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ABSTRACT Leuconostoc carnosum is a lactic acid bacterium that preferentially colo-
nizes meat. In this work, we present the draft genome sequences of 12 Leuconostoc
carnosum strains isolated from modified-atmosphere-packaged cooked ham and
fresh sausages. Three strains harbor bacteriocin genes.

Leuconostoc carnosum is a heterofermentative, catalase-negative lactic acid bacte-
rium (LAB) comprising the major component of the microbiota in modified-

atmosphere-packaged (MAP) cooked ham at the end of the shelf life, where it reaches
a concentration of 107 to 108 CFU/g (1). After a few weeks of shelf life, a high dose of
alive L. carnosum may be ingested when consuming MAP cooked ham (1). L. carnosum
easily colonizes several other meat-based food matrices, as suggested by the species
name (2–6). It has been associated with ham spoilage (7, 8), but some strains have been
proposed as bioprotective starters (4, 9) due to their production of bacteriocins against
Listeria monocytogenes (5, 6). When we started this project, a sole completed genome
sequence was available in GenBank (L. carnosum JB16, accession number SAMN02603179),
obtained from a strain isolated from kimchi (10). Twelve L. carnosum genomes have
been sequenced to characterize this species, belonging to 9 strains isolated from MAP
cooked ham and 3 from fresh sausages, according to Raimondi et al. (1, 2) (Table 1).

For whole-genome sequencing, each strain was cultivated in brain heart infusion
broth (Becton, Dickinson, USA) at 30°C for 48 h under microaerophilic conditions.
Biomass was collected by centrifugation for 5 min at 5,000 � g. The genomic DNA was
extracted with a QIAamp DNA minikit (Qiagen GmbH, Germany). The concentration was
determined with a Qubit fluorometer (Invitrogen, USA). The DNA samples were sub-
mitted to the Singapore Centre for Environmental Life Sciences Engineering (SCELSE),
where they were tagged with Illumina TruSeq high-throughput (HT) DNA dual barcodes
for library preparation and sequenced on an Illumina HiSeq 2500 instrument (USA). For
each sample, 250-bp paired-end reads were obtained. The raw and postprocessed
reads were checked for quality with FastQC v0.11.7 (11). Cutadapt v1.16 was used to
trim Illumina adapters, and reads with a quality score lower than 20 (– overlap � 15,
–minimum-length � 30, – quality-cutoff � 20) were removed (12). The trimmed reads
were assembled with SPAdes v3.12 (– careful – cov-cutoff auto -k auto) (13), and the
quality of the assemblies was evaluated using QUAST v5.0.2 (14). Trimming, quality
checking, and assembly were performed on the Galaxy platform (https://usegalaxy.eu/)
(15). The completeness of the assemblies was determined with CheckM v1.0.8 (16). The
taxonomy was confirmed with KmerFinder on the CGE server (https://cge.cbs.dtu.dk/
services/KmerFinder/) (17). The assembled genomes were ordered with Mauve v2.4.0

Citation Candeliere F, Raimondi S, Spampinato
G, Tay MYF, Amaretti A, Schlundt J, Rossi M.
2020. Draft genome sequences of 12
Leuconostoc carnosum strains isolated from
cooked ham packaged in a modified
atmosphere and from fresh sausages. Microbiol
Resour Announc 9:e01247-19. https://doi.org/
10.1128/MRA.01247-19.

Editor Catherine Putonti, Loyola University
Chicago

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

Address correspondence to Maddalena Rossi,
maddalena.rossi@unimore.it.

Received 3 October 2019
Accepted 9 December 2019
Published 9 January 2020

GENOME SEQUENCES

crossm

Volume 9 Issue 2 e01247-19 mra.asm.org 1

 on January 13, 2020 at U
N

IV
E

R
S

IT
A

 S
T

U
D

I D
I M

O
D

E
N

A
http://m

ra.asm
.org/

D
ow

nloaded from
 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Archivio istituzionale della ricerca - Università di Modena e Reggio Emilia

https://core.ac.uk/display/287850083?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://orcid.org/0000-0003-0944-6677
https://orcid.org/0000-0002-2350-8902
https://orcid.org/0000-0002-3336-2935
https://orcid.org/0000-0002-5342-3950
https://www.ncbi.nlm.nih.gov/biosample/SAMN02603179
https://usegalaxy.eu/
https://cge.cbs.dtu.dk/services/KmerFinder/
https://cge.cbs.dtu.dk/services/KmerFinder/
https://doi.org/10.1128/MRA.01247-19
https://doi.org/10.1128/MRA.01247-19
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:maddalena.rossi@unimore.it
https://crossmark.crossref.org/dialog/?doi=10.1128/MRA.01247-19&domain=pdf&date_stamp=2020-1-9
https://mra.asm.org
http://mra.asm.org/


TA
B

LE
1

St
at

is
tic

s
of

as
se

m
b

le
d

ge
no

m
es

G
en

B
an

k
ac

ce
ss

io
n

n
o.

SR
A

ac
ce

ss
io

n
n

o.
N

o.
of

ra
w

re
ad

s
St

ra
in

So
ur

ce
C

ou
n

tr
y

of
or

ig
in

G
en

om
e

si
ze

(b
p

)
N

o.
of

co
n

ti
g

sa

N
5

0

(b
p

)
C

ov
er

ag
e

(�
)b

G
�

C
co

n
te

n
t

(%
)a

N
o.

of
C

D
Sc

N
o.

of
rR

N
A

sd

N
o.

of
tR

N
A

sd

C
om

p
le

te
n

es
s

(%
)e

VB
X

G
01

00
00

00
SR

R1
03

89
90

7
2,

10
3,

28
2

W
C

03
18

C
oo

ke
d

ha
m

It
al

y
1,

74
5,

63
0

15
1,

14
2,

37
4

63
8

37
.2

1,
73

9
5

51
99

.4
76

VB
X

F0
10

00
00

0
SR

R1
03

89
90

6
1,

71
8,

93
0

W
C

03
19

C
oo

ke
d

ha
m

It
al

y
1,

70
0,

07
1

11
1,

13
7,

58
0

52
1

37
.1

1,
67

9
5

49
99

.4
76

VB
X

E0
10

00
00

0
SR

R1
03

89
89

9
1,

84
8,

53
0

W
C

03
20

C
oo

ke
d

ha
m

Po
la

nd
1,

81
2,

11
4

18
1,

10
9,

73
8

56
1

37
.1

1,
85

3
5

51
99

.4
76

VB
X

D
01

00
00

00
SR

R1
03

89
89

8
1,

75
3,

95
0

W
C

03
21

C
oo

ke
d

ha
m

Fr
an

ce
1,

80
4,

29
3

40
1,

10
6,

03
5

53
2

37
.1

1,
85

4
5

52
99

.4
76

VB
X

C
01

00
00

00
SR

R1
03

89
89

7
1,

69
6,

89
7

W
C

03
22

C
oo

ke
d

ha
m

Fr
an

ce
1,

85
3,

23
9

16
30

6,
69

0
51

5
37

1,
89

8
5

50
99

.4
76

VB
X

B0
10

00
00

0
SR

R1
03

89
89

6
1,

84
7,

67
0

W
C

03
23

C
oo

ke
d

ha
m

G
er

m
an

y
1,

77
3,

69
8

23
25

6,
02

6
56

0
37

.2
1,

80
2

5
52

99
.4

76
VB

X
A

01
00

00
00

SR
R1

03
89

89
5

1,
51

5,
13

6
W

C
03

24
C

oo
ke

d
ha

m
G

er
m

an
y

1,
76

5,
76

0
13

1,
13

7,
27

6
46

0
37

.1
1,

76
8

5
49

99
.4

76
VB

W
Y0

10
00

00
0

SR
R1

03
89

89
3

1,
65

4,
96

3
W

C
03

25
C

oo
ke

d
ha

m
It

al
y

1,
83

0,
24

8
27

22
9,

29
1

50
2

37
.2

1,
88

1
5

52
99

.4
76

VB
W

W
01

00
00

00
SR

R1
03

89
90

5
1,

89
3,

37
2

W
C

03
26

Sa
us

ag
e

It
al

y
1,

77
0,

04
8

22
41

2,
62

1
57

4
37

.2
1,

76
7

5
49

99
.4

76
VB

W
V0

10
00

00
0

SR
R1

03
89

90
4

1,
87

2,
27

3
W

C
03

27
Sa

us
ag

e
It

al
y

1,
76

9,
68

3
20

41
2,

62
1

56
8

37
.2

1,
76

8
5

49
99

.4
76

VB
W

S0
10

00
00

0
SR

R1
03

89
90

1
1,

77
4,

31
6

W
C

03
28

Sa
us

ag
e

It
al

y
1,

81
5,

94
9

36
23

9,
73

9
53

8
37

.1
1,

82
6

5
51

98
.9

53
VB

W
R0

10
00

00
0

SR
R1

03
89

90
0

1,
49

8,
69

6
W

C
03

29
C

oo
ke

d
ha

m
Fr

an
ce

1,
65

0,
96

6
14

25
6,

12
3

45
5

37
.2

1,
64

4
5

52
99

.4
76

a
D

et
er

m
in

ed
us

in
g

Q
U

A
ST

v5
.0

.2
.

b
C

ov
er

ag
e

ha
s

b
ee

n
ca

lc
ul

at
ed

as
(2

�
25

0
�

nu
m

b
er

of
re

ad
s)

/r
ef

er
en

ce
ge

no
m

e
le

ng
th

.
c

D
et

er
m

in
ed

us
in

g
th

e
RA

ST
se

rv
er

.
d

D
et

er
m

in
ed

us
in

g
Pr

ok
ka

v1
.1

3,
w

ith
de

fa
ul

t
p

ar
am

et
er

s.
e

D
et

er
m

in
ed

us
in

g
C

he
ck

M
v1

.0
.8

.

Candeliere et al.

Volume 9 Issue 2 e01247-19 mra.asm.org 2

 on January 13, 2020 at U
N

IV
E

R
S

IT
A

 S
T

U
D

I D
I M

O
D

E
N

A
http://m

ra.asm
.org/

D
ow

nloaded from
 

https://www.ncbi.nlm.nih.gov/nuccore/VBXG01000000
https://www.ncbi.nlm.nih.gov/sra/SRR10389907
https://www.ncbi.nlm.nih.gov/nuccore/VBXF01000000
https://www.ncbi.nlm.nih.gov/sra/SRR10389906
https://www.ncbi.nlm.nih.gov/nuccore/VBXE01000000
https://www.ncbi.nlm.nih.gov/sra/SRR10389899
https://www.ncbi.nlm.nih.gov/nuccore/VBXD01000000
https://www.ncbi.nlm.nih.gov/sra/SRR10389898
https://www.ncbi.nlm.nih.gov/nuccore/VBXC01000000
https://www.ncbi.nlm.nih.gov/sra/SRR10389897
https://www.ncbi.nlm.nih.gov/nuccore/VBXB01000000
https://www.ncbi.nlm.nih.gov/sra/SRR10389896
https://www.ncbi.nlm.nih.gov/nuccore/VBXA01000000
https://www.ncbi.nlm.nih.gov/sra/SRR10389895
https://www.ncbi.nlm.nih.gov/nuccore/VBWY01000000
https://www.ncbi.nlm.nih.gov/sra/SRR10389893
https://www.ncbi.nlm.nih.gov/nuccore/VBWW01000000
https://www.ncbi.nlm.nih.gov/sra/SRR10389905
https://www.ncbi.nlm.nih.gov/nuccore/VBWV01000000
https://www.ncbi.nlm.nih.gov/sra/SRR10389904
https://www.ncbi.nlm.nih.gov/nuccore/VBWS01000000
https://www.ncbi.nlm.nih.gov/sra/SRR10389901
https://www.ncbi.nlm.nih.gov/nuccore/VBWR01000000
https://www.ncbi.nlm.nih.gov/sra/SRR10389900
https://mra.asm.org
http://mra.asm.org/


(18), using the sequence of L. carnosum JB16 as a reference. The draft genomes were
annotated on the RAST server (19) and with Prokka v1.13 (20). BAGEL4 (21) was used
to identify bacteriocin genes. The sequence data were deposited in GenBank under the
BioProject accession number PRJNA542256. Table 1 shows the GenBank accession
number, number of raw reads, assembly statistics, and features of the genomes. The
average G�C content ( � the standard deviation) was 37.14% � 0.07%. An average of
1,790 coding sequences (CDS) per genome were annotated, with genome sizes ranging
between 1,650,966 and 1,853,239 bp and an average completeness of 99.43%. Accord-
ing to in silico analysis, 3 out of 12 strains were identified as potential bacteriocin
producers.

Data availability. The sequence data were deposited in GenBank under BioProject
accession number PRJNA542256. Table 1 lists, for each sample, the GenBank accession
number and the number of raw reads.
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