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ABSTRACT In total, 12 quinolone-resistant Escherichia coli (QREC) strains containing
qnrS1 were submitted to long-read sequencing using a FLO-MIN106 flow cell on a
MinION device. The long reads were assembled with short reads (Illumina) and ana-
lyzed using the MOB-suite pipeline. Six of these QREC genome sequences were
closed after hybrid assembly.

The presence of quinolone-resistant Escherichia coli (QREC) in the animal reservoir is
a potential public health concern, especially related to plasmid-mediated quino-

lone resistance genes, as they might spread to more pathogenic bacteria. The qnrS1
gene is known to be situated on plasmids with different incompatibility (Inc) groups
(1, 2). Here, we aimed to select QREC strains encoding qnrS1 on plasmids with differ-
ent Inc groups to complete circular plasmid contigs.

We previously sequenced 280 QREC isolates from broilers, pigs, red foxes, and wild
birds, collected through the NORM-VET program from 2006 to 2017, using short-read
sequencing (Illumina, San Diego, CA) (3). The samples were either selectively isolated
on MacConkey agar containing 0.06mg/liter ciprofloxacin or randomly collected from
E. coli isolated on MacConkey agar. In total, 12 QREC isolates encoding qnrS1 from
these four animal species were selected for long-read sequencing. Here, we report the
hybrid assembly of these isolates, including six closed genome sequences. The hybrid
assemblies were further analyzed using MOB-suite (4).

Extraction of genomic DNA was performed using the Genomic-tip 100/G kit
(Qiagen, Hilden, Germany). Bacteria were enriched overnight at 37°C in 2 to 3ml heart
infusion broth (Difco, Omagh, UK). The DNA concentration was determined using the
Qubit double-stranded DNA (dsDNA) broad-range (BR) assay kit (Thermo Fisher
Scientific, Waltham, MA, USA), and the DNA was quality assessed using a NanoDrop
One spectrophotometer (Thermo Fisher Scientific). Approximately 400 ng of high-qual-
ity DNA was subjected to library preparation using a rapid barcoding kit (SQK-RBK004;
Oxford Nanopore Sequencing [ONT], Oxford, UK). Four samples were run with smaller
amounts (104, 154, 324, and 369 ng), as only a maximum volume of 7.5ml of template
was allowed into the library preparation reaction. The constructed libraries were
indexed using barcodes RB1 to RB12, loaded onto a FLO-MIN106 flow cell on a MinION
device (Oxford Nanopore Sequencing), and run for 40 h. The raw sequence data were
base called separately after the run using Guppy v.3.4.5 (5) and demultiplexed using
qcat v.1.1.0 (ONT, https://github.com/nanoporetech/qcat). The sequence quality of the
demultiplexed data sets was checked with NanoPlot v.1.30.0 (6). Default parameters
were used for all software unless otherwise specified.

Canu v.1.9 (7) was used to improve the accuracy of the long reads, followed by
Filtlong v.0.2.0 (https://github.com/rrwick/Filtlong) to remove reads of ,1,000 bp from
the corrected long reads. Hybrid assemblies were generated using Unicycler v.0.4.8 (8),

Citation Kaspersen H, Haverkamp THA, Ilag HK,
Øines Ø, Sekse C, Slettemeås JS. 2021.
Complete genome sequences of 12
quinolone-resistant Escherichia coli strains
containing qnrS1 based on hybrid assemblies.
Microbiol Resour Announc 10:e01190-20.
https://doi.org/10.1128/MRA.01190-20.

Editor David Rasko, University of Maryland
School of Medicine

Copyright © 2021 Kaspersen et al. This is an
open-access article distributed under the terms
of the Creative Commons Attribution 4.0
International license.

Address correspondence to Jannice Schau
Slettemeås, jannice.schau-slettemeas@vetinst.no.

Received 28 October 2020
Accepted 9 January 2021
Published 28 January 2021

Volume 10 Issue 4 e01190-20 mra.asm.org 1

GENOME SEQUENCES

https://orcid.org/0000-0002-9559-1303
https://orcid.org/0000-0003-2542-6991
https://github.com/nanoporetech/qcat
https://github.com/rrwick/Filtlong
https://doi.org/10.1128/MRA.01190-20
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:jannice.schau-slettemeas@vetinst.no
https://mra.asm.org
https://crossmark.crossref.org/dialog/?doi=10.1128/MRA.01190-20&domain=pdf&date_stamp=2021-1-28


TA
B
LE

1
C
ha

ra
ct
er
is
ti
cs

an
d
ac
ce
ss
io
n
nu

m
b
er
s
of

th
e
qu

in
ol
on

e-
re
si
st
an

tE
sc
he
ric
hi
a
co
li
qn

rS
1
st
ra
in
s

St
ra
in

Pl
as
m
id

In
c
ty
p
e

(p
M
LS

T)
ST

a

N
o.

of
Ill
um

in
a

re
ad

s
fo
r:

D
at
a
fo
r
N
an

op
or
e

re
ad

s:

N
o.

of
co

n
ti
g
s

To
ta
ls
iz
e

(M
b
p
)

Re
p
lic
on

si
ze

(b
p
)

G
C
co

n
te
n
t

(%
)

N
o.

of
g
en

es
C
ov

er
ag

e
(×

)

EN
A
ac
ce
ss
io
n
n
o.

fo
r:

Re
ad

1
Re

ad
2

N
o.

of
re
ad

s
A
vg

le
n
g
th

(b
p
)

Ra
w
re
ad

s
A
ss
em

b
ly

20
15

-0
1-
20

97
14

21
81

8,
79

8
86

5,
88

1
33

1,
31

2
5,
29

2.
7

2c
4.
68

50
.8

4,
50

7
27

5.
1

ER
R4

59
22

47
LR

88
19

40
.1

In
cX

1b
21

,3
74

44
.5

28
43

7.
9

LR
88

19
41

.1
20

15
-0
1-
46

6
10

76
1,
94

1
81

9,
98

9
21

1,
52

3
5,
22

7.
7

5c
4.
87

50
.6

4,
69

5
24

7.
4

ER
R4

59
22

48
LR

88
20

52
.1

In
cF

(F
-:A

1:
B1

)
11

3,
09

6
52

.6
13

7
25

6.
3

LR
88

20
53

.1
In
cH

87
,8
22

47
.9

96
16

4.
3

LR
88

20
54

.1
In
cF

b
(F
2:
A
-:B

-)
50

,9
09

53
.0

63
31

6.
1

LR
88

20
55

.1
In
cX

1
46

,0
65

40
.7

55
29

4.
5

LR
88

20
56

.1
20

16
-0
2-
32

4
70

36
65

4,
15

2
71

3,
18

8
25

8,
31

6
4,
23

2.
1

2c
4.
90

51
.0

4,
65

6
21

3.
1

ER
R4

59
22

49
LR

88
20

50
.1

In
cF

b
(F
-:A

-:B
53

)
94

,9
55

52
.8

10
8

22
5.
2

LR
88

20
51

.1
20

16
-0
2-
41

8
58

59
6,
77

3
65

0,
65

7
17

4,
48

1
2,
30

9.
8

29
4.
96

50
.8

4,
78

6
19

1.
0

ER
R4

59
22

50
C
A
JG

EF
01

In
cX

1b
46

,4
47

d
42

.9
55

31
0.
5

20
16

-0
2-
52

2
10

11
79

5,
11

8
86

7,
42

6
16

6,
58

4
4,
17

6.
7

4
4.
94

50
.6

4,
59

6
25

5.
6

ER
R4

59
22

51
C
A
JG

EG
01

In
cY

b
78

,6
34

50
.3

10
3

24
4.
5

20
16

-0
2-
62

0
69

4
67

6,
46

5
74

0,
78

2
43

8,
68

7
3,
79

4.
8

5
4.
71

50
.8

4,
49

4
22

7.
8

ER
R4

59
22

52
C
A
JG

EH
01

In
cX

3b
44

,4
25

46
.3

59
25

1.
6

20
16

-1
7-
16

4
75

93
65

4,
29

9
71

3,
35

0
58

8,
80

5
2,
98

3.
2

8
4.
93

50
.8

4,
67

2
21

1.
0

ER
R4

59
22

53
C
A
JG

EI
01

In
cF

b
(F
89

:A
-:B

53
)

11
8,
36

1
50

.1
13

3
10

6.
0

20
16

-1
7-
29

2
23

69
5,
09

3
72

0,
31

9
31

0,
22

4
5,
19

6.
4

3c
4.
99

50
.4

4,
84

9
21

7.
5

ER
R4

59
22

54
LR

88
24

93
.1

In
cF

(F
24

:A
-:B

1)
97

,0
83

48
.7

99
12

1.
3

LR
88

24
94

.1
In
cI
2

59
,9
44

42
.1

83
13

6.
4

LR
88

24
95

.1
20

16
-1
7-
36

3
48

76
1,
19

6
82

5,
50

2
40

4,
78

0
2,
64

4.
6

5
4.
67

50
.7

4,
47

8
25

8.
2

ER
R4

59
22

55
C
A
JG

W
N
01

In
cH

b
(u
nk

no
w
n)

86
,2
14

48
.5

10
0

22
1.
7

20
16

-1
7-
55

0
21

65
98

8,
53

7
1,
05

8,
89

2
21

8,
82

8
4,
39

8.
6

2c
4.
82

50
.8

4,
55

9
32

6.
5

ER
R4

59
22

56
LR

88
39

65
In
cY

b
10

4,
73

2
48

.0
11

8
12

8.
2

LR
88

39
66

20
15

-0
1-
28

38
11

7
38

8,
30

6
41

8,
33

8
12

9,
95

0
3,
45

7.
6

15
5.
14

50
.7

4,
89

9
98

.0
ER

R4
59

22
57

C
A
JG

W
P0

1
In
cX

2b
39

,6
30

46
.0

50
33

7.
3

20
14

-0
1-
73

75
45

3
47

2,
49

4
48

2,
58

5
20

9,
99

4
4,
66

7.
7

5c
5.
27

50
.6

5,
11

9
34

.1
ER

R4
59

22
58

LR
88

20
57

.1
In
cI
1

98
,9
97

49
.4

11
0

62
.5

LR
88

20
58

.1
In
cF

(F
-:A

-:B
56

)
82

,1
42

47
.8

89
46

.4
LR

88
20

59
.1

In
cX

1b
47

,6
86

43
.1

56
64

.0
LR

88
20

60
.1

In
cF

(F
-:A

-:B
11

4)
42

,6
60

52
.5

54
88

.3
LR

88
20

61
.1

a
ST
,s
eq

ue
nc

e
ty
p
e.

b
Pl
as
m
id

w
it
h
qn

rS
.

c
G
en

om
e
cl
os
ed

.
d
Pl
as
m
id

no
tc

irc
ul
ar
iz
ed

.

Kaspersen et al.

Volume 10 Issue 4 e01190-20 mra.asm.org 2

https://www.ebi.ac.uk/ena/browser/view/ERR4592247
https://www.ebi.ac.uk/ena/browser/view/LR881940.1
https://www.ebi.ac.uk/ena/browser/view/LR881941.1
https://www.ebi.ac.uk/ena/browser/view/ERR4592248
https://www.ebi.ac.uk/ena/browser/view/LR882052.1
https://www.ebi.ac.uk/ena/browser/view/LR882053.1
https://www.ebi.ac.uk/ena/browser/view/LR882054.1
https://www.ebi.ac.uk/ena/browser/view/LR882055.1
https://www.ebi.ac.uk/ena/browser/view/LR882056.1
https://www.ebi.ac.uk/ena/browser/view/ERR4592249
https://www.ebi.ac.uk/ena/browser/view/LR882050.1
https://www.ebi.ac.uk/ena/browser/view/LR882051.1
https://www.ebi.ac.uk/ena/browser/view/ERR4592250
https://www.ebi.ac.uk/ena/browser/view/CAJGEF01
https://www.ebi.ac.uk/ena/browser/view/ERR4592251
https://www.ebi.ac.uk/ena/browser/view/CAJGEG01
https://www.ebi.ac.uk/ena/browser/view/ERR4592252
https://www.ebi.ac.uk/ena/browser/view/CAJGEH01
https://www.ebi.ac.uk/ena/browser/view/ERR4592253
https://www.ebi.ac.uk/ena/browser/view/CAJGEI01
https://www.ebi.ac.uk/ena/browser/view/ERR4592254
https://www.ebi.ac.uk/ena/browser/view/LR882493.1
https://www.ebi.ac.uk/ena/browser/view/LR882494.1
https://www.ebi.ac.uk/ena/browser/view/LR882495.1
https://www.ebi.ac.uk/ena/browser/view/ERR4592255
https://www.ebi.ac.uk/ena/browser/view/CAJGWN01
https://www.ebi.ac.uk/ena/browser/view/ERR4592256
https://www.ebi.ac.uk/ena/browser/view/LR883965
https://www.ebi.ac.uk/ena/browser/view/LR883966
https://www.ebi.ac.uk/ena/browser/view/ERR4592257
https://www.ebi.ac.uk/ena/browser/view/CAJGWP01
https://www.ebi.ac.uk/ena/browser/view/ERR4592258
https://www.ebi.ac.uk/ena/browser/view/LR882057.1
https://www.ebi.ac.uk/ena/browser/view/LR882058.1
https://www.ebi.ac.uk/ena/browser/view/LR882059.1
https://www.ebi.ac.uk/ena/browser/view/LR882060.1
https://www.ebi.ac.uk/ena/browser/view/LR882061.1
https://mra.asm.org


followed by Prokka v.1.14.5 (9) to annotate the hybrid assemblies. The GC content of
each assembly was calculated using the EMBOSS v.6.6.0 (10) commands “union” and
“infoseq.” MOB-suite v.1.4.9 (4) was used to predict plasmid sequences from the hybrid
assemblies and identify their respective replicon types. Each plasmid FASTA file gener-
ated by MOB-suite was subjected to ResFinder v.4.0 (11), VirulenceFinder v.2.0 (12),
and PlasmidFinder v.2.1 (13). Plasmids containing qnrS1 were confirmed by genome
annotation with Prokka. The Illumina reads were mapped back to the assembly using
BWA v.0.7.17 (14), and the depth of coverage was calculated using SAMtools v.1.10
(15) using the depth (genome-wide) and coverage (replicon) options.

The characteristics and accession numbers are presented in Table 1. The plasmid
assemblies with Inc groups that allowed further typing were run on pMLST v.2.0 (13)
on the Center for Epidemiology Genomics website to further determine the respective
replicon types.

Data availability. All data sets are deposited in ENA under accession number
PRJEB40547 (Table 1).
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