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Supplementary Figure 1: Flow chart of the systematic literature review according to the PRISMA 41 

guidelines. 42 

Systematic literature review 43 

Relevant papers that had published on mcr-1 and mcr-2 were identified in Pubmed, Web of Science, 44 

Scopus, ScienceDirect and Google Scholar using the query ‘mcr-1 OR mcr1 OR mcr-2 OR mcr2 OR 45 

(mcr AND colistin)’. The database was accessed on 4 January 2017.  46 

 47 

Criteria for considering studies for this study 48 

Eligible for inclusion were all studies publishing: 49 

- a multilocus sequence typing (MLST) profile (sequence type; ST) of at least one mcr-1 positive E. coli 50 

isolate, or 51 

- a whole genome sequence (WGS) of any species. For E. coli species the WGS was used for both 52 

phylogeny and plasmid analysis. For other species the WGS was used only for plasmid analysis, or 53 

- the incompatibility group of a plasmid carrying a mcr-1 or mcr-2 gene. 54 

All studies which did not satisfy these criteria were excluded. Studies presenting data on the same 55 

isolate were included only once.  56 

 57 

Selection of studies 58 

Two authors (SM and JvH) independently assessed the titles and abstracts of studies identified in 59 

terms of their relevance. Full versions of articles were obtained if the initial assessment of these met 60 

the inclusion criteria. 61 

A flow chart of the search strategy is presented in Supplementary Figure 1. A complete list of 62 

included isolates and plasmids and their references can be found in Supplementary Table 1. 63 

The number of entries (WGS, MLST profile, plasmid sequence or plasmid type) per included study 64 

ranged from 1 to 42 (average = 4.3; median = 2). 65 



Search strategies 66 

Pubmed, 289 hits 67 

mcr1[All Fields] OR  68 

mcr-1[All Fields] OR  69 

mcr2[All Fields] OR  70 

mcr-2[All Fields]) OR  71 

("mcr"[All Fields] AND ("colistin"[MeSH Terms] OR "colistin"[All Fields]) 72 

Web of Science [v.5.23], 253 hits 73 

TOPIC: (mcr1 OR mcr-1 OR mcr2 OR mcr-2 OR (colistin AND mcr))  74 

Timespan: All years. Indexes: SCI-EXPANDED, SSCI, A&HCI, ESCI. 75 

Scopus, 304 hits 76 

( TITLE-ABS-KEY ( mcr1 ) )  OR  ( TITLE-ABS-KEY ( mcr-1 ) )  OR  ( TITLE-ABS-KEY ( mcr2 ) )  OR  ( TITLE-77 

ABS-KEY ( mcr-2 ) )  OR  ( TITLE-ABS-KEY ( colistin  AND  mcr ) )   78 

Science direct, 293 hits 79 

"mcr1" OR "mcr-1" OR "mcr2" OR "mcr-2" OR (colistin AND mcr) AND LIMIT-TO(yearnav, 80 

"2017,2016,2015"). 81 

Google scolar, 221 hits 82 

mcr1 OR mcr-1 OR mcr2 OR mcr-2 OR (colistin AND mcr) 83 

 84 
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Supplementary Figure 2:  Output alignment of the BAPS clustering. A shuffled alignment of the core 89 

genome SNPs is divided by black bars to indicate five BAPS groups. Each row represents an isolate 90 

and the colors in every column represent a different nucleotide. On the left-side X-axis the number of 91 

nucleotides is indicated. Clusters were numbered from 1 to 5 according to the number of isolates 92 

they contain and cluster numbers are indicated on the right-side X-axis.  93 

White-indel = insertion or deletion; blue-A = adenine; yellow-C = cytosine; red-G = guanine; green-T = 94 

thymine  95 

  96 



SNP counts and clonal relationships of the isolates 97 

SNP count was performed using kSNP v3.021 1 using a k-mer size of 19 bp and retaining only core 98 

SNPs (SNPs present in the core genome). The calculation of the genetic distance was performed using 99 

the average size of the genomes observed (4.9 Mbp). A Hamming distance matrix was created 100 

comparing the SNP/Mbp distance between each pair of isolates in the study (Supplementary Table 101 

3). 102 

Among the 2080 pairs of isolates studied, 20 showed between 0 and 10 SNPs/Mbp differences and 103 

were considered closely related clones (Supplementary Table 4). 104 

Among these, 13 pairs came from live chicken from southern Vietnam and were distributed across 5 105 

farms (Supplementary Table 4). These results suggest regional circulation of mcr-1 carrying clones. A 106 

pair of isolates originating from the Netherlands showed 0 SNP/Mbp difference and was isolated 107 

from the same batch of chicken meat. Another pair, originating from Malaysia, was isolated from the 108 

same chicken. These two pairs of isolates most probably represent duplicates. In only one of these 109 

isolates (EC5, from Malaysia) could the plasmid incompatibility group be identified (IncI2). Thus 110 

removing the pairs of isolates from the analysis did not modify the statistical outcome of the plasmid 111 

geographical distribution. Two closely related isolates sequenced for the present study (5.5 112 

SNPs/Mbp difference) were recovered from travellers to China and Tunisia respectively. However, 113 

they carried the mcr-1 gene on different plasmids (IncI2 and IncHI2 respectively). These 2 isolates 114 

also differed by less than 10 SNPs/Mbp with an isolate recovered from a patient in Denmark that 115 

carried an IncI2 plasmid. An isolate recovered from a traveller to South-America, formed a pair with 116 

an isolate from a patient in Malaysia. The plasmid type could not be identified for these 2 isolates. 117 

Finally a pair of isolates belonging to ST131 and showing 5.5 SNPs/Mbp difference between them 118 

were recovered from a patient in Spain and a chicken in Germany. These two isolates carried the 119 

mcr-1 gene on two different plasmid types, IncX4 and IncHI2 respectively. 120 

These findings implicate that, despite the spread of certain E. coli clones to different continents, the 121 

mcr-1-carrying plasmids are acquired separately in most cases.  122 



WGS – quality check 123 

A total of 68 mcr-1-carrying E. coli genomes were analysed, including those 6 from travellers that 124 

were sequenced for the purpose of the present study. WGS datasets of 3 previously published 125 

isolates did not pass quality check and were discarded from the analysis. Two of these isolates 126 

(BB1290 [11.5 Mbp] and PO155 [8.5 Mbp]) had an unusually large genome. When tested using 127 

KmerFinder 2.0, the WGS fastq files of BB1290 and PO155 exhibited k-mer scores suggesting the 128 

presence of sequences from a different species in addition to the expected E. coli: Enterobacter 129 

cloacae and Salmonella enterica respectively. For isolate STEC-CQ10, only the sequences of the 130 

identified genes were available rather than the complete genome sequence or scaffolds. This 131 

resulted in a very fragmented genome (n = 6903 contigs), lack of intergenic regions and ultimately a 132 

serious decrease in quality of the population core genome determination. 133 

N50 values, a statistic that defines assembly quality, for these isolates were 1096 for STEQ-CQ10; 134 

14079 for PO155 and 31281 for BB1290. These values were much lower than values observed for the 135 

other genomes of the collection (N50 > 100000). 136 

All these results taken together resulted in the exclusion of the WGS of STEQ-CQ10, BB1290 and 137 

PO155 from the phylogenetic analysis. 138 

 139 
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Supplementary Figure 3: representation of the eBURST analysis showing the MLST clonal 142 

relationships of the 3 largest clusters containing 120 of the 312 included mcr-1-carrying E. coli 143 

isolates. Each rectangle represents a distinct sequence type (ST), with the number inside the 144 

rectangle referring to the ST’s nomenclature according to the University of Warwick MLST database. 145 

The predicted founder ST of each group is indicated in green. Black lines indicate links drawn without 146 

recourse to tiebreak rules by goeBURST 2; Blue lines indicate links drawn using tiebreak rule. The size 147 

of the rectangles that indicate the STs are proportional to the number of isolates they contain. 148 

A: eBURST cluster 1 (n = 86 isolates). 149 

B: eBURST cluster 2 (n = 20 isolates). 150 

C: eBURST cluster 3 (n = 14 isolates). 151 
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Supplementary Figure 4: Phylogeny of 312 mcr-1-carrying E. coli isolates. Maximum-likelihood trees 159 

based on concatenated MLST gene sequences, mid-point rooted.  160 

The 6 travellers’ isolates that were sequenced for this study are highlighted in green. The branch of 161 

the main clade containing most isolates from ST10 is coloured in blue. Tree scale in number of 162 

substitutions per site. 163 

A: Colours of the inner circle indicate in which eBURST cluster (SLVs and DLVs clusters) the isolates 164 

belonged after MLST analysis; no colour indicates that the isolates were not part of one of the 3 165 

indicated clusters. ST131 is not part of any eBURST cluster and is indicated separately. Colours of the 166 

outer circle indicate in which BAPS cluster the isolates belonged after whole genome sequence 167 

(WGS) analysis. No colour indicates that no WGS was available.  168 

*The predicted founder ST of each cluster is indicated in brackets. 169 

B: Colours of the circle indicate the health status of the host from which the isolate was recovered, if 170 

available. 171 

 172 

MLST analysis 173 

Four different STs consisting of more than 2 isolates that were possibly clonally related were found in 174 

a single region: ST100 (10 isolates) and ST752 (3 isolates) in Europe; ST156 (12 isolates) and ST165 (3 175 

isolates) in Asia. However all 3 isolates from ST752 were reported in a single study 3, as were 8 out of 176 

10 isolates from ST100 4.  177 
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Supplementary Figure 5: Association between location of the mcr-1 gene and WGS and MLST 184 

phylogeny of population of studied mcr-1-carrying E. coli isolates. 185 

Only plasmids IncHI2, IncI2 and IncX4 are indicated by separate colours, all other plasmid types are 186 

indicated as “other”. Trees scales in number of substitutions per site.  187 

A: Maximum-likelihood tree based on concatenated core genome sequences of the 65 mcr-1-188 

carrying E. coli isolates. Isolate names are coloured according to the location of the mcr-1 gene, 189 

either on an identified plasmid, chromosome of the isolate or unknown location. The 6 travellers’ 190 

isolates that were sequenced for this study are highlighted in bold. 191 

 192 

B: Maximum-likelihood tree based on concatenated MLST gene sequences, mid-point rooted.  193 

Colours indicate the location of the mcr-1 gene. The branch of the main clade containing most 194 

isolates from ST10 is coloured in blue. The 6 travellers’ isolates that were sequenced for this study 195 

are highlighted in green. 196 
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Antimicrobial resistance genes  198 

Using the ResFinder tool, a total of 65 different unique acquired antimicrobial resistance (AMR) 199 

genes were identified in the E. coli WGS dataset. Many additional chromosomally encoded AMR 200 

genes were found using the CARD database. The most prevalent acquired gene (after mcr-1) was 201 

tetA, found in 52/65 (80%) of isolates followed by sul2 (39/65; 60%) and the beta-lactamase gene 202 

TEM-1b in 38 isolates (58%). One isolate only carried just one additional acquired gene, the AmpC 203 

beta-lactamase gene blaCMY-2, and one isolate carried no other acquired AMR gene apart from mcr-204 

1. In addition to mcr-1, each of the 65 isolates carried 4 or 5 genes of the pmr family (A, B, C, E and F 205 

variants). These genes are involved in the resistance to polymyxin, but are present in all E. coli strains 206 

5. Genetic alignments showed SNPs differences between the pmrA and B genes found in this study 207 

and both the sensitive and resistant templates previously described 5, thus preventing from drawing 208 

any conclusion relative to the involvement of these genes in the colistin resistance mechanisms. 209 

Carbapenemase encoding genes were found in the genomes of 4 isolates; NDM-5 (in isolates BJ10 210 

and MCR1.NJ from China and USA respectively) and KPC-2 (EC362 and EC249, both from Singapore). 211 

29/65 isolates (44.6%) carried plasmid-encoded CTX-M ESBL genes with CTX-M-55 being most 212 

prevalent in 18/29 (62.1%) of these isolates. Ten (15.4%) isolates were found to carry plasmid 213 

mediated Qnr quinolone resistance genes, 9 isolates carried qnrS1 and one both qnrS1 and qnrS2. In 214 

addition, 36 (55.4%) isolates displayed chromosomal mutations in both parC and gyrA genes 215 

associated with resistance to (fluoro)quinolones 6. 34 (52.3%) isolates carried the strA and strB 216 

streptomycin resistance genes. The florfenicol resistance gene floR was present in 32 (49.2%) 217 

isolates; in 22 of 45 isolates from animals (48.9%) and 10 of 19 from humans (52.6%). The baeR and 218 

baeS genes are regulators of resistance mechanisms to novobiocin 7,8 and were both found in  64 219 

(98.5%) and 65 (100%) isolates, respectively.  220 

221 
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