Horizontal gene cluster transfer increased hallucinogenic
mushroom diversity

Supplementary Figure Legends:

Figure S1. A. Mass Chromatogram of LC-MS/MS. Multiple-Reaction-Monitoring
(MRM) chromatogram of tryptophan reaction (a). MRM-chromatogram of mass-
to-charge ratio (m/z) 205 [M+H]+ (peak corresponding to tryptophan mass) and
its MS/MS looking for one of its daughter ions at m/z 146 (b). MRM
chromatogram of tryptophan-+tryptophan decarboxylase (PsiD) reaction, showing
additional peaks at retention time (tR) of 3.38, 4.48 and 5.09 (c). MRM-
chromatogram of m/z 144.1 [M+H]+ (characteristic tryptamine peak mass) and its
MS/MS looking for one of its daughter ions at m/z 117 (d).

Figure S2. A-E) RAXML phylogenies of psilocybin (PS) genes with support
shown out of 100 bootstraps. Terminals indicate JGI accession numbers for
protein models. Clustered PS genes are indicated in blue. A. tryptophan
decarboxylase (PsiD); B. N-methyltransferase (PsiM); C. hydroxylase (PsiH); D.
phosphotransferase (PsiK); E. transporter (PsiT). F) Phylogeny of ferric
reductase, where sequences putatively involved in a horizontal gene transfer
event are indicated in red.

Figure S3. Gene tree-species tree reconciliation in NOTUNG. D=duplication,
T=horizontal transfer, L=loss of hypothetical genes.

Figure S4. Schematics of the bioinformatic pipelines used to detect horizontal
gene transfers (HGTs) to Panaeolus cyanescens, along with the number of
sequences retained at each step. A) Schematic describing the pipeline for the
identification of HGT from Psilocybe cyanescens to Pa. cyanescens. B)
Schematic describing the pipeline for the identification of HGT from dung-
associated Agaricales to Pa. cyanescens.
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D. phosphotransferase (PsiK)
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F. ferric reductase
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Species tree

TDC gene tree - species tree reconciliation
DTL model

= Crulal

T m Cyastr?
Lachi2
CopcismutBmutl
Pancy2 %
Balvit1
Csmithii %
Hypsul
Phocan
Hebcy?
Pazurescens %
Paubaeruginosayg
Psicy2 %
Poubensiz g
Agrpedi
Gymchl %
GymiuZ ¥
Galmal
Crenwarl
Corgl3

& Plucer

PR e
Denkil

T—I Monpe11
FleosPCa1
PleosP 152

T—lPeryngii
—EFibspl

T Piler
Sphst]
Mutel1

T—lFIamac1

& Eutlal

 Bazme?

Image generated with Motung 2.9, on &pe 11, 2017

1 duplication
3 transfers
2 losses

Fib=pi
Fibsp1

Giymchl
Gymiu2
Csmithii
Giamal*LOsT
Psubaeruginosa
Pazurescens
Pzicy2
Prubensis
Pancy2
Agrped1™LOST

Agaricales

Jﬁﬁ%

Image generated with Motung 2.9, on &pe 11, 2017

DL model

r@: Fib=pl

Fibzp1

e Loy
Gymlu2
Galmal™LosT
mETEI"LIOET

B nETTATLOET
Crevar1"LOST
Csmithii
Balwit1"LOST

Pancye"LOET
Psubaeruginosa

Pazurescens
Psicy2
Prubensis® LOST
Bgrped 1 LOST
mETEE"LIOET

L WmnETT4LOST
Crenwar 17LOET

nETESTLOET
Prubensis
nETTeTLOET
Lgrpedi1™LOET
nEFEETLOET
3774 LOET
Crevar 17LOET

Pancy2
METETTLIOET

| CorglsTLOST

B ETE4LOET

B nETE1TLOET

& Plucer 1°LOST
| REE047TLOET

350" LOET

Image generated with Motung 2.8, on Apr 11, 2017

Edge Weight Threshold: 1.0
Costs/Weights:
Duplications: 1.5

Transfers: 3.0
Co-Divergencas: 0.0
Lossas: 1.0

3 duplications
25 losses

Edge Weight Threshold: 1.0
Costs/Weights:
Duplications: 1.5

Transfers: 3.0
Co-Divergences: 0.0
Losses: 1.0

Agaricales



A) Detecting HGT from
Psicy2 to Pancy2

Retrieve Pancy2 query
sequences that have a
Psicy2 sequence as their
best hit; remove paralogs

Retain the top 2000
BLASTDp hits to all
Pancy2 query sequences;
build fasttree

¥

Retain Pancy2 query
sequences that share an
immediate ancestral node

with Psicy2 sequences on a
fasttree

Retain Pancy2 query
sequences that are
separated from earlier
diverging Agaricales and
Atheliales sequences by >2
ancestral nodes on a
fasttree

Retain Pancy2 query
sequences that are
separated from Psicy2
sequences with > 70%
bootstrap support on a
trimmed RAXML tree

B) Detecting HGT from
dung-associated Agaricales to Pancy2

984 query
sequences

Retrieve all Pancy2 sequences
in the set of homology groups
restricted to dung-associated
Agaricales; remove paralogs

Retain the top 2000
BLASTDp hits to all
Pancy2 query sequences;
build fasttree

\

245 query
sequences

Retain Pancy2 query
sequences that share an
immediate ancestral node

with a dung-associated
Agaricales on a fasttree

38 query
sequences

Retain Pancy2 query
sequences that are
separated from non-dung
associated Agaricales by >2
ancestral nodes on a
fasttree

0 query
sequences

Retain Pancy2 query
sequences that are
separated from non-dung
associated Agaricales with
>70% bootstrap support on
a trimmed RAXML tree

N

30 query
« sequences
N 13 query
Py sequences
N 12 query
'y sequences
~a 1 query

sequence
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