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The AvrPm3-Pma3 effector-NLR interactions control both race-specific resistance and host-

specificity of cereal mildews on wheat.

Bourras, Kunz, Xue et al. (2019)
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Supplementary Figure 1. Assessment of Avr gene features in the subset of 100 candidates selected by effector
benchmarking. Candidate Avrs were characterized for the size of the encoded protein (a), gene expression
levels in the reference mildew isolate Bgt 96224, Bgt 94202 and Bgt JIW2 (b), and single nucleotide
polymorphisms (SNPs) among the three mildew reference isolates Bgt 96224, Bgt 94202 and Bgt JIW?2 (c).
In (b), gene expression values are given as Reads Per Kilobase Million (RPKM). Mean values are indicated
by the middle line in the boxplot. Individual data points are plotted along the whisker lines. Data points outside
the whisker boundaries represent outliers outside the inner quartile range. In (c) synonymous and non-
synonymous SNP mutations were not distinguished (Supplementary Note 1). Source data is provided in
Supplementary Data 1.
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Supplementary Figure 2. Bacterial artificial chromosome (BAC) clones spanning the AvrPm3°%¢2 genetic
Locus_3. The minimal tiling path used to reconstruct Locus_3 consists of five BACs spanning a physical
interval of 371kb. BAC identifiers are indicated in black, genetic markers in this region are depicted in blue.
The position of the Locus_3 flanking markers ctg118_21 and MO49LE as well as the position of AvrPm3°2¢
(BgtE-20002) are marked in red. Marker MO49LE has previously been described . Additional marker
information can be found in Supplementary Table 3.
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Supplementary Figure 3. Protein sequence alignments of the effector gene family E018 members found in
the reference isolate Bgt_96224. AVRPM387€2 is highlighted (red). The N-terminal predicted signal peptide,
the conserved Y/FxC motif and C-terminal cysteine are indicated (black boxes). Conserved amino acids are
colored based on biochemical or physical properties (ClustalX color scheme: blue: hydrophobic; red:
positively charged; purple: negatively charged; green: polar uncharged; yellow: proline; pink: cysteine; orange:

glycine).
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Supplementary Figure 4. Protein sequence alignment of the AVR candidates from Locus 3 exhibiting
polymorphisms between the reference isolates Bgt 96224 and Bgt _94202. The sequence of Bgt-55150a
originating from Bgt_96224 is shown as a reference, for Bgt-55150b and BgtE-ng2b, both found in Bgt_94202,
only polymorphic residues are indicated whereas identical residues are represented by dots. BgtE-ng2 is found
to be disrupted by the insertion of a partial LTR-retrotransposon sequence (607bp) in Bgt_96224, the insertion
site is indicated by a black triangle. The extent of the N-terminal predicted signal peptide is highlighted by a
black line. Coloring of the amino acids is based on biochemical or physical properties (ClustalX color scheme:
blue: hydrophobic; red: positively charged; purple: negatively charged; green: polar uncharged; yellow:

proline; pink: cysteine; orange: glycine).
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Supplementary Figure 5. AvrPm3°2°% and AvrPm3® functional validation assays: auto-activity controls.

(a-b) R gene auto-activity controls for Pm3b and Pm3c in set-ups where these were individually expressed or
combined with (a) AvrPm3°2¢2-A, or (b) AvrPm3°?¢2-], (c) NLR auto-activity controls for Pm3d in a set-up
where it is individually expressed or combined with BgtE-20069b 96224, BgtE20069a 96224, and
BgtE_20069a_94202. HR was assessed using HSR imaging 5 days after Agrobacterium infiltration. Results

were consistent over at least two independent assays of 6 to 8 independent leaf replicates.



56
57

58
59
60
61
62
63
64
65

kel & o
L - 3 %
= & f « <« < <«
s ] E ”
I 3| 2 s = g T T = I I <
< u = = g £ a0 O a O T
S 5 p £ £ I 0 & o @ s F 3
2 2 ¢ £z 52 2 2 2 3 J 3
o [\% z g <)-: = = §’ %)
AAAAAAAAAAAAAAAA 250kDa = & 250kDa g nE. QE_
= e —— 5T o0 ©
~~~~~~~~~~~~~~~~~~ < —— . L. ] E = E
130kDa 130kDa < zZ < < %
- <
5 I 3
@ 5] &
et} 2 .

=
e
=
<)
o
IB: anti-HA
e
i)
=
o]
g

Supplementary Figure 6. Western blot detection of AVRPM3 and PM3 proteins.

(a-d) Western blot detection of epitope tagged NLR and AVR proteins from Fig. 2d-f. (a) Western blot
detection of PM3A-HA and PM3F-HA from Fig. 2d. (b) Western blot detection of HA-AVRPM34%F2 from
Fig. 2d. (c) Western blot detection of PM3B-HA and PM3C-HA from Fig. 2e (two first bands to the left) and
Fig. 2f (two last bands to the right). (d) Western blot detection of AVRPM38%C2-A-HA from Fig. 2e and
AVRPM3BYC2_|-HA from Fig. 2f. Ponceau staining of the Western blot membrane is depicted in the lower
panels from a-d. Uncropped Western blot images are provided in a Source Data File.



66
67

68
69
70
71
72
73
74

Detection of PM3 proteins in Detection of SVRPM3A1F1
PM3-SVRPMB3ATF1 proteins in PM3-SVRPM3A1F1
co-expression assays co-expression assays
< < < < <
T T L T =L =
< m ) < fus} Q
(a2} ™ [s2] [s2] ™ [s2}
= = = = = =
o o o o o o
& x & & _ L
b p > > w - w p’ w
E &aSSassg s a = o =a = 8
= o xx o x o Xr o X o ¥ o
c > 5 > 5 > 5 > 5 > 5 > 5 c
E 22 9 2 9 b @ @ 9 e @ o T
o < < < < < < < € € € < € O
ZE T ESE T T EERR T T T
DEOkDS SIS G L | < <
....................................... = 15kDa =
130kDa = | SNt ©
m o
o d
Detection of AVRPMS3 proteins Detection of SVRPM3A'F1 proteins
in AVRPM3-SVRPM3A1F1 in AVRPM3-SVRPM3A1F1
co-expression assays co-expression assays
£}
9]
~ & g
3 e 3 2 L]
_ _1 X
[s2] T ™ o [ =
= o = o 8
& S & S 5
> & > & ®
g 2 s 2z
o
S < sz ¢
s z o z <
== Y o P =
- & _ T
T L 5 = z L - T L T & 9z i
™ < [sp] z [sp} pra o = o b
s & = £ = & £ S & = & = @
o = = = g = s o = o = a >
r o = = X o E ¥ o o € o
> 5 c c > 5 E > 5> 5 > %
B o I g ® 2 9 B 9 B
I << < o o < < 0 < < € < < <
(DR = o zZ LT 2 L T TN E ST

IG
=
o
IB: anti-FLAG
e
L
5
i-
tn
=
%
IB: anti-HA

Supplementary Figure 7. Assessment of the effect of SVRPM3AYF! expression in Nicotiana benthamiana on
PM3 and AVRPM3 protein levels.

(a) Western blot detection of HA epitope tagged fusion of the PM3A, PM3B, and PM3D proteins in presence
of the active HA-SVRPM3AYF or the inactive HA-svrPM3AYF! variants. (b) Western blot detection of HA-
SVRPM3AYFL and HA-svrPM3AYFL from the same samples as in (a). Based on (a) and (b) we conclude that the
mode of action of SVRPM3AYF s not based on suppression of PM3 protein expression. (c) Western blot
detection of FLAG-AVRPM34?F2 and AVRPM3B2C2-FLAG in presence of the active HA-SVRPM3AYF! and

8
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the inactive HA-svrPM3AY" variants. (d) Western blot detection of HA-SVRPM3AYF and HA-svrPM3AVF!
from the same samples in (c) (first 4 bands from the left) and from one additional sample where both SVR
variants were co-expressed with non-tagged AVRPM3P? (last 2 bands on the right). Based on (c) and (d) we
conclude that the mode of action of SVRPM3AYF s not based on suppression of AVRPM3 protein expression.
Uncropped Western blot images are provided in a Source Data File.
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Supplementary Figure 8. Pm3a and Pm3f show no suppression activity towards Pm3b, Pm3c and Pm3d.

The suppression spectra of Pm3a (a) and Pm3f (b) were assessed for every AvrPm3-Pm3 pair in presence of
other Pm3 alleles as compared to a control where Pm3a and Pm3f are replaced by GUS. HR was assessed
using HSR imaging 5 days after agrobacterium infiltration. Results are consistent over at least two independent
assays of 6 to 8 independent leaf replicates each. Complete N. benthamiana leaf pictures are provided in a

Source Data File.
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Supplementary Figure 9. Suppression of AvrPm3-Pm3 recognition by Pm3 NLR interactions.

The suppression spectra of Pm3b (a), Pm3c (b), Pm3d (c), and Pm3e (d) and Pm3CS (e) are depicted.
Suppression is assessed for every AvrPm3-Pm3 pair in presence of other Pm3 alleles as compared to a control
where the suppressor NLR is replaced by GUS. HR was assessed using HSR imaging 5 days after

agrobacterium infiltration. Results are consistent over at least two independent assays of 6 to 8 independent

leaf replicates each. Complete N. benthamiana leaf pictures are provided in a Source Data File.
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Supplementary Figure 10. Protein sequence alignments of the effector gene family E034 members found in
the reference isolate Bgt_96224.

AVRPM3®? (red) and its duplication BgtE-20069a (green) are highlighted. The N-terminal predicted signal
peptide, the conserved Y/FxC motif and C-terminal cysteine are indicated (black boxes). Conserved amino
acids are colored based on biochemical or physical properties (clustal x color scheme: blue, hydrophaobic; red,
positively charged; purple, negatively charged; green, polar uncharged; yellow, proline; pink, cysteine; orange,
glycine).
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111 Signal peptide
112 Supplementary Figure 12. Protein sequence alignments of the effector gene families E008, E018 and E034 found in the reference isolate Bgt_96224.

113 AVRPM3”?F2 AVRPM3B2C2and AVRPM3P? are highlighted (red) and the corresponding families are indicated in brackets. The N-terminal predicted signal peptide,
114  the conserved Y/FxXC motif and C-terminal cysteine are indicated (black boxes). Conserved amino acids are colored based on biochemical or physical properties
115  (clustal x color scheme: blue, hydrophobic; red, positively charged; purple, negatively charged; green, polar uncharged; yellow, proline; pink, cysteine; orange,

116 glycine).
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Supplementary Figure 13. High resolution depiction of the phylogenetic relationships among AVR and SVR
effector protein families in B.g. tritici.

The effector families of AVRPM3%%%2 and AVRPM382€2 (blue segment), AVRPM3P® (green segment) are
indicated. The SVRPM3AYF! (red segment) and E005 (orange segment) were used as outgroups. Wheat
powdery mildew effector gene families were previously defined based on BLAST analysis 2. The depicted
phylogenetic analysis suggests the AVRPM3”%F2 and AVRPM3B2C2 families are not phylogenetically
separate, but form one contiguous group of effectors that have probably evolved from a common ancestor.

Only branches with a minimum bootstrap value of ‘80" are depicted (see Methods).
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Supplementary Figure 14. In silico structural modelling of secondary and tertiary folds of the AVRPM3
proteins.
(a) Secondary fold prediction for AVRPM342F2. AVRPM38%€2 and AVRPM3P2 using the Quick2D tool from

the Max Planck Institute Bioinformatics Toolkit °. Output from four different secondary structure prediction
16
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138

methods (i.e. PSIPRED, SPIDER2, PSSPred, and DEEPCNF) are depicted. Predicted secondary folds
consistently consisted of one alpha helix (H) and at least 3 to 4 beta-strands (E). See
(https://toolkit.tuebingen.mpg.de/#/) for detailed description of the prediction methods. (b-c) Selected

examples of the best scored putative structures from RaptorX modelling for (b) AVRPM3%%%2 and 9 out of 39
members of the AVRPM34Z%2 family, and (c) AVRPM3B%¢2 and 4 out of 10 members of the AVRPM3B2/C2
family. Full list of predicted structures can be found in Supplementary Data 5.
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Supplementary Figure 15. Gene expression analysis of the AvrPm3®22 AvrPm3"2%?, AvrPm3%, and
SvrPm3*/™ effector gene families.

RNA-Seq assessment of gene expression levels of the AvrPm3%™ (a), AvrPm3°¥¢ (b), AvrPm3® (c), and
SvrPm32¥™(d) effector gene families in the reference B.g. tritici isolates Bgt_96224, 94202, and _JIW2
(avirulence (A) and virulence (V) patterns on relevant Pm3 alleles are given). Every family member is
represented by three vertically aligned dots corresponding to data points originating from three biological
replicates. All members are always depicted in the same order in the three isolates. The position of the
AvrPm322 AvrPm3°?¢2 AvrPm3%, and SvrPm3*™ gene within the plot is indicated with a red arrow. Gene
expression levels are indicated as Transcripts Per Kilobase Million (TPM). The mean TPM expression values
are indicated with a horizontal line. Raw data underlying the reported gene expression levels are provided in a

Source Data File.

19



152
153

154
155
156
157
158
159
160
161
162

10 20 30 40 50 &0 70
1 1 1 1 1 1 1 1
Avbm3a MRISALFSVAALLSQSMTVLGYL F YRCGNDY | TERA L 1 NG | SMEHKKL TRCSSADSF PGCRATAEVEFWEPS 1§
Y o T T
T = T L D e e e e e e e e e e e
T = T L H oo e e e e e e e e
AVPPM3P2CZE L P e e e e e e e e e
AvrPm3bYe2E P S N e e e e e e e e e
AvrPm3b¥ee.Gg ... Ve e e e e
AvrPm3PHEH e e e e e e e e e e e e e e L
AVIPM 3 e e e e e e e e e e e e N e e e e e e
AvrPm3"i] s s s e s s s s G e e e e e e e e e e e e e e e e e e e e e e
AVIPM3Oe e e i e e e e e e e H oo e e e e e e e e
AviPm3°/2Bgs . . ... L oo, P o e e Vo e
AviPm3°%2-Bgd . ... .0 i i e P e e e e R

120
AvPm32/-A ch-Ll lvlrl--mlrlv-c-- Pclc-cAll PEEDLEVSDEPYYAN
AvrPm3! .
AvrPm3°? ‘—C
Ly L 0
AVEPM3O2E e e
AVEPM3SZ2E e
AVIPMBYY -G
AvrPm3P%/c2-H
AvrPm302/c2.|
AvrPm3°%/c2-]
AvrPm35%/c2-K
AvrPm3b2/¢2.Bgs ..
AvrPm3°4<Bgd § ... ........ 1

Supplementary Figure 16. Sequence alignments of the natural AVRPM3B22 protein variants.

Variants recognized by PM3B, variants not-recognized by PM3B and untested variants are marked in red,
green and black, respectively. The sequences of AVRPM382C2 -A from Bgt_96224 and Bgt_94202 are shown
as a reference, for all variants only polymorphic residues are indicated whereas identical residues are
represented by dots. The extent of the N-terminal predicted signal peptide is highlighted by a black line.
Coloring of the amino acids is based on biochemical or physical properties (ClustalX color scheme: blue:
hydrophobic; red: positively charged; purple: negatively charged; green: polar uncharged; yellow: proline;

pink: cysteine; orange: glycine).
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Supplementary Figure 17. Assessment of the functionality of tagged AVRPM3822 haplotypes

Transient co-expression of C terminal HA tag fusion of AvrPm3°2°? haplotypes together with Pm3b-HA in

Nicotiana benthamiana leaves. Combination of AvrPm3°¥°>-A-HA and Pm3b-HA is used as a control. HR was

scored using HSR imaging 5 days after leaf agro-infiltration. Results are consistent over at least two

independent replicates each consisting of at least 6-8 independent leaves.
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Supplementary Figure 18. Copy number variation of AvrPm3°%2, AvrPm3®, and BgtE-20069a in wheat
powdery mildew isolates.

Copy number variation (CNV) of (a) AvrPm3"?¢2_ and (b) AvrPm3® and its orthologue BgtE-20069a, in 36
wheat powdery mildew isolates. CNV estimates were extracted from previous analysis by Muller et al. (2018)2
where all wheat powdery mildew effector gene families were analyzed, and the copy number of every family
number was estimated. Raw data underlying copy number estimation is provided in a Source Data File.
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Supplementary Figure 19. Assessment of the functionality and protein expression levels of tagged
AVRPM3BZ€2 point mutants.

(a) Transient co-expression of C terminal HA tag fusion of AvrPm3°2°? point mutants together with Pm3b-HA
in Nicotiana benthamiana leaves. Combination of AvrPm3°2°2-A-HA and Pm3b-HA is used as a control. HR
was scored using HSR imaging 5 days after leaf agro-infiltration. Results are consistent over at least two
independent replicates each consisting of at least 6-8 independent leaves. (b) Western blot detection (upper
panel) of C terminal HA epitope fusion of AVRPM38%€2 point mutants. Ponceau staining of the western blot
membranes is depicted in the lower panel. Braces indicate samples where all constructs were combined on the
same leaf and rotated together with AVRPM3B2C2-A-HA as a reference control. Uncropped Western blot

images are provided in a Source Data File.
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Supplementary Figure 20. Consequence of synthetic domain swaps on the recognition of AVRPM3P?

(a) Protein sequence alignment of the mature peptide of AVRPM3P? and the closest family member BgtE-
5883. (b) Schematic representation of the protein domains swapped between AVRPM3P? (grey) and BgtE-
5883 (green). Swapped domains are indicated and labeled e, f, g, and h. (a-b) Position of the residues identified
from the natural sequence diversity (Fig. 4e) are indicated with asterisks. The impact of individual residues on
AVR recognition is indicated with ‘green’ for mutations with a disruptive effect, and ‘red’ for mutations, with
a neutral effect, according to the results summarized in Fig. 4e. (c) Transient expression assays in N.
benthamiana indicating recognition of the AVRPM3P3 swap #6 by Pm3d. Complete N. benthamiana leaf

pictures are provided in a Source Data File.
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Supplementary Figure 21. Assessment of the functionality and protein expression levels of epitope tagged
AVRPM3B2€2 x BGT-51460 domain swaps.

(a) Transient co-expression of C terminal HA tag fusion of Bgt-51460 and AvrPm3°%2 swaps #1 - #9 together
with Pm3b-HA in Nicotiana benthamiana leaves. Combination of AvrPm3"%¢2-A and Pm3b-HA is used as a
control. HR was scored using HSR imaging 5 days after leaf agro-infiltration. Results are consistent over at
least two independent replicates of at least 6-8 independent leaves. (b) Western blot detection (upper panel) of
C terminal HA epitope fusion of AVRPM38%€2, the closet family member BGT-51460, and swaps #1 to #9
depicted in Fig. 5b. Ponceau staining of the western blot membranes is depicted in the lower panel. Uncropped
Western blot images are provided in a Source Data File.
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Supplementary Figure 22. Sequence and gene expression analysis of direct AvrPm3 homologues in rye and

Dactylis powdery mildews.
(a-c) Protein sequence alignment of (a) AVRPM3%2%2 (b) AVRPM3B2€2 and (c) AVRPM3P® and homologues
found in rye and Dactylis powdery mildew. The sequence of the AVRPM3 proteins from Bgt_96224 is shown

as a reference. For all homologues only polymorphic residues are indicated whereas identical residues are

represented by dots. The extent of the N-terminal predicted signal peptide is highlighted by a black line.

Coloring of the amino acids is based on biochemical or physical properties (ClustalX color scheme: blue:

hydrophobic; red: positively charged; purple: negatively charged; green: polar uncharged; yellow: proline;

pink: cysteine; orange: glycine). (d-e) RNA-sequencing assessment of gene expression levels of (d)

AvrPm3°?¢2 and (e) AvrPm3® homologues in the B. g. secalis isolates S-1391 and S-1459 *5. Every family
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member is represented by three vertically aligned dots corresponding to data points originating from three
biological replicates. All members are always depicted in the same order in the two isolates. The position of
the AvrPm3°%<2 and AvrPm3® genes within the plot is indicated with a red arrow. Gene expression levels are
indicated as Transcripts Per Kilobase Million (TPM). The mean TPM expression values are indicated with a
horizontal line. Raw data underlying the reported gene expression levels are provided in a Source Data File.
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Supplementary Figure 23. AvrPm3#™ Bgd, AvrPm3°2° Bgs, and AvrPm3°2°> Bgd functional validation,
epitope tagging, and protein expression controls.

(a-c) Transient expression controls for functional validation assays of AvrPm32¢2 Bgs (a), AvrPm3°2* Bgd
(b), AvrPm3®_Bgs and AvrPm3®_Bgd (c). (d) Functional assessment of AvrPm3#2™ Bgd N terminal HA and
FLAG epitope fusions in transient co-expression assays together with Pm3a-HA. AvrPm3™ Bgd is not
recognized, independently of the epitope tag. (e) Functional assessment of HA-AvrPm3°¥® Bgd in co-

expression assays together with Pm3a-HA and Pm3f-HA. HA-AvrPm3%% Bgd is not recognized by Pm3a-
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HA nor Pm3f-HA. (f-g) Functional assessment of AvrPm3"%¢2 Bgs-HA (f) and AvrPm3?<2 Bgd-HA (g)
epitope tagged constructs in transient co-expression assays together with Pm3b-HA and Pm3c-HA. HR was
revealed by HSR imaging and results were consistent across at least two independent assays of at least 8 leaf
replicates. (h-i) Protein expression controls for PM3A-HA and PM3F-HA (h), and HA-AVRPM3A?F2 Bgd (i)
from the same setup depicted in (e). Protein expression controls for PM3B-HA and PM3C-HA (j), and
AVRPM38%€2 Bgs-HA and AVRPM38%€2 Bgd-HA (k) from the same setup depicted in (f) and (g),
respectively. Uncropped Western blot images are provided in a Source Data File.
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Supplementary Figure 24. Assessment of possible recognition of the AvrPm3 homologues from rye and

Dactylis powdery by the Pm8 resistance gene, a Pm3 orthologue from rye.

HR is revealed by HSR imaging 5 days post Nicotiana benthamiana agroinfiltration. Co-expression of

AvrPm33™2.A and Pm3f “456P/458H i ysed as control for proper HR induction. Avr:R ratios are indicated.

Results are consistent over at least two assays each consisting of 6-8 independent leaf replicates.
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Supplementary Figure 25. Characterization of the SvrPm32™-J variant from rye powdery mildew.

(a) Sequence alignments of SVRPM3AY M protein variants. The sequence of SVRPM3AYF-C from Bgt_96224
(according to McNally et al. 2018°%) is shown as a reference. For the active suppressor SVRPM3AYF variant A
from Bgt_94202 as well as the homologous proteins from B.g. secalis (identical to variant J from McNally et
al. 2018°), and B.g. dactylidis, only polymorphic residues are indicated whereas identical residues are
represented by dots. The extent of the N-terminal predicted signal peptide is indicated by a black line. Coloring
of the amino acids is based on biochemical or physical properties (ClustalX color scheme: blue: hydrophobic;
red: positively charged; purple: negatively charged; green: polar uncharged; yellow: proline; pink: cysteine;
orange: glycine). (b) RNA-sequencing assessment of gene expression levels of the SvrPm32Y™ family in the
rye powdery mildew isolates S-1391 and S-1459 #°. Every family member is represented by three vertically
aligned dots corresponding to data points originating from three biological replicates. All members are always
depicted in the same order in the two isolates. The position of SvrPm33¥™-J within the plot is indicated with a
red arrow. Gene expression levels are indicated as Transcripts Per Kilobase Million (TPM). The mean TPM
expression values are indicated with a horizontal line. Raw data underlying the reported gene expression levels
are provided in a Source Data File. (c) Quantification of the HR response in presence of SvrPm33/™-J (the
variant encoded in B.g. secalis), compared to the active suppressor SvrPm3*/™-A (left panel), and the inactive
suppressor SvrPm3*/™-C (right panel). Results demonstrate that B.g. secalis encodes an inactive suppressor
comparable to the previously characterized SvrPm3*/™-C from wheat powdery mildew. The number or
independent leaf replicates is indicated. Mean values are indicated by the middle line in the boxplot. Individual
data points are plotted along the whiskers delineating minimum and maximum values. Statistical significance
was assessed with a two-sided Student t.Test for paired data and indicated with (*; p < 0.05). Raw data

underlying the reported averages are provided in a Source Data File.
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281  Supplementary Table 1. Primers used for the amplification of the AvrPm3°¥¢? (BgtE-20002) and AvrPm3%
282  (BgtE-20069b) haplotype from natural isolates of powdery mildew.

Primer/Identifier Sequence (5°-3’)

BgtE-20002-F AAGCCGTGAGATCCAAGCTA
BgtE-20002-R GTCATTAAGTCATTAGGCCATTCGAC
BgtE-20069a/b-F CGTCATTTGAAGAGACTTGTG
BgtE-20069a/b-R CTAATCTCGACAACTCTGTTATCG
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284  Supplementary Table 2. Primers used for site-directed mutagenesis to produce BgtE-20069a_96224,
285  AvrPm3® (BgtE-20069b), SvrPm32¥™ 94202 and epitope tagged AvrPm3 and SvrPm3 variants

Primer/ldentifier Sequence (5°-3’)

BgtE-20069_F53S_F GTAAATCCAGCTCTATACACGGAGATTC
BgtE-20069_F53S_R TTATACTGGCTCGGTTACCCGT
BgtE-20069_I86T_F TTCTGACACAAGCTTGCCAA
BgtE-20069_I86T_R AAACAAGCAAAGCCCGTATAGTC

SvrPm3al/fl_H54R_F GGTCCTTTACCCGATTC
SvrPm3al/fl_H54R_R CCTGCTCTAGTCTAGCAAGAAG
SvrPm3al/f1_P85L_F ATCATCGTGGACTCTCG
SvrPm3al/f1_P85L_R GTAATTGGAAAGGTAGTATCCCTG

AvrPm3a2/f2-HA_F GTTCCAGATTACGCTTAAAAGGGTGGGCGC
AvrPm3a2/f2-HA_R ATCGTATGGGTAGTGCAAGATAATGTTCAACTGTG
AvrPm3a2/f2-FLAG_F GATGACGACAAGTAAAAGGGTGGGCGC
AvrPm3a2/f2-FLAG_R GTCTTTGTAGTCGTGCAAGATAATGTTCAACTGTG
HA-AvrPm3a2/f2_F GTTCCAGATTACGCTGGTCCTGTCGCAAATGCTA
HA-AvrPm3a2/f2_R ATCGTATGGGTACATGGTGAAGGGGGC
FLAG-AvrPm3a2/f2_F GATGACGACAAGGGTCCTGTCGCAAATGCTA
FLAG-AvrPm3a2/f2_R GTCTTTGTAGTCCATGGTGAAGGGGGC
AvrPm3b2/c2-HA_F GTTCCAGATTACGCTTAGAAGGGTGGGCGC
AvrPm3b2/c2-HA_R ATCGTATGGGTAGTTAGCATAATAAGGCTCGTCTG
AvrPm3b2/c2-FLAG_F GATGACGACAAGTAGAAGGGTGGGCGC
AVIPM3b2/c2-FLAG_R  GTCTTTGTAGTCGTTAGCATAATAAGGCTCGTCTG
HA-AvrPm3b2/c2_F GTTCCAGATTACGCTTATTTGTTTTACCGATGCGG
HA-AvrPm3b2/c2_R ATCGTATGGGTACATGGTGAAGGGGGC
FLAG-AvrPm3b2/c2_F  GATGACGACAAGTATTTGTTTTACCGATGCGG
FLAG-AVIPmM3b2/c2_ R GTCTTTGTAGTCCATGGTGAAGGGGGC

AvrPm3d3-HA_F GTTCCAGATTACGCTTGAAAGGGTGGGCGC
AvrPm3d3-HA_R ATCGTATGGGTAGATGACACTTGAACTGCACG
AvrPm3d3-FLAG_F GATGACGACAAGTGAAAGGGTGGGCGC
AvrPm3d3-FLAG_R GTCTTTGTAGTCGATGACACTTGAACTGCACG
HA-AvrPm3d3_F GTTCCAGATTACGCTGTGATCTTCGATTGCTCAGG
HA-AvrPm3d3_R ATCGTATGGGTACATGGTGAAGGGGGC
FLAG-AvrPm3d3_F GATGACGACAAGGTGATCTTCGATTGCTCAGG
FLAG-AvrPm3d3_R GTCTTTGTAGTCCATGGTGAAGGGGGC
SvrPm3al/fl-HA_F GTTCCAGATTACGCTTAGAAGGGTGGGCGC
SvrPm3al/fl-HA_R ATCGTATGGGTACTGCCGCCTATAGGTTGC

SvrPm3al/fl-FLAG_F GATGACGACAAGTAGAAGGGTGGGCGC
SwPm3al/fl-FLAG_R  GTCTTTGTAGTCCTGCCGCCTATAGGTTGC
HA-SvrPm3al/fl_F GTTCCAGATTACGCTTTCGACCTCATTGACGATG
HA-SvrPm3al/fl_R ATCGTATGGGTACATGGTGAAGGGGGC
FLAG-SvrPm3al/fl_F GATGACGACAAGTTCGACCTCATTGACGATG
FLAG-SviPm3al/fl R GTCTTTGTAGTCCATGGTGAAGGGGGC
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287  Supplementary Table 3. Primers used to amplify genetic marker regions in Locus_3.

Primer/Identifier Sequence (5’-3’)

Ctgl18_21_F TCCACTTCACCGAATACGTGATCT
Ctg118 21 R CAAGGCAATCGCTACCACTACT
Sc667_3_F GCATCGCTTCTTGTACACTTGTATTT
Sc667_3_R AACAGATACTAGAAATCGCAATCG
Ctg118 18_F ACCGGGATTGAATGTTCCTG
Ctgl18_18_R TTGAGCCTGCTGTTGGACAT
Ctgl118 14 F GACAGCTGGTTTCCCTGTCC
Ctgl18_14_R GTGGTTACGGCCCACCTTTA
Ctg49_2 F GGATGGTGTGGTTGGCTATC
Ctg49_2 R GGCAGAGGACGAGAGTGAGA
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Supplementary Note 1. Effector benchmarking procedure.

The effector benchmarking approach was developed to reduce the large number of known candidate effector
genes (595 at the time of analysis) to a manageable number for experimental analysis. It is based on the
hypothesis that effector genes encoding for avirulence proteins are likely to share similar features in terms of
sequence properties and gene expression levels. We therefore implemented a benchmarking scheme to identify
powdery mildew effectors that resemble the functionally validated avirulence genes AvrPm3% AvrPm2 from
B.g. tritici 7 and Avrai, Avras from B.g. hordei &.

We classified the features defining a putative candidate Avr effector into four groups: “1.1 Sequence
polymorphism” between the Bgt 96224 reference isolate (avirulent on all Pm3 alleles) and the isolates
Bgt 94202 (virulent on all Pm3 alleles) and Bgt_JIW2 (virulent on Pm3c and Pm3f only), “1.2 Protein
structure”, “2.1 Absolute expression” in the reference isolate Bgt 96224, and 2.2 “Differential expression”
between Bgt 96224 and the phenotypically contrasting isolates Bgt 94202 and Bgt JIW2 (Supplementary
Data 1). For each category, we defined a scoring scheme based on the assumption that Bgt 96224, which is
avirulent on all the Pm3 alleles, should encode for all AvrPm3 specificities. Therefore, putative effectors best
fulfilling the criteria for an Avr in the Bgt_96224 isolate can be considered as possible AvrPm3 genes. For each
of the described 4 categories, we defined a series of criteria each of which describes specific features of an
expected Avr. For example, in the category “1.2 Protein structure” we defined 10 (code 121-130 in
Supplementary Data 1) criteria assessing the features of each mildew effector in terms of presence of a signal
peptide, the number of cysteines, and the size of the native peptide (i.e. including the signal peptide)
(Supplementary Data 1). Each criterion was given a weight so that for example a putative effector encoding a
protein within the size range of the previously identified AVRs (defined as 115-135 aa) would receive a higher
score than those encoding for much bigger or much small peptides (e.g. < 70 aa, or >300 aa). To determine the
appropriate weight each criterion should receive, we manually tested several scoring schemes and
progressively adapted the weights so that the functionally validated Avrs would score among the top 20 best
candidates (i.e. serving as positive control for proper Avr identification). After each round we assessed to what
extent the subset of the top 100 candidates was enriched in effectors simultaneously combining the best criteria
for protein size, expression level, and sequence polymorphism as depicted in Supplementary Figure 1. The
whole benchmarking procedure was executed based on the powdery mildew genome annotation and RNA-Seq

data described in previous work by Praz and colleagues °.

All candidates were manually re-annotated, and a subset of 16 effectors was applied to molecular validation
of mMRNA structure by RACE-PCR (Supplementary Data 4). We excluded members of the AvrPm32 family
that had been already tested at the time we designed the assay *®. Subsequently, the top 100 candidates were
codon optimized for expression in N. benthamiana, and cloned by gene synthesis (Supplementary Data 3).

This approach led to the identification AvrPm3°2¢2 and AvrPm3%® thus demonstrating that effector
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benchmarking is indeed a rapid and effective alternative to Avr identification by classical map-based cloning
or GWAS. However, while effector benchmarking demonstrates several advantages compared to GWAS and
map-based cloning, one major limitation is that it can only be used if the candidate genes have well defined
features. Also, the effectiveness of effector benchmarking is highly dependent on the quality of the genome
annotation, since it is based on the comparison of well annotated effectors. We therefore propose that this
approach is complementary to- and builds on classical genetics approaches, and it can be adapted to other plant
pathogenic fungi based on specific features of avirulence genes in those systems.
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Supplementary Note 2. Annotation of the AvrPm3°2°? genetic locus.

The position of the AvrPm3°2 GWAS peak was located within the genetic interval previously identified as the
genetic Locus_3 which controls specificity towards Pm3b and Pm3c *. In an initial effort to map the AvrPm3c
gene in a genetic cross between the mildew isolates Bgt_96224 and Bgt_JIW?2 segregating for Pm3c °, two
flanking markers MO49LE and ctg118_21, were identified (Supplementary Figure 2). Here we took advantage
of the Bacterial Artificial Chromosome (BAC) clone library which was assembled for the reference isolates
Bgt_96224 as another source for uncovering the full sequence of Locus_3 *°. The BAC clones were previously
assembled into Finger Printed Contigs (FPC) thus allowing the identification of 6 overlapping BAC clones
covering the physical region defined by Locus 3 (Supplementary Figure 2). We used the same approach
previously described by Bourras and colleagues * to validate the physical overlap between the BACs which
has resulted in the selection of five clones (7i16, 28j03, 7p01, 29k04, and 4k17) for sequencing (Supplementary
Figure 2)

We combined different resources to thoroughly annotate this genetically complex locus as follows: (i) we used
the high quality PacBio sequence annotation of the locus, derived from the reference isolate Bgt_96224 1, (ii)
we assembled the sequences of the 5 BAC clones from the same Bgt 96224 reference isolate, spanning the
whole region covering the flanking genetic markers (Supplementary Figure 2), (iii) we used RNA-Seq data
from the Bgt_96224 reference (avirulent on Pm3b and Pm3c) to manually curate and thoroughly annotate
genes and transposable elements, and (iv) we used RNAseq and genome re-sequencing data from the
Bgt 94202 isolate (virulent on Pm3b and Pm3c) to identify sequence polymorphisms, locus rearrangements,
and differential expression patterns that can be associated with the phenotype. This has resulted in a very-high

guality sequence annotation of Locus_3, including the identification of novel effector sequences.
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Supplementary Note 3. Epitope tagging of AVR and SVR proteins.

HA and FLAG epitope tags were added N and C-terminally to the mature peptide encoded by AvrPm33%,
AvrPm3*2¢2 AvrPm3%® and SvrPm3*™ using site-directed mutagenesis (SDM). All constructs were
recombined into the pIPKb004 expression vector and mobilized by electroporation into the Agrobacterium
tumefaciens strain GV3101 as previously described 2, Protein detection assays upon transient expression in
N. benthamiana (see methods), revealed all 4 effectors had significantly different levels of tag tolerance
including: not detectable (AVRPM3P3), detectable in N terminal fusions only (AVRPM3A2F2), detectable in
C terminal fusions only (AVRPM3B2?) (Fig. 2a-c), and detectable in N and C terminal fusions (SVRPM3AYF1)
(Fig. 3d). For AVRPM3P2 no protein could be detected independently of tag position or sequence, despite
several attempts optimizing western blotting procedure, using different ODs of Agrobacteria (0.5-1.5) and
different time-points of extraction (1-4dpi). Altogether, this data suggest that epitope fusions can have severe
negative effects on AVRPMS3 protein expression and stability, suggesting these effectors are highly sensitive
to structural modifications. Finally, SVRPM3AY" stands out in these assays as all attempted fusions resulted
in the detection of high amounts of protein. This would suggest that SVRPM3AY™ s a structurally more stable

effector protein as compared to the AVRPM3s.
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Supplementary Note 4. Specificity of AVR recognition and NLR-NLR interactions among the Pm3 alleles.

Compared to other well-described allelic series of resistance genes such as RPP13, the L and the Mla series
from Arabidopsis, flax and barley, respectively, the Pm3 alleles stand out with their high level of similarity
(>97%) on the protein level *-16, An extreme case is exemplified by PM3D and PM3E that only differ by two
amino acids in the LRR domain but recognize distinctly different spectra of mildew races . Furthermore,
PM3D and PM3E only differ from the PM3CS susceptible allele by respectively 3 and 2 residues in the LRR
domain, yet they are among the strongest alleles in the field 1718, Interestingly, neither AVRPM3P2, nor its
recognized homologues from B.g. secalis or B.g. dactylidis are recognized by PM3E or PM3CS. Similarly, in
the fungus, the duplicated paralog of AvrPm3® (BgtE-20069a) found in the genome of Bgt 96224 and
Bgt 94202, encodes a protein that only differs from the active AVR by 2 and 3 amino acid polymorphisms,
respectively. Taken together these observations indicate that specificity of AVR recognition by the PM3

variants is highly sensitive to single amino acid changes on both sides of the interaction.

Evidence of inter-allelic suppression among the Pm3 variants was initially reported from several genetic
crosses between near-isogenic Pm3 lines 2. In one case this observation was molecularly validated in transient
co-expression assays in N. benthamiana 2 where it was shown that Pm3b was able to suppress the HR induced
by an auto-active variant of Pm3f 12, and also the HR induced by the natural Pm3a and Pm3f alleles upon
recognition of AvrPm3?2 1, Here, we tested the suppression spectra of all Pm3 alleles and the Pm3CS ancestral
sequence, in presence of the newly identified AvrPm3 genes (AvrPm3°2°2 and AvrPm3%), and taking full
advantage of our improved experimental setup (i.e. use of codon optimized Avr constructs, and HR

visualization using the HSR imaging technology).

We assayed the suppression activity for Pm3a, Pm3b, Pm3c, Pm3d, Pm3e, Pm3f and Pm3CS, in transient co-
expression assays when every allele was combined with AvrPm3°¥%-Pm3a, AvrPm3*2-Pm3f, AvrPm3°%/c2-
Pm3b, AvrPm32°2-Pm3c, and AvrPm3®-Pm3d. The resulting HR was compared to a control where the
putative NLR suppressor was replaced by GUS at equal ratios, similar to the experimental set-up previously
described by Bourras and colleagues . We found that Pm3a and Pm3f had no suppression activity towards
Pm3b, Pm3c, or Pm3d (Supplementary Figure 8). The Pm3b/c alleles had the broadest suppression spectrum
and were able to suppress recognition of AvrPm3%™ and AvrPm3® by Pm3a/f and Pm3d, respectively
(Supplementary Figure 9a-b). Pm3d was able to suppress recognition of AvrPm3°%¢2 by Pm3b/c, but
interestingly Pm3d only suppressed the recognition of AvrPm33¥™ py the weaker Pm3f allele (Supplementary
Figure 9c). Similarly, Pm3e was able to suppress AvrPm3%? and AvrPm3°2°? only when combined with the
weaker Pm3f and Pm3c alleles, respectively (Supplementary Figure 9d). We also assayed the inter-allelic
suppression spectrum of the Pm3CS ancestral susceptible allele, using the same NLR-NLR suppression assay.
We found that Pm3CS was capable to suppress Pm3a, Pm3f, and Pm3b (Supplementary Figure 9e), but not
Pm3c and Pm3d. Interestingly PM3C and PM3D are identical to PM3CS in the CC-NB-ARC domain (CC:
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coiled-coil, NB: nucleotide-binding, ARC: APAF-1 “apoptotic protease-activating factor-1”, R proteins and
CED-4 “Caenorhabditis elegans death-4 protein), while all three NLRs suppressed by PM3CS (i.e. PM3A,
PM3F, and PM3B) have divergent CC-NB-ARC sequences (Figure 6a-c, lower panel).

To summarize, these assays show that Pm3a/f have no NLR suppression activity and are mostly suppressed by
the other Pm3 alleles. Pm3e is only active on the weaker Pm3c and Pm3f alleles, while Pm3b/c and Pm3d have
reciprocal suppression capacity and act as the strongest suppressors among the functional Pm3 NLRs. These
results indicate that NLR mediated suppression of the AvrPm3-Pma3 interactions is Pm3 allele specific and
independent of the cognate Avr sequence, and we hypothesize this can be mediated by the formation of NLR

heterodimers or multimers inhibiting R gene activation or proper AVR recognition.
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Supplementary Note 5. Gene expression analysis of the AvrPm3222, AvrPm3°22, AvrPm3®, and SvrPm33/*
effector gene families.

We took advantage of the availability of the highly improved wheat powdery mildew genome sequence *,
with an updated definition of the effector gene families, to assess relative gene expression levels of the three
AvrPm3 genes and the SvrPm3*/™ suppressor within their respective gene families. We used the RNA-Seq
data previously produced by Praz and colleagues °, the new mildew PacBio derived mildew genome !, and
the RNA-Seq analysis software “Salmon” °, to assess for gene expression levels at 2dpi in the three reference
isolates Bgt 96224, 94202, and _JIW?2.

We found that the active AvrPm3%%™ allele encoded by Bgt_96224, and _JIW2 (Supplementary Figure 15a),
the active AvrPm3°2°? allele encoded by all three isolates (Supplementary Figure 15b), as well as the active
AvrPm3® allele encoded by Bgt_96224 and _JIW2 (Supplementary Figure 15c), were always among the most
highly expressed members of their effector gene families. The data also suggests there is an association
between the expression levels of the active SvrPm3*™ suppressor encoded by Bgt 94202 and _JIW2
(Supplementary Figure 15d), and virulence of these two isolates on Pm3b/c and Pm3d. In particular, low
expression levels of the active SvrPm3®™ suppressor in _JIW2 seem to be sufficient for suppressing Avr
recognition by the weak Pm3f and Pm3c alleles but not by the strong Pm3a and Pm3b alleles or Pm3d. These
results suggest that the AvrPm3 effectors are important virulence factors and that SvrPm3®™ might play an

important role in maintaining effector function while suppressing effector recognition.
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Supplementary Note 6. Consequence of synthetic domain swaps on the recognition of AVRPM382¢2 and
AVRPM3P3,

Based on the functional data from the genetic diversity screens suggesting the presence of specific domains
involved in R protein recognition, we wanted to study a possible structural basis for the specificity of the
AVRPM3BZ€2.pM3B and AVRPM3P3-PM3D interactions. Therefore, we designed domain swaps between
AVRPM3B%€2 and AVRPM3P? and the most closely related member of their effector families, BGT-51460
and BGTE-5883, respectively. We did so by exchanging regions of approximately 20 amino acids, flanked by
conserved residues, between the AVR and its non-recognized partner (Fig. 5a, Supplementary Figure 21a).
Care was taken that regions with high levels of natural diversity (Figure 5b, Supplementary Figure 21b) would
be located entirely within one exchanged segment. We postulate that structural conservation among close
family members will allow the replacement of protein subdomains while preserving AVR protein structure.

This should reveal which parts of the protein are involved in recognition.

We designed eight swaps between AVRPM38%C2 and BGT-51460 all of which were codon optimized for N.
benthamiana, cloned without signal peptide by gene synthesis and tested for recognition by PM3B and PM3C.
In constructs #1-4 we replaced a defined region of BGT-51460 by its counterpart from AVRPM382/€2whereas
for constructs #5-8 the opposite strategy was used (Fig. 5b). Interestingly none of the defined regions of
AVRPM387C2 introduced into BGT-51460 conferred recognition by PM3B or PM3C on its own (swaps#1-4,
Fig. 5b). Consistent with these findings, the two regions (segments a and c) harboring naturally occurring SNPs
with a disruptive effect on R-gene recognition could not be replaced by BGT-51460 sequences without loss of
recognition (swap#5 & #7, Fig. 5b). In contrast, one region of AVRPM382€2 (segment ‘b’) with low genetic
diversity among natural isolates could be replaced without negative impact on R-gene recognition, and resulted
in a stronger HR response (swap#6, Fig. 5¢). Similarly, replacement of segment ‘d’ from AVRPM382€2 by its
counterpart from BGT-51460 in swap#8 resulted in significantly stronger Avr recognition by Pm3b and Pm3c
(swap#8, Fig. 5d). Finally, while individual replacement of segments ‘a’ and ‘¢’ from BGT-51460 with their
counterpart from AVRPM38%€2 had no impact on recognition (swap#1 and #3), a stronger HR was observed
with swap#9 where these segments were simultaneously exchanged (Fig. 5e). This data demonstrates that
regions ‘a’ and ‘c’, are necessary and sufficient to confer AVR function, and together with regions ‘b’ and
‘d’they can additionally affect the strength of NLR-AVR recognition. Taken together these findings imply that
AVRPM3B2C2 recognition is dependent on two regions that correspond to sequences previously defined by the
natural diversity screens, plus two regions possibly corresponding to a structurally conserved region in the
AVRPM3BZC2 family.

For AVRPM3®™2 and its paralog BGTE-20069A we observed a more uniform distribution of disruptive SNPs

in natural diversity screens covering the complete central part of the AVR protein between the Y/FxC motif
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and the conserved C-terminal cysteine (Figure 4c). We designed four swaps between AVRPM3P3 and BGTE-
5883 covering different stretches of polymorphic residues (#1-4 Supplementary Figure 21a-b) and two
additional ones in which only N- and C- terminal ends of AVRPM3P?, consisting of two and six polymorphic
residues, were replaced by sequences from BGTE-5883 and vice versa (#5-6 Supplementary Figure 21a-b).
Similar to the findings from AVRPM3B2€2none of the defined subdomains of AVRPM3P3 was sufficient to
confer recognition by PM3D on its own (#1-5, Supplementary Figure 21b), whereas construct #6, containing
the complete central part of AVRPM3P? resulted in strong HR when combined with the R-protein, indicating
that recognition is independent of the C- and N-terminal regions of the AVR (Supplementary Figure 21¢)

To summarize, these experiments indicate structural conservation between AVRPM382¢2 and the closest
effector family member since several subdomains can be readily exchanged without loss of recognition.
Furthermore, our data implies that multiple protein surface regions are involved in the interaction with the
corresponding R-proteins and that information from natural diversity screens can be used to define such
regions. This further supports the hypothesis that overall protein structure as well as specific contact regions

are important for recognition.
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Supplementary Note 7. Evidence for the role of Avr-R interactions as determinants of host-specificity in

cereal mildews.

The role of Avr-R interactions in host specificity was originally investigated using genetic crosses between
cereal mildews in a seminal work published over 20 years ago by Matsumura and Tosa %. Based on genetic
analysis of phenotypic segregation patterns in a cross between two isolates of wheat and rye powdery mildew,
the authors provided genetic evidence that the rye mildew isolate Sk-1 carries AvrPm1, AvrPm2, AvrPm3a,
AvrPm3b, AvrPm3c, and AvrPm4a. In a recent study by Praz and colleagues ’ a functional AvrPm2 from rye
mildew was indeed isolated and functionally validated for recognition by the Pm2 resistance gene. In another
study by Praz and colleagues °, a comparative transcriptomic approach was used to study gene expression
patterns in triticale powdery mildew, a new forma specialis that is a hybrid of wheat and rye mildews *. The
authors suggested that altered expression of multiple effector genes, in particular Avr and Svr related factors,

might play a role in mildew host adaptation based on hybridization °.

In this study we had a unique opportunity to probe Matsumura and Tosa’s predictions at the molecular level
in the Pm3 allelic series of NLRs. We aimed at investigating the role of the Pm3 alleles as a determinant of
host specificity to B.g. secalis and B.g. dactylidis, two mildew formae speciales specifically growing on rye
(Secale cereale) and Dactylis glomerata. Rye is a wide spread cereal crop and a member of the Triticeae tribe,
while Dactylis is a wild grass and a distant Poeae relative from the Dactylidinae tribe 242, B.g. secalis has
diverged from B.g. tritici within the tritici clade, while B.g. dactylis has very likely emerged after a host jump
from the tritici clade to Dactylis 4. On the host side, the functional diversity of Pm3 alleles has emerged after
the formation of hexaploid wheat, and all alleles have very likely diversified from Pm3CS, a non-functional
ancestral sequence 2°. In this context, it is likely that the Pm3 alleles have co-evolved along host specialization
of B.g. tritici to the newly evolved hexaploid bread wheat to recognize important effectors for mildew
virulence. In such case, conservation of the Avr function of these effectors in other formae speciales would
demonstrate that the Pm3 alleles can also act as a barrier to non-adapted mildew forms. Based on the
conservation of Avr function of these effectors from other formae speciales we therefore hypothesized that the
Pm3 alleles, can also act as host-specificity determinants against non-adapted mildew forms, in addition to

their role in race-specific resistance to adapted wheat mildew isotes.

To test this hypothesis, we made use of two sets of Pm3 wheat lines. First, Pm3b and Pm3d transgenic lines in
the background of the ‘Bobwhite’ cultivar, previously shown to confer strong race-specific resistance towards
B.g. tritici both under laboratory conditions and in the field 22, Second, the near-isogenic wheat lines ‘Chul’
backcrossed 8 times in Chancellor (Chul®“C, a Pm3b NIL), and Sonora®<¢ (a Pm3c NIL) that have been used
to identify the genetic loci associated with avirulence towards Pm3b and Pm3c in B.g. tritici »° (this study).

We challenged the Pm3 wheat lines and corresponding susceptible controls ‘Bobwhite’ and ‘Chancellor’ with
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two different B.g. secalis isolates, S-1391 and S-1459, for which we have RNA-seq data showing that the
AvrPm3°#¢2 and AvrPm3% homologues encoded in these non-adapted pathogens are expressed (Supplementary
Figure 26b). The ability of the rye isolates to infect the non-host wheat was assessed microscopically, at an
early stage of the infection (48 hours), where compatible isolates can usually form a haustorium and a few
secondary hyphae (hereafter referred to as “microcolony”). We used two different staining methods (see
Methods) to distinguish the following phenotypic categories: (i) microcolony formation in the absence of
hypersensitive cell-death, indicating successful host-penetration at an early stages of infection reminiscent of
an infection from an adapted mildew, and (ii) arrest of spore growth in the presence or absence of a detectable
hypersensitive cell-death, reminiscent of a race-specific resistance response. In agreement with our hypothesis
that Pm3b, Pm3c and Pm3d contribute to non-host resistance to non-adapted formae speciales, the rate of
microcolony formation of both tested B.g. secalis isolates was significantly (p < 0.05), and consistently reduced
on the transgenic and near-isogenic Pm3 wheat lines when compared to the susceptible controls ‘Bobwhite’
and ‘Chancellor’ (Figure 6d-€). We conclude that these assays further demonstrate that the Pm3 alleles are

potent host-specificity determinants, as predicted by Matsumura and Tosa two decades ago?.
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