 P10 : H 970

rlpsgfenlqnlwelvlsynewytmdsnvqtivdavtkgvakhrypnllt iingnpykegyvgearedaakatrcgsatvrhdpgnlglfp

Supplementary Fig. 15 Sequence alignment of predicted TdANLR?2 protein haplotypes.
Protein sequences aligned using the ClustalW function implemented in MEGA 11. Identical sequences among TdNLR2
haplotypes are highlighted in shading.



0.286 Tel7E01T122500.1
207 TyG1812G0300000155.01.P02
.05 HORVU.MOREX.13.3HG0220360.1
0.052 SCWN1R01G019600.1
2040 AR LONG.r1.15G0000960. 1
bz pgNLR1
—0005 A bicornis. TBO1.1S01G0016600.1

4— Ae.searsii. TE01.1S01G0017100.1
m@ TraesSTA1B01G017800.1
0006 TRIDC1BG002180.1

— 200 TRITD1Bv1G003110.1
0 TraesJUL1B01G017300.1

ML‘E TraesRN1B0100030800.1

TraesCS1B03G0036300.1
i TraesFLD1B01G018800.1
TraesLDM1B01G015900.1
TraesARI1B01G014000.1
TraesLAC1B01G017500.1
TraesNOR1B01G017500.1
TraesMAC1B01G016800.1
TraesSYM1B01G015700.1
0019 AE SPELTOIDES.r1.5BG0455730.1

Ae.bicornis.TB01.5501G0502200.1
0.025 SeWN5R01G376600.1

0.466

0.101

0.229/

0.13

il ScWN2R01G345700.1
o0t Ae.sharonensis. TH02.2501G0485600.1
2 AET2Gv20710300.5
————— TraesCS2D03G0716100.1

0.003

TraesFLD2D01G344700.1
TraesLDM2D01G339200.1
TraesSTA2D01G340100.1
TraesARI2D01G337000.1
TraesJUL2D01G338900.1
TraesLAC2D01G344300.1
TraesLAC2D01G344200.1
TraesMAC2D01G341000.1
TraesSYM2D01G340300.1
TraesNOR2D01G339700.1
L TraesRN2D0100760400.1
002 TRIDC2BG048190.3

TraesCS2B03G0858500.1
TraesFLD2B01G357300.1
TraesLDM2B01G350700.1
TraesARI2B01G358300.1
TraesSTA2B01G364800.1
TraesJUL2B01G356600.1
TraesMAC2B01G359800.1
TraesNOR2B01G362600.1
TRITD2Bv1G157030.1
TraesSYM2B01G354200.1

10.003}

Supplementary Fig. 16 Phylogenetic analysis of TANLR1 homologs from cereal species.

A rooted maximum-likelihood phylogenetic tree constructed using TANLR1 and homologs from T. dicoccoides (Zavitan), T.
durum (Svevo), T. aestivum (Chinese Spring, Fielder, CDC_Landmark, ArinaLrFor, LongReach Lancer, Norin 61, SY Mattis,
Mace, Julius, Renan, and CDC_Stanley), Ae. searsii (accession TEO1), Ae. longissima (AEG-6782-2), Ae. bicornis (TB01), Ae.
sharonensis (THO02), Ae. tauschii (AL8/78), Ae. speltoides (AEG-9674-1), Th. elongatum (D-3458), H. vulgare (Morex), S.
cereale (Weining), and 7. wrartu (G1812) (Supplementary Table 9). Branches are labeled with protein IDs from the
corresponding reference genome. Light blue, homologs on chromosome 1. Pink, homologs on chromosome 2. Light green,

homologs on chromosome 5. Numbers on the branches represent the branch lengths.
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Supplementary Fig. 17 Phylogenetic analysis of TANLR2 homologs from cereal species.
A rooted maximum-likelihood phylogenetic tree was constructed using TANLR2 and homologs (see caption to Supplementary
Fig. 16; Supplementary Table 10).
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Supplementary Fig. 18 Assays of cell death in N. benthamiana leaves infiltrated with Agrobacterium
carrying TdNLR2 constructs.

a Schematic representing different domains of TANLR2 (Un, NB, LRR, Un-NB, NB-LRR) and the full-length
protein used in cell death assays in infiltrated N. benthamiana leaves. b Transient expression of different TANLR2
domains in N. benthamiana. A YFP tag was fused to the C terminus of each domain. The infiltrated leaves were
(left panel) stained with trypan blue (right panel). Cell death was observed at 72 hours post infiltration (hpi). ¢
Western blotting analysis to detect the expression of constructs in N. benthamiana leaves. Coomassie brilliant blue
staining of RuBisCO is shown below as loading control. d Transient expression of different TANLR2 domains in
N. benthamiana. A YFP tag was fused to the N terminus of each domain. Infiltrated leaves (left panel) were
stained with trypan blue (right panel) to observe cell death at 72 hpi. Cell death was observed only in the positive
control. Positive control, wheat TaZFPS5B protein. Negative control, YFP. All experiments were repeated three

times with similar results. Scale bar, 1cm.



Supplementary Fig. 19 Cell death in N. benthamiana leaves infiltrated with Agrobacterium
carrying TANLR1 constructs.

Infiltrated leaves (left panel) were stained with trypan blue (right panel) to observe cell death at 72
hpi. A YFP tag was fused to the N terminus of the different TANLR1 domains. Cell death was
observed only in the positive control. Positive control, wheat TaZFP5B protein. Negative control,

YFP. All experiments were repeated three times with similar results. Scale bar, 1cm.
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Supplementary Fig. 20 Transient expression of the CC variants of TdNLRI1 in N
benthamiana leaves.

a Schematic showing different CC wvariants of TdNLRI1. TdNLRI1 CC, CC domain of
TdNLR1_hl; TANLR1 CC™, CC domain of TANLR1_ h4; TANLR1_CC¢!, artificial chimeric CC
variant of TANLR1 h1 with the seven amino acid (GVHDDIQ) deletion. b A YFP tag was fused
to the C terminus of TANLR1 CC, TdNLRI_CC™, and TdNLR1_CC%!, Infiltrated leaves (left
panel) stained with trypan blue (right panel) to observe cell death at 72 hpi. ¢ Western blotting to
detect the expression of constructs in N. benthamiana leaves. Coomassie brilliant blue staining of
RuBisCO is shown below as loading control. Positive control, wheat TaZFP5B protein. Negative

control, YFP. All experiments were repeated three times with similar results. Scale bar, lcm.
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Supplementary Fig. 21 Detection of the interaction between TANLR1 and TdNLR2 using
yeast two-hybrid and luciferase complementation imaging assays.

a Interaction between TANLR1 and TdNLR2 was investigated using yeast two-hybrid assays.
Different bait and prey recombinant constructs were co-transformed into yeast and tested on
SD/ — Trp/ — Leu and SD/ — Trp/ — His/ — Leu/ — Ade media with X-a-gal. Positive control,
pGADT7-T/pGBKT?7-53. Negative control, pPGADT7-T/pGBKT7-lam. b N. benthamiana leaves
co-infiltrated with Agrobacterium tumefaciens strain GV3101(pSoup-19) containing the indicated
constructs. Signals were detected at 48 hpi. At least 10 N. benthamiana leaves were analyzed in
each of the three experiments. Positive control, wheat NLuc-TaZFP5B/CLuc-TaCML21. Negative

control, NLuc/CLuc. Scale bar, 1cm.
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Supplementary Fig. 22 Self-interaction analysis of TANLR1 and its different domains using
a yeast two-hybrid assay.

Self-interactions among TdANLRI1 and its different domains, using yeast two-hybrid assays.
Different bait and prey constructs were co-transformed into yeast and tested on SD/—Trp/—Leu,
and SD/—Trp/—His/—Leu/—Ade media with X-a-gal. CC, coiled-coil. NB, nucleotide-binding site.
LRR, leucine-rich repeat. CC-NB, coil-coil nucleotide-binding site. NB-LRR, nucleotide-binding
site and leucine-rich repeat. Positive control, pGADT7-T/pGBKT7-53. Negative control,
pGADT7-T/pGBKT7-lam. All experiments were repeated three times with similar results.
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Supplementary Fig. 23 Introgression of Yr7D121 into wheat cultivar Chuanmai 42 (CM42).
a Schematic workflow of the marker-assisted backcross strategy for introgressing Yr»7D121 into
CM42. b CM42 (left) and CM42+YrTD121 (right) plants showing similar phenotypes under

disease-controlled conditions. Scale bar, 10 cm.
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Supplementary Fig. 24 Validation of a functional marker for Yr7TD121.

a Genotype clustering plots for the KASP-FM marker in an F» population from a cross between LDN and
HY-187. Genotypes clustered as blue squares at the upper left are homozygous for the functional TdNLRI.
Genotypes clustered at the lower right as orange circles are homozygous for the non-functional nlri allele.
Genotypes clustered in the middle as green triangles are heterozygous. Black diamonds are non-template
controls (NTCs). b, ¢ Genotyping results for KASP-FM in 57 wild emmer wheat (b) and 72 common wheat (c)

accessions. Black diamonds, NTCs or genotypes with zero-amplification.
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Supplementary Fig. 25 Comparison of the current partial chr 1B linkage map of Yr7DI121 (a) with
reported locations of Yr10 (c), Yr84 (d), Yr64 and Yr65 (e), Yr85 (f), YrAlp, Yri5, YrSM139-1B, and

YrL693 (g), and Yr24/Yr26 (h). b Physical map of the Y»7TDI2] region based on the WEW accession
Zavitan reference sequence (v2.0). Physical locations in Mb are shown at the right. Red rectangle represents

the Yr»TD121 candidate region.



Uncropped images of Supplementary Figs. 1, 18, and 20.
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Supplementary Fig. 20c
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