
Supplementary Fig. 1. Histogram of the proportion of reads passing quality filter that aligned to the references 
genome.
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Supplementary Fig. 2. Tumors harbored a wide range of mutations. The histograms at top indicate the frequen-
cy distribution of the total (green), missense (blue), and LoF (red) mutations found in the tumors from our pa-
tient cohort. The plots at bottom show the absolute numbers of tumor-specific mutations detected in the tumors 
on a flat scale (bottom left) as well as on a log scale (bottom right).
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Supplementary Fig. 3. Heatmaps demonstrating the patterns of microbial abundances for patient samples with 
prevalent LoF mutations. a, Scaled taxon abundances (columns) in the tumor samples that harbor LoF mutations 
in the genes indicated (rows). b, Scaled differences (tumor abundance - matched normal abundance) patients 
that harbor tumor-specific LoF mutations in the genes indicated (rows).

Gene
Scaled Tumor Abundances

Gene
Scaled Tumor − Normal Abundances

a

b

G
ai

el
la

ce
ae

C
or

al
io

m
ar

ga
rit

a
Al

ph
ap

ro
te

ob
ac

te
ria

H
al

an
ae

ro
bi

ac
ea

e
M

yc
ob

ac
te

riu
m

D
es

ul
fu

ro
m

on
ad

ac
ea

e
Pe

lo
m

on
as

SU
P0

5
Su

lfo
ba

ci
llu

s
Su

tte
re

lla
Al

ka
lip

hi
lu

s
M

ar
in

eg
ro

up
II

G
em

m
at

im
on

ad
et

es
R

ho
do

cy
cl

ac
ea

e
M

VS
_4

0
C

hr
is

te
ns

en
el

la
ce

ae
Tu

ric
ib

ac
te

r
Fi

lifa
ct

or
Ep

ul
op

is
ci

um
O

PB
41

Al
te

ro
m

on
ad

ac
ea

e
St

en
ot

ro
ph

om
on

as
Sh

ew
an

el
la

O
pi

tu
ta

e
C

ap
no

cy
to

ph
ag

a
AB

Y1
R

hi
zo

bi
ac

ea
e

D
or

ea
TM

7_
1

C
ry

om
or

ph
ac

ea
e

Fl
av

ob
ac

te
riu

m
Ak

ke
rm

an
si

a
M

yc
op

la
sm

at
ac

ea
e

Pe
do

ba
ct

er
La

ct
ob

ac
illa

le
s

Se
di

m
in

ito
m

ix
C

FB
_2

6
M

uc
is

pi
ril

lu
m

LD
1

Ac
ho

le
pl

as
m

a
R

76
_B

12
8

Se
rra

tia
SB

_1
Ps

eu
do

m
on

ad
ac

ea
e

Ae
ro

co
cc

ac
ea

e
O

xa
lo

ba
ct

er
ac

ea
e

C
au

lo
ba

ct
er

ac
ea

e
Ve

rru
co

m
ic

ro
bi

ac
ea

e
C

en
ar

ch
ae

ac
ea

e
Kl

eb
si

el
la

M
L6

35
J_

21
So

lir
ub

ro
ba

ct
er

al
es

Th
er

m
og

ym
no

m
on

as
SB

_4
5

R
FP

12
G

em
m

_1
Ac

id
im

ic
ro

bi
al

es
Ae

ro
co

cc
us

Fl
av

ob
ac

te
ria

le
s

C
hr

om
at

ia
le

s
N

ov
os

ph
in

go
bi

um
M

or
ax

el
la

ce
ae

KD
1_

23
D

eh
al

oc
oc

co
id

es
En

hy
dr

ob
ac

te
r

Al
lo

io
co

cc
us

Th
io

fa
ba

B1
10

R
ot

hi
a

Si
le

ne
iii1

_1
5

Ba
ct

er
ia

Pa
lu

di
ba

ct
er

Pr
ev

ot
el

la
ce

ae
C

ol
lin

se
lla

Ba
ci

llu
s

H
ap

to
ph

yc
ea

e
Ps

eu
do

al
te

ro
m

on
ad

ac
ea

e
TM

1
D

ys
go

no
m

on
as

B9
7

SS
S5

8A
Th

al
as

so
sp

ira
Pa

st
eu

re
lla

Pa
nd

or
ae

a
Pl

an
ct

om
yc

et
e

C
hr

om
at

ia
ce

ae
BS

11
9

AN
M

E_
1

R
um

m
el

iib
ac

illu
s

C
am

py
lo

ba
ct

er
ac

ea
e

LH
04

1
C

an
di

da
tu

sH
ep

at
op

la
sm

a
C

ar
bo

xy
do

ce
lla

Sy
nt

ro
ph

om
on

as
D

eh
al

oc
oc

co
id

al
es

nt
u1

4
N

oc
ar

di
oi

de
s

R
um

in
oc

oc
cu

s
C

or
yn

eb
ac

te
riu

m
Th

io
tri

ch
ac

ea
e

R
B4

0
M

oo
re

lla

ANKRD36C
RPL24
KMT2C
NOX4
RGPD3
PDE4DIP
APC
CTBP2
RPS3A
HERC2
ZNF717

SB
_1

Th
er

m
og

ym
no

m
on

as
M

oo
re

lla
TM

7_
1

Ps
eu

do
al

te
ro

m
on

ad
ac

ea
e

Pr
ev

ot
el

la
ce

ae
D

ie
tz

ia
R

ao
ul

te
lla

Sy
nt

ro
ph

om
on

as
M

D
28

96
_B

26
C

ry
om

or
ph

ac
ea

e
Sh

ew
an

el
la

iii1
_1

5
Su

lfo
ba

ci
llu

s
St

en
ot

ro
ph

om
on

as
O

pi
tu

ta
e

M
yc

op
la

sm
at

ac
ea

e
Fl

av
ob

ac
te

riu
m

Al
te

ro
m

on
ad

ac
ea

e
AB

Y1
Si

le
ne

C
ol

lin
se

lla
Th

io
tri

ch
ac

ea
e

Pl
an

ct
om

yc
et

e
Kl

eb
si

el
la

C
or

yn
eb

ac
te

riu
m

Ba
ci

llu
s

Th
al

as
so

sp
ira

TM
1

B9
7

SS
S5

8A
C

am
py

lo
ba

ct
er

ac
ea

e
LH

04
1

C
ar

bo
xy

do
ce

lla
nt

u1
4

D
eh

al
oc

oc
co

id
al

es
C

hr
om

at
ia

ce
ae

Pa
nd

or
ae

a
N

ov
os

ph
in

go
bi

um
En

hy
dr

ob
ac

te
r

Al
lo

io
co

cc
us

G
em

m
_1

Th
io

fa
ba

La
ct

ob
ac

illa
le

s
M

or
ax

el
la

ce
ae

Pe
do

ba
ct

er
Su

tte
re

lla
KD

1_
23

R
um

in
oc

oc
cu

s
R

um
m

el
iib

ac
illu

s
Pa

lu
di

ba
ct

er
Ac

ho
le

pl
as

m
a

D
H

VE
3

C
ap

no
cy

to
ph

ag
a

BS
11

9
Ae

ro
co

cc
us

R
B4

0
Pe

lo
m

on
as

An
ae

ro
lin

ea
e

O
PB

41
Ba

ct
er

ia
Ak

ke
rm

an
si

a
C

an
di

da
tu

sH
ep

at
op

la
sm

a
N

oc
ar

di
oi

de
s

C
re

no
th

rix
D

or
ea

Se
rra

tia
M

yc
ob

ac
te

riu
m

D
es

ul
fu

ro
m

on
ad

ac
ea

e
H

al
an

ae
ro

bi
ac

ea
e

C
or

al
io

m
ar

ga
rit

a
G

ai
el

la
ce

ae
Al

ph
ap

ro
te

ob
ac

te
ria

M
VS

_4
0

R
ot

hi
a

Al
ka

lip
hi

lu
s

G
em

m
at

im
on

ad
et

es
M

ar
in

eg
ro

up
II

R
ho

do
cy

cl
ac

ea
e

C
hr

is
te

ns
en

el
la

ce
ae

Ac
id

im
ic

ro
bi

al
es

AN
M

E_
1

C
au

lo
ba

ct
er

ac
ea

e
Ve

rru
co

m
ic

ro
bi

ac
ea

e
Se

di
m

in
ito

m
ix

C
FB

_2
6

R
76

_B
12

8
LD

1
C

en
ar

ch
ae

ac
ea

e
SB

_4
5

R
FP

12
M

uc
is

pi
ril

lu
m

M
L6

35
J_

21
SU

P0
5

Ae
ro

co
cc

ac
ea

e
Va

go
co

cc
us

TT
A_

B6
H

B2
_3

2_
21

Pa
st

eu
re

lla
Ps

eu
do

m
on

ad
ac

ea
e

SS
1_

B_
03

_3
9

H
ap

to
ph

yc
ea

e
R

hi
zo

bi
ac

ea
e

D
eh

al
oc

oc
co

id
es

B1
10

D
ys

go
no

m
on

as
Fl

av
ob

ac
te

ria
le

s
C

hr
om

at
ia

le
s

So
lir

ub
ro

ba
ct

er
al

es
O

xa
lo

ba
ct

er
ac

ea
e

Ep
ul

op
is

ci
um

Tu
ric

ib
ac

te
r

Fi
lifa

ct
or

RPL24
RGPD3
KMT2C
ANKRD36C
NOX4
PDE4DIP
ZNF717
APC
HERC2
CTBP2
RPS3A

−3 −1 0 1 2 3
Scaled Value

−2



Supplementary Fig. 4. Heatmaps demonstrating the patterns of microbial abundances for patient samples with 
prevalent LoF mutations in KEGG pathways. a, Scaled taxon abundances (columns) in the tumor samples that 
harbor LoF mutations in the KEGG pathways indicated (rows). Clusters 1 and 2 are labeled to facilitate discus-
sion in main text. b, Scaled differences (tumor abundance - matched normal abundance) patients that harbor 
tumor-specific LoF mutations in the KEGG pathways indicated (rows).

TM
7

O
P1

1_
3

La
ct

oc
oc

cu
s

SB
_1

Xa
nt

ho
m

on
ad

ac
ea

e
O

D
1

PB
19

D
es

ul
fo

bu
lb

ac
ea

e
M

et
hy

lib
iu

m
Pr

ot
eo

ba
ct

er
ia

Lu
te

ol
ib

ac
te

r
M

ar
in

ob
ac

te
r

D
es

ul
fo

to
m

ac
ul

um
D

es
ul

fo
vi

br
io

G
ai

el
la

ce
ae

H
al

an
ae

ro
bi

ac
ea

e
O

PB
56

M
ar

in
ith

er
m

us
Sp

hi
ng

ob
ac

te
ria

ce
ae

N
oc

ar
di

oi
da

ce
ae

Se
ge

tib
ac

te
r

R
ho

do
ba

ct
er

ac
ea

e
Le

gi
on

el
la

Sp
hi

ng
om

on
as

G
am

m
ap

ro
te

ob
ac

te
ria

Al
ph

ap
ro

te
ob

ac
te

ria
B1

10
G

em
m

at
im

on
ad

et
es

Al
ka

lip
hi

lu
s

Ep
ul

op
is

ci
um

SH
AS

46
0

Bu
ty

riv
ib

rio
Pe

H
g4

7
En

te
ro

ba
ct

er
ia

ce
ae

SC
3_

56
C

yc
lo

ba
ct

er
ia

ce
ae

C
re

na
rc

ha
eo

ta
Aq

ui
ce

lla
Le

gi
on

el
la

le
s

C
ry

om
or

ph
ac

ea
e

Pi
sc

iri
ck

et
ts

ia
ce

ae
Ac

id
im

ic
ro

bi
al

es
Ad

ha
er

ib
ac

te
r

C
hr

is
te

ns
en

el
la

ce
ae

R
um

in
oc

oc
ca

ce
ae

N
ov

os
ph

in
go

bi
um

C
hi

tin
op

ha
ga

ce
ae

Ps
eu

do
m

on
as

M
ic

ro
co

cc
us

Bu
rk

ho
ld

er
ia

R
ho

do
co

cc
us

C
lo

ac
ib

ac
te

riu
m

Bu
lle

id
ia

D
ia

lis
te

r
G

em
el

la
ce

ae
C

am
py

lo
ba

ct
er

Pr
ev

ot
el

la
R

hi
zo

bi
al

es
C

au
lo

ba
ct

er
ac

ea
e

Ve
rru

co
m

ic
ro

bi
ac

ea
e

C
yt

op
ha

ga
ce

ae
Ve

illo
ne

lla
C

en
ar

ch
ae

ac
ea

e
Ba

ci
lla

ce
ae

An
ae

ro
lin

ac
ea

e
H

al
ia

ng
ia

ce
ae

SH
A_

20
Vi

ct
iva

lla
ce

ae
AE

G
EA

N
_1

85
Ba

ci
llu

s
O

sc
illo

sp
ira

Sp
hi

ng
ob

ac
te

ria
le

s
Ac

et
ob

ac
te

ra
ce

ae
U

lvo
ph

yc
ea

e
Ak

ke
rm

an
si

a
C

C
U

21
M

L6
35

J_
21

M
SB

L9
SC

3
R

hi
zo

bi
ac

ea
e

YR
C

22
W

ee
ks

el
la

ce
ae

DA
10

1
C

or
io

ba
ct

er
ia

ce
ae

Po
nt

ib
ac

te
r

BS
11

5_
7N

15
St

re
pt

op
hy

ta
Be

ta
pr

ot
eo

ba
ct

er
ia

O
ce

an
os

pi
ril

la
ce

ae
Sp

iro
ch

ae
ta

Sv
a0

72
5

Sp
hi

ng
om

on
ad

ac
ea

e
R

ub
riv

iva
x

Ac
id

ob
ac

te
ria

ce
ae

AB
Y1

D
es

ul
fo

ba
cc

a
Sp

iro
ch

ae
ta

ce
ae

G
07

C
20

H
ym

en
ob

ac
te

r
M

SB
L6

Ac
tin

om
yc

et
al

es
W

C
H

B1
_4

1
R

ic
ke

tts
ia

le
s

Es
ch

er
ic

hi
a

Se
le

no
m

on
as

C
lo

st
rid

ia
le

s
La

ch
no

sp
ira

ce
ae

Er
ys

ip
el

ot
ric

ha
ce

ae

RNA degradation
Notch signaling pathway
Lysine degradation
Oxidative phosphorylation
Adherens junction
MAPK signaling pathway
ABC transporters
Cysteine and methionine metabolism
Alanine, aspartate, and glutamate metabolism
Purine metabolism
Wnt signaling pathway
Oocyte meiosis
RNA transport
Focal adhesion
Cell cycle
Protein processing in endoplasmic reticulum
Ubiquitin-mediated proteolysis
Regulation of actin cytoskeleton
Spliceosome
Ribosome
Phosphatidylinositol signaling system

KEGG
Scaled Tumor − Normal Abundances

O
ce

an
os

pi
ril

la
ce

ae
5_

7N
15

Po
nt

ib
ac

te
r

Er
ys

ip
el

ot
ric

ha
ce

ae
St

re
pt

op
hy

ta
BS

11
M

SB
L9

SH
A_

20
Ps

eu
do

m
on

as
Al

ka
lip

hi
lu

s
Sp

hi
ng

om
on

as
D

es
ul

fo
ba

cc
a

G
07

AB
Y1

Sv
a0

72
5

C
20

SH
AS

46
0

Pi
sc

iri
ck

et
ts

ia
ce

ae
Sp

hi
ng

om
on

ad
ac

ea
e

Ac
id

ob
ac

te
ria

ce
ae

La
ct

oc
oc

cu
s

Sp
iro

ch
ae

ta
ce

ae
R

ic
ke

tts
ia

le
s

Be
ta

pr
ot

eo
ba

ct
er

ia
Ac

tin
om

yc
et

al
es

M
SB

L6
Ac

id
im

ic
ro

bi
al

es
SC

3
W

C
H

B1
_4

1
C

yt
op

ha
ga

ce
ae

Ve
illo

ne
lla

SB
_1

R
hi

zo
bi

al
es

C
en

ar
ch

ae
ac

ea
e

M
L6

35
J_

21
Ad

ha
er

ib
ac

te
r

Ve
rru

co
m

ic
ro

bi
ac

ea
e

M
ic

ro
co

cc
us

Se
le

no
m

on
as

Ep
ul

op
is

ci
um

Le
gi

on
el

la
le

s
C

au
lo

ba
ct

er
ac

ea
e

Pe
H

g4
7

YR
C

22
N

ov
os

ph
in

go
bi

um
C

re
na

rc
ha

eo
ta

PB
19

Sp
hi

ng
ob

ac
te

ria
ce

ae
C

ry
om

or
ph

ac
ea

e
R

ho
do

co
cc

us
N

oc
ar

di
oi

da
ce

ae
Bu

rk
ho

ld
er

ia
C

lo
ac

ib
ac

te
riu

m
D

ia
lis

te
r

G
em

el
la

ce
ae

Bu
lle

id
ia

C
am

py
lo

ba
ct

er
SC

3_
56

Al
ph

ap
ro

te
ob

ac
te

ria
M

et
hy

lib
iu

m
TM

7
AE

G
EA

N
_1

85
H

al
an

ae
ro

bi
ac

ea
e

O
PB

56
W

ee
ks

el
la

ce
ae

G
ai

el
la

ce
ae

D
es

ul
fo

bu
lb

ac
ea

e
M

ar
in

ob
ac

te
r

En
te

ro
ba

ct
er

ia
ce

ae
O

P1
1_

3
O

D
1

B1
10

G
am

m
ap

ro
te

ob
ac

te
ria

Ac
et

ob
ac

te
ra

ce
ae

U
lvo

ph
yc

ea
e

Sp
hi

ng
ob

ac
te

ria
le

s
Xa

nt
ho

m
on

ad
ac

ea
e

R
um

in
oc

oc
ca

ce
ae

Bu
ty

riv
ib

rio
Ba

ci
lla

ce
ae

Ba
ci

llu
s

Se
ge

tib
ac

te
r

Es
ch

er
ic

hi
a

Vi
ct

iva
lla

ce
ae

An
ae

ro
lin

ac
ea

e
Le

gi
on

el
la

C
lo

st
rid

ia
le

s
DA

10
1

H
al

ia
ng

ia
ce

ae
O

sc
illo

sp
ira

La
ch

no
sp

ira
ce

ae
C

hr
is

te
ns

en
el

la
ce

ae
G

em
m

at
im

on
ad

et
es

Aq
ui

ce
lla

Sp
iro

ch
ae

ta
C

C
U

21
M

ar
in

ith
er

m
us

C
yc

lo
ba

ct
er

ia
ce

ae
Pr

ot
eo

ba
ct

er
ia

D
es

ul
fo

to
m

ac
ul

um
Lu

te
ol

ib
ac

te
r

D
es

ul
fo

vi
br

io
R

ho
do

ba
ct

er
ac

ea
e

H
ym

en
ob

ac
te

r
R

ub
riv

iva
x

Pr
ev

ot
el

la
C

hi
tin

op
ha

ga
ce

ae
R

hi
zo

bi
ac

ea
e

C
or

io
ba

ct
er

ia
ce

ae
Ak

ke
rm

an
si

a

Purine metabolism
Alanine, aspartate, and glutamate metabolism
Cysteine and methionine metabolism
Lysine degradation
Protein processing in endoplasmic reticulum
Wnt signaling pathway
Cell cycle
Oocyte meiosis
Spliceosome
Ribosome
Ubiquitin-mediated proteolysis
Regulation of actin cytoskeleton
Focal adhesion
RNA transport
Notch signaling pathway
RNA degradation
MAPK signaling pathway
ABC transporters
Oxidative phosphorylation
Adherens junction
Phosphatidylinositol signaling system

KEGG
Scaled Tumor Abundances

−3 −1 1 2 3
Scaled Value

0-2

a

b

C
lu

ste
r 1

C
lu

ste
r 2



Supplementary Fig. 5. Heatmaps demonstrating the patterns of microbial abundances for patient samples with prevalent LoF mutations in PID path-
ways. a, Scaled taxon abundances (columns) in the tumor samples that harbor LoF mutations in the PID pathways indicated (rows). b, Scaled differ-
ences (tumor abundance - matched normal abundance) patients that harbor tumor-specific LoF mutations in the PID pathways indicated (rows).
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Supplementary Fig. 6. LoF mutations in KEGG pathways can be predicted using a risk index as a classifier (y-
axis).
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Supplementary Fig. 7. ROC curves were generated for each of the 
KEGG pathways indicated in Supplementary Fig. 6 using a 10-fold 
cross-validation (blue dotted lines). The average of the 10-fold cross-
validation curves is represented as a thick black line. The AUC are indi-
cated at bottom of each pathway panel.



Supplementary Fig. 8. LoF mutations in PID pathways can be predicted using a risk index as a classifier (y-axis).
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Supplementary Fig. 9. ROC curves were generated for each of the PID 
pathways indicated in Supplementary Fig. 8 using a 10-fold cross-valida-
tion (blue dotted lines). The average of the 10-fold cross-validation curves 
is represented as a thick black line. The AUC are indicated at bottom of 
each pathway panel. This figure also includes BARD1 and Class I PI3K 
pathways, for references, although neither of these achieved statistical 
significance in other tests.



Supplementary Fig. 10. (see separate supplementary file) Large set of abundance plots for the taxa from each 
of the genes, KEGG pathways, and PID pathways that harbored prevalent LoF mutations and could be showed 
significance as a means of predicting the interaction between the mutation and the microbiota. Abundances are 
plotted as both column dot plots as well as horizontal bar plots of the differences in the mean abundances of a 
subset of the taxa predicted to interact differentially with tumors with a LoF mutation relative to those without 
the indicated mutation. This subset represents those taxa that had a mean difference in abundance of greater 
than 0.1%, proportionally.



Supplementary Fig. 11. Interaction prediction accuracies increase when assessing biological pathways. A den-
sity histogram showing the distribution of prediction accuracies for individual genes (red), KEGG pathways 
(green), and PID pathways (blue). Interaction prediction accuracies are highest for human cancer-specific path-
ways from PID.
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