
Study Location Rokubacteria Metagenome-Assembled Genome

al
ka

ne
 m

on
oo

xy
ge

na
se

P4
50

 h
yd

ro
xy

la
se

pa
rt

ic
ul

at
e 

m
et

ha
ne

 m
on

oo
xy

ge
na

se

al
de

hy
de

 d
eh

yd
ro

ge
na

se

al
co

ho
l d

eh
yd

ro
ge

na
se

ac
yl

-C
oA

 s
yn

th
et

as
e

ac
yl

 C
oA

 d
eh

yd
ro

ge
na

se

en
oy

l C
oA

 h
yd

ra
ta

se

3-
hy

dr
ox

ya
cy

l-C
oA

 d
eh

yd
ro

ge
na

se

β-
ke

to
th

io
la

se

N
AD

H
:u

bi
qu

in
on

e 
ox

id
or

ed
uc

ta
se

N
AD

H
 d

eh
yd

ro
ge

na
se

an
ae

ro
bi

c 
D

M
SO

 re
du

ct
as

e

an
ae

ro
bi

c 
ni

tr
ic

 o
xi

de
 re

du
ct

as
e 

fla
vo

ru
br

ed
ox

in

ar
se

na
te

 re
du

ct
as

e

fu
m

ar
at

e 
re

du
ct

as
e

m
er

cu
ric

 io
n 

re
du

ct
as

e

cy
to

ch
ro

m
e 

bc
1 

co
m

pl
ex

cy
to

ch
ro

m
e 

c 
ox

id
as

e

cy
to

ch
ro

m
e 

c5
51

 p
er

ox
id

as
e

fla
vo

cy
to

ch
ro

m
e 

c 
su

lfi
de

 d
eh

yd
ro

ge
na

se

su
lfi

te
 d

eh
yd

ro
ge

na
se

 c
yt

oc
hr

om
e 

So
xD

cy
to

ch
ro

m
e 

d 
ub

iq
ui

no
l o

xi
da

se

el
ec

tr
on

 tr
an

sp
or

t R
N

F 
co

m
pl

ex

be
nz

oa
te

-1
,2

-d
io

xy
ge

na
se

ci
s-

1,
2-

di
hy

dr
ox

yc
yc

lo
he

xa
-3

,5
-d

ie
ne

-1
-c

ar
bo

xy
la

te
 d

eh
yd

ro
ge

na
se

ca
te

ch
ol

-1
,2

-d
io

xy
ge

na
se

ca
te

ch
ol

-2
,3

-d
io

xy
ge

na
se

m
uc

on
at

e 
cy

cl
oi

so
m

er
as

e

m
uc

on
ol

ac
to

ne
 δ

-is
om

er
as

e

3-
ox

oa
di

pa
te

 e
no

l-l
ac

to
na

se

3-
ox

oa
di

pa
te

 C
oA

-t
ra

ns
fe

ra
se

β-
ke

to
ad

ip
yl

-C
oA

 th
io

la
se

be
nz

oa
te

 4
-m

on
oo

xy
ge

na
se

be
nz

oa
te

 C
oA

 li
ga

se

be
nz

oy
l-C

oA
 o

xy
ge

na
se

/r
ed

uc
ta

se

be
nz

oy
l-C

oA
 d

ih
yd

ro
di

ol
 ly

as
e

al
de

hy
de

 d
eh

yd
ro

ge
na

se

be
nz

oy
l-C

oA
 re

du
ct

as
e

hy
dr

ox
ya

cy
l-C

oA
 d

eh
yd

ro
ge

na
se

4-
hy

dr
ox

yp
he

ny
la

ce
ta

te
 3

-m
on

oo
xy

ge
na

se

pr
ot

oc
at

ec
hu

at
e 

3,
4-

di
ox

yg
en

as
e

ge
nt

is
at

e 
1,

2-
di

ox
yg

en
as

e

bi
ph

en
yl

 d
io

xy
ge

na
se

bi
ph

en
yl

di
hy

dr
od

io
l d

eh
yd

ro
ge

na
se

2,
3-

di
hy

dr
ox

yb
ip

he
ny

l 1
,2

-d
io

xy
ge

na
se

2-
hy

dr
ox

y-
6-

ox
o-

6-
ph

en
yl

he
xa

-2
,4

-d
ie

no
at

e 
hy

dr
ol

as
e

2-
hy

dr
ox

yp
en

ta
-2

,4
-d

ie
no

at
e 

hy
dr

at
as

e

4-
hy

dr
ox

y-
2-

ox
ov

al
er

at
e 

al
do

la
se

ac
et

al
de

hy
de

 d
eh

yd
ro

ge
na

se

se
rin

e 
hy

dr
ox

ym
et

hy
ltr

an
sf

er
as

e

se
rin

e-
-g

ly
ox

yl
at

e 
am

in
ot

ra
ns

fe
ra

se

hy
dr

ox
yp

yr
uv

at
e 

re
du

ct
as

e

gl
yc

er
at

e 
ki

na
se

en
ol

as
e

ph
os

ph
oe

no
lp

yr
uv

at
e 

ca
rb

ox
yl

as
e

m
al

at
e 

de
hy

dr
og

en
as

e

m
al

at
e 

th
io

ki
na

se

m
al

yl
-C

oA
 ly

as
e

is
oc

itr
at

e 
ly

as
e

he
xu

lo
se

-6
-p

ho
sp

ha
te

 is
om

er
as

e

gl
uc

os
e 

ph
os

ph
at

e 
is

om
er

as
e

gl
uc

os
e-

6-
ph

os
ph

at
e 

de
hy

dr
og

en
as

e;

6-
ph

os
ph

og
lu

co
na

te
 d

eh
yd

ro
ge

na
se

he
xu

lo
se

-6
-p

ho
sp

ha
te

 s
yn

th
et

as
e

m
et

ha
ne

 m
on

oo
xy

ge
na

se

m
et

ha
no

l d
eh

yd
ro

ge
na

se
/c

at
al

as
e/

pe
ro

xi
da

se

fo
rm

al
de

hy
de

 d
eh

yd
ro

ge
na

se

tu
ng

st
en

-c
on

ta
in

in
g 

al
de

hy
de

 o
xi

do
re

du
ct

as
e

tu
ng

st
en

-c
on

ta
in

in
g 

fo
rm

at
e 

de
hy

dr
og

en
as

e

fo
rm

at
e 

de
hy

dr
og

en
as

e

fo
rm

at
e 

hy
dr

og
en

ly
as

e

fo
rm

at
e-

-t
et

ra
hy

dr
of

ol
at

e 
lig

as
e

m
et

hy
le

ne
 te

tr
ah

yd
ro

fo
la

te
 d

eh
yd

ro
ge

na
se

/m
et

he
ny

lte
tr

ah
yd

ro
fo

la
te

 
cy

cl
oh

yd
ro

la
se

fo
rm

al
de

hy
de

 a
ct

iv
tin

g 
en

zy
m

e

m
et

hy
le

ne
 te

tr
ah

yd
ro

m
et

ha
no

pt
er

in
 d

eh
yd

ro
ge

na
se

PE
P 

ca
rb

ox
yk

in
as

e

en
ol

as
e

ph
os

ph
og

ly
ce

ra
at

e 
m

ut
as

e

ph
os

ph
og

ly
ce

ra
te

 k
in

as
e

gl
yc

er
al

de
hy

de
 p

ho
sp

ha
te

 d
eh

yd
ro

ge
na

se

tr
io

se
 p

ho
sp

ha
te

 is
om

er
as

e

fr
uc

to
se

-b
is

ph
op

sh
at

e 
al

do
la

se
 c

la
ss

 I

fr
uc

to
se

 1
,6

-b
is

ph
os

ph
at

as
e

gl
uc

os
e-

6-
ph

os
ph

at
e 

is
om

er
as

e

ph
os

ph
og

lu
co

m
ut

as
e

gl
uc

ok
in

as
e

6-
ph

os
ph

of
ru

ct
ok

in
as

e

py
rv

at
e 

ki
na

se

ni
tr

at
e 

re
du

ct
as

e

ni
tr

ite
 re

du
ct

as
e 

(N
O

-f
or

m
in

g)

ni
tr

ite
 re

du
ct

as
e

ni
tr

ila
se

fo
rm

am
id

as
e

gl
ut

am
at

e-
am

m
on

ia
 li

ga
se

an
ae

ro
bi

c 
ni

tr
ic

 o
xi

de
 re

du
ct

as
e 

fla
vo

ru
br

ed
ox

in

am
in

om
et

hy
ltr

an
sf

er
as

e

su
lfa

te
 a

de
ny

ly
ltr

an
sf

er
as

e

su
lfa

te
 a

de
ny

ly
ltr

an
sf

er
as

e 
di

ss
im

ila
to

ry
 ty

pe

ad
en

yl
yl

su
lfa

te
 re

du
ct

as
e

su
lfi

te
 re

du
ct

as
e

su
lfi

te
 re

du
ct

as
e 

di
ss

im
ila

to
ry

 (d
es

ul
fo

vi
rid

in
)

ad
en

yl
yl

su
lfa

te
 k

in
as

e

ph
os

ph
oa

de
ny

ly
l-s

ul
fa

te
 re

du
ct

as
e

su
lfu

r o
xi

da
tio

n 
pr

ot
ei

n 
So

xB

m
al

at
e 

de
hy

dr
og

en
as

e

Is
oc

itr
at

e 
de

hy
dr

og
en

as
e 

(N
AD

(+
))

Is
oc

itr
at

e 
de

hy
dr

og
en

as
e 

(N
AD

P(
+)

)

py
ru

va
te

 d
eh

yd
ro

eg
na

se
 (a

ce
ty

l-t
ra

ns
fe

rr
in

g)

ox
og

lu
ta

ra
te

 d
eh

yd
ro

ge
na

se
 (s

uc
ci

ny
l-t

ra
ns

fe
rr

in
g)

py
ru

va
te

 s
yn

th
as

e

2-
ox

og
lu

ta
ra

te
 s

yn
th

as
e

su
cc

in
at

e 
de

hy
dr

og
en

as
e 

(u
bi

qu
in

on
e)

su
cc

in
at

e 
de

hy
dr

og
en

as
e

di
hy

dr
ol

ip
oy

l d
eh

yd
ro

ge
na

se

di
hy

dr
ol

ip
oy

lly
si

ne
-r

es
id

ue
 a

ce
ty

ltr
an

sf
er

as
e

ci
tr

at
e 

(S
i)-

sy
nt

ha
se

ph
os

ph
oe

no
lp

yr
uv

at
e 

ca
rb

ox
yk

in
as

e

fu
m

ar
at

e 
hy

dr
at

as
e

ac
on

ita
te

 h
yd

ra
ta

se

su
cc

in
at

e-
-C

oA
 li

ga
se

 (A
D

P-
fo

rm
in

g)

py
ru

va
te

 c
ar

bo
xy

la
se

ca
rb

on
 m

on
oo

xi
de

 d
eh

yd
ro

ge
na

se

ac
et

yl
-C

oA
 s

yn
th

as
e

m
et

hy
ltr

an
sf

er
as

e 
co

rr
in

oi
d 

ac
tiv

at
io

n 
pr

ot
ei

n

fe
rr

ed
ox

in

fo
rm

at
e 

de
hy

dr
og

en
as

e

fo
rm

yl
-t

et
ra

hy
dr

of
ol

at
e 

sy
nt

ha
se

m
et

hy
le

ne
-t

et
ra

hy
dr

of
ol

at
e 

de
yd

ro
ge

na
se

/c
yc

lo
hy

dr
ol

as
e

se
rin

e 
hy

dr
ox

ym
et

hy
ltr

an
sf

er
as

e

m
et

hy
le

ne
-t

et
ra

hy
dr

of
ol

at
e 

re
du

ct
as

e

m
et

hi
on

in
e 

sy
nt

ha
se

Amazon rainforest (this study) Rokubacteria_Amazon_FNV_2010_15_13 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFCSPHIGHO2_12_FULL_73_22 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFCSPLOWO2_02_FULL_69_13 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RISCPLOWO2_12_FULL_68_19 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFCSPLOWO2_12_FULL_69_21 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFSCPLOWO2_12_FULL_71_18 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFCPLOWO2_12_FULL_71_19 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFCSPLOWO2_12_FULL_71_22 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFCSPLOWO2_12_FULL_72_37 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFSCPLOWO2_12_FULL_73_26 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFCSPLOWO2_12_FULL_73_47 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFCPLOWO2_12_FULL_73_56 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_1_20CM_2_68_19 X X X X X X X X X X X X X X X X X X X X X X x X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_1_20CM_2_69_58 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_1_20CM_2_70_7 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_1_20CM_4_68_9 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_1_20CM_4_70_13 X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_1_20CM_4_70_14 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_1_20CM_70_15 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_1_40CM_2_68_13 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_1_40CM_2_68_8 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_1_40CM_2_70_45 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_1_40CM_3_69_38 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_1_40CM_4_67_11 X X X X X X X X X X X X X x X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_1_40CM_4_69_39 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_1_40CM_4_69_5 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_1_40CM_68_15 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_1_40CM_69_27 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_1_40CM_69_96 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_2_20CM_2_64_8 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_2_20CM_2_70_11 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_2_20CM_69_10 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_2_20CM_69_15_1 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_2_20CM_69_15_2 X X X X X X X X X X X X X X X X X X X X X X X X X

California meadow soil  (Banfield Lab) 13_2_20CM_70_12 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) GWA2_70_23 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) GWA2_73_35 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) GWC2_70_16 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) GWC2_70_24 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Biphenyl metabolism (bph 
pathway)

Serine Cycle RuMP cycle Methane Oxidation Glycolysis/Gluconeogenesis

Supplemental Table 9:  Overview for the presence/absence of key metabolic genes found in Rokubacteria MAGs (n=53).

Anaerobic 
Benzoate 

Metabolism

Hydrocarbon degradation 
steps

Beta-oxidation of 
fatty acids

Cytochromes/Electron Transport Benzoate metabolism (ben-cat pathway)
Benzoate 

metabolism (box 
pathway)

Nitrogen Metabolism Sulfur Metabolism TCA Cycle
Wood-Ljungdahl Pathway (acetogenesis) with 

associated steps of serine and methionine 
biosynthesis

Aromatic 
compound 
oxidation 

genes

Rifle, CO aquifer (Banfield Lab) GWF2_70_14 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RBG_16_73_20 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFCSPHIGHO2_02_FULL_69_13 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFCSPHIGHO2_02_FULL_73_26 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFCSPHIGHO2_12_FULL_73_22 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFCSPLOWO2_02_FULL_68_19 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFCSPLOWO2_02_FULL_71_18 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFCSPLOWO2_02_FULL_72_37 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFCSPLOWO2_02_FULL_73_56 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFCSPLOWO2_12_FULL_69_21 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFCSPLOWO2_12_FULL_71_19 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFCSPLOWO2_12_FULL_71_22 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) RIFCSPLOWO2_12_FULL_73_47 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Rifle, CO aquifer (Banfield Lab) bacterium CSP1-6 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X


