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ABSTRACT Resistance to colistin, a last-resort antibiotic, threatens the treatment of
complicated infections, especially in susceptible populations such as Syrian refugees
who live in makeshift camps. Two multidrug-resistant Escherichia coli strains with the
plasmid-borne colistin resistance gene (mcr-1.1) were isolated from the waters used
by refugees and sequenced to analyze antibiotic resistance determinants.

Many Syrian refugees live in makeshift camps with limited access to clean water,
food, and proper sanitation (1–3). Previously, we showed that the refugees were

exposed to multidrug-resistant Escherichia coli (4). These isolates were retrieved from
composite water samples (1 liter) collected from the drinking reservoirs and wells that
were located in the camps and used by the refugees. The water was filtered using
0.22-mm Millipore membranes that were then placed onto the selective RAPID'E. coli 2
agar (Bio-Rad, USA) supplemented with 4mg/ml colistin (Sigma-Aldrich, USA) (4). The
plates were then incubated at 37°C under aerobic conditions for 18 to 24 h. Isolates
that had the expected E. coli phenotype (violet to pink colonies) were purified, and
their identities were confirmed using PCR analysis that targeted an E. coli-specific 16S
rRNA gene fragment (5). The E. coli exhibited resistance to important antibiotics,
including colistin (polymyxin E) (Table 1), and carried the colistin resistance gene (mcr-
1.1) on transmissible plasmids (4). To further characterize these strains, their sequence
types, and other antimicrobial resistance (AMR) determinants, the genomes of two
mcr-1.1-positive multidrug-resistant E. coli strains that exhibited high resistance to coli-
stin were sequenced.

For genomic DNA isolation, the E. coli strains were cultured on RAPID'E. coli 2 agar
as described above. Colonies were removed from the plates with inoculation loops
and suspended in the buffer supplied in the QiaAmp DNA minikit (Qiagen, USA), which
was used to extract the DNA as described in the manufacturer’s protocol. DNA concen-
trations were determined using a Qubit BR double-stranded DNA (dsDNA) assay kit
(Invitrogen, USA), and libraries were prepared with the Nextera XT DNA library prepara-
tion kit (6). The Qubit dsDNA high-sensitivity (HS) assay kit (Invitrogen, USA) was used
to determine the concentration of the sample libraries, which were then diluted and
denatured according to the Illumina “Denature and Dilute Libraries Guide” protocol A.
The libraries were loaded into the MiSeq reagent cartridge (MiSeq reagent kit v2, 300
cycles) (6) and sequenced on a MiSeq sequencer (Illumina, USA) with the paired-end
sequencing strategy (2� 150 bp). Trimmomatic v0.36 (7) was used to remove low-qual-
ity reads. The leading three and the trailing three nucleotides were removed from the
reads, and a 4-nucleotide sliding window was used to remove nucleotides from the 39
ends when the average Phred score dropped below 20. After discarding reads shorter
than 75 bp, the total number of reads was obtained for each isolate. Draft genome
sequences were assembled from trimmed and filtered reads using SPAdes v3.9.0 with

Citation Nasser NA, Alhaj Sulaiman A, Mann D,
Li S, Deng X, Kassem II. 2021. Draft genome
sequences of multidrug-resistant andmcr-1.1-
harboring Escherichia coli isolated from drinking
and well waters used in Syrian refugee camps.
Microbiol Resour Announc 10:e01252-20. https://
doi.org/10.1128/MRA.01252-20.

Editor David Rasko, University of Maryland
School of Medicine

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

Address correspondence to Issmat I. Kassem,
issmat.kassem@uga.edu.

Received 29 October 2020
Accepted 13 December 2020
Published 14 January 2021

Volume 10 Issue 2 e01252-20 mra.asm.org 1

GENOME SEQUENCES

https://orcid.org/0000-0002-6720-9269
https://orcid.org/0000-0002-7251-2529
https://orcid.org/0000-0002-2978-9573
https://doi.org/10.1128/MRA.01252-20
https://doi.org/10.1128/MRA.01252-20
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:issmat.kassem@uga.edu
https://mra.asm.org
https://crossmark.crossref.org/dialog/?doi=10.1128/MRA.01252-20&domain=pdf&date_stamp=2021-1-14


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

ge
no

m
es

of
th
e
E.
co
li
st
ra
in
s
ha

rb
or
in
g
m
cr
-1
.1
an

d
is
ol
at
ed

fr
om

w
at
er

so
ur
ce
s
in

Sy
ria

n
re
fu
ge

e
ca
m
p
sa

Is
ol
at
e

B
ac
te
ri
al

sp
ec
ie
s

So
ur
ce

SR
A
n
o.

of
ra
w

se
q
ue

n
ce
s

G
en

B
an

k
ac
ce
ss
io
n

n
o.

of
as
se
m
b
le
d

g
en

om
es

G
en

om
e

si
ze

(b
p
)

N
o.

of
co

n
ti
g
s

G
C
co

n
te
n
t

(%
)

N
5
0
(b
p
)

Se
q
ue

n
ci
n
g

co
ve

ra
g
e
(×

)
To

ta
ln

o.
of

re
ad

s
Re

si
st
an

ce
to

se
le
ct
ed

an
ti
b
io
ti
cs

b
C
ol
is
ti
n
M
IC

(m
g
/m

l)
A
M
R
g
en

es
d
et
ec
te
d
b
y

W
G
S
(t
ot
al
n
o.

of
g
en

es
)c

ST
D
1

E.
co
li

D
rin

ki
ng

w
at
er

SR
X
77

41
06

6
JA
C
YY

T0
00

00
00

00
5,
16

9,
13

9
25

4
50

.4
74

,1
27

82
.2

2,
24

1,
79

6
R:
PE

N
,A

M
P,
A
M
C
,L
EX

,
G
EN

,K
A
N
,S
TR

,T
ET
,

C
IP
,N

O
R,
SX

T,
C
H
L

64
aa

c(
3)
-II
d,
aa

dA
2,
an

t(
30
)-
Ia
,

ap
h(
30
)-
Ib
,a
ph

(3
9)
-Ia

,
ap

h(
6)
-Id

,b
la

TE
M
-1
B
,

cm
lA
1,
df
rA
12
,d
fr
A
17
,

df
rA
5,
fl
oR

,f
os
A
3,
ln
u(
F)
,

m
cr
-1
.1
,m

df
A
,m

ph
A
,

su
l1
,s
ul
3,
te
tA

(2
0
ge

ne
s)

ST
29

36

IR
:F
EP

,C
TX

S:
C
FM

,D
O
R,
IP
M
,M

EM

D
3

E.
co
li

W
el
l w
at
er

SR
X
77

41
06

8
JA
C
YY

S0
00

00
00

00
4,
76

0,
84

8
25

1
50

.7
59

,1
55

79
.5

1,
91

0,
61

0
R:
PE

N
,A

M
P,
A
M
C
,

C
TX

,L
EX

,C
FM

,D
O
R,

G
EN

,K
A
N
,S
TR

,T
ET
,

C
IP
,N

O
R,
SX

T,
C
H
L

32
aa

c(
3)
-II
a,
aa

dA
2,
an

t(
30
)-
Ia
,

ap
h(
39
)-
Ia
,b
la

C
FE
-1
,

bl
a C

M
Y
-2
,b
la

TE
M
-1
B
,c
m
lA
1,

df
rA
14
,fl
oR

,m
cr
-1
.1
,

m
df
A
,m

ph
A
,s
ul
3,
te
tA

(1
5
ge

ne
s)

ST
16

38

IR
:F
EP

S:
IP
M
,M

EM

a
Th

e
co
lis
ti
n
M
IC

w
as

qu
an

ti
fi
ed

us
in
g
th
e
b
ro
th

m
ic
ro
di
lu
ti
on

m
et
ho

d.
Re

si
st
an

ce
to

ot
he

ra
nt
ib
io
ti
cs

w
as

de
te
rm

in
ed

us
in
g
th
e
di
sk

di
ff
us
io
n
as
sa
y
an

d
th
e
C
lin

ic
al
an

d
La
b
or
at
or
y
St
an

da
rd
s
In
st
it
ut
e
(C
LS
I)
gu

id
el
in
es

(1
6)
.

b
R,
re
si
st
an

ce
;I
R,
in
te
rm

ed
ia
te

re
si
st
an

ce
;S
,s
us
ce
p
ti
b
ili
ty
;P
EN

,p
en

ic
ill
in
;A

M
P,
am

p
ic
ill
in
;A

M
C
,a
m
ox

ic
ill
in

p
lu
s
cl
av
ul
an

ic
ac
id
;F
EP

,c
ef
ep

im
e;
C
TX

,c
ef
ot
ax
im

e;
LE
X
,c
ep

ha
le
xi
n;
C
FM

,c
efi

xi
m
e;
D
O
R,
do

rip
en

em
;I
PM

,i
m
ip
en

em
;

M
EM

,m
er
op

en
em

;G
EN

,g
en

ta
m
ic
in
;K
A
N
,k
an

am
yc
in
;S
TR

,s
tr
ep

to
m
yc
in
;T
ET
,t
et
ra
cy
cl
in
e;
C
IP
,c
ip
ro
fl
ox

ac
in
;N

O
R,
no

rfl
ox

ac
in
;S
X
T,
tr
im

et
ho

p
rim

-s
ul
fa
m
et
ho

xa
zo
le
;C

H
L,
ch

lo
ra
m
p
he

ni
co
l.
Th

e
an

ti
b
io
ti
cs

in
th
e
re
si
st
an

ce
p
ro
fi
le
s
ar
e
ar
ra
ng

ed
ac
co
rd
in
g
to

th
e
or
de

ro
fa
nt
ib
io
ti
cs
/c
la
ss
es

lis
te
d
in

th
e
C
LS
Ig

ui
de

lin
es

(1
6)
.

c
W
G
S,
w
ho

le
-g
en

om
e
se
qu

en
ci
ng

.

Nasser et al.

Volume 10 Issue 2 e01252-20 mra.asm.org 2

https://www.ncbi.nlm.nih.gov/sra/SRX7741066
https://www.ncbi.nlm.nih.gov/nuccore/JACYYT000000000
https://www.ncbi.nlm.nih.gov/sra/SRX7741068
https://www.ncbi.nlm.nih.gov/nuccore/JACYYS000000000
https://mra.asm.org


the “–careful” option (8). Contigs shorter than 200bp were discarded. Evaluation of the
draft genome quality was performed using QUAST v4.5 (9). Sequence types (STs) were
determined using the assembled genomes and the PubMLST database (https://
pubmlst.org/) with MLST software v2.16.2 (https://github.com/tseemann/mlst) (10).
Default parameters were used for all software unless otherwise specified.

The properties of the draft genome sequences and their accession numbers are
listed in Table 1. Using the ResFinder v3.0 database (11), it was shown that the E. coli
strains carried 15 and 20 AMR genes (Table 1), including mcr-1.1 and others that
encoded resistance to important classes of antibiotics, such as aminoglycosides, diami-
nopyrimidines, macrolides, b-lactams, phenicols, fosfomycin, tetracyclines, fluoroqui-
nolones, and sulfonamides. MLST analysis revealed that the strains belonged to
ST2936 and ST1638. These STs have been associated with extended-spectrum b-lacta-
mase-producing E. coli strains and those resistant to extended-spectrum cephalospo-
rins in poultry, as well as mcr-1-positive E. coli, perhaps suggesting the contamination
of water from nearby poultry farms (12–15).

The draft genome sequences are crucial to understanding the dissemination of
AMR determinants in refugee camps, highlighting the vulnerability of these popula-
tions to resistant infections and unsanitary conditions.

Data availability. The assembled genome sequences were deposited under acces-
sion numbers JACYYT000000000 and JACYYS000000000.
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