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ABSTRACT We report the draft genomes of 15 multidrug-resistant and potentially
pathogenic Escherichia coli strains isolated from watercress, cockles, or the surround-
ing water in Aotearoa, New Zealand.

Information on antimicrobial resistance (AMR) in the New Zealand environment is
sparse (1). Bivalve species such as tuaki (littleneck cockle [Austrovenus stuchburyii])

concentrate bacteria (2) and therefore may be sentinels of AMR in marine environ-
ments (3) or sources of food safety risk. W�at�akirihi (watercress [Nasturtium officinale]), a
freshwater vegetable, was shown to be a carrier of Escherichia coli (4). Food poisoning
outbreaks overseas were attributed to watercress and shellfish (5, 6), while recreational
water contact is a risk factor for pathogenic E. coli carriage in New Zealand (7). Therefore,
we selected E. coli strains isolated in Waitaha/North Canterbury from watercress, cockles,
and the surrounding water for whole-genome sequencing. Multidrug-resistant isolates
were prioritized for sequencing.

Strains CK5_JAN2020, CK5_MAY2020, and CKCHL2_MAY2020 were isolated from
cockles following New Zealand Ministry for Primary Industries guidelines (8). Strains
CSCIP4_JAN2020 and CSCIP1_MAR2020 were isolated from watercress as follows.
Watercress leaves (50 g) were blended for 2 min with 150 mL sterile phosphate-buffered
saline. Aliquots (1 mL) were aseptically spread on tryptone-bile-X-glucuronide (TBX) agar.
Other strains were isolated by membrane filtration from water collected at food-gathering
sites (9). Plates were incubated for 12 to 16 h at 44°C before presumptive E. coli strains
were saved for further analysis.

Methods for determining MIC values and conjugation conditions were as described
previously (10, 11). DNA was extracted from single colonies cultured on TBX agar and was
sequenced using Illumina paired-end sequencing at the Microbial Genome Sequencing
Center (MiGS) (Pittsburgh, PA, USA). Raw reads were trimmed with Trimmomatic v0.39 (12)
and assembled with SPAdes v3.15.4 (13). AMR genes (ARGs) were annotated with
ResFinder v4.1 (14, 15), and multilocus sequence typing (MLST) was performed using MLST
v2.0 (16). Public-facing genomes were annotated by PGAP v5.3 (17). Default parameters
were used for all software. Sequencing metrics and strain data are presented in Table 1.

Resistance to sulfonamides, tetracycline, aminoglycosides, and b-lactam antibiotics
represented the most common genotypes. Many of the ARGs have not been reported
in the New Zealand environment, including blaCTX-M-3, floR, cmlA1, inu(F), dfrA14, drfA5,
mph(A), aadA1, aadA2, tet(D), and mef(B) (Table 1).

We predicted that some of the ARGs were plasmid linked, and this was confirmed
by the ability of seven strains to transmit one or more drug resistance phenotypes by
conjugation (data not shown). The 15 draft genomes represent 11 sequence types

Editor David A. Baltrus, University of Arizona

Copyright © 2022 van Hamelsveld et al. This is
an open-access article distributed under the
terms of the Creative Commons Attribution 4.0
International license.

Address correspondence to Jack A.
Heinemann, jack.heinemann@canterbury.ac.nz.

The authors declare no conflict of interest.

Received 23 February 2022
Accepted 13 April 2022
Published 26 April 2022

May 2022 Volume 11 Issue 5 10.1128/mra.01158-21 1

GENOME SEQUENCES

https://orcid.org/0000-0002-9074-9052
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1128/mra.01158-21
https://crossmark.crossref.org/dialog/?doi=10.1128/mra.01158-21&domain=pdf&date_stamp=2022-4-26


TA
B
LE

1
G
en

om
e
st
at
is
ti
cs

an
d
ge

no
ty
p
in
g
an

d
p
he

no
ty
p
in
g
in
fo
rm

at
io
n

St
ra
in

Sa
m
p
lin

g
lo
ca
ti
on

a

N
o.

of
re
ad

s
(m

ill
io
n
)

A
m
t
of

D
N
A

se
q
ue

n
ce
d

(M
b
)

G
en

om
e

le
n
g
th

(b
p
)

N
5
0
(b
p
)

C
ov

er
ag

e
d
ep

th
(×

)
G
C
co

n
te
n
t

(%
)

N
o.

of
co

n
ti
g
s

G
en

B
an

k
ac
ce
ss
io
n

n
o.

B
io
Sa

m
p
le

ac
ce
ss
io
n
n
o.

SR
A
ac
ce
ss
io
n

n
o.

ST
A
M
R
p
h
en

ot
yp

eb
A
RG

s
C
K5

_J
A
N
20

20
1

1.
6

47
3.
3

4,
92

7,
02

8
13

3,
40

2
96

50
.6

98
JA
JN

O
X
00

00
00

00
0

SA
M
N
23

49
85

28
SR

R1
71

63
59

8
15

5
Te
t,
Tm

p
aa

dA
5,
df
rA
17
,s
ul
1,
te
t(
A
)

A
SH

.E
ST
_C

H
L1
_

JA
N
20

20
1

1.
6

57
8.
9

5,
12

8,
94

5
18

4,
11

0
90

50
.7

91
JA
JN

O
Y0

00
00

00
00

SA
M
N
23

49
85

29
SR

R1
71

63
59

7
65

4
A
m
p
,T
et
,T
m
p
,

C
hl

aa
dA

2,
ap

h(
30
)-
Ib
,a
ph

(6
)-
Id
,

bl
a T

EM
-1
B
,d
fr
A
12
,fl
oR

,s
ul
2,

su
l3
,t
et
(A
)

C
K5

_M
A
Y2

02
0

1
1.
5

53
7.
7

5,
02

6,
55

6
18

2,
99

1
86

50
.7

72
JA
JN

O
Z0

00
00

00
00

SA
M
N
23

49
85

30
SR

R1
71

63
59

6
17

22
A
m
p
,T
et
,T
m
p
,

C
hl

aa
dA

1,
aa

dA
2,
bl
a T

EM
-1
B
,

cm
lA
1,
df
rA
12
,s
ul
3,
te
t(
A
)

C
KC

H
L2
_M

A
Y2

02
0

1
1.
5

55
9.
3

4,
84

7,
56

5
11

0,
68

7
92

50
.8

91
JA
JN

PA
00

00
00

00
0

SA
M
N
23

49
85

31
SR

R1
71

63
59

5
10

A
m
p
,T
et
,T
m
p
,

C
hl

bl
a T

EM
-1
B
,d
fr
A
14
,s
ul
2,
te
t(
A
)

C
A
M
P2

_J
A
N
20

19
2

1.
6

57
9.
3

4,
93

1,
48

5
93

,9
68

94
50

.7
12

7
JA
JN

PB
00

00
00

00
0

SA
M
N
23

49
85

32
SR

R1
71

63
59

4
10

A
m
p
,T
et
,G

en
ap

h(
6)
-Id

,b
la

TE
M
-1
B
,m

ef
(B
),

st
rA
,s
ul
3,
te
t(
A
)

C
SC

IP
4_

JA
N
20

20
2

1.
4

53
3.
0

4,
85

9,
48

6
12

9,
78

0
88

50
.7

77
JA
JN

PC
00

00
00

00
0

SA
M
N
23

49
85

33
SR

R1
71

71
57

5
69

A
m
p
,C

ip
,T
m
p
,

C
hl

bl
a T

EM
-1
A
,d
fr
A
14
,fl
oR

,t
et
(A
)

C
SC

IP
2_

JA
N
20

20
2

1.
5

54
1.
9

4,
86

1,
96

1
10

6,
39

6
89

50
.8

11
4

JA
JN

PD
00

00
00

00
0

SA
M
N
23

49
85

34
SR

R1
71

71
57

4
10

A
m
p
,C

ip
,T
m
p
,

Ka
n

ap
h(
30
)-
Ib
,a
ph

(3
9)
-Ia

,a
ph

(6
)-

Id
,b
la

TE
M
-1
B
,d
fr
A
14
,d
fr
A
5,

su
l2

C
SC

H
L2
_J
A
N
20

20
2

1.
4

52
3.
2

5,
02

0,
82

8
13

5,
69

7
83

50
.5

93
JA
JN

PE
00

00
00

00
0

SA
M
N
23

49
85

35
SR

R1
71

71
57

3
12

7
A
m
p
,T
et
,C

hl
,

Tm
p
,G

en
aa

c(
3)
-II
d,
aa

dA
5,
ap

h(
30
)-
Ib
,

ap
h(
6)
-Id

,b
la

TE
M
-1
B
,d
fr
A
17
,

su
l1
,s
ul
2,
te
t(
D
)

C
SC

H
L1
_M

A
R2

02
0

2
1.
6

56
9.
7

5,
08

5,
25

5
13

1,
00

2
90

50
.6

11
0

JA
JN

PF
00

00
00

00
0

SA
M
N
23

49
85

36
SR

R1
71

71
57

2
13

1
A
m
p
,T
et
,C

hl
,

Tm
p
,G

en
ap

h(
30
)-
Ib
,a
ph

(6
)-
Id
,b
la

TE
M
-1
B
,

ca
tA
1,
df
rA
17
,s
ul
2,
te
t(
B)

C
SC

IP
1_

M
A
R2

02
0

2
1.
7

60
8.
9

5,
01

5,
76

0
15

1,
08

2
97

50
.5

91
JA
JN

PG
00

00
00

00
0

SA
M
N
23

49
85

37
SR

R1
71

73
28

3
45

7
A
m
p
,T
et
,C

hl
,

Tm
p
,K
an

,
G
en

,C
tx
,C

az
,

C
ip

aa
c(
3)
-II
d,
aa

dA
1,
ap

h(
39
)-
Ia
,

bl
a C

M
Y
-2
,b
la

TE
M
-1
B
,c
m
lA
1,

df
rA
12
,fl
oR

,l
nu

(F
),
su
l2
,

su
l3
,t
et
(A
)

C
SC

IP
2_

M
A
R2

02
0

2
1.
7

61
2.
3

5,
36

7,
99

3
93

,5
35

91
50

.6
12

0
JA
JN

PH
00

00
00

00
0

SA
M
N
23

49
85

38
SR

R1
71

73
28

2
40

5
A
m
p
,T
et
,C

ip
,

C
tx
,C

az
aa

c(
3)
-II
d,
aa

dA
5,
ap

h(
30
)-
Ib
,

ap
h(
6)
-Id

,b
la

C
TX

-M
-3
,b
la

TE
M
-

1
B
,d
fr
A
17
,m

ph
(A
),
su
l1
,

su
l2
,t
et
(A
)

SA
M
P1

_J
A
N
20

19
3

1.
6

60
2.
7

5,
13

4,
50

3
13

0,
02

4
94

50
.6

11
5

JA
JN

PI
00

00
00

00
0

SA
M
N
23

49
85

39
SR

R1
71

73
28

8
69

A
m
p
,T
et

bl
a T

EM
-1
C
,t
et
(A
)

SL
A
M
P2

_J
A
N
20

19
3

1.
7

62
9.
2

5,
30

5,
48

2
12

9,
75

7
95

50
.6

10
8

JA
JN

PJ
00

00
00

00
0

SA
M
N
23

49
85

40
SR

R1
71

73
28

7
69

A
m
p
,T
et

bl
a T

EM
-1
B
,t
et
(A
)

G
RC

H
L1
_M

A
R2

02
0

4
1.
6

60
2.
4

4,
64

9,
55

3
92

,3
21

10
4

50
.8

13
3

JA
JN

PK
00

00
00

00
0

SA
M
N
23

49
85

41
SR

R1
71

73
28

6
58

A
m
p
,T
et
,C

hl
ap

h(
30
)-
Ib
,a
ph

(6
)-
Id
,b
la

TE
M
-1
B
,

fl
oR

,s
ul
2

G
RC

H
L2
_M

A
R2

02
0

4
1.
6

14
4.
9

4,
76

9,
28

5
72

,1
79

97
50

.8
11

6
JA
JN

PL
00

00
00

00
0

SA
M
N
23

49
85

42
SR

R1
71

73
28

5
21

6
Te
t,
C
hl
,T
m
p

aa
dA

1,
aa

dA
2,
aa

dA
5,
cm

lA
1,

df
rA
17
,s
ul
2,
su
l3
,t
et
(A
)

a
Sa
m
p
lin

g
lo
ca
ti
on

s
w
er
e
as

fo
llo

w
s:
1,
43

°1
69
49

.5
0S
,1
72

°4
39
14

.9
0E
;2
,4
3°
20

93
4.
90
S,
17

2°
38

91
4.
10
E;
3,
43

°2
39
27

.7
0S
,1
72

°3
79
34

.9
0E
;4
,4
3°
17

94
9.
90
S,
17

2°
39

90
4.
70
E.

b
A
M
R
p
he

no
ty
p
e
in
di
ca
te
s
re
si
st
an

ce
to

an
ti
b
io
ti
cs

w
it
h
M
IC

va
lu
es

at
or

ab
ov

e
th
e
C
LS
Ib

re
ak
p
oi
nt

co
nc

en
tr
at
io
n.
A
m
p
,a
m
p
ic
ill
in

(3
2
m
g
m
L2

1
);
Te
t,
te
tr
ac
yc
lin

e
(1
6
m
g
m
L2

1
);
C
hl
,c
hl
or
am

p
he

ni
co
l(
32

m
g
m
L2

1
);
Tm

p
,

tr
im

et
ho

p
rim

(1
6
m
g
m
L2

1
);
Ka

n,
ka
na

m
yc
in

(6
4
m
g
m
L2

1
);
G
en

,g
en

ta
m
ic
in

(1
6
m
g
m
L2

1
);
C
tx
,c
ef
ot
ax
im

e
(4
m
g
m
L2

1
);
C
az
,c
ef
ta
zi
di
m
e
(1
6
m
g
m
L2

1
);
C
ip
,c
ip
ro
fl
ox

ac
in

(1
m
g
m
L2

1
).

Announcement Microbiology Resource Announcements

May 2022 Volume 11 Issue 5 10.1128/mra.01158-21 2

https://www.ncbi.nlm.nih.gov/nuccore/JAJNOX000000000
https://www.ncbi.nlm.nih.gov/biosample/SAMN23498528
https://www.ncbi.nlm.nih.gov/sra/SRR17163598
https://www.ncbi.nlm.nih.gov/nuccore/JAJNOY000000000
https://www.ncbi.nlm.nih.gov/biosample/SAMN23498529
https://www.ncbi.nlm.nih.gov/sra/SRR17163597
https://www.ncbi.nlm.nih.gov/nuccore/JAJNOZ000000000
https://www.ncbi.nlm.nih.gov/biosample/SAMN23498530
https://www.ncbi.nlm.nih.gov/sra/SRR17163596
https://www.ncbi.nlm.nih.gov/nuccore/JAJNPA000000000
https://www.ncbi.nlm.nih.gov/biosample/SAMN23498531
https://www.ncbi.nlm.nih.gov/sra/SRR17163595
https://www.ncbi.nlm.nih.gov/nuccore/JAJNPB000000000
https://www.ncbi.nlm.nih.gov/biosample/SAMN23498532
https://www.ncbi.nlm.nih.gov/sra/SRR17163594
https://www.ncbi.nlm.nih.gov/nuccore/JAJNPC000000000
https://www.ncbi.nlm.nih.gov/biosample/SAMN23498533
https://www.ncbi.nlm.nih.gov/sra/SRR17171575
https://www.ncbi.nlm.nih.gov/nuccore/JAJNPD000000000
https://www.ncbi.nlm.nih.gov/biosample/SAMN23498534
https://www.ncbi.nlm.nih.gov/sra/SRR17171574
https://www.ncbi.nlm.nih.gov/nuccore/JAJNPE000000000
https://www.ncbi.nlm.nih.gov/biosample/SAMN23498535
https://www.ncbi.nlm.nih.gov/sra/SRR17171573
https://www.ncbi.nlm.nih.gov/nuccore/JAJNPF000000000
https://www.ncbi.nlm.nih.gov/biosample/SAMN23498536
https://www.ncbi.nlm.nih.gov/sra/SRR17171572
https://www.ncbi.nlm.nih.gov/nuccore/JAJNPG000000000
https://www.ncbi.nlm.nih.gov/biosample/SAMN23498537
https://www.ncbi.nlm.nih.gov/sra/SRR17173283
https://www.ncbi.nlm.nih.gov/nuccore/JAJNPH000000000
https://www.ncbi.nlm.nih.gov/biosample/SAMN23498538
https://www.ncbi.nlm.nih.gov/sra/SRR17173282
https://www.ncbi.nlm.nih.gov/nuccore/JAJNPI000000000
https://www.ncbi.nlm.nih.gov/biosample/SAMN23498539
https://www.ncbi.nlm.nih.gov/sra/SRR17173288
https://www.ncbi.nlm.nih.gov/nuccore/JAJNPJ000000000
https://www.ncbi.nlm.nih.gov/biosample/SAMN23498540
https://www.ncbi.nlm.nih.gov/sra/SRR17173287
https://www.ncbi.nlm.nih.gov/nuccore/JAJNPK000000000
https://www.ncbi.nlm.nih.gov/biosample/SAMN23498541
https://www.ncbi.nlm.nih.gov/sra/SRR17173286
https://www.ncbi.nlm.nih.gov/nuccore/JAJNPL000000000
https://www.ncbi.nlm.nih.gov/biosample/SAMN23498542
https://www.ncbi.nlm.nih.gov/sra/SRR17173285
https://journals.asm.org/journal/mra
https://doi.org/10.1128/mra.01158-21


(STs), including ST131 and ST457, known from community infections and animal reser-
voirs (18, 19) (Table 1).

We have reported draft genome sequences of AMR bacteria isolated from aquatic
kai (foods) in Aotearoa, New Zealand. These data serve as a “wake-up call” regarding
the risk of improper handling of aquatic wild foods and demonstrate the potential for
their use as highly sensitive environmental monitors of AMR.

Data availability. The data have been deposited in GenBank under BioProject
PRJNA784635, and the accession numbers are presented in Table 1.
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