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One Complete and Seven Draft Genome Sequences of
Subdivision 1 and 3 Acidobacteria Isolated from Soil

Stephanie A. Eichorst,a Daniela Trojan,a Marcel Huntemann,b Alicia Clum,b Manoj Pillay,b Krishnaveni Palaniappan,b

Neha Varghese,b Natalia Mikhailova,b Dimitrios Stamatis,b T. B. K. Reddy,b Chris Daum,b Lynne A. Goodwin,c Nicole Shapiro,b

Natalia Ivanova,b Nikos Kyrpides,b Tanja Woyke,b Dagmar Woebkena

aDivision of Microbial Ecology, Department of Microbiology and Ecosystem Science, Centre for Microbiology and Environmental Systems Science, University of Vienna,
Vienna, Austria

bDepartment of Energy, Joint Genome Institute, Berkeley, California, USA
cMaterials Science and Technology, Engineered Materials, Los Alamos National Laboratory, Los Alamos, New Mexico, USA

ABSTRACT We report eight genomes from representatives of the phylum Acidobac-
teria subdivisions 1 and 3, isolated from soils. The genome sizes range from 4.9 to
6.7 Mb. Genomic analysis reveals putative genes for low- and high-affinity respiratory
oxygen reductases, high-affinity hydrogenases, and the capacity to use a diverse col-
lection of carbohydrates.

The Acidobacteria constitute a large, diverse, and phylogenetically distinct phylum with
currently 26 defined subdivisions based on the 16S rRNA gene phylogeny (1). Typically,

members of subdivisions 1, 2, 3, 4, 5, and 6 populate terrestrial environments at a high
relative sequence abundance based on rRNA gene libraries (as high as 20 to 40% of the
total bacterial community) (2, 3). Phylogenetically representative acidobacterium strains
were chosen for genome sequencing, which were isolated from soils (meadow grassland,
agricultural, or peat bog) (4–7). More specifically, six strains in subdivision 1 (Terriglobus
roseus KBS 63, Acidobacteriaceae bacterium strain KBS 83, Acidobacteriaceae bacterium
strain KBS 89, Acidobacteriaceae bacterium strain KBS 146, Terriglobus sp. strain TAA 43, and
Acidobacteriaceae bacterium strain TAA 166) and two strains in subdivision 3 (Acidobacteria
bacterium strain KBS 96 and Bryobacter aggregatus MPL3) were sequenced to better populate
the phylogenetic branches in the phylum Acidobacteria with genomic representation.

Strains were grown on either a modified minimal medium or R2 medium as described
previously (5–7). Genomic DNA (gDNA) was isolated using a modified cetyltrimethylam-
monium bromide (CTAB) DNA extraction protocol as recommended by the Department of
Energy (DOE) Joint Genome Institute (JGI). Details on the isolation and growth conditions
along with the sequencing can be found in Table 1. The genomes across all strains ranged
in size from 4.9 to 6.7 Mb (Table 1), which is similar to the size range of the previously
sequenced acidobacterial strains (8, 9). The G�C content ranged from 57 to 60 mol%
(Table 1). Although many of these genomes are considered to be permanent drafts
(Table 1), CheckM analysis indicated that they are ca. �95% complete (10).

The genomes of KBS 63 and KBS 96 harbored the catalytic subunit for the high-affinity
cbb3-type cytochrome c oxidase (heme-copper-oxygen reductase [HCO] type C, EC 1.9.3.1,
KEGG orthology [KO] number K00404), while the genomes of KBS 146 and TAA 166
harbored the high-affinity cytochrome bd-type quinol oxidase (EC 7.1.1, KO number
K00425) (10). All strains harbored at least one homologue of the low-affinity terminal
oxidase HCO type A (EC 1.9.3.1, KO number K02274) (10). Numerous glycoside hydrolase
(GH) families were detected across the genomes, with GH109, GH74, and GH13 being some
of the most prevalent (10). The genomes of KBS 83 and KBS 96 harbored a high-affinity
group 1h hydrogenase (EC 1.12.99.6, KO number K06281), presumably giving them the
potential to scavenge atmospheric concentrations of hydrogen during periods of starvation

Citation Eichorst SA, Trojan D, Huntemann M,
Clum A, Pillay M, Palaniappan K, Varghese N,
Mikhailova N, Stamatis D, Reddy TBK, Daum C,
Goodwin LA, Shapiro N, Ivanova N, Kyrpides N,
Woyke T, Woebken D. 2020. One complete and
seven draft genome sequences of subdivision
1 and 3 Acidobacteria isolated from soil.
Microbiol Resour Announc 9:e01087-19.
https://doi.org/10.1128/MRA.01087-19.

Editor Irene L. G. Newton, Indiana University,
Bloomington

Copyright © 2020 Eichorst et al. This is an
open-access article distributed under the terms
of the Creative Commons Attribution 4.0
International license.

Address correspondence to Stephanie A.
Eichorst, stephanie.eichorst@univie.ac.at.

This article is Los Alamos unclassified report
LA-UR-18-24028.

Received 1 October 2019
Accepted 17 December 2019
Published 30 January 2020

GENOME SEQUENCES

crossm

Volume 9 Issue 5 e01087-19 mra.asm.org 1

https://orcid.org/0000-0002-9017-7461
https://orcid.org/0000-0001-6748-5311
https://orcid.org/0000-0002-9485-5637
https://orcid.org/0000-0002-1314-9926
https://doi.org/10.1128/MRA.01087-19
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:stephanie.eichorst@univie.ac.at
https://crossmark.crossref.org/dialog/?doi=10.1128/MRA.01087-19&domain=pdf&date_stamp=2020-1-30
https://mra.asm.org


TA
B

LE
1

Is
ol

at
io

n
co

nd
iti

on
s,

lib
ra

ry
p

re
p

ar
at

io
n

in
fo

rm
at

io
n,

ge
no

m
e

se
qu

en
ci

ng
st

at
is

tic
s,

an
d

ac
ce

ss
io

n
nu

m
b

er
s

fo
r

th
e

de
sc

rib
ed

ac
id

ob
ac

te
ria

l
ge

no
m

es

St
ra

in
Is

ol
at

io
n

so
ur

ce
;y

r

Is
ol

at
io

n
an

d
g

ro
w

th
co

n
d

it
io

n
s

(r
ef

er
en

ce
)

Li
b

ra
ry

p
re

p
n

N
o.

of
re

ad
s

(t
ec

h
n

ol
og

y)
A

vg
re

ad
le

n
g

th
(b

p
)

A
ss

em
b

le
r

(r
ef

er
en

ce
)

N
o.

of
co

n
ti

g
s

(n
o.

of
sc

af
fo

ld
s)

N
/L

50
of

:
A

vg
g

en
om

e
co

ve
ra

g
e

(�
)

G
en

om
e

si
ze

(M
b

)

G
�

C
co

n
te

n
t

(m
ol

%
)

A
ss

em
b

ly
le

ve
l

G
en

B
an

k
ac

ce
ss

io
n

n
o.

SR
A

ac
ce

ss
io

n
n

o.
Sc

af
fo

ld
s

C
on

ti
g

s

KB
S

63
Ke

llo
gg

Bi
ol

og
ic

al
St

at
io

n,
H

ic
ko

ry
C

or
ne

rs
,M

I,
U

SA
,g

ra
ss

la
nd

so
il

(t
re

at
m

en
t

8)
;2

00
3

VS
B-

7
m

ix
or

ga
ni

c
C

su
b

st
ra

te
s

in
C

O
2-

en
ric

he
d

ai
r

(5
)

45
4

p
ai

re
d-

en
d

lib
ra

ry
;a

Ill
um

in
a

st
d.

sh
ot

gu
n

lib
ra

ry
b

69
,4

81
,4

60
(Il

lu
m

in
a

So
le

xa
);

51
4,

32
4

(4
54

p
ai

re
d

en
d)

76
(Il

lu
m

in
a

So
le

xa
);

15
1

(4
54

p
ai

re
d

en
d)

N
ew

b
le

r
v2

.3
-P

re
re

le
as

e
6/

30
/2

00
9,

Ve
lv

et
v1

.0
.1

3
(1

3)

33
(2

)
1/

5.
2

M
b

1/
5.

2
M

b
10

83
.1

(Il
lu

m
in

a
So

le
xa

);
8.

5
(4

54
p

ai
re

d
en

d)

5.
23

60
.3

C
om

p
le

te
C

P0
03

37
9

SR
S1

56
86

12

KB
S

83
Ke

llo
gg

Bi
ol

og
ic

al
St

at
io

n,
H

ic
ko

ry
C

or
ne

rs
,M

I,
U

SA
,

ag
ric

ul
tu

ra
l

so
il

(t
re

at
m

en
t

1)
;2

00
6

VL
55

m
ix

of
p

la
nt

p
ol

ym
er

ic
C

in
ai

r
(7

)

Ill
um

in
a

st
d.

sh
ot

gu
n

lib
ra

ry
b

12
,9

85
,8

84
(Il

lu
m

in
a

H
iS

eq
20

00
)

2
�

15
0

Ve
lv

et
v1

.1
.0

4
(1

3)
,

w
gs

im
e ,

A
llp

at
hs

-L
G

v
r4

10
43

(1
4)

25
(2

5)
5/

50
4.

7
kb

5/
50

4.
7

kb
39

0
6.

25
59

.2
Pe

rm
an

en
t

dr
af

t
A

RM
D

00
00

00
00

SR
S8

44
14

3

KB
S

89
Ke

llo
gg

Bi
ol

og
ic

al
St

at
io

n,
H

ic
ko

ry
C

or
ne

rs
,M

I,
U

SA
,g

ra
ss

la
nd

so
il

(t
re

at
m

en
t

8)
;2

00
2

VS
B-

6.
8

m
ix

or
ga

ni
c

C
su

b
st

ra
te

s,
ac

yl
ho

m
os

er
in

e
la

ct
on

es
in

C
O

2-
en

ric
he

d
ai

r
(4

,5
)

Ill
um

in
a

st
d.

sh
ot

gu
n

lib
ra

ry
b

12
,4

75
,7

62
(Il

lu
m

in
a

H
iS

eq
20

00
)

2
�

15
0

Ve
lv

et
v1

.1
.0

4
(1

3)
,

w
gs

im
e ,

A
llp

at
hs

-L
G

v
r4

10
43

(1
4)

14
(1

4)
3/

94
3.

6
kb

3/
94

3.
6

kb
12

2.
6

6.
01

57
.6

Pe
rm

an
en

t
dr

af
t

A
RM

E0
00

00
00

0
SR

S8
44

14
4

KB
S

14
6

Ke
llo

gg
Bi

ol
og

ic
al

St
at

io
n,

H
ic

ko
ry

C
or

ne
rs

,M
I,

U
SA

,g
ra

ss
la

nd
so

il
(t

re
at

m
en

t
8)

;2
00

6

VL
55

m
ix

of
or

ga
ni

c
C

su
b

st
ra

te
s,

C
O

2-
en

ric
he

d
hy

p
ox

ia
(1

1)

Pa
cB

io
SM

RT
b

el
l

lib
ra

ry
d

18
5,

13
1

(P
ac

Bi
o

RS
p

la
tf

or
m

)
3,

49
3

�
2,

89
4

H
G

A
P

v2
.0

.0
(1

5)
2

(2
)

1/
5.

0
M

b
1/

5.
0

M
b

64
.1

5.
00

56
.7

Pe
rm

an
en

t
dr

af
t

JH
VA

00
00

00
00

SR
S1

53
40

05

TA
A

43
H

in
dg

ut
of

Re
tic

ul
ite

rm
es

fla
vi

pe
s

(K
ol

la
r)

(P
hi

no
te

rm
iti

da
e)

,
D

an
sv

ill
e,

M
I,

U
SA

;2
00

2

VS
B-

7
ye

as
t

ex
tr

ac
t

an
d

p
ep

to
ne

in
C

O
2-

en
ric

he
d

ai
r

(4
,5

)

Ill
um

in
a

st
d.

sh
ot

gu
n

lib
ra

ry
b

13
,6

49
,6

30
(Il

lu
m

in
a

st
d.

p
ai

re
d

en
d,

Ill
um

in
a

H
iS

eq
20

00
)

2
�

15
1

Ve
lv

et
v1

.2
.0

7
(1

3)
,

w
gs

im
e ,

A
llp

at
hs

-L
G

v
r4

66
52

(1
4)

7
(7

)
1/

3.
5

M
b

1/
3.

5
M

b
30

2.
0

4.
95

56
.7

Pe
rm

an
en

t
dr

af
t

JU
G

R0
00

00
00

0
SR

S1
36

60
45

TA
A

16
6

H
in

dg
ut

of
R.

fla
vi

pe
s

(K
ol

la
r)

(P
hi

no
te

rm
iti

da
e)

,
D

an
sv

ill
e,

M
I,

U
SA

;2
00

2

VS
B-

7
ye

as
t

ex
tr

ac
t

an
d

p
ep

to
ne

in
C

O
2-

en
ric

he
d

ai
r

(4
,5

)

Ill
um

in
a

st
d.

sh
ot

gu
n

lib
ra

ry
b

an
d

lo
ng

-
in

se
rt

m
at

e
p

ai
r

lib
ra

ry
c ;

Pa
cB

io
SM

RT
b

el
l

lib
ra

ry
d

40
,9

20
,3

98
(Il

lu
m

in
a

C
LI

P
p

ai
re

d
en

d,
Ill

um
in

a
H

iS
eq

20
00

);
15

,0
55

,3
88

(Il
lu

m
in

a
st

d.
p

ai
re

d
en

d,
Ill

um
in

a
H

iS
eq

20
00

);
23

3,
25

8
(P

ac
Bi

o
RS

p
la

tf
or

m
)

2
�

90
;2

�
15

0;
1

�
22

59

A
llp

at
hs

LG
vr

42
32

8
(1

4)
3

(3
)

1/
4.

7
M

b
1/

4.
7

M
b

97
3.

9
(Il

lu
m

in
a)

;
85

.4
(P

ac
Bi

o)
6.

14
58

.8
Pe

rm
an

en
t

dr
af

t
A

TW
D

00
00

00
00

SR
S4

38
88

8

KB
S

96
Ke

llo
gg

Bi
ol

og
ic

al
St

at
io

n,
H

ic
ko

ry
C

or
ne

rs
,M

I,
U

SA
,

ag
ric

ul
tu

ra
l

so
il

(t
re

at
m

en
t

1)
;2

00
6

VL
55

m
ix

of
p

la
nt

p
ol

ym
er

ic
C

in
ai

r
(7

)

Ill
um

in
a

st
d.

sh
ot

gu
n

lib
ra

ry
b

an
d

lo
ng

-
in

se
rt

m
at

e
p

ai
r

lib
ra

ry
c

14
,4

85
,3

81
(Il

lu
m

in
a

st
d.

p
ai

re
d

en
d,

H
iS

eq
20

00
);

58
,2

96
,7

69
(Il

lu
m

in
a

C
LI

P
p

ai
re

d
en

d,
Ill

um
in

a
H

iS
eq

20
00

)

2
�

15
0;

2
�

89
A

llp
at

hs
-L

G
v

r4
10

43
(1

4)
13

(2
)

1/
6.

7
M

b
2/

1.
6

M
b

1,
09

8.
6

6.
69

57
.2

Pe
rm

an
en

t
dr

af
t

A
RM

F0
00

00
00

0
SR

S4
38

89
2

(C
on

tin
ue

d
on

ne
xt

p
ag

e)

Eichorst et al.

Volume 9 Issue 5 e01087-19 mra.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/CP003379
https://www.ncbi.nlm.nih.gov/sra/SRS1568612
https://www.ncbi.nlm.nih.gov/nuccore/ARMD00000000
https://www.ncbi.nlm.nih.gov/sra/SRS844143
https://www.ncbi.nlm.nih.gov/nuccore/ARME00000000
https://www.ncbi.nlm.nih.gov/sra/SRS844144
https://www.ncbi.nlm.nih.gov/nuccore/JHVA00000000
https://www.ncbi.nlm.nih.gov/sra/?term=SRS1534005
https://www.ncbi.nlm.nih.gov/nuccore/JUGR00000000
https://www.ncbi.nlm.nih.gov/sra/SRS1366045
https://www.ncbi.nlm.nih.gov/nuccore/ATWD00000000
https://www.ncbi.nlm.nih.gov/sra/SRS438888
https://www.ncbi.nlm.nih.gov/nuccore/ARMF00000000
https://www.ncbi.nlm.nih.gov/sra/?term=SRS438892
https://mra.asm.org


TA
B

LE
1

(C
on

tin
ue

d)

St
ra

in
Is

ol
at

io
n

so
ur

ce
;y

r

Is
ol

at
io

n
an

d
g

ro
w

th
co

n
d

it
io

n
s

(r
ef

er
en

ce
)

Li
b

ra
ry

p
re

p
n

N
o.

of
re

ad
s

(t
ec

h
n

ol
og

y)
A

vg
re

ad
le

n
g

th
(b

p
)

A
ss

em
b

le
r

(r
ef

er
en

ce
)

N
o.

of
co

n
ti

g
s

(n
o.

of
sc

af
fo

ld
s)

N
/L

50
of

:
A

vg
g

en
om

e
co

ve
ra

g
e

(�
)

G
en

om
e

si
ze

(M
b

)

G
�

C
co

n
te

n
t

(m
ol

%
)

A
ss

em
b

ly
le

ve
l

G
en

B
an

k
ac

ce
ss

io
n

n
o.

SR
A

ac
ce

ss
io

n
n

o.
Sc

af
fo

ld
s

C
on

ti
g

s

M
PL

3
A

ci
di

c
Sp

ha
gn

um
p

ea
t

b
og

,
Ba

kc
ha

r,
To

m
sk

re
gi

on
,

W
es

t
Si

b
er

ia
;

20
04

Bi
ofi

lm
-m

ed
ia

te
d

en
ric

hm
en

t
ap

p
ro

ac
h

(6
,

12
)

Pa
cB

io
SM

RT
b

el
l

lib
ra

ry
d

20
8,

34
6

(P
ac

Bi
o

RS
p

la
tf

or
m

)
3,

08
7

�
2,

32
5

H
G

A
P

v2
.0

.0
(1

5)
4

(4
)

1/
4.

3
M

b
1/

4.
3

M
b

17
6.

8
5.

75
57

.0
Pe

rm
an

en
t

dr
af

t
JN

IF
00

00
00

00
SR

S1
52

06
82

a
45

4
Ti

ta
ni

um
,p

ai
re

d
en

ds
,8

kb
;1

5
�

g
ge

no
m

ic
D

N
A

ar
e

sh
ea

re
d

by
th

e
H

yd
ro

sh
ea

r
to

~
8-

kb
si

ze
fr

ag
m

en
ts

.T
he

sh
ea

re
d

sa
m

pl
es

ar
e

th
en

ge
ls

el
ec

te
d

fo
r

th
e

8-
kb

ba
nd

s,
pu

rifi
ed

,a
nd

lig
at

ed
to

th
e

42
-b

p
lo

xP
lin

ke
rs

on
ei

th
er

en
d.

Th
es

e
lo

xP
lin

ke
rs

ar
e

la
be

le
d

by
bi

ot
in

.T
he

lo
xP

lin
ke

r-
lig

at
ed

fr
ag

m
en

ts
ar

e
th

en
ci

rc
ul

ar
iz

ed
by

th
e

Cr
e

re
co

m
bi

na
se

.A
s

a
re

su
lt,

th
e

en
ds

of
20

-k
b

fr
ag

m
en

ts
ar

e
br

ou
gh

t
to

ge
th

er
an

d
br

id
ge

d
by

a
si

ng
le

lo
xP

lin
ke

r.
Th

es
e

ci
rc

ul
ar

D
N

A
s

ar
e

fu
rt

he
r

sh
ea

re
d

to
50

0-
bp

fr
ag

m
en

ts
,a

nd
th

e
fr

ag
m

en
ts

ca
rr

yi
ng

th
e

lo
xP

lin
ke

rs
ar

e
re

co
ve

re
d

by
th

e
St

re
pt

av
id

in
-c

oa
te

d
m

ag
ne

tic
be

ad
s.

Co
ns

eq
ue

nt
ly

,t
he

lo
xP

lin
ke

r-
co

nt
ai

ni
ng

fr
ag

m
en

ts
ar

e
lig

at
ed

to
th

e
45

4
Ti

ta
ni

um
ad

ap
te

rs
A

an
d

B
in

th
e

sa
m

e
w

ay
th

at
th

e
sh

ot
gu

n
lib

ra
rie

s
ar

e
cr

ea
te

d.
Th

e
45

4
lib

ra
ry

fr
ag

m
en

ts
ar

e
th

en
cl

on
al

ly
am

pl
ifi

ed
in

bu
lk

by
ca

pt
ur

in
g

th
em

th
ro

ug
h

hy
br

id
iz

at
io

n
on

m
ic

ro
pa

rt
ic

le
be

ad
s

an
d

su
bj

ec
tin

g
th

em
to

em
ul

si
on

-b
as

ed
PC

R.
Th

is
re

su
lts

in
be

ad
s

th
at

ar
e

co
ve

re
d

w
ith

m
ill

io
ns

of
co

pi
es

of
a

si
ng

le
D

N
A

fr
ag

m
en

t
(r

an
ge

,4
00

--
80

0
bp

),
w

he
re

ea
ch

be
ad

co
nt

ai
ns

a
di

ffe
re

nt
cl

on
al

ly
am

pl
ifi

ed
lib

ra
ry

fr
ag

m
en

t.
A

ft
er

am
pl

ifi
ca

tio
n,

th
e

be
ad

s
ar

e
re

co
ve

re
d

fr
om

th
e

em
ul

si
on

s
an

d
ar

e
lo

ad
ed

in
to

th
e

w
el

ls
of

a
Pi

co
Ti

te
rP

la
te

(P
TP

)
de

vi
ce

su
ch

th
at

w
el

ls
co

nt
ai

n
si

ng
le

D
N

A
be

ad
s.

Th
e

PT
P

de
vi

ce
is

th
en

in
se

rt
ed

in
to

th
e

45
4

ge
no

m
e

se
qu

en
ce

r
FL

X-
Ti

ta
ni

um
in

st
ru

m
en

t
fo

r
se

qu
en

ci
ng

w
he

re
se

qu
en

ci
ng

re
ag

en
ts

ar
e

se
qu

en
tia

lly
flo

w
ed

ov
er

th
e

PT
P

w
el

ls
.E

ac
h

in
co

rp
or

at
io

n
of

a
nu

cl
eo

tid
e

co
m

pl
em

en
ta

ry
to

th
e

te
m

pl
at

e
st

ra
nd

re
su

lts
in

a
ch

em
ilu

m
in

es
ce

nt
lig

ht
si

gn
al

th
at

is
re

co
rd

ed
by

a
ca

m
er

a,
an

d
th

e
se

qu
en

ce
of

th
e

D
N

A
fr

ag
m

en
ts

is
de

te
rm

in
ed

.T
hi

s
se

qu
en

ci
ng

-b
y-

sy
nt

he
si

s
m

et
ho

d
is

kn
ow

n
as

py
ro

se
qu

en
ci

ng
.

b
Ill

um
in

a
re

gu
la

r
fr

ag
m

en
t,

30
0

b
p

;1
00

ng
of

D
N

A
w

as
sh

ea
re

d
to

30
0

b
p

us
in

g
th

e
C

ov
ar

is
LE

22
0

in
st

ru
m

en
t

an
d

si
ze

se
le

ct
ed

us
in

g
so

lid
-p

ha
se

re
ve

rs
ib

le
im

m
ob

ili
za

tio
n

(S
PR

I)
b

ea
ds

(B
ec

km
an

C
ou

lt
er

).
Th

e
fr

ag
m

en
ts

w
er

e
tr

ea
te

d
w

ith
en

d
re

p
ai

r,
A

-t
ai

lin
g,

an
d

lig
at

io
n

of
Ill

um
in

a-
co

m
p

at
ib

le
ad

ap
te

rs
(ID

T,
In

c.
)

us
in

g
th

e
KA

PA
-Il

lu
m

in
a

lib
ra

ry
cr

ea
tio

n
ki

t
(K

ap
a

Bi
os

ys
te

m
s)

.T
he

p
re

p
ar

ed
lib

ra
rie

s
w

er
e

qu
an

tifi
ed

us
in

g
Ka

p
a

Bi
os

ys
te

m
’s

ne
xt

-g
en

er
at

io
n

se
qu

en
ci

ng
lib

ra
ry

qu
an

tit
at

iv
e

PC
R

(q
PC

R)
ki

t
an

d
ru

n
on

a
Ro

ch
e

Li
gh

tC
yc

le
r

48
0

re
al

-t
im

e
PC

R
in

st
ru

m
en

t.
Th

e
qu

an
tifi

ed
lib

ra
rie

s
w

er
e

th
en

m
ul

tip
le

xe
d

w
ith

ot
he

r
lib

ra
rie

s,
an

d
th

e
p

oo
l

of
lib

ra
rie

s
w

as
th

en
p

re
p

ar
ed

fo
r

se
qu

en
ci

ng
on

th
e

Ill
um

in
a

H
iS

eq
or

th
e

Ill
um

in
a

G
A

IIx
(K

BS
63

)
se

qu
en

ci
ng

p
la

tf
or

m
ut

ili
zi

ng
a

Tr
uS

eq
p

ai
re

d-
en

d
cl

us
te

r
ki

t
v3

or
a

p
ai

re
d-

en
d

cl
us

te
r

ge
ne

ra
tio

n
ki

t,
v4

(K
BS

63
)

an
d

Ill
um

in
a’

s
cB

ot
in

st
ru

m
en

t
to

ge
ne

ra
te

a
cl

us
te

re
d

flo
w

ce
ll

fo
r

se
qu

en
ci

ng
.S

eq
ue

nc
in

g
of

th
e

flo
w

ce
ll

w
as

p
er

fo
rm

ed
on

th
e

Ill
um

in
a

H
iS

eq
20

00
se

qu
en

ce
r

us
in

g
a

Tr
uS

eq
SB

S
se

qu
en

ci
ng

ki
t

v3
fo

llo
w

in
g

a
2

�
15

0
in

de
xe

d
ru

n
re

ci
p

e
an

d
on

th
e

Ill
um

in
a

G
A

IIx
se

qu
en

ce
r

us
in

g
SB

S
se

qu
en

ci
ng

ki
ts

,v
4,

fo
llo

w
in

g
a

2
�

76
ru

n
re

ci
p

e
(K

BS
63

).
c

Ill
um

in
a

re
gu

la
r

lo
ng

m
at

e
p

ai
r,

8
kb

,C
re

-L
ox

ra
nd

om
sh

ea
r

m
at

e
p

ai
r

se
qu

en
ce

s;
5

�
g

of
D

N
A

w
as

sh
ea

re
d

us
in

g
�

C
ov

ar
is

g-
TU

BE
s

an
d

w
as

ge
l

si
ze

se
le

ct
ed

fo
r

8
kb

.T
he

sh
ea

re
d

D
N

A
w

as
tr

ea
te

d
w

ith
en

d
re

p
ai

r
an

d
lig

at
ed

w
ith

b
io

tin
yl

at
ed

ad
ap

te
rs

co
nt

ai
ni

ng
lo

xP
.T

he
ad

ap
te

r-
lig

at
ed

D
N

A
fr

ag
m

en
ts

w
er

e
ci

rc
ul

ar
iz

ed
vi

a
re

co
m

b
in

at
io

n
w

ith
a

C
re

ex
ci

si
on

re
ac

tio
n

(N
EB

).
Th

e
ci

rc
ul

ar
iz

ed
D

N
A

te
m

p
la

te
s

w
er

e
th

en
ra

nd
om

ly
sh

ea
re

d
us

in
g

th
e

C
ov

ar
is

LE
22

0
in

st
ru

m
en

t.
Th

e
sh

ea
re

d
fr

ag
m

en
ts

w
er

e
tr

ea
te

d
w

ith
en

d
re

p
ai

r
an

d
A

-t
ai

lin
g

us
in

g
th

e
KA

PA
-Il

lu
m

in
a

lib
ra

ry
cr

ea
tio

n
ki

t
(K

ap
a

Bi
os

ys
te

m
s)

fo
llo

w
ed

b
y

im
m

ob
ili

za
tio

n
of

m
at

e
p

ai
r

fr
ag

m
en

ts
on

st
re

p
ta

vi
di

n
b

ea
ds

(In
vi

tr
og

en
).

Ill
um

in
a-

co
m

p
at

ib
le

ad
ap

te
rs

(ID
T,

In
c.

)
w

er
e

lig
at

ed
to

th
e

m
at

e
p

ai
r

fr
ag

m
en

ts
,a

nd
14

cy
cl

es
of

PC
R

w
er

e
us

ed
to

en
ric

h
fo

r
th

e
fin

al
lib

ra
ry

(K
ap

a
Bi

os
ys

te
m

s)
.T

he
p

re
p

ar
ed

lib
ra

rie
s

w
er

e
qu

an
tifi

ed
us

in
g

Ka
p

a
Bi

os
ys

te
m

’s
ne

xt
-g

en
er

at
io

n
se

qu
en

ci
ng

lib
ra

ry
qP

C
R

ki
t

an
d

ru
n

on
a

Ro
ch

e
Li

gh
tC

yc
le

r
48

0
re

al
-t

im
e

PC
R

in
st

ru
m

en
t.

Th
e

qu
an

tifi
ed

lib
ra

rie
s

w
er

e
th

en
m

ul
tip

le
xe

d
w

ith
ot

he
r

lib
ra

rie
s,

an
d

th
e

p
oo

l
of

lib
ra

rie
s

w
as

th
en

p
re

p
ar

ed
fo

r
se

qu
en

ci
ng

on
th

e
Ill

um
in

a
H

iS
eq

se
qu

en
ci

ng
p

la
tf

or
m

ut
ili

zi
ng

a
Tr

uS
eq

p
ai

re
d-

en
d

cl
us

te
r

ki
t

v3
an

d
Ill

um
in

a’
s

cB
ot

in
st

ru
m

en
t

to
ge

ne
ra

te
a

cl
us

te
re

d
flo

w
ce

ll
fo

r
se

qu
en

ci
ng

.S
eq

ue
nc

in
g

of
th

e
flo

w
ce

ll
w

as
p

er
fo

rm
ed

on
th

e
Ill

um
in

a
H

iS
eq

20
00

se
qu

en
ce

r
us

in
g

a
Tr

uS
eq

SB
S

se
qu

en
ci

ng
ki

t
v3

fo
llo

w
in

g
a

2
�

10
0

in
de

xe
d

ru
n

re
ci

p
e.

d
Pa

cB
io

�
10

-k
b

lib
ra

rie
s

w
ith

A
M

Pu
re

b
ea

d
si

ze
se

le
ct

io
n;

un
am

p
lifi

ed
lib

ra
rie

s
w

er
e

ge
ne

ra
te

d
us

in
g

th
e

Pa
ci

fic
Bi

os
ci

en
ce

s
st

an
da

rd
te

m
p

la
te

p
re

p
ar

at
io

n
p

ro
to

co
l

fo
r

cr
ea

tin
g

�
10

-k
b

lib
ra

rie
s.

A
to

ta
l

of
5

�
g

of
ge

no
m

ic
D

N
A

w
as

us
ed

to
ge

ne
ra

te
ea

ch
lib

ra
ry

,a
nd

th
e

D
N

A
w

as
sh

ea
re

d
us

in
g

C
ov

ar
is

g-
TU

BE
s

to
ge

ne
ra

te
sh

ea
re

d
fr

ag
m

en
ts

�
10

kb
in

le
ng

th
.T

he
sh

ea
re

d
D

N
A

fr
ag

m
en

ts
w

er
e

th
en

p
re

p
ar

ed
us

in
g

Pa
ci

fic
Bi

os
ci

en
ce

s
SM

RT
b

el
l

te
m

p
la

te
p

re
p

ar
at

io
n

ki
t

v1
.0

,w
he

re
th

e
fr

ag
m

en
ts

w
er

e
tr

ea
te

d
w

ith
D

N
A

da
m

ag
e

re
p

ai
r,

ha
d

th
ei

r
en

ds
re

p
ai

re
d

so
th

at
th

ey
w

er
e

b
lu

nt
en

de
d,

an
d

w
er

e
5=

p
ho

sp
ho

ry
la

te
d.

Pa
ci

fic
Bi

os
ci

en
ce

s
ha

irp
in

ad
ap

te
rs

w
er

e
th

en
lig

at
ed

to
th

e
fr

ag
m

en
ts

to
cr

ea
te

th
e

SM
RT

b
el

l
te

m
p

la
te

fo
r

se
qu

en
ci

ng
.T

he
SM

RT
b

el
l

te
m

p
la

te
s

w
er

e
th

en
p

ur
ifi

ed
us

in
g

ex
on

uc
le

as
e

tr
ea

tm
en

ts
an

d
si

ze
se

le
ct

ed
us

in
g

A
M

Pu
re

PB
b

ea
ds

.
Se

qu
en

ci
ng

p
rim

er
w

as
th

en
an

ne
al

ed
to

th
e

SM
RT

b
el

l
te

m
p

la
te

s,
an

d
ve

rs
io

n
X

L
se

qu
en

ci
ng

p
ol

ym
er

as
e

w
as

b
ou

nd
to

th
em

.T
he

p
re

p
ar

ed
SM

RT
b

el
l

te
m

p
la

te
lib

ra
rie

s
w

er
e

th
en

se
qu

en
ce

d
on

a
Pa

ci
fic

Bi
os

ci
en

ce
s

RS
II

se
qu

en
ce

r
us

in
g

ve
rs

io
n

C
2

ch
em

is
tr

y
an

d
2-

h
se

qu
en

ci
ng

m
ov

ie
ru

n
tim

es
.

e
ht

tp
s:

//
gi

th
ub

.c
om

/l
h3

/w
gs

im
.

Microbiology Resource Announcement

Volume 9 Issue 5 e01087-19 mra.asm.org 3

https://www.ncbi.nlm.nih.gov/nuccore/JNIF00000000
https://www.ncbi.nlm.nih.gov/sra/?term=SRS1520682
https://github.com/lh3/wgsim
https://mra.asm.org


(10). The addition of these genomes in the public databases will help to further our
understanding of this prevalent and diverse phylum.

Data availability. The genome sequences are available in GenBank; accession

numbers can be found in Table 1.

ACKNOWLEDGMENTS

We thank Svetlana Dedysh for donating her strain Bryobacter aggregatus MPL3T and the
Division of Computational Systems Biology for providing and maintaining the Life Science
Compute Cluster (LiSC) at the University of Vienna.

This work was supported by an Austrian Science Fund FWF project grant (P26392-B20
to D.W. and S.A.E.) and a Joint Genome Institute Community Sequencing Program, “Pop-
ulating the Branches of the Phylum Acidobacteria” (number 386 to S.A.E., Cheryl R. Kuske,
and Jonathan Eisen). The work conducted by the U.S. Department of Energy Joint Genome
Institute, a DOE Office of Science User Facility, is supported by the Office of Science of the
U.S. Department of Energy under contract number DE-AC02-05CH11231.

REFERENCES
1. Barns SM, Cain EC, Sommerville L, Kuske CR. 2007. Acidobacteria phylum

sequences in uranium-contaminated subsurface sediments greatly ex-
pand the known diversity within the phylum. Appl Environ Microbiol
73:3113–3116. https://doi.org/10.1128/AEM.02012-06.

2. Lipson DA, Schmidt SK. 2004. Seasonal changes in an alpine soil bacterial
community in the Colorado Rocky Mountains. Appl Environ Microbiol
70:2867–2879. https://doi.org/10.1128/aem.70.5.2867-2879.2004.

3. Janssen PH. 2006. Identifying the dominant soil bacterial taxa in libraries
of 16S rRNA and 16S rRNA genes. Appl Environ Microbiol 72:1719 –1728.
https://doi.org/10.1128/AEM.72.3.1719-1728.2006.

4. Stevenson BS, Eichorst SA, Wertz JT, Schmidt TM, Breznak JA. 2004. New
strategies for cultivation and detection of previously uncultured mi-
crobes. Appl Environ Microbiol 70:4748 – 4755. https://doi.org/10.1128/
AEM.70.8.4748-4755.2004.

5. Eichorst SA, Breznak JA, Schmidt TM. 2007. Isolation and characterization
of soil bacteria that define Terriglobus gen. nov., in the phylum Acido-
bacteria. Appl Environ Microbiol 73:2708 –2717. https://doi.org/10.1128/
AEM.02140-06.

6. Kulichevskaya IS, Suzina NE, Liesack W, Dedysh SN. 2010. Bryobacter
aggregatus gen. nov., sp. nov., a peat-inhabiting, aerobic chemo-
organotroph from subdivision 3 of the Acidobacteria. Int J Syst Evol
Microbiol 60:301–306. https://doi.org/10.1099/ijs.0.013250-0.

7. Eichorst SA, Kuske CR, Schmidt TM. 2011. Influence of plant polymers
on the distribution and cultivation of bacteria in the phylum Acido-
bacteria. Appl Environ Microbiol 77:586 –596. https://doi.org/10.1128/
AEM.01080-10.

8. Ward NL, Challacombe JF, Janssen PH, Henrissat B, Coutinho PM, Wu M,
Xie G, Haft DH, Sait M, Badger J, Barabote RD, Bradley B, Brettin TS,
Brinkac LM, Bruce D, Creasy T, Daugherty SC, Davidsen TM, DeBoy RT,
Detter JC, Dodson RJ, Durkin AS, Ganapathy A, Gwinn-Giglio M, Han CS,
Khouri H, Kiss H, Kothari SP, Madupu R, Nelson KE, Nelson WC, Paulsen
I, Penn K, Ren Q, Rosovitz MJ, Selengut JD, Shrivastava S, Sullivan SA,
Tapia R, Thompson LS, Watkins KL, Yang Q, Yu C, Zafar N, Zhou L, Kuske

CR. 2009. Three genomes in the phylum Acidobacteria provide insight
into their lifestyles in soils. Appl Environ Microbiol 74:2046 –2056.
https://doi.org/10.1128/AEM.02294-08.

9. Rawat SR, Männistö MK, Bromberg Y, Häggblom MM. 2012. Comparative
genomic and physiological analysis provides insights into the role of Aci-
dobacteria in organic carbon utilization in Arctic tundra soils. FEMS Micro-
biol Ecol 82:341–355. https://doi.org/10.1111/j.1574-6941.2012.01381.x.

10. Eichorst SA, Trojan D, Roux S, Herbold C, Rattei T, Woebken D. 2018.
Genomic insights into the Acidobacteria reveal strategies for their success in
terrestrial environments. Environ Microbiol 20:1041–1063. https://doi.org/
10.1111/1462-2920.14043.

11. Eichorst SA. 2007. Isolation and characterization of members of the
phylum Acidobacteria from soils. PhD thesis. Michigan State University,
East Lansing, MI. https://doi.org/10.25335/M5804XZ94.

12. Dedysh SN, Pankratov TA, Belova SE, Kulichevskaya IS, Liesack W.
2006. Phylogenetic analysis and in situ identification of Bacteria com-
munity composition in an acidic Sphagnum peat bog. Appl Environ
Microbiol 72:2110 –2117. https://doi.org/10.1128/AEM.72.3.2110-2117
.2006.

13. Zerbino DR, Birney E. 2008. Velvet: algorithms for de novo short read
assembly using de Bruijn graphs. Genome Res 18:821– 829. https://doi
.org/10.1101/gr.074492.107.

14. Gnerre S, MacCallum I, Przybylski D, Ribeiro FJ, Burton JN, Walker BJ,
Sharpe T, Hall G, Shea TP, Sykes S, Berlin AM, Aird D, Costello M, Daza R,
Williams L, Nicol R, Gnirke A, Nusbaum C, Lander ES, Jaffe DB. 2011.
High-quality draft assemblies of mammalian genomes from massively
parallel sequence data. Proc Natl Acad Sci U S A 108:1513–1518. https://
doi.org/10.1073/pnas.1017351108.

15. Chin CS, Alexander DH, Marks P, Klammer AA, Drake J, Heiner C, Clum A,
Copeland A, Huddleston J, Eichler EE, Turner SW, Korlach J. 2013. Non-
hybrid, finished microbial genome assemblies from long-read SMRT
sequencing data. Nat Methods 10:563–569. https://doi.org/10.1038/
nmeth.2474.

Eichorst et al.

Volume 9 Issue 5 e01087-19 mra.asm.org 4

https://doi.org/10.1128/AEM.02012-06
https://doi.org/10.1128/aem.70.5.2867-2879.2004
https://doi.org/10.1128/AEM.72.3.1719-1728.2006
https://doi.org/10.1128/AEM.70.8.4748-4755.2004
https://doi.org/10.1128/AEM.70.8.4748-4755.2004
https://doi.org/10.1128/AEM.02140-06
https://doi.org/10.1128/AEM.02140-06
https://doi.org/10.1099/ijs.0.013250-0
https://doi.org/10.1128/AEM.01080-10
https://doi.org/10.1128/AEM.01080-10
https://doi.org/10.1128/AEM.02294-08
https://doi.org/10.1111/j.1574-6941.2012.01381.x
https://doi.org/10.1111/1462-2920.14043
https://doi.org/10.1111/1462-2920.14043
https://doi.org/10.25335/M5804XZ94
https://doi.org/10.1128/AEM.72.3.2110-2117.2006
https://doi.org/10.1128/AEM.72.3.2110-2117.2006
https://doi.org/10.1101/gr.074492.107
https://doi.org/10.1101/gr.074492.107
https://doi.org/10.1073/pnas.1017351108
https://doi.org/10.1073/pnas.1017351108
https://doi.org/10.1038/nmeth.2474
https://doi.org/10.1038/nmeth.2474
https://mra.asm.org

	Data availability. 
	ACKNOWLEDGMENTS
	REFERENCES



