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Supplementary Methods
Genome sequencing and assembly

The 29 new genomes for the fungi reported in this study were sequenced using several different sequencing
platforms described below, assembled with several assembly tools listed in Supplemental Data 11, and
annotated with the JGI Annotation Pipeline [1,2] aided by RNA sequences when available.

Ten genomes (Acephala, Ceratobasidium, Clavulina, Gyrodon, Marasmius, Paxillus, Thelephora
ganbajun, Tricholoma, Wilcoxina, and Xerocomus) were sequenced using Illumina alone using 300 bp
Illumina Regular Fragment libraries. For these, 100 ng of DNA was sheared to 300 bp using the Covaris
LE220 and size selected using SPRI beads (Beckman Coulter). The fragments were treated with end-repair,
A-tailing, and ligation of Illumina compatible adapters (IDT, Inc) using the KAPA-Illumina library creation
kit (KAPA Biosystems). The prepared libraries were quantified using KAPA Biosystem’s next-generation
sequencing library qPCR kit and run on a Roche LightCycler 480 real-time PCR instrument. The quantified
libraries were then multiplexed with other libraries, and the pool of libraries was then prepared for
sequencing on the Illumina HiSeq sequencing platform utilizing a TruSeq paired-end cluster kit, v4, and
[llumina’s cBot instrument to generate a clustered flow cell for sequencing. Sequencing of the flow cell was
performed on the Illumina HiSeq2500 sequencer using HiSeq TruSeq SBS sequencing kits, v4, following a
2x150 indexed run recipe.

For Ceratobasidium, Gyrodon, Marasmius, Tricholoma, and Wilcoxina, additional 4kb CLRS Illumina
Regular Long Mate-Pair (LMP) libraries were created; 5-6 pg of DNA was sheared using the Covaris g-
TUBE™ (Covaris) and gel size selected for 4kb. The sheared DNA was treated with end repair and ligated
with biotinylated adapters containing loxP. The adapter ligated DNA fragments were circularized via
recombination by a Cre excision reaction (NEB). The circularized DNA templates were then randomly
sheared using the Covaris LE220 (Covaris).The sheared fragments were treated with end repair and A-tailing
using the KAPA-Illumina library creation kit (KAPA Biosystems) followed by immobilization of mate pair
fragments on streptavidin beads (Invitrogen). Illumina compatible adapters (IDT, Inc) were ligated to the
mate pair fragments and 8 cycles of PCR was used to enrich for the final library (KAPA Biosystems). The
libraries were then treated as with the above Regular Fragment libraries, except for following a 2x100
indexed run recipe. The Tricholoma procedure used additional LMP libraries that varied from the others in
insert size (4.5kb and 8kb) and/or in amount of source DNA (15 pg); these were otherwise treated the same

as the others.



Fifteen genomes (Admanita, Boletus [both strains], Cantharellus, Gautieria, Hysterangium, Kalaharituber,
Lactarius, Mycena, Russula [both species], Terfezia, Thelephora terrestris, Tirmania, and Trichophaea)
were sequenced using Pacific Biosciences sequencing alone. With the exceptions of Cantharellus and
Mycena, all genomes were sequenced using PacBio >10kb with AMPure Bead Size Selection and Tubes.
Unamplified libraries were generated using Pacific Biosciences standard template preparation protocol for
creating >10kb libraries. Five pg of gDNA was used to generate each library and the DNA was sheared
using Covaris g-Tubes to generate sheared fragments of >10kb in length. The sheared DNA fragments were
then prepared using Pacific Biosciences SMRTbell template preparation kit, where the fragments were
treated with DNA damage repair, had their ends blunt-ended, and 5' phosphorylated. Pacific Biosciences
hairpin adapters were then ligated to the fragments to create the SMRTbell template for sequencing. The
SMRTbell templates were then purified using exonuclease treatments and size-selected using AMPure PB
beads. For Cantharellus, Mycena, and an additional Boletus edulis BED1 library, the library method differed
in that the SMRTbell templates were size-selected using the Sage Science BluePippin instrument with a 4kb
lower cutoff.

For Amanita, Boletus edulis Ptilba, both Russula sp., T. terrestris, and Tirmania, PacBio Sequencing
primer was then annealed to the SMRTbell template library and sequencing polymerase was bound to them
using Sequel Binding kit 2.0. The prepared SMRTbell template libraries were then sequenced on a Pacific
Biosystem's Sequel sequencer using v3 sequencing primer, 1M v2 SMRT cells, and Version 2.1 v2
sequencing chemistry with 6 & 10 hour sequencing movie run times. For Cantharellus, Kalaharituber,
Lactarius, Mycena, Terfezia, and Trichophaea, sequencing primer was then annealed to the SMRTbell
templates and Version P6 sequencing polymerase was bound to them. The prepared SMRTbell template
libraries were then sequenced on a Pacific Biosciences RSII sequencer using Version C4 chemistry and 4
hour sequencing movie run times. The procedure for B. edulis BED1 and Hysterangium differed from that of
Cantharellus above only in using Version C2 chemistry and 3 hour sequencing movie run times.

Four genomes (Cortinarius, Hydnum, Melanogaster, and Ramaria) were sequenced by hybrid approaches
using both Illumina and PacBio. In all cases except for Cortinarius, 300bp Illumina Regular Fragment
libraries were generated and sequenced as above. The Cortinarius procedure differed in its creation of a
270bp Illumina Regular Fragment library, which was sequenced using a TruSeq SBS sequencing kit, v3. The
Ramaria procedure involved the additional creation of 4kb and 8kb CLRS Illumina Regular LMP libraries
with methods identical to that above, except for the use of 10 ug of DNA for the 8kb library. All 4 genomes
were additionally sequenced using the same PacBio library and sequencing method as described for
Hysterangium above.

The five genomes with both Illumina Fragment and LMP libraries (Ceratobasidium, Gyrodon,
Marasmius, Tricholoma, and Wilcoxina) were assembled with ALLPATHS-LG (APLG) °. For the five
genomes with Illumina Fragment libraries only (Adcephala, Clavulina, Paxillus, T. ganbajun, and
Xerocomus), LMP reads were simulated by an initial assembly of the Illumina Fragment library using Velvet
* which were then used to improve the final APLG assembly. The 15 genomes sequenced with PacBio only

were assembled using FALCON °, with the exception of Hysterangium, for which the Celera Assembler °



was used. For the remaining four genomes sequenced using a hybrid Illumina-PacBio approach (Cortinarius,
Hydnum, Melanogaster, and Ramaria), the Illumina Fragment and LMP reads were assembled using APLG,

and the resulting assemblies were patched with PacBio reads using PBJelly ’.

Transcriptome sequencing and assembly for genome annotations

Sequenced transcriptomes of free-living mycelium were used to assess the completeness of genome
assemblies and to seed and assess genome annotations. All transcriptomes were sequenced using Illumina
RNA-Seq with polyA selection. Except for five species’ procedures differing in minor ways and noted
below, stranded cDNA libraries were generated using the Illumina Truseq Stranded RNA LT kit. mnRNA was
purified from 1 pg of total RNA using magnetic beads containing poly-T oligos. mRNA was fragmented and
reversed transcribed using random hexamers and SSII (Invitrogen) followed by second strand synthesis. The
fragmented cDNA was treated with end-pair, A-tailing, adapter ligation, and 8 or 10 cycles of PCR. The
prepared libraries were quantified using KAPA Biosystem’s next-generation sequencing library qPCR kit
and run on a Roche LightCycler 480 real-time PCR instrument. The quantified libraries were then
multiplexed with other libraries, and the pool of libraries was then prepared for sequencing on the Illumina
HiSeq sequencing platform utilizing a TruSeq paired-end cluster kit, v4, and Illumina’s cBot instrument to
generate a clustered flow cell for sequencing. Sequencing of the flow cell was performed on the Illumina
HiSeq2500 sequencer using HiSeq or TruSeq SBS sequencing kits, v4, following a 2x150 indexed run
recipe.

The Tirmania, T. terrestris, and Russula emetica transcriptome methods differed by sequencing the
libraries on the Illumina NovaSeq sequencer using NovaSeq XP v1 reagent kits, S4 flow cell. The procedure
for the Cortinarius and Tricholoma transcriptomes differed from the others in that the pool of libraries was
prepared utilizing a TruSeq paired-end cluster kit, v3, and in that sequencing of the flow cell was performed
on the Illumina HiSeq2000 sequencer using a TruSeq SBS sequencing kit, v3, following a 2x100 indexed
run recipe. No RNA samples were available for Hysterangium or Melanogaster assembly or annotation.

For nine transcriptomes (Acephala, Amanita, B. edulis Ptilba, both Russula sp., Terfezia, T. terrestris,
Tirmania, and Trichophaea), the reads were assembled into RNA contigs using Trinity *. For the remaining

18 transcriptomes, the reads were assembled into RNA contigs using Rnnotator .

Genome Annotation

Each genome was annotated using the JGI Annotation Pipeline, which detects and masks repeats and
transposable elements, predicts genes, characterizes each conceptually translated protein with sub-elements
such as domains and signal peptides, chooses a best gene model at each locus to provide a filtered working
set, clusters the filtered sets into draft gene families, ascribes functional descriptions (such as GO terms and
EC numbers, and creates a JGI genome portal with tools for public access and community-driven curation of

the annotation . Note that the comparisons of genomes are based on analyses of haploid genomes.



Transcriptome datasets for phylostratigraphy and gene expression analysis

Gene expression data used for the analyses of phylostratigraphy and phylogenetic conservation of
ectomycorrhiza-induced genes were extracted from previously published RNA-Seq experiments. Details of
the RNA-seq experiments are described at the NCBI Gene Expression Omnibus (GEO). Accession code
numbers are as follows: Amanita muscaria, GSE63867; Cenococcum geophilum, GSE83909; Hebeloma
cylindrosporum, GSE63868; P. involutus, GSE63924; Piloderma croceum, GSE63925; Tuber magnatum,
GSE116692; A. macrosclerotiorum, SRP130276, SRP130279-82; L. bicolor, SRP164436-38, SRP164526,
SRP164559, SRP164564; Pisolithus microcarpus, SRP122806, SRP122812, SRP122818, SRP122826,
SRP122829, SRP122850 and T. matsutake, SRP103258). For CAZymes gene expression, data were also
extracted from previously published RNA-Seq experiments. Details can be found at the NCBI Gene
Expression Omnibus in [12] for L. bicolor, A. muscaria, H. cylindrosporum, P. croceum and P. involutus
(superseries GSE63947), in [13] for T. magnatum (GSE116692), in [14] for C. geophilum (GSE83909) and
in [15] for M. bicolor (GSE107845), R. ericae (GSE107647) and O. maius (GSE63922). RNA-Seq data for
A. macrosclerotiorum were submitted to NCBI-SRA with accession numbers SRP130276 and SRP130279-
82.
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Supplementary Fig. 1a. Genome coverage of the main transposon types among ecological guilds and age of
Gypsy LTR-retrotransposon insertions (a). Basidiomycota. The number of species per ecological guilds is as
follows: ectomycorrhiza (n = 32), orchid mycorrhiza (n = 3), pathogens (n = 5), soil/litter saprotrophs (n = 14),
wood decayers (n = 17). (b). Ascomycota. Ectomycorrhiza (n = 13), ericoid mycorrhiza (n = 4), endophytes (n =
4), parasites (n = 2), pathogens (n = 9), saprotrophs (n = 18) and yeasts (n = 3). TE coverage: The percentage of
transposable elements covering the genomes. The boxplots represent median, upper, lower quartiles with the
whiskers showing minimal and maximal values and outliers in circles. The small dots show single observations.
Asterisks indicate (i) significantly different phylogenetic distances of species and ecological guilds (lifestyles)
(PERMANOVA: p-value < 0.05; Genomic features ~ Phylogeny + Ecology; see Supplementary Data 3 for
degrees of freedom, F-test, and R?). Open circles indicate significantly different ecological guilds compared to
ectomycorrhizal fungi (pair-wise PERMANOVA: FDR adjusted p-value < 0.05; see Supplementary Data 3 for
details of degrees of freedom, F-test, and R?). Please note that the endophyte guild in Basidiomycota was
excluded as it only contains a single species. (¢) Age distribution of Gypsy LTR-retrotransposon insertions in
five selected ectomycorrhizal fungi in Agaricales. The insertion ages of all intact LTR-retrotransposons
(carrying both Long Terminal Repeats) were estimated based on the nucleotide divergence of LTR-LTR
divergence using the approach described in [10] and the fungal substitution rate of 1.05 x 10~ nucleotides per
site per year. Counts of number of insertions in 5 million years (MYA) bins are shown. Source data are provided
as a Source Data Supplementary figures 1a and 1b.



Supplementary Figure 2a. PFAM clustering
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Supplementary Fig. 2a. Distribution of Pfam protein domains encoded by the 135 genomes. Presence
and abundance of the different Pfam domain-containing proteins in the 135 genomes of Glomeromycota,
Ascomycota and Basidiomycota species analyzed in this study. The heat map depicts absolute Pfam domain
counts in each of the sampled genomes, according to the colour scale (only the top most frequent 100
domains are shown). The abundance values were then transformed into z-scores, which are measure of
relative enrichment (red) and depletion (green); the hierarchical clustering was done with a Euclidian
distance metric and average linkage clustering method. The data were visualised and clustered using
MultiExperiment VIEWER (http://www .tm4.org/mev.html). Source data are provided as a Source Data
Supplementary figure 2.

Supplementary Fig. 2b. Presence and abundance of genes coding for membrane transporters in the
135 genomes of Glomeromycota, Ascomycota and Basidiomycota species analyzed in this study. The heat
map depicts absolute numbers of membrane transporter genes counts in each of the sampled genomes,
according to the colour scale (only the top most frequent 75 transporter categories are shown). The
abundance values were then transformed into z-scores, which are measure of relative enrichment (red) and
depletion (green); the hierarchical clustering was done with a Euclidian distance metric and average linkage
clustering method. The data were visualised and clustered using MultiExperiment VIEWER

(http://www .tm4.org/mev.html). Source data are provided as a Source Data Supplementary figure 2.

Supplementary Fig. 2c. Presence and abundance of genes coding for transcriptional factors in the 135
genomes of Glomeromycota, Ascomycota and Basidiomycota species analyzed in this study. The heat map
depicts absolute numbers of membrane transporter genes counts in each of the sampled genomes, according
to the colour scale (only the top most frequent 20 transcription factor categories are shown). The abundance
values were then transformed into z-scores, which are measure of relative enrichment (red) and depletion
(green); the hierarchical clustering was done with a Euclidian distance metric and average linkage clustering
method. The data were visualised and clustered using MultiExperiment VIEWER

(http://www .tm4.org/mev.html). Source data are provided as a Source Data Supplementary figure 2.
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Supplementary Fig. 3a. Proportion of predicted secreted proteins in the protein repertoire for 51
Ascomycota and 61 Basidiomycota. The selected fungi are grouped based on their lifestyles. Colour bars
indicate the count of genes coding for secreted proteins. The percentage of secreted proteins is shown. Gray
bars represent the count of all proteins (secreted + non-secreted) in the categories. Total count of three
categories of secreted proteins (CAZymes, lipases, proteases) and the subcategory corresponding to SSPs.
Note that the proportion of SSPs is compared to the total count of secreted proteins. See Supplementary Data
6 and 7 for detailed counts. Unknown SSPs: Percentage of SSPs with no know function among total SSPs.
Identified functions for SSPs are listed in Supplementary Data 12. The total number of CAZymes is based on
the annotations from the CAZy database (http://www.cazy.org ) (Supplementary Data 11). Source data are
provided as a Source Data Supplementary figure 3a.

Supplementary Fig. 3b. Predicted secretomes of 51 Ascomycota and 61 Basidiomycota. The species are
ordered according to time-calibrated maximum-likelihood phylogenies. The first bubble plot (next to the
tree) shows the number of secreted genes for CAZymes, lipases, proteases, and others (i.e. all secreted
proteins not in these first three groups). The SSP group is a subcategory showing the number of small
secreted proteins. The size of the bubbles corresponds to the number of genes. The fungal species are
coloured according to their lifestyle. The first bar plots in the middle represent the proportion of CAZymes,
lipases, proteases, to all secreted proteins (left); and the proportion of SSPs among the combined secretomes
(right). The second bubble plot (between two bar plots) shows the number of enzymes acting on cellulose,
hemicellulose, lignin- and polyphenolic-related compounds and pectin (plant cell walls); chitin, glucans,
mannans (fungal cell walls) and peptidoglycans (bacterial cell walls). The second bar plots (far right) show
the total count of genes including plant cell wall degrading enzymes (PCWDESs) and microbial cell wall
degrading enzymes (MCWDESs) (left); and the proportion of PCWDEs to MCWDEs (right). See also
Supplementary Data 6 a-d for the corresponding gene counts. See Supplementary Data 7 a-c for the
PCWDEs and MCWDE comparison. See Supplementary Fig. 3d for the secretome profiles of 62
mycorrhizal fungi. Source data are provided as a Source Data Supplementary figure 3b.

Supplementary Fig. 3c. Distribution of genomic features among the ecological guilds. (a).
Basidiomycota. The number of species per ecological guilds is as follows: ectomycorrhizal fungi (n = 32),
orchid mycorrhizal fungi (n = 3), pathogens (n = 5), soil/litter saprotrophs (n = 14), and wood decayers (n =
17). (b). Ascomycota. The number of species per ecological guilds is as follows: ectomycorrhizal fungi (n =
13), ericoid mycorrhizal fungi (n = 4), endophytes (n = 4), parasites (n = 2), pathogens (n = 9), soil/litter
saprotrophs (n = 18) and yeast (n = 3). TE coverage: The percentage of transposable elements in the genome
assemblies. Genome size, genomes size in megabases. Proteases: number of secreted proteases.
Phosphatases: number of secreted phosphatases. CAZymes: number of secreted CAZymes. Small secreted
proteins: number of small secreted proteins (size < 300 amino acids). The boxplots represent median, upper,
lower quartiles with the whiskers showing minimal and maximal values and outliers in circle. Asterisks
indicate (i) significantly different phylogenetic distances of species and ecological guilds. (PERMANOVA:
p-value < 0.05; Genomic features ~ Phylogeny + Ecology; see Supplementary Data 3 for degrees of freedom,
F-test, and R?), (ii) significantly different ecological guilds compared to ectomycorrhizal fungi (pair-wise
PERMANOVA: FDR adjusted p-value < 0.05; see Supplementary Data 3 for details of degrees of freedom,
F-test, and R?). Please note that the endophytic guild in Basidiomycota was excluded as it only contains a
single species. Source data are provided as a Source Data Supplementary figure 3c.

Supplementary Fig 3d. Predicted secretome profiles for 62 mycorrhizal fungi. A maximum-likelihood
phylogeny with fungal orders is shown on the left panel. The first bubble plot (next to the tree) shows the
number of genes for secreted CAZymes, lipases, proteases, SSP and others (i.e. all secreted proteins not in
these first three groups). The bubble size is proportional to the number of genes. Taxa are colour-coded
according to the fungal lifestyle (see bottom panel). The first bar plots represent the proportion of secreted
CAZymes, lipases, proteases and other secreted proteins in the total secretome (left) and the proportion of
SSPs in the total secretome (right). The second bubble plot (between two bar plots) shows the number of
genes for secreted CAZymes acting on plant cell wall polysaccharides (cellulose, hemicellulose, lignin-
related compounds and pectin), fungal cell walls (chitin, glucans, mannans) and bacterial cell walls
(peptidoglycans). The second bar plots (far right) shows the total count of genes including PCWDEs and
MCWDEs (left); and the PCWDEs/MCWDEs ratio (right). See Supplementary Data 7 d-f. MCWDEs
includes enzymes acting on fungal and bacterial cell walls. Source data are provided as a Source Data
Supplementary figure 3d.
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Supplementary Fig. 4. The number of the class II peroxidase coding genes among 135 fungi. Class I
PRX: Non-animal peroxidases. CcP: Cytochrome C peroxidase. CP: Catalase peroxidase. Lip: Lignin
peroxidase. MnP: Manganese peroxidase. VP: Versatile peroxidase. Other CII: Atypical class II peroxidases.
Manual: Number of genes found by manual curation of genomes. AA2: Class II POD found in CAZyme
annotations (http://www.cazy.org). See Supplementary Data 6p. Detailed annotations of these peroxidases
can be found in the RedoxiBase database (http://peroxibase.toulouse.inra.fr). Source data are provided as a
Source Data Supplementary figure 4.

12



Ascomycota PCWDE families with

CELLULOSE substrate

WEcomycorhizae
Wisaprotroph
WPathogen
WiParasite

[ Ericoid mycorrhizae
[ Endophyte

Wl veast

CELLULOSE_
HEMICELLULOSE

Rizoscyphus ericao
Acoph -

clorotiorum
copfomis
[Ascocoryne sarcoldes
larea ozoyansis

Scterotinia sclorotiorum
Borytsci
.

Nourospora
richodorma reesel
xyiara hyporyion
Conococeum gooptitum
lonium stattum
Lopidoptoraa paustrs
Stagonospor sp.
Atornariastornata

m

C

Ascomycota PCWDE families with

PECTIN substrate

Wectomycorthizae
Wisaprotroph
[Pathogen
WiParasite

[ Ericoid mycorrhizae
[ Endophyte

Wl veast

0~

Wickerhamomyces anomalus
Saccharomyces

Candia tanzamoonsis
Taphiina doformans

o
[ataharituber pr : :
Tertosia boudier

 Ascobotus immersus

[Artvobotrys olgospora

Philocephala scopiformis
Ascocoryne sarcoides

sporeta sp.
Scierctini sclorotiorum

ormata
[Aureobasiaium pulluans

ma bonhamiao
Usnoa florida
Xylona heveat

ru
uber sostvur
Tubor melanosporum

[chairomycos vonosus.
Morchetla importuna ¢
IMorchatla mportuna
Gyromitra sculonta
[Catoscypha fulgons.

[Ascabolus immersus

[arivobotrys ollgospora

e

Ascomycota PCWDE families with

LIGNIN substrate

Wccomycorhizae
Wisaprotroph
Pathogen

Wiearasite

[ Ericoid mycorrhizae

[ Endophyte
Yeast

@

)

Taphin doformans.

chatara fongipes

Moliniomyces variabls

Prialocophala scopiformis
des

Sarcoscypha coccinea
ber el

rerteia boucier:

Ascobolus immersus

Arivabolrys olgospors

£

Taphiina deformans

@ ©: @ -  Guiroo--

m,.”mn;.n.a,,a.og,omowgm

b

Basidiomycota PCWDE families
CELLULOSE substrate

Wcctomycorhizae
Wsaprotroph

WiPathogen

Orchid mycorrhizae
[ Wood decayer
M Endophyte

CELLULOSE__
HEMICELLULOSE

Postia placenta

Jaapia agiacen

Ramariarubella

Pirtormospora indica

Sebacing v
o7 sotrom sp
127
Gorstobasidium
L zocton st
88,

. g

Wallomia sobi o

Laccaria amathystina

Basidiomycota PCWDE families with
PECTIN substrate

Marasmius
Moniiophthora

Armillaia gallca
ycon: .

Wectomycorrhizae Senopmtom comuns
Misaprotroph Pasi sdoohun
(Grodon s
lPathogen arocomus baus
Orchid mycorrhizae

|| Wood decayer e
s o
Wendophyte Suths brovpas
o

Lontinollus ulpinus.

Lactaius quiotus
basidion annosu

Noolentinus lepldous

Coratobasium p.
[Rhizoctonia solan

Wallomia sebi

500

i

Basidiomycota PCWDE families with
LIGNIN substrate

Mecomycorhizae
Wiszprotroph
WiPathogen
Orchid mycorrhizae
[iwood decayer
Wencopnye

@

sa3pia argilacea

Sistotremastrum niveocremoum
Ramaria rubelia
 Gautiria morcheliformis

s sellstus

— Wleitomosporsindica
P sevscinavermiter

Sistotrema sp.

e
. e — el

Waiomia sebi

500

13



Supplementary Fig. 5. Evolutionary gains and losses of genes coding for PCWDEs acting on cellulose
(a, b), pectin (c, d) and lignin-related compounds (e, f) for 61 Basidiomycota and 51 Ascomycota.
Bubbles with numbers on the phylogenies represent the number of genes for substrate-specific plant cell wall
degrading enzyme (PCWDE) families for the ancestral states. The bubble size is proportional to the number
of genes. See Supplementary Data 8 for detailed clusters. Source data are provided as a Source Data figure 2.
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Supplementary Fig. 6. Transcriptional regulation of PCWDEs in the ectomycorrhizal ascomycete
Acephala macrosclerotiorum. (a) A 3-week-old ectomycorrhizal rootlet of Pinus sylvestris colonized by

A. macrosclerotiorum with typical black sclerotia formed on the surface of the rootlet (inset). The
longitudinal section shows plant cell walls with nuclei (stained in red) and fungal cell wall chitin (stained in
green) from colonizing hyphae forming a dense intraradicular network of mycelium. Note the absence of
hyphal mantle on the surface of the rootlet. Confocal microscopy was carried out as described in [11]. (b)
Heat map showing gene expression of key PCWDEs acting on cellulose, hemicellulose or pectin in
ectomycorrhizal roots of A. macrosclerotiorum and other ectomycorrhizal species compared to their free-
living mycelium. In white, no gene found in the genome; in yellow, gene(s) upregulated in ectomycorrhizal
roots; in blue: gene(s) present in the genome, but not upregulated in ectomycorrhizal roots. Fungal species:
Lacbi2, ectomycorrhizal Laccaria bicolor; Amamul, ectomycorrhizal Amanita muscaria; Hebcey2,
ectomycorrhizal Hebeloma cylindrosporum; Pilcrl, ectomycorrhizal Piloderma croceum; Paxinl,
ectomycorrhizal Paxillus involutus; Tubmal, ectomycorrhizal Tuber magnatum; Cenge3, ectomycorrhizal
Cenococcum geophilum; Acemal, ectomycorrhizal Acephala macrosclerotiorum; Melbil, ericoid
mycorrhizal Meliniomyces bicolor; Rhierl, ericoid mycorrhizal Rhizoscyphus ericae; Oidmal: ericoid
mycorrhizal Oidiodendron maius. CAZymes gene expression data were extracted from previously published
RNA-Seq experiments. Details can be found at the NCBI Gene Expression Omnibus in [12] for L. bicolor,
A. muscaria, H. cylindrosporum, P. croceum and P. involutus (superseries GSE63947), in [13] for T.
magnatum (GSE116692), in [14] for C. geophilum (GSE83909) and in [15] for M. bicolor (GSE107845), R.
ericae (GSE107647) and O. maius (GSE63922). RNA-Seq data for 4. macrosclerotiorum were submitted to
NCBI-SRA with accession numbers SRP130276 and SRP130279-82. Source data are provided as a Source
Data Supplementary figure 6.
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Supplementary Fig. 7. Phylostratigraphy for (a) ectomycorrhiza-specific upregulated genes, (b) genes
coding for secreted proteins, and (c) genes coding for small secreted proteins (SSPs). Pie charts on the
time-calibrated trees represent the number of gene clusters containing ectomycorrhiza-specific upregulated
genes from the species compared. Numbers and percentage of genes mapping to phylostrata are shown on
the right of the trees. Ectomycorrhizal species used for the comparison are in green boxes. Upregulated genes
were selected according to FDR adjusted p-value < 0.05. Panels (a) and (b) display the upregulated genes
(with fold-change > 2) in Ascomycota and Basidiomycota, respectively. See Supplementary Data 9 for the
identified phylostrata containing ectomycorrhiza-induced genes and related enrichment statistics. Source
data are provided as a Source Data figure 4.
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