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Supplementary Fig. 1 | Phylogenetic tree constructed from samples with complete taxonomic
classifications, shaded by their Kingdom-level classification. Seven samples with missing taxonomic 
information were excluded. Taxonomic classifications with fewer than five samples are not shaded.
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Supplementary Fig. 2 | Phylogenetic tree constructed from samples with complete taxonomic
classifications, shaded by their Phylum-level classification. Seven samples with missing taxonomic
information were excluded. Taxonomic classifications with fewer than five samples are not shaded. 
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Supplementary Fig. 3 | Phylogenetic tree constructed from samples with complete taxonomic
classifications, shaded by their Class-level classification. Seven samples with missing taxonomic 
information were excluded. Taxonomic classifications with fewer than five samples are not shaded.
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Supplementary Fig. 4 | sToL1 mutational signature. 
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature. 
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 5 | sToL2 mutational signature. 
a, Mutational signature spectrum. 
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature. 
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 6 | sToL3 mutational signature. 
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature. 
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 7 | sToL4 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 8 | sToL5 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 9 | sToL6 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 10 | sToL7 mutational signature. 
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 11 | sToL8 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 12 | sToL9 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 13 | sToL10 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 14 | sToL11 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 15 | sToL12 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 16 | sToL13 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 17 | sToL14 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 18 | sToL15 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 19 | sToL16 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 20 | sToL17 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 21 | sToL18 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 22 | sToL19 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 23 | sToL20 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 24 | sToL21 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 25 | sToL22 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 26 | sToL23 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 27 | sToL24 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 28 | sToL25 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 29 | sToL26 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 30 | sToL27 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 31 | sToL28 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 32 | sToL29 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 33 | sToL30 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 34 | sToL31 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 35 | sToL32 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 36 | sToL33 mutational signature. 
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 37 | sToL34 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 38 | sToL35 mutational signature. 
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 39 | sToL36 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 40 | sToL37 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 41 | sToL38 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 42 | sToL39 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 43 | sToL40 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 44 | sToL41 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 45 | sToL42 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 46 | sToL43 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 47 | sToL44 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 48 | sToL45 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 49 | sToL46 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 50 | sToL47 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 51 | sToL48 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 52 | sToL49 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 53 | sToL50 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 54 | sToL51 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 55 | sToL52 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 56 | sToL53 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 57 | sToL54 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 58 | sToL55 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 59 | sToL56 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 60 | sToL57 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 61 | sToL58 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 62 | sToL59 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 63 | sToL60 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 64 | sToL61 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 65 | sToL62 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 66 | sToL63 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 67 | sToL64 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 68 | sToL65 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.



A
C
A

A
C
C

A
C
G

A
C
T

C
C
A

C
C
C

C
C
G

C
C
T

G
C
A

G
C
C

G
C
G

G
C
T

T
C
A

T
C
C

T
C
G

T
C
T

0

2

4

C>A

A
C
A

A
C
C

A
C
G

A
C
T

C
C
A

C
C
C

C
C
G

C
C
T

G
C
A

G
C
C

G
C
G

G
C
T

T
C
A

T
C
C

T
C
G

T
C
T

C>G

A
C
A

A
C
C

A
C
G

A
C
T

C
C
A

C
C
C

C
C
G

C
C
T

G
C
A

G
C
C

G
C
G

G
C
T

T
C
A

T
C
C

T
C
G

T
C
T

C>T

A
T
A

A
T
C

A
T
G

A
T
T

C
T
A

C
T
C

C
T
G

C
T
T

G
T
A

G
T
C

G
T
G

G
T
T

T
T
A

T
T
C

T
T
G

T
T
T

T>A

A
T
A

A
T
C

A
T
G

A
T
T

C
T
A

C
T
C

C
T
G

C
T
T

G
T
A

G
T
C

G
T
G

G
T
T

T
T
A

T
T
C

T
T
G

T
T
T

T>C

A
T
A

A
T
C

A
T
G

A
T
T

C
T
A

C
T
C

C
T
G

C
T
T

G
T
A

G
T
C

G
T
G

G
T
T

T
T
A

T
T
C

T
T
G

T
T
T

T>G

Trinucleotide

Pr
op

or
tio

n 
of

 M
ut

at
io

ns
 (%

)
a

Sy
rit

ta
pi

pi
en

s 
(id

Sy
rP

ip
i9

)

Ic
hn

eu
m

on
xa

nt
ho

riu
s

Th
ym

el
ic

us
sy

lv
es

tr
is

N
ys

so
n

sp
in

os
us

H
yp

en
a

pr
ob

os
ci

da
lis

Ar
ch

ip
s

cr
at

ae
ga

nu
s

Yp
on

om
eu

ta
pl

um
be

llu
s

St
rig

am
ia

ac
um

in
at

a

N
eo

ita
m

us
cy

an
ur

us

Ca
re

x
di

vu
ls

a

Ti
ne

a
se

m
ifu

lv
el

la

O
di

el
lu

s
sp

in
os

us

D
ei

le
ph

ila
po

rc
el

lu
s

Eu
cl

id
ia

m
i

Eu
pi

th
ec

ia
ex

ig
ua

ta

Ce
to

ni
a

au
ra

ta

Sc
op

ht
ha

lm
us

m
ax

im
us

Li
gd

ia
ad

us
ta

ta

Ac
le

ris
cr

is
ta

na

Bl
er

a
fa

lla
x

Ap
am

ea
ep

om
id

io
n

Li
m

en
iti

s
ca

m
ill

a

Ac
ho

lo
e

sq
ua

m
os

a

An
as

pi
s

m
ac

ul
at

a

Be
rb

er
is

vu
lg

ar
is

D
ia

du
m

en
e

lin
ea

ta

Em
m

el
in

a
m

on
od

ac
ty

la

M
im

um
es

a
da

hl
bo

m
i

Ac
ro

ni
ct

a
ps

i

La
ca

no
bi

a
w

la
tin

um

Sample

0

25

50

75

100

M
ut

at
io

na
l S

ig
na

tu
re

 E
xp

os
ur

e 
(%

)b

0 0.2 0.4 0.6 0.8
Abouheif's Cmean

1

0.1

0.01

0.001

<0.0001

q-
va

lu
e

c

Supplementary Fig. 69 | sToL66 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 70 | sToL67 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 71 | sToL68 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 72 | sToL69 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 73 | sToL70 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 74 | sToL71 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 75 | sToL72 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 76 | sToL73 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 77 | sToL74 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 78 | sToL75 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 79 | sToL76 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 80 | sToL77 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 81 | sToL78 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 82 | sToL79 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 83 | sToL80 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 84 | sToL81 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 85 | sToL82 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 86 | sToL83 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 87 | sToL84 mutational signature.
a, Mutational signature spectrum..
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 88 | sToL85 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 89 | sToL86 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 90 | sToL87 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 91 | sToL88 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 92 | sToL89 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 93 | sToL90 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 94 | sToL91 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.



A
C
A

A
C
C

A
C
G

A
C
T

C
C
A

C
C
C

C
C
G

C
C
T

G
C
A

G
C
C

G
C
G

G
C
T

T
C
A

T
C
C

T
C
G

T
C
T

0

2

4

C>A

A
C
A

A
C
C

A
C
G

A
C
T

C
C
A

C
C
C

C
C
G

C
C
T

G
C
A

G
C
C

G
C
G

G
C
T

T
C
A

T
C
C

T
C
G

T
C
T

C>G

A
C
A

A
C
C

A
C
G

A
C
T

C
C
A

C
C
C

C
C
G

C
C
T

G
C
A

G
C
C

G
C
G

G
C
T

T
C
A

T
C
C

T
C
G

T
C
T

C>T

A
T
A

A
T
C

A
T
G

A
T
T

C
T
A

C
T
C

C
T
G

C
T
T

G
T
A

G
T
C

G
T
G

G
T
T

T
T
A

T
T
C

T
T
G

T
T
T

T>A

A
T
A

A
T
C

A
T
G

A
T
T

C
T
A

C
T
C

C
T
G

C
T
T

G
T
A

G
T
C

G
T
G

G
T
T

T
T
A

T
T
C

T
T
G

T
T
T

T>C

A
T
A

A
T
C

A
T
G

A
T
T

C
T
A

C
T
C

C
T
G

C
T
T

G
T
A

G
T
C

G
T
G

G
T
T

T
T
A

T
T
C

T
T
G

T
T
T

T>G

Trinucleotide

Pr
op

or
tio

n 
of

 M
ut

at
io

ns
 (%

)

a

Sy
na

nt
he

do
n

ve
sp

ifo
rm

is

H
er

m
in

ia
ta

rs
ip

en
na

lis

G
ym

no
sc

el
is

ru
fif

as
ci

at
a

Ca
nt

ha
ris

ru
st

ic
a 

(ic
C

an
R

us
t3

)

Eu
pi

th
ec

ia
ab

br
ev

ia
ta

Ch
ei

lo
si

a
ve

rn
al

is

Ap
od

a
lim

ac
od

es

G
an

da
rit

is
py

ra
lia

ta

M
on

op
is

la
ev

ig
el

la
 (i

lM
on

La
ev

2)

Cy
di

a
st

ro
bi

le
lla

 (i
lC

yd
St

ro
3)

Ba
rb

at
ul

a
ba

rb
at

ul
a

Lo
ch

m
ae

a
cr

at
ae

gi

Ad
al

ia
bi

pu
nc

ta
ta

 (i
cA

da
Bi

pu
28

)

Ap
am

ea
ep

om
id

io
n

Eu
lit

hi
s

pr
un

at
a

H
yl

ae
a

fa
sc

ia
ria

Be
lla

rd
ia

pa
nd

ia

Ze
uz

er
a

py
rin

a

Ar
ch

ip
s

xy
lo

st
ea

na

Po
da

br
us

al
pi

nu
s

Id
ae

a
av

er
sa

ta

M
yt

hi
m

na
al

bi
pu

nc
ta

H
of

m
an

no
ph

ila
ps

eu
do

sp
re

te
lla

M
el

an
ch

ra
pe

rs
ic

ar
ia

e

Lu
id

ia
sa

rs
ii

Ac
en

tr
ia

ep
he

m
er

el
la

Ty
ria

ja
co

ba
ea

e

N
eb

ria
br

ev
ic

ol
lis

Py
ra

lis
fa

rin
al

is

Le
pe

op
ht

he
iru

s
no

rd
m

an
ni

i

Sample

0

25

50

75

100

M
ut

at
io

na
l S

ig
na

tu
re

 E
xp

os
ur

e 
(%

)b

0 0.2 0.4 0.6 0.8
Abouheif's Cmean

1

0.1

0.01

0.001

<0.0001

q-
va

lu
e

c

Supplementary Fig. 95 | sToL92 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 96 | sToL93 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 97 | sToL94 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 98 | sToL95 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 99 | rToL1 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
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Supplementary Fig. 100 | rToL2 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
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Supplementary Fig. 101 | rToL3 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
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Supplementary Fig. 102 | gToL1 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.



A
C
C

A
C
T

C
C
A

C
C
C

C
C
G

C
C
T

G
C
C

T
C
A

T
C
C

T
C
T

0

1

2

3

4

C>A

A
C
C

A
C
T

C
C
A

C
C
C

C
C
G

C
C
T

G
C
C

T
C
A

T
C
C

T
C
T

C>G

A
C
A

A
C
C

A
C
G

A
C
T

C
C
A

C
C
C

C
C
G

C
C
T

G
C
A

G
C
C

G
C
G

G
C
T

T
C
A

T
C
C

T
C
G

T
C
T

C>T

A
T
C

A
T
T

C
T
A

C
T
C

C
T
G

C
T
T

G
T
C

T
T
A

T
T
C

T
T
T

T>A

A
T
C

C
T
A

C
T
C

C
T
T

T
T
C

T
T
T

T>G

Trinucleotide

Pr
op

or
tio

n 
of

 M
ut

at
io

ns
 (%

)

a

Ce
to

ni
a

au
ra

ta

Bo
m

bu
s

pa
sc

uo
ru

m

Bo
m

bu
s

te
rr

es
tr

is

Bo
m

bu
s

pr
at

or
um

Po
ec

ilo
bo

th
ru

s
no

bi
lit

at
us

Ap
od

er
us

co
ry

li

Ti
ph

ia
fe

m
or

at
a

N
om

ad
a

fu
ca

ta

An
dr

en
a

m
in

ut
ul

a

N
ys

so
n

sp
in

os
us

An
op

liu
s

ni
ge

rr
im

us

Ec
te

m
ni

us
co

nt
in

uu
s

Ep
ic

am
po

ce
ra

su
cc

in
ct

a

Co
el

io
xy

s
co

no
id

eu
s

An
dr

en
a

do
rs

at
a

N
ow

ic
ki

a
fe

ro
x

St
el

is
ph

ae
op

te
ra

An
dr

en
a

ha
em

or
rh

oa

N
om

ad
a

fa
br

ic
ia

na

Ce
rc

er
is

ry
by

en
si

s

Ve
sp

ul
a

vu
lg

ar
is

 (i
yV

es
Vu

lg
2)

Th
ec

op
ho

ra
at

ra

Ve
sp

ul
a

vu
lg

ar
is

 (i
yV

es
Vu

lg
3)

La
si

og
lo

ss
um

pa
ux

ill
um

Ta
ch

in
a

fe
ra

Th
el

ai
ra

so
liv

ag
a

Ta
ch

in
a

lu
rid

a

M
eg

ac
hi

le
w

ill
ug

hb
ie

lla

Xy
lo

ta
sy

lv
ar

um

Th
ec

oc
ar

ce
lia

ac
ut

an
gu

la
ta

Sample

0

25

50

75

100

M
ut

at
io

na
l S

ig
na

tu
re

 E
xp

os
ur

e 
(%

)b

0 0.25 0.50 0.75
Abouheif's Cmean

1

0.1

0.01

0.001

<0.0001

q-
va

lu
e

c

Supplementary Fig. 103 | gToL2 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 104 | gToL3 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 105 | gToL4 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 106 | gToL5 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 107 | gToL6 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 108 | gToL7 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 109 | gToL8 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 110 | gToL9 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 111 | gToL10 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.



A
C
C

A
C
T

C
C
A

C
C
C

C
C
G

C
C
T

G
C
C

T
C
A

T
C
C

T
C
T

0

10

20

C>A

A
C
C

A
C
T

C
C
A

C
C
C

C
C
G

C
C
T

G
C
C

T
C
A

T
C
C

T
C
T

C>G

A
C
A

A
C
C

A
C
G

A
C
T

C
C
A

C
C
C

C
C
G

C
C
T

G
C
A

G
C
C

G
C
G

G
C
T

T
C
A

T
C
C

T
C
G

T
C
T

C>T

A
T
C

A
T
T

C
T
A

C
T
C

C
T
G

C
T
T

G
T
C

T
T
A

T
T
C

T
T
T

T>A

A
T
C

C
T
A

C
T
C

C
T
T

T
T
C

T
T
T

T>G

Trinucleotide

Pr
op

or
tio

n 
of

 M
ut

at
io

ns
 (%

)

a

D
un

al
ie

lla
pr

im
ol

ec
ta

Ac
an

th
os

om
a

ha
em

or
rh

oi
da

le

Le
pe

op
ht

he
iru

s
no

rd
m

an
ni

i

Vi
ol

a
od

or
at

a

H
yp

er
op

lu
s

im
m

ac
ul

at
us

Ze
us

fa
be

r

Ac
ci

pi
te

r
ge

nt
ili

s

Sy
m

pe
tr

um
st

rio
la

tu
m

Pi
sc

ic
ol

a
ge

om
et

ra

Sc
op

ht
ha

lm
us

m
ax

im
us

Sc
ut

el
la

ria
ga

le
ric

ul
at

a

Cy
cl

op
te

ru
s

lu
m

pu
s

La
m

pe
tr

a
flu

vi
at

ili
s

O
st

re
a

ed
ul

is

Tr
ifo

liu
m

su
bt

er
ra

ne
um

Po
lla

ch
iu

s
po

lla
ch

iu
s

Sc
ut

el
la

ria
m

in
or

D
ol

ic
ho

ve
sp

ul
a

m
ed

ia

D
as

ys
yr

ph
us

al
bo

st
ria

tu
s

Sp
ra

tt
us

sp
ra

tt
us

Ec
te

m
ni

us
lit

ur
at

us

Br
om

us
st

er
ili

s

La
si

og
lo

ss
um

m
or

io

Sp
ha

er
op

ho
ria

ta
en

ia
ta

Ca
nd

el
ab

ru
m

co
ck

si
i

H
yp

er
oo

do
n

am
pu

lla
tu

s

M
ar

as
m

ar
ch

a
lu

na
ed

ac
ty

la

Pa
ra

st
ea

to
da

lu
na

ta

Yp
so

lo
ph

a
se

qu
el

la

Zo
ot

oc
a

vi
vi

pa
ra

Sample

0

25

50

75

100

M
ut

at
io

na
l S

ig
na

tu
re

 E
xp

os
ur

e 
(%

)b

0 0.25 0.50 0.75
Abouheif's Cmean

1

0.1

0.01

0.001

<0.0001

q-
va

lu
e

c

Supplementary Fig. 112 | gToL11 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 113 | gToL12 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 114 | gToL13 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 115 | gToL14 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 116 | gToL15 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 117 | gToL16 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 118 | gToL17 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.
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Supplementary Fig. 119 | gToL18 mutational signature.
a, Mutational signature spectrum.
b, Bar plot displaying the 30 samples that exhibit the greatest exposure to the mutational signature.
c, Phylogenetic signal of the mutational signature.


