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Fig. S1 Bioinformatic pipeline used for transcriptome analysis and genome annotation. Total RNA was extracted from apple leaves infected with Venturia inaequalis at 12 and 24 hours post-inoculation (hpi), as well as 2, 3, 5 and 7 days post-inoculation (dpi). As a reference for growth in culture, total RNA was also extracted from V. inaequalis grown on the surface of cellophane membranes overlaying potato dextrose agar at 7 dpi. Four biological replicates were included per sample. PE: paired-end; CDS: coding sequence; CAZyme: carbohydrate-active enzyme; EC: effector candidate.
[image: Chart, bar chart, treemap chart

Description automatically generated]
Fig. S2 Plant cell wall-degrading enzyme (PCWDE)-encoding genes of Venturia inaequalis up-regulated during infection of susceptible apple cultivar ‘Royal Gala’, relative to growth of the fungus in culture on the surface of cellophane membranes overlying potato dextrose agar. A. Proportion of in planta up-regulated PCWDE-encoding genes in each host infection-specific temporal expression wave. B. Heatmap of PCWDE-encoding genes up-regulated in planta that demonstrate a peak level of expression during waves 1 and 2 of the early infection stage at 12 and 24 hours post-inoculation (hpi). C. Heatmap of PCWDE-encoding genes up-regulated in planta that demonstrate a peak level of expression during wave 3 of the mid infection stage at 2 and 3 days post-inoculation (dpi) and waves 4 and 5 of the mid-late infection stage at 5 and 7 dpi. Block labels on the left indicate gene expression wave. Numbers in brackets indicate number of genes per wave. Gene expression data are scaled rlog-normalized counts across all samples (Z-score), averaged from four biological replicates. Labels on the right indicate carbohydrate-active enzyme (CAZyme) classification. Bar plots depict the maximum log2 DESeq2-normalized count value across all in planta time points. AA: auxiliary activity; GH: glycoside hydrolase; CE: carbohydrate esterase; PL: polysaccharide lyase; CBM: carbohydrate-binding module. 
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Fig. S3 Prediction of effectors from Venturia inaequalis. A. Pipeline for the identification of effector candidates (ECs) from V. inaequalis. B. Comparison of the number of ECs predicted from V. inaequalis isolate MNH120 in this study and a previous study (Deng et al., 2017). The comparison is based on an exact protein sequence match. The previous study by Deng et al. (2017) defined ECs as small proteins of <500 amino acid residues in length with a signal peptide and no similarity to lytic enzymes.
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Description automatically generated] Fig. S4 Gene families encoding proteinaceous effector candidates (ECs) of Venturia inaequalis that have members demonstrating different expression profiles during early and mid-late colonization of susceptible apple cultivar ‘Royal Gala’. Expression data during host colonization are DESeq2-normalized counts, averaged from four biological replicates, with error bars representing standard deviation (hpi: hours post-inoculation; dpi: days post-inoculation). HsbA: Hydrophobic surface-binding protein A; CFEM: common fold in several fungal extracellular membrane proteins; Cin1: Cellophane-induced 1.
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Description automatically generated with medium confidence] Fig. S5 Expression of ribosomally-synthesized and post-translationally modified peptide (RiPP) dikaritin gene clusters from Venturia inaequalis that are up-regulated during colonization of susceptible apple cultivar ‘Royal Gala’, relative to growth of the fungus in culture on the surface of cellophane membranes overlying potato dextrose agar. Heatmap gene expression data are scaled rlog-normalized counts across all samples (Z-score), averaged from four biological replicates. hpi: hours post-inoculation; dpi: days post-inoculation. Bar plot annotation depicts the maximum log2 DESeq2-normalized count value across all in planta time points. Genes marked as ε putatively encode a protein with a DUF3382 domain or were annotated as a major-facilitator superfamily protein. Genes marked with * putatively encode a dikaritin precursor peptide. The gene marked with N encodes a protein with no characterized functional domain. 
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Fig. S6 Effector candidates (ECs) from Venturia inaequalis with structural similarity to known avirulence (Avr) effector proteins from other plant-pathogenic fungi not shown in Fig 4. Representative V. inaequalis protein structures (green; family 28 (g13172), family 38 (g9034), singleton g4288) aligned to ToxA from Pyrenophora tritici-repentis (1ZLE) (purple), LARS-like protein structure (green; family 47 (g24490)) aligned to AvrLm4-7 from Leptosphaeria maculans (7FPR). Protein tertiary structures predicted by AlphaFold2 are the most highly expressed member from each EC family. Disulfide bonds coloured in yellow. N: amino (N) terminus; C: carboxyl (C) terminus. pLDDT: predicted Local Distance Difference Test score (0‒100); a pLDDT score of 70–100 is indicative of medium to high confidence. A Dali Z-score above 2 indicates ‘significant similarities’ between structures. RMSD: root-mean-square deviation. Gene expression data are from up-regulated ECs during host colonization and are based on DESeq2-normalized counts, averaged from four biological replicates, with error bars representing standard deviation (hpi: hours post-inoculation; dpi: days post-inoculation). 
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Fig. S7 Effector candidates (ECs) from Venturia inaequalis with structural similarity to killer protein 6 (KP6) from Ustilago maydis P6 virus not shown in Fig 4. Representative V. inaequalis protein structures (green; family 2 (g11711), family 5 (g18375), family 23 (g4577), family 26 (g12079), singleton g4356, singleton g18322) aligned to EC Zt-KP6-1 from Zymoseptoria tritici (6QPK). Protein structures predicted by AlphaFold2 are the most highly expressed member from each EC family. Disulfide bonds coloured in yellow. N: amino (N) terminus; C: carboxyl (C) terminus. pLDDT: predicted Local Distance Difference Test score (0‒100); a pLDDT score of 70–100 is indicative of medium to high confidence. A Dali Z-score above 2 indicates ‘significant similarities’ between structures. RMSD: root-mean-square deviation. Gene expression data are from up-regulated ECs during host colonization and are based on DESeq2-normalized counts, averaged from four biological replicates, with error bars representing standard deviation (hpi: hours post-inoculation; dpi: days post-inoculation). 
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Fig. S8 Effector candidates (ECs) from Venturia inaequalis with a predicted knottin-like fold. Representative V. inaequalis structures (green; family 11 (g8686), family 12 (g10808), family 24 (g22936), family 35 (g22623), singleton g8946). Protein structures predicted by AlphaFold2 are the most highly expressed member of each EC family. Disulfide bonds coloured in yellow. N: amino (N) terminus; C: carboxyl (C) terminus. pLDDT: predicted Local Distance Difference Test score (0‒100); a pLDDT score of 70–100 is indicative of medium to high confidence. A Dali Z-score above 2 indicates ‘significant similarities’ between structures. Gene expression data are from up-regulated ECs during host colonization are based on DESeq2-normalized counts, averaged from four biological replicates, with error bars representing standard deviation (hpi: hours post-inoculation; dpi: days post-inoculation).
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[bookmark: _Hlk87020668]Fig. S9 Effector candidate (EC) families from Venturia inaequalis (Vi) with sequence similarity to effectors and characterized or candidate avirulence (Avr) effector proteins from other plant-pathogenic fungi. A. Expression data of EC genes during host colonization are DESeq2-normalized counts, averaged from four biological replicates, with error bars representing standard deviation (hpi: hours post-inoculation; dpi: days post-inoculation). B. Protein tertiary structures of candidate virulence and avirulence (Avr) effector proteins predicted by AlphaFold2. Disulfide bonds coloured in yellow. F. fulva is Fulvia fulva and V. dahliae is Verticillium dahliae. Green tertiary structures represent the V. inaequalis protein; purple structures represent the EC/Avr from the other fungal pathogen; cyan, represents closest analogous structure in the RCSB PDB database. Sequence similarity was identified by reciprocal protein searches based on BLASTp (E-value <0.05). pLDDT: predicted Local Distance Difference Test score (0‒100). A pLDDT score of 70–100 is indicative of medium to high confidence. A Dali Z-score above 2 indicates ‘significant similarities’ between proteins. RMSD: root-mean-square deviation.
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[bookmark: _Hlk87019610]Fig. S10 Comparison of protein tertiary structures predicted for two effector candidates (ECs) of Venturia inaequalis using different AlphaFold2 methods. EC protein tertiary structures are coloured by amino acid pLDDT (predicted Local Distance Difference Test) score, with a high pLDDT score coloured in blue and a low pLDDT score coloured in red. ColabFold multiple sequence alignments (MSAs) were generated with MMseqs2 (Steinegger & Söding, 2017) and MSAs generated by AlphaFold2 open source CASP14 were assembled using HHBlits and HMMER (Johnson et al., 2010; Remmert et al., 2011). Sequence coverage graphs of the MSAs used for the structural predictions were automatically generated by ColabFold (Mirdita et al., 2022).



image7.tiff
KP6-like

6000

4000
2000

$unoo pezijewiion

(1e30} s1aquiaw zg)

paje|nbas-dn Lz
Z Anwey

Dali z-score: 5.8
RMSD: 2.02

pLDDT: 97.77

&
IN

&
©

S

=) =) o
1S3 =3 3
> @ @

Sunos pezijewsoN

(1e3o03 staquiaw 9g)

paje|nbas-dn gz
G Apwey

Dali z-score: 5.7
RMSD: 2.34

pLDDT: 89.01

In planta time points

o o
<1 3
& =

Sunos pezijewioN
(1e30} s1aquiawi G)
paje|nbas-dn ¢

£Z Apwey

Dali z-score: 5.9
RMSD: 3.03

pLDDT: 80.18

S
IN

&
©

o
3
«

o
3
@

100

$unos pezijewion

(12303 s1aquiaw §)

pajeinBas-dn g
9z Anwey

Dali z-score: 4.9

RMSD: 3.15

N
pLDDT: 88.49

&
A

&
©

S
& e
planta time points

S
A

&
g

o
3
o)

1500
1000

$)unoo paziewioN

uoya|buls

ogerb

Dali z-score: 5.8
RMSD: 2.57

pLDDT: 78.02

]
<
ig
o™
6 .
N3
T =
o
=
o
©
~
=
[=]
a
|
o
o
b, .
/o E
¢
fop 8
e E
b1
\Q.ow g
Q
o 8
55
\ch.\
8 ® & -°

$Junoo pazijeulioN

uoja|buis

zzesLb




image8.tiff
pLDDT: 73.54

pLDDT: 84.12 c

SJUNOJ pazijewioN

(1e303 s1oquiswi g|)
pajenbai-dn ¢

1L Apwey

planta time points

© [=]
~ )

SJUNOd pazijewloN

uoja|buis

9¥686

©
N

1o,
b

In planta time points

©
N
(=23
©
=
a
3
O=a
@,
by 2
2
P ¢
8
%o 5
s
\chwm
\Q«\w\

[=] o
=] Q
=] [}

1500

S)UNO? pazijewlonN

(le3o03 s1equiaw /1)
paje|nbai-dn g

Z1 Awey

4000

[=]
=]
=]
=

3000
2000

€

SJUNO9 pazijewlonN

(le303 s1equiawi z})
paje|nbas-dn 2

¥z Apwey

pLDDT: 73.29

In planta time points

Q [=] Q
el (=] o
~ o Y

1000

SJUN0? pazijewloN

(le303 s1oquisw g)
pajeinbal-dn ¢

G¢ Awey

©
-
o
©
=
[=]
=]
-
o
“b,,
\&ob m.
p o
& E
=
v s
.Qbrv m
Q
P
.s\vwm
/%
.QA\W\





image9.tiff
ViEcp39-like ViEcp10-like ViAve1-like

6000
H
S 300 600
o
© 4000
T 200 400
i
]
£ 100 200 2000
o
= =z _—

IE888E  RIFHEE Q288 E
RIS RO KOESENEEN
In planta time points
Ecp39 Ecp10
ViEcp39-like: g22200 F. fulva Ecp39 No similar proteins ViEcp10-like: g17513 F. fulva Ecp10 Penicillium PAF (PDB: 6HAJ)
N
N
Dali Z-score: 6.9
pLDDT: 84.74 pLDDT: 83.07 No Dali hits pLDDT: 87.06 pLDDT: 89. RMSD: 2.34

ViAve1-like: 918550

Avel

V. dahliae Avel

Clavibacter expansin (PDB: 4JJ0)

N

[pLDDT: 95.85

pLDDT: 94.6

Dali Z-score: 132/
RMSD: 1.82





image10.tiff
ColabFold: Custom MSA

OpenSource CASP14

ColabFold: Mmseqgs2 MSA

pLDDT: 84.34 pLDDT: 53.94 pLDDT: 35.87
T o
>0
T3
g ~
w o
Q
Sequence coverage 1o Sequence coverage
70
08
60 -
El
50 S
g 062 0
§ g E
§ a0 5 g
g = g
“ 30 048 L
20 H 050
02
10 025
° o 10 20 30 40 50 60 70 00 e ° 10 20 30 40 50 60 70
Positions Positions.
ColabFold: Custom MSA OpenSource CASP14 ColabFold: Mmseqs2 MSA
pLDDT: 97.77 pLDDT: 58.34 pLDDT: 54.44
N
>
=N~
ET
S o
Sequence coverage 1 Sequence coverage
160
08 140
g E § 80
& 04 &
g 60
g
e 40 |
02
-
R
o 00 e
0 10 20 30 a0 50 60 70

Positions

Positions

° ° °
2 s %

Sequence identity to query

e

0.0

10

= & ®

Sequence identity to query

00




image1.tiff
In planta

In culture 7 dpi

12 hpi

Sample
collection

24 hpi 2 dpi

3 dpi 5 dpi 7 dpi

r 2 2 2 27 4

Four biological replicates per sample

v

RNA extraction

+

Illumina PE sequencing

Genome annotation

® @

Map V. inaequalis Map RNA reads
05/172 CDSs to (HISAT2v2.2.1)
MNH120 genome to MNH120 genome

Genome-guided assembly
(Trinity v2.12.0)

Predict coding regions
(Transdecoder v5.5.0)

v

Load predicted CDSs to MNH120 genome

Manually curate annotation

- ¢=—an——<Gumm

Annotation
Deng et al. 2017

RNA-seq analysis

MNH120 genome

Mapping (HISAT2 v2.2.1
pPing ( ) (mappability mask)

Filter unmapped reads
(SAMtools v9.2.0)

Count reads
(featureCounts v2.0.0 )

>

Perform differential gene
expression (DESeq2)

3,563 up-regulated genes
in planta

Detect gene expression waves
helust, Euclidean distance, ward.D2

5 clusters/waves

Functional analysis
-Gene ontology (GO) enrichment
-Pfam domain enrichment
-CAZyme abundance
-Proteinaceous ECs
118 families (759 ECs)

610 singletons

v

Structural modelling of ECs
Singletons:
Open source AlphaFold v2.0.1 and v2.1.0
Highest expressed EC of each up-regulated family:
ColabFold





image2.tiff
>

1.00

o
hyy
a

PCWDE proportion

0.00

Family
I aa
I cam
B ce

GH
PL

N 2w 3 4 msm

Gene expression waves

Mid

Mid-late

4(37)

12 hpi

24 hpi

20 0 12

2 dpi

12 hpi

Z-score

3 dpi

5 dpi

24 hpi

o —

2dpi

7 dpi

Z-score
0
2 -1 0 1 2
AA3-1+AA8
AA3-2
AA3-3
GH7+CBM1
AA1-2
AA1-3
AA1-3
AA11
= AA2
[r— AA2
AA2
[ AA2
[ (AA2
[ (AA3-2
[ AA3-2
[ AA3-2
[ AA9 + CBM1
= CE1
= CE5
[ CES5
[ CES5
CES5
CES5
[ [GH3+CBM1
[ PL1-10
[r— PL1-7
8 B8 & gagew
© o © 3T
P>y s ~ £~ log= counts
o
£
fr AAZ
- AA32
- CE16
fr CEs
P GH6+CBM1
| AA:
[ AA3-2
[ AA3-2
[r— AAS
[r— AA9
[r— | CE12
[r— CE12
[— CE16+CBM1
[r— CE5
[ CE5+CBM1
[Fr— GH10+CBM1
[r— GH131
[ GH131+CBM1
[— GH28
[ GH28
[r— GH28
[ GH28
[r— GH28
[ | GH28
[ GH29
[ GH3+CBM1
s GH43-24
[Fr— GH43-30
[— GH5-4 + CBM1
[Fr— GHS-7+CBM1
[Fr— GH5+CBM1
— GH78
[r— GH95
[ PL1-2
[ PL26
- PL:
[ PL41
[r— PL41
= P45
s AA’
s | AA12
= AA1-3
- AA32
[ AA9
o AAY
[ CBM83
[r— CE12
[ CE!
[= CE
— GH28
GH3 + CBM1
— GH3+CBM1
— GH35
— GH43-30
— GH51
— PL1-2
[ PL1-T
Py T
e
58 © w2
3™ log: counts
c




image3.tiff
A. Effector candidate (EC) prediction

24,502 annotated proteins

SignalP v5.0
2,185 proteins with a signal peptide (SP)
TMHMM v2.0 (using mature proteins)

1,955 proteins with a SP but no transmembrane (TM) domain

*Small secreted proteins (SSPs; <400 aa) &ﬁecturp v3.0
1,513 SSPs 806 ECs
762 SSPs

44 ECs >400 aa
L ]

T
1,657 ECs

v

BLASTp + spectral clustering to group ECs into families

Remove proteins with enzymatic domain
(dbCan2 CAZy prediction and InterPro v5.51-85.0 annotation)

+" If only one or two ECs from a family had a predicted

enzymatic domain, they were kept as ECs
1,369 ECs

This study
1,369 ECs

Deng et al. 2017
1,071 ECs




image4.tiff
Normalized counts

Early expression waves Mid-late expression waves

(waves 1 and 2) (waves 4 and 5)
1200l 13 HsbA family | 13 HsbA family
3000
900
2000
600
300 1000
: & & & & & & & & & & 3
o 4§> o S © IN v & oy S © IN
[ 37 CFEM family | 37 CFEM family
0
2 |
3
1500 3 1000
°
1000 % "
S
500 £
t;;;!!liiiilllll--—Af 5
& & & 8§ § &8
& ¥ Ly S © IN
I 122 Cin{ family | 122 Cin1 family
20000
15000
10000
5000
< Iy S S S L Q 3 S Q S S
§ § S S § 8 S S 8 5
4 & v o ° A :§? ,éF v o © A

In planta time points In planta time points




image5.tiff
g7822 N
g7823 €
97824 ¢
N
c 97825 €
=
g
— €
= g7827
g7829 €
g7830  *
99632  *
<
= - 9903 :
.‘“:_'
©
X
a 99635 %
- 99637 ¢
(2]
c g19714 ¢
=
S
E g19715 *

7 dpi

|ng counts

12 hpi
24 hpi
2 dpi
3 dpi
5 dpi
7 dpi
In culture




image6.tiff
_ _ LARS-like
ToxA-like =
< b @ =
% s g2 ie
gy 5e 2 58
s R 30 S
5 Ng NG i
a A7) = ND
Na 3= Bz -
T = o o
ax
w
0
=z © = v:] 2
w ~ o ~
Ll o 3 ]
a b = a
i 5 8 %) 5
o a - ﬂl_-
[=] - =3
- aQ
a
o
o
=z
%
% 5 b,
/ < S »
% P
©e P @ g B §b =
= & £ o
o 8 ¢ £ ] g
by £ 2 o 2 “be 2
2 .\Qbm, g Pe 8 E
B e = = 10 s
¢ E ‘o = %P s £ 5 g
% ® <5 8 w, =
. = § g ,
¢ 5 o, 2 Y, 28
‘o, 1 b < ‘a
%8 ay “Ys, Ve,
<
“ ” & o o <)
Ye, ° g ° -] 3 8 g ° ® o 5 o
o S S 1<) ~ ) N
o o - - [BULIO|
g S 8 . ozijeuLioN Sunoo pazijeuwion B N
T sjunod pezijeuioN SJunod pozy| (12303 s1equiows z)
(1e303 s1aquisw ¢) uoyelbuis pajejnBas-dn |
(1e30) s1aquiawi 9) paje|nBas-dn | E
pajenbai-dn g

KAwey
8z Anwey 8¢ Ajwey 88zyb Ly




