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Supplementary Methods (cited references are listed in the main text)
Bacterial rehydration and recovery
NCTC 30, NCTC 5395 and NCTC 10732 were recovered from lyophilised stocks according

to the method published by Public Health England Culture Collections (https://www.phe-

culturecollections.org.uk/). Ampoules containing lyophilised bacterial stocks were broken

under sterile conditions, and the contents were rehydrated using 0.5 ml LB medium for five
minutes at room temperature. This suspension was mixed well and applied to LB agar plates,
which were incubated overnight at 37 °C (passage 1). Three well-isolated colonies from these
plates were single-colony purified onto both LB and TCBS agar, a medium selective for
Vibrio species (passage 2). Colonies were taken from TCBS plates (or from LB plates if
growth on TCBS agar was poor) and used to inoculate 3 ml LB liquid media, which was
incubated for 24 h with shaking (180 rpm) at 37 °C (passage 3). Cultures were mixed with

glycerol (25% v/v final concentration) and frozen at -80 °C.

Genomic DNA isolation

Total nucleic acids were extracted from V. cholerae using the Masterpure Complete DNA
and RNA Purification kit (Epicentre, #MC85200), with modifications to the manufacturer’s
instructions. DNA was isolated from two independent clones of NCTC 30 picked at passage
2 (dubbed MJD382 and MJD439) and one clone of NCTC 5395 (MJD389), a strain that is
closely related to 7PET V. cholerae [12]. All clones had been frozen at passage 3. Single
colonies isolated from frozen bacterial stocks (passage 4) were used to lawn LB agar plates,
which were incubated overnight at 37 °C (passage 5). Five loopfuls of bacterial lawn were
added to 300 pl Tissue & Cell Lysis Solution supplemented with Proteinase K. Samples were
vortexed (10 sec), and incubated at 65 °C with intermittent vortexing for 20-25 min or until

the suspension had cleared. Samples were treated with RNAse A for 30 min, and chilled on



ice. Proteins were precipitated using MPC Protein Precipitation Solution (150 pl), followed
by centrifugation (16,000 x g; 10 min; 4 °C). Residual protein was precipitated by re-treating
the samples with MPC reagent (30 pl). Genomic DNA (gDNA) was precipitated from the
cleared supernatant using room-temperature isopropanol, collected by centrifugation (16,000
x g; 10 min; 4 °C), washed twice with 1 ml room-temperature 70% v/v ethanol, dried, and
resuspended in 80 pl nuclease-free water. EDTA was excluded from the resuspension

solution, to avoid interference with PacBio sequencing chemistry.

NCTC 30 genome assembly, annotation, and quality checks

Single-contig assemblies were generated for each of the two NCTC 30 chromosomes from
PacBio read data, using HGAP v3 and the RS HGAP_ Assembly.2 protocol via SMRT Portal
running SMRT Analysis v2.3.0.140936.p5.167094 [13]. Subreads were filtered for a
minimum length of 500 bases; minimum polymerase read quality and length were set to 0.8
and 100, respectively. For assembly, the minimum seed read length was set to 6,000, and the
following options were passed to BLASR: '-noSplitSubreads -minReadLength 200 -
maxScore -1000 -maxL.CPLength 16'. The expected genome size was set to 5 Mbp with a
target coverage of 30. The resultant assembly comprised two contigs, one per V. cholerae
chromosome. These sequences were circularised using Circlator v1.5.3 [14] using the
assembly and the corrected reads. A final assembly was obtained by using the circularised
sequences as a reference for re-assembly of the PacBio reads with the RS Resequencing. 1
protocol (minimum subread length of 50 bases, minimum polymerase read quality of 75%,
minimum polymerase read length of 50 bases, BLASR maximum divergence of 30% and
minimum anchor size of 12), which was corrected using Quiver v1. Assemblies were
annotated using Prokka v1.5 [15] and a genus-specific database [16]. The PacBio sequencing

reads covered the finished assembly to an average depth of 148.01 X. To check the accuracy



of the PacBio assembly, the corresponding Illumina short-reads were mapped to the assembly

using SMALT v0.5.8 (http://www.sanger.ac.uk/science/tools/smalt-0), with a maximum and

minimum insert size of 1000 and 50, respectively. No single nucleotide polymorphisms were

identified in the assembly upon mapping of these data.

Plasmid extraction, PCR, and molecular cloning

Plasmid DNA was isolated from Escherichia coli cultures using the QIAprep Spin Miniprep
kit (Qiagen, #27104). Reaction intermediates were purified using the QIAquick PCR
Purification kit (Qiagen, #28104). To clone blacara-iike, primers oMJD96 and oMJD97 were
used to amplify blacars-ike from MID382 gDNA. The primers were designed to incorporate
restriction enzyme sites and STOP codons as outlined in Figure S7. PCR was carried out
using Phusion® high-fidelity DNA polymerase (NEB, # M0530S) according to the
manufacturer’s instructions, and a 10 mM dNTP mix (Thermo Scientific, #R0191). Twenty-
nine PCR cycles were performed (annealing temperature: 65 °C; extension time: 90 sec).
Amplicons were purified, and both this insert and the vector plasmid were digested using 20
units each of BamHI and Sall (NEB, #R3136S and #R3138S respectively) in CutSmart buffer
for 15 min at 37 °C. The pACYC184 digest was then supplemented with 1 unit of rSAP
(NEB, #M0371S), and both digestion reactions were continued for 30 min before digested
DNA was purified. Digested insert and vector were mixed in a molar ratio of approximately
3:1, and ligated using T4 DNA ligase (NEB, #M0202S) at room temperature for 150 min. A
ligase-minus reaction was included as a negative control. Ligase activity was inhibited by

heating the mixtures to 65 °C for 10 min.

Five microlitres of ligation mixtures were used to transform competent E. coli (NEB,

#C29871) according to the manufacturer’s instructions. Transformants were selected for on



solid LB media. E. coli that exhibited resistance to both ampicillin and chloramphenicol upon
transformation were cultured and stored as glycerol stocks; these were also confirmed to be
tetracycline-sensitive. Plasmids were prepared from these transformants as described above.
The presence of blacarp-iike In pMID61 was checked by PCR using oMJD88 and oMJD89
(homologous to blacara-iike), and confirmed by Sanger sequencing (GATC/Eurofins) with

oMJID98 and oMJD99 (homologous to the sequences flanking tet on pACYC184).

Growth curves

Single colonies of V. cholerae were suspended in 0.5 ml LB broth by vortexing (10 sec). Two
microlitres of this suspension were used to inoculate 150 ul LB in a 96-well microtitre plate
(Corning CoStar #3595, flat-bottomed). A gas-permeable seal was applied to the plate, which
was incubated at 37 °C with shaking in a BMG Fluostar Omega microtitre plate reader for 24
h. Absorbance (A = 600 nm) was measured per well every 15 min (cycle time: 900 sec); four
readings per well per timepoint were taken in a square matrix and averaged, to minimise the
risk that debris or aggregated cells passing through the light beam would artificially increase
absorbance readings. The plate was shaken at 300 rpm using the ‘meander corner well
shaking” mode. Three colonies per strain (biological triplicate) were used to inoculate six
technical replicate cultures each. Raw growth curve data are available to download from the

Figshare repository supporting this study.



Accessory virulence gene

Locus ID in N16961
reference genome

Present in NCTC 30
(Percentage identity of
translated protein)

Zona occludens toxin (Zot) | VC 1458 No (CTXo)
Accessory cholera VC 1459 No (CTXo)
enterotoxin (Ace)

Haemolysin (hlyA4) VC 40219 Yes (98%)
Mannose-sensitive VC 0398.VC 0414 Yes, see Figure S6
haemagglutinin (MSHA)

MARTX toxin (rtxA) VC 1451 Yes (93%)
MARTX toxin accessory VC 1450 Yes (100%)

gene (rtx(C)

HA/protease (hapA) VC A0865 Yes (98%)
Integrative conjugative Absent (if present, integrates | No, V'C 0659 homologue is
element SXT/R391 into VC 0659) intact

Heat-stable enterotoxin
NAG-ST (Genbank
accession M85198.1)

Absent

No

Table S3. Presence of select accessory virulence factor genes in the NCTC 30 genome.

Identity percentages were calculated by alignment of protein sequences from NCTC 30 and

N16961 using BLASTp. The presence of genes encoding MSHA is also illustrated in Figure

S6. Since N16961 does not harbour NAG-ST, the translated NAG-ST nucleotide sequence

(accession M85198.1) was used as a tBLASTx query to scan the NCTC 30 genome assembly

for the presence of this enterotoxin.
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Figure S2. Visualisation of the NCTC 30 genome assembly. Single contigs were
assembled for both of the chromosomes of NCTC 30. A B-lactamase gene was identified

within the AT-rich super-integron of chromosome 2.
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Figure S3. Confirming the NCTC 30 chromosome 1 rearrangement using mate-paired

Ilumina reads. [llumina reads for NCTC 30 were mapped to the N16961 and NCTC 30



genome sequences, and the mapped reads were visualised using Artemis and BamView
[32,33]. The regions that delineate the genomic inversion shown in Figure 1B are presented.
In N16961, no reads map to the inversion region adjacent to V'C 1057, and none of the reads
that map to one of adjacent sequences have a mate-pair on the other side of the inversion site.
A similar observation was made at the inversion site at V'C 2013. However, the
corresponding inversion sites in NCTC 30 have reads that map to the inversion site sequence,
as well as reads mapping to one side which have mate-paired reads on the other side of the
inversion site. The gene V'C 2012 is poorly conserved between NCTC 30 and N16961;
hence, there are few NCTC 30 reads that map to this region. Hatch marks denote a truncation

of the genome sequence view.



LB supplemented with 0.3% agar

Figure S4. NCTC 30 displays a non-motile phenotype. Soft agar plates were incubated for

18 hours before imaging.



firC

A oMJD135 5 N16961 5
— I —
<«
oMJD136

FIrC 427 436 AA
r NCTC30
SerSerGlyLeuGlyGlyGlyThrAla *

flr CNCTC3O AGTTCAGGTTTYggggggggAACTGCGTGAC. | .

NI
firC

N169617 AGTTCAGGTTTGGGTGGT-GAGCTGCGCGAC. . .

FIrCN16961 SerSerGlyLeuGlyGly-GluLeuArgAsp. . .
427 437 AA

NCTC 30 batch 4, oMJD136

GCAAACTCTTGGTCACGCAGTTCCCCCCCCCAAACCT(

190 200 210 220

Wl

MJD382, NCTC 30 batch 3, oMJD136
GCAAACITC TITGGIT CAICCGCIAG TICCICCCICCCICAAACCITG

190 200 210 220

MJD389, NCTC 5395, oMJD136
CGCAAACTCTTGGTCGCGCAGCTCACCACCCAAACCTGZG

190 200 210 220

(reverse complement sequences)

Figure S5. Confirming fIrC mutations by amplicon sequencing. (A): A schematic of flrC
in the N16961 genome is reported. The binding sites and orientation of primers oMJD135
and oMJD136 are indicated, as are the location and sequence of the fIrC frameshift in NCTC
30. (B): Amplicon sequencing shows that the nine G-C base pairs in NCTC 30 batch 3 are
also present in the batch 4 DNA preparation. Sequencing traces were visualised using 4Peaks

(https://nucleobytes.com/4peaks/index.html). Raw sequencing files are available in Figshare.
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Figure S6. Presence and absence of virulence-associated genes in NCTC 30. Synteny

plots were produced using ACT [21] to visualise the presence and absence of nucleotide



sequences in the NCTC 30 genome assembly. When compared to the N16961 reference
sequence, the absence of CTXo (A), VPI-1 (B) and VSP-1 (C) from NCTC 30 is evident. No
sequences homologous to these elements were detected anywhere in the NCTC 30 assembly.
The genes that encode the MSHA accessory virulence determinant are present in NCTC 30

(D), although the NCTC 30 mshQ gene is dissimilar to that of N16961.
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Figure S7. Strategy for cloning blacrp.iixe into a low-copy plasmid. pACYC184 is a low-
copy cloning vector that encodes resistance to both chloramphenicol and tetracycline.
blacarp-iike was amplified from the NCTC 30 genome using primers oMJD96 and oMJD97,
incorporating BamHI and Sall restriction sites. The amplicon was inserted into the
pACYC184 tet gene, such that a premature STOP codon would be introduced in-frame into

tet. An analysis of the sequence of blacars-iike using BPROM (http://softberry.com) predicted

E. coli 67° -35 and -10 elements within the insert (indicated). Although this prediction
identifies E. coli promoter elements, not those from V. cholerae, these elements might
provide a native promoter from which to drive blacars-ike €xpression in E. coli. Figures are

not to scale.
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