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Genomes of diverse Clostridia isolated from a spore forming 
community in mice that were associated with protection against 
metabolic syndrome and obesity
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ABSTRACT Clostridia are common mammalian gut commensals with emerging roles 
in human health. Here, we describe 10 Clostridia genomes from a consortium of spore 
forming bacteria, shown to protect mice from metabolic syndrome. These genomes will 
provide valuable insight on the beneficial role of spore forming bacteria in the gut.
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S pore forming (SF) bacteria are an important part of a healthy microbiome. Loss of 
SF bacteria has been associated with diseases including obesity and type 2 diabetes 

(1–3). Recent literature has found that the class Clostridia provides protection from 
inflammatory bowel disease, metabolic syndrome, infections, and colorectal cancer (4–
7). However, this class of bacteria is often fastidious to grow, which has limited the 
availability of quality genomes to study.

To advance our understanding of SF bacteria, genomes from 10 isolates were 
sequenced. To isolate SF bacteria, feces from C57BL/6 specific pathogen-free mice were 
incubated anaerobically with 0.1% cysteine and 3% chloroform at 37°C for 1 hour to kill 
off vegetative bacteria. Chloroform was removed by bubbling CO2 through the sample 
for 30 s. To propagate the enrichment of SF bacteria, the sample was gavaged into 
a breeder pair of germ-free C57BL/6 mice housed in gnotobiotic conditions and feces 
from resulting offspring were collected, homogenized, serial diluted, and plated on YCFA 
anaerobically. Individual colonies were picked, streaked to isolation, and liquid cultures 
started from individual colonies in YCFA; DNA was extracted using Purelink Microbiome 
DNA purification kit (Invitrogen). Mouse work was performed under IACUC Protocol 
00001562.

Five of the isolates' genomes were hybrid assembled from Illumina NovaSeq 
paired-end 150 and Oxford Nanopore Technologies (ONT) minION reads. Illumina 
libraries were prepared with NEBNext Ultra II FS DNA kit (NEB, E7805S), and reads 
were adapter and quality-trimmed with cutadapt (v2.10) (8) in the trim_galore (v0.6.6) 
wrapper using default parameters. ONT libraries were prepared without DNA shearing 
or size selection using rapid barcoding kit R9.4.1 chemistry (ONT, SQK-RBK004). Reads 
were basecalled, demultiplexed, adapter, and barcode-trimmed with guppy (v6.0.1_gpu), 
then quality-filtered with NanoFilt (9) using a minimum average read quality of 10 
and a minimum length of 200. Hybrid genomes were assembled with SPAdes v3.15.5 
within Unicycler v0.5.0 pipeline “normal mode” and filtered contigs < 200 bp (10, 11). 
Five genomes were sequenced and assembled with PacBio reads using Flye v2.8.1 (12) 
with parameters “--plasmids --iterations 2”. SMRTbell libraries were prepared without 
shearing using PacBio Express Template Prep Kit 2.0, pooled, and size selected using 
Sage Sciences' BluePippin with 0.75% DF Marker S1 High-Pass 6–10 kb v3 run protocol, 
S1 marker, and a cutoff of 8,000 (BPstart value), and then libraries were bound per SMRT 

July 2024  Volume 13  Issue 7 10.1128/mra.00351-24 1

Editor Vanja Klepac-Ceraj, Department of 
Biological Sciences, Wellesley College, Wellesley, 
Massachusetts, USA

Address correspondence to June L. Round, 
june.round@path.utah.edu.

Allison M. Weis and Kendra A. Klag contributed 
equally to this article. The author order was 
determined by ascending height.

The authors declare no conflict of interest.

See the funding table on p. 3.

Received 3 April 2024
Accepted 13 April 2024
Published 20 June 2024

Copyright © 2024 Weis et al. This is an open-access 
article distributed under the terms of the Creative 
Commons Attribution 4.0 International license.

https://crossmark.crossref.org/dialog/?doi=10.1128/mra.00351-24&domain=pdf&date_stamp=2024-06-20
https://doi.org/10.1128/mra.00351-24
https://creativecommons.org/licenses/by/4.0/


TA
BL

E 
1 

Ta
xo

no
m

y 
an

d 
ge

no
m

e 
ch

ar
ac

te
ris

tic
s 

of
 s

po
re

 fo
rm

in
g 

ba
ct

er
ia

a

Is
ol

at
e 

ID
G

en
Ba

nk
 

ac
ce

ss
io

n

Ta
xo

n 
be

yo
nd

 c
la

ss
 

cl
os

tr
id

ia
 o

rd
er

 

eu
ba

ct
er

ia
le

s

Cl
os

es
t r

ef
 

ge
no

m
e

A
N

I
Se

qu
en

ci
ng

Co
nt

ig
s

N
50

Si
ze

%
G

C
CD

S
SR

R
Ill

um
in

a 
Pa

ire
d-

En
d 

re
ad

 

nu
m

be
r

Pa
cB

io
 

su
br

ea
d 

nu
m

be
r

Pa
cB

io
 

su
br

ea
d 

N
50

O
N

T 
re

ad
 

nu
m

be
r

O
N

T 

re
ad

 

N
50

O
N

T 
flo

w
ce

ll

JL
R.

KK
00

1
JA

YM
N

O
00

00

00
00

0

f_
_L

ac
hn

os
pi

ra
ce

ae
;

g_
_S

po
ro

fa
ci

en
s s

p.
 

KK
00

1

G
CA

_9
10

5

74
71

5.
1

98
.4

4
H

yb
rid

31
4,

96
8,

56
5

6,
39

0,
41

0
46

%
6,

39
9

SR
R2

80
14

01
4,

 

SR
R2

80
14

00
7

4,
71

7,
05

2
N

A
N

A
26

,5
47

7,
32

7
FL

O
-M

IN
10

6

JL
R.

KK
00

5
JA

YM
N

R0
00

0

00
00

0

f_
_C

an
di

da
tu

s;

g_
_V

en
tr

im
on

as
 sp

. 

KK
00

5

G
CA

_0
09

9

11
06

5.
1

96
.1

5
H

yb
rid

20
5

19
7,

06
8

5,
08

3,
53

9
44

%
4,

94
9

SR
R2

80
14

01
3,

 

SR
R2

80
14

00
6

3,
63

2,
23

4
N

A
N

A
15

4,
05

4
FL

O
-F

LG
00

1

JL
R.

KK
00

6
JA

YM
N

S0
00

0

00
00

0

f_
_L

ac
hn

os
pi

ra
ce

ae
;

g_
_C

an
di

da
tu

s 

M
er

di
so

m
a 

sp
. K

K0
06

G
CA

_9
10

5

74
25

5.
1

98
.8

6
H

yb
rid

11
2

11
1,

68
5

4,
69

8,
23

9
45

%
4,

50
2

SR
R2

80
14

01
0,

 

SR
R2

80
14

00
5

5,
15

1,
02

8
N

A
N

A
77

3,
51

3
FL

O
-F

LG
00

1

JL
R.

KK
01

1
JA

YW
SZ

00
00

00
00

0

f_
_L

ac
hn

os
pi

ra
ce

ae
;

g_
_C

an
di

da
tu

s 

M
er

di
so

m
a 

sp
. K

K0
11

G
CA

_9
10

5

75
72

5.
1

98
.5

7
Pa

cB
io

7
2,

53
2,

42
0

5,
04

3,
84

4
48

%
4,

95
8

SR
R2

85
16

89
1

N
A

92
,8

62
11

,6
48

N
A

N
A

N
A

JL
R.

KK
00

2
JA

YM
N

P0
00

0

00
00

0

f_
_L

ac
hn

os
pi

ra
ce

ae
 

ba
ct

er
iu

m
 K

K0
02

G
CF

_0
00

4

03
84

5.
2

88
.4

H
yb

rid
5

4,
21

2,
29

5
4,

27
6,

02
6

46
%

4,
10

2
SR

R2
80

14
00

9,
 

SR
R2

80
14

00
4

4,
88

0,
94

2
N

A
N

A
11

,6
08

8,
89

4
FL

O
-M

IN
10

6

JL
R.

KK
00

8
CP

14
35

48
f_

_L
ac

hn
os

pi
ra

ce
ae

 

ba
ct

er
iu

m
 K

K0
08

G
CA

_9
10

5

85
34

5.
1

78
.3

5
Pa

cB
io

1
3,

18
8,

74
8

3,
18

8,
74

8
48

%
3,

07
8

SR
R2

85
16

89
0

N
A

39
,8

04
12

,2
82

N
A

N
A

N
A

JL
R.

KK
00

9
CP

14
35

49
f_

_L
ac

hn
os

pi
ra

ce
ae

 

ba
ct

er
iu

m
 K

K0
09

G
CA

_0
00

4

03
31

5.
2

99
.3

1
Pa

cB
io

1
5,

26
8,

20
9

5,
26

8,
20

9
47

%
5,

16
5

SR
R2

85
16

88
9

N
A

81
,0

55
12

,0
85

N
A

N
A

N
A

JL
R.

KK
00

4
JA

YM
N

Q
00

00

00
00

0

f_
_O

sc
ill

os
pi

ra
ce

ae
;

g_
_A

cu
ta

lib
ac

te
r s

p.
 

KK
00

4

G
CF

_0
09

9

36
03

5.
1

96
.4

4
H

yb
rid

12
2,

63
5,

13
7

3,
85

2,
82

3
54

%
4,

04
6

SR
R2

80
14

00
8,

 

SR
R2

80
14

00
3

3,
64

0,
50

2
N

A
N

A
15

,2
86

8,
99

0
FL

O
-M

IN
10

6

JL
R.

KK
00

7
JA

YW
SY

00
00

00
00

0

f_
_O

sc
ill

os
pi

ra
ce

ae
;

g_
_L

aw
so

ni
ba

ct
er

 sp
. 

KK
00

7

G
CA

_9
10

5

84
60

5.
1

98
.4

8
Pa

cB
io

5
1,

63
7,

60
2

4,
29

5,
26

2
58

%
4,

45
8

SR
R2

85
16

88
8

N
A

10
9,

45
2

12
,7

56
N

A
N

A
N

A

JL
R.

KK
01

0
CP

14
35

50
f_

_E
ub

ac
te

ria
le

s 

Fa
m

ily
 X

III
;g

__
Em

er
­

ge
nc

ia
 sp

. K
K0

10

G
CF

_0
09

9

36
04

5.
1

98
.0

9
Pa

cB
io

1
3,

07
6,

57
3

3,
07

6,
57

3
44

%
2,

87
4

SR
R2

85
16

88
7

N
A

26
0,

14
5

12
,9

15
N

A
N

A
N

A

a N
A

 =
 N

ot
 a

pp
lic

ab
le

.

Announcement Microbiology Resource Announcements

July 2024  Volume 13  Issue 7 10.1128/mra.00351-24 2

https://www.ncbi.nlm.nih.gov/nuccore/JAYMNO000000000
https://www.ncbi.nlm.nih.gov/sra/SRR28014014
https://www.ncbi.nlm.nih.gov/sra/SRR28014007
https://www.ncbi.nlm.nih.gov/nuccore/JAYMNR000000000
https://www.ncbi.nlm.nih.gov/sra/SRR28014013
https://www.ncbi.nlm.nih.gov/sra/SRR28014006
https://www.ncbi.nlm.nih.gov/nuccore/JAYMNS000000000
https://www.ncbi.nlm.nih.gov/sra/SRR28014010
https://www.ncbi.nlm.nih.gov/sra/SRR28014005
https://www.ncbi.nlm.nih.gov/nuccore/JAYWSZ000000000
https://www.ncbi.nlm.nih.gov/sra/SRR28516891
https://www.ncbi.nlm.nih.gov/nuccore/JAYMNP000000000
https://www.ncbi.nlm.nih.gov/sra/SRR28014009
https://www.ncbi.nlm.nih.gov/sra/SRR28014004
https://www.ncbi.nlm.nih.gov/nuccore/CP143548
https://www.ncbi.nlm.nih.gov/sra/SRR28516890
https://www.ncbi.nlm.nih.gov/nuccore/CP143549
https://www.ncbi.nlm.nih.gov/sra/SRR28516889
https://www.ncbi.nlm.nih.gov/nuccore/JAYMNQ000000000
https://www.ncbi.nlm.nih.gov/sra/SRR28014008
https://www.ncbi.nlm.nih.gov/sra/SRR28014003
https://www.ncbi.nlm.nih.gov/nuccore/JAYWSY000000000
https://www.ncbi.nlm.nih.gov/sra/SRR28516888
https://www.ncbi.nlm.nih.gov/nuccore/CP143550
https://www.ncbi.nlm.nih.gov/sra/SRR28516887
https://doi.org/10.1128/mra.00351-24


Link Setup and sequenced on a Sequel II. Assemblies were annotated by NCBI's PGAP 
v6.6 (13).

All isolates are domain Bacteria, phylum Bacillota, class Clostridia, and order 
Eubacteriales (see Table 1 for full NCBI-assigned taxonomy). While some of the genomes 
had published close matching reference genomes, others such as Lachnospiraceae KK002 
and KK008 were as far away as 88% and 78% best match by average nucleotide identity 
(ANI), respectively (FastANI v0.1.3 via GTDB-tk toolkit), indicating that they are likely new 
and undescribed species (14). Each genome's features including GC% content, genome 
size, and the number of predicted genes are described in Table 1.
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