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Methods and Materials
Strains and Growth Conditions

Strain H22 was imported from Haiti with CDC PHS Permit No. 20221004-3616A. Clinical samples
of Vibrio cholerae (VC) were streaked overnight on lysogeny broth (LB) agar (Difco) plates.
Individual colonies were then subcultured into LB (Difco) overnight. For induction of cholera toxin,
strains were grown in AKI medium (1.5% Bacto peptone, 0.5% sodium chloride, 0.4% yeast
extract, 0.3% sodium bicarbonate) with four hours stationary followed by four hours of shaking’.
All growth was performed at 37°C. Clinical isolates presented in this study are presented in
Supplementary Table 1.

Cholera toxin analysis and serotyping

Immunoblot analysis was performed as previously described?. Proteins were separated by SDS-
PAGE using 4 to 12% NuPAGE Bis-Tris precast gels (Life Technologies) and transferred to
nitrocellulose using an iBlot gel transfer device (Life Technologies). The prestained protein
marker, SeeBlue (Invitrogen) was used as a molecular mass standard. Rabbit anti-CT polyclonal
antibody (Abcam; catalog no. ab123129) and horseradish peroxidase (HRP)-linked anti-rabbit
IgG were used as primary and secondary antibodies, respectively. Blots were developed with the
SuperSignal West Pico Plus chemiluminescence substrate (Thermo Fisher) for five minutes and
exposed in a ChemiDoc system (Bio-Rad Laboratories). This experiment was performed with
three independent replicates. Serotyping was performed using slide agglutination with Ogawa-
and Inaba-specific antisera (BD Difco).

Minimum inhibitory concentration (MIC)-assays

For MIC assays, overnight cultures grown in LB were shifted into fresh LB at a final OD600 of
0.02. Three-fold serial dilutions of antimicrobial agents were tested across the following range of
concentrations: 100ug/ml to 0.000564503ug/ml. After 18 h incubation of growth at 37°C,
ODsoo was measured. The MIC was defined as the minimum antimicrobial agent concentration
which inhibited bacterial growth. Growth was defined by an at least four-fold increase of the
ODsoo compared to a sterile control. All MICs were performed with four independent replicates.

Whole-genome Sequencing and Phylogenetic Analysis

Genomic DNA (gDNA) was first isolated from V. cholerae strains using the GeneJet genomic DNA
purification kit (Thermo Fisher). DNA was fragmented using a sonicator (Peak power 50, duty
factor 10, cycles per burst 200, duration 90 seconds) (Covaris M220). Fragments were then
prepared for short read sequencing via the NEBNext Ultra || DNA Library Prep Kit (NEB). Libraries
were then sequenced on a NextSeq 550 (lllumina).

For phylogenetic analysis, genomes®? (Supp. Table 4) were analyzed as previously
published®?*. Raw reads were downloaded from the European Nucleotide Archive. For fully
assembled genomes, pseudoreads of 100-bp overlapping reads were generated using either
wgsim  (https://github.com/Ih3/wgsim) or fasta-to-fastq.pl (https://github.com/ekg/fasta-to-
fasta/blob/master/fasta_to fastq.pl). Reads were then mapped to the genome of N16961
(GenBank accession nos. LT907989 and LT907990), a seventh pandemic wave 1 isolate, with
Snippy v4.6.0 (https://github.com/tseemann/snippy) using freebayes v1.3.6
(https://github.com/freebayes/freebayes) with a minimum read coverage of 4, minimum base
quality of 13, a mapping quality of 60, and a requirement of 75% read concordance. Alignments




for previously published isolates were kindly provided previously by D. Domman (University of
New Mexico) and alignments from Mexican isolates can be found in previously published work?3.
The known repeat region TLC-RS1-CTX was masked from the genome, as was the
recombinogenic VSP-II region using Geneious (Biomatters). Recombinogenic sites were then
further masked with Gubbins v3.3%*, and a phylogenetic tree was assembled based on the
remaining 8,191 polymorphisms with RAXML v8.2122° using a general time reversible with gamma
rate hettzagogeneity (GTRGAMMA) model and 100 bootstraps. The resulting tree was visualized in
iTOL v6~°.

Contigs were assembled using SPAdes v3.15.5% (filtering contigs based on length > 500 bp and
coverage > 4) and annotated using Geneious v2022.2 (Biomatters) from the H1 genome (aka
KW3, Genbank accession no. GCA 001318185.1, 95% similarity). Alleles of interest were
identified through either direct mapping of reads to the H1 or N16961 genomes via Geneious
using default settings or through BLAST?® of the N16961 allele on assembled genomes.

IBC Approval

The Waldor lab has IBC approval (2011B000082) to work with pathogenic V. cholerae and a CDC
permit (20221004-3616A) to import V. cholerae from Haiti.

Data Availability

Sequencing from this study is available at GenBank BioProject PRINA903489.



Supplementary Table 1

Representative antibiogram of V. cholerae isolates from the Laboratoire National de Santé
Publique (LNSP).

MIC Kirby-Bauer
Antibiotic (ug/mL)  Interpretation (Interpretation)
Ampicillin 10 mcg 16 I
Trimethoprim/Sulfamethoxazole =320 R
Tetracycline S
Cefoxitin 16 I
Ceftazidime 0.5 S
Imipenem 2 S
Piperacillin/Tazobactam <4 S
Cefuroxime <1
Azithromycin 0.4 S



Supplementary Table 2

Isolates sequenced in this study and strain characteristics.

Metadata D1 D2 D3 D4 H22 H1
Date of isolation 10/31/2021 01/12/2022 03/23/2022 03/30/2022 09/30/2022 2010
Location of isolation Dhaka, Bangladesh Dhaka, Bangladesh Dhaka, Bangladesh Dhaka, Bangladesh Port-au-Prince, Haiti Haiti
Serotype Inaba Inaba Inaba Ogawa Ogawa Ogawa
GenBank accession SRR22351616 SRR22351615 SRR22351614 SRR22351613 SRR22351617 GCA_001318185.1
MIC
Ciprofloxacin 0.4 0.4 0.4 0.4 0.4 0.4
Sulfamethoxazole >100 >100 >100 >100 >100 >100
Trimethoprim 100 >100 >100 100 >100 >100
Doxycycline 0.1 0.1 0.1 0.1 0.1 0.1
Ceftriaxone 0.02 0.02 0.02 0.03 0.02 0.02
Tetracycline 0.4 0.4 0.4 0.4 0.4 0.4
Erythromycin 4 4 4 4 4 4
Trimethoprim:
Sulfamethoxazole >100 >100 >100 >100 >100 >100
1.5
Azithromycin 0.4 0.4 0.4 0.4 0.4 0.4
Gentamicin 11 11 11 11 33 33



Supplementary Table 3
Pathogenicity factors from strains in our study. Changes to alleles are called with reference
to the N16961 genome.

Gene D1 D2 D3 D4 H22 H1

wbeT Tninsertion Tninsertion Tn insertion Intact Intact Intact
(c.324) (c.324) (c.324)

ctxB ctxB7 ctxB7 ctxB7 ctxB7 ctxB7 ctxB7

fcpA c.A266>G c.A266>G c.A266>G c.A266>G c.A266>G c.A266>G

vspll Del Del Del Del Del Del

VC_0495- VC_0495- VC 0495- VC_0495- VC_0495-  VC_0495-
VC_0512:1 VC_0512:1 VC_0512:1 VC_0512:1 VC_0512:1  VC_0512:
SVch4) SVch4) SVch4) SVch4) SVch4) SVch4)



Supplementary Figure 1

Cholera toxin (CT) western blot analysis. Shown is a representative immunoblot loaded with
equal amounts of sterile-filtered supernatants of AKI-grown D1 (lane1), D2 (lane 2), D3 (lane 3),
D4 (lane 4), H22 (lane 5) and H1 (lane 6). The sizes of the A and B subunit (A and B) of CT are
indicated by arrows on the right. Lines to the left indicate the molecular masses of the protein
standards in kDa. The gap in between D4 and H22 contained samples not analyzed for this
study.
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Isolate name Year Country Continent | EBI-ENA Sequence ID GenBank Source

accession no. accession no.

7994 2009 | India Asia ERR351210 ERR351210 Abd El Ghany et al. PLoS
Negl Trop Dis 2014

7772 2009 | India Asia ERR351208 ERR351208 Abd El Ghany et al. PLoS
Negl Trop Dis 2014

7683 2009 | India Asia ERR351207 ERR351207 Abd El Ghany et al. PLoS
Negl Trop Dis 2014

6801 2009 | India Asia ERR351206 ERR351206 Abd El Ghany et al. PLoS
Negl Trop Dis 2014

6734 2009 | India Asia ERR351205 ERR351205 Abd El Ghany et al. PLoS
Negl Trop Dis 2014

6557 2009 | India Asia ERR351203 ERR351203 Abd El Ghany et al. PLoS
Negl Trop Dis 2014

6259 2009 | India Asia ERR351199 ERR351199 Abd El Ghany et al. PLoS
Negl Trop Dis 2014

6016 2009 | India Asia ERR351193 ERR351193 Abd El Ghany et al. PLoS
Negl Trop Dis 2014

5663 2009 | India Asia ERR351192 ERR351192 Abd El Ghany et al. PLoS
Negl Trop Dis 2014

5417 2009 | India Asia ERR351191 ERR351191 Abd El Ghany et al. PLoS
Negl Trop Dis 2014

5286 2009 | India Asia ERR351188 ERR351188 Abd El Ghany et al. PLoS
Negl Trop Dis 2014

5202 2009 | India Asia ERR351185 ERR351185 Abd El Ghany et al. PLoS
Negl Trop Dis 2014

5185 2009 | India Asia ERR351179 ERR351179 Abd El Ghany et al. PLoS
Negl Trop Dis 2014

5046 2009 | India Asia ERR351175 ERR351175 Abd El Ghany et al. PLoS
Negl Trop Dis 2014

4966 2009 | India Asia ERR351174 ERR351174 Abd El Ghany et al. PLoS
Negl Trop Dis 2014

UG026 2015 | Uganda Africa UG026 SAMNO08744332 | Bwire et al. PLoS Negl Trop
Dis 2018

uGo10 2016 | Uganda Africa uGo010 SAMNO08744330 | Bwire et al. PLoS Negl Trop
Dis 2018

UG020 2016 | Uganda Africa uG020 SAMNO08744331 Bwire et al. PLoS Negl Trop
Dis 2018

H1 2010 | Haiti North H1 GCA_00027564 Chin et al. NEJM 2011

America 5.1
MJ1236 1994 | Bangladesh Asia MJ1236 CP001485/CP0O0 | Chun et al. Proc Natl Acad Sci
1486 USA 2009

CIRS101 2002 | Bangladesh Asia CIRS101 ACVWO00000000 | Chun et al. Proc Natl Acad Sci
USA 2009

MO10 1992 | India Asia MO10 AAKF03000000 Chun et al. Proc Natl Acad Sci
USA 2009

RC9 1985 | Kenya Africa RC9 ACHX00000000 Chun et al. Proc Natl Acad Sci

USA 2009



B33 2004 | Mozambique Africa B33 ACHZ00000000 Chun et al. Proc Natl Acad Sci

USA 2009
V01-CDC 1991 | Chile South ERR576950 ERR576950 Didelot et al. PLoS Genet
America 2015
1525-CDC 1994 | China Asia ERR579986 ERR579986 Didelot et al. PLoS Genet
2015
2578-CDC 1985 @ China Asia ERR579919 ERR579919 Didelot et al. PLoS Genet
2015
200106-CDC 2001 | China Asia ERR579313 ERR579313 Didelot et al. PLoS Genet
2015
129-CDC 1994 = China Asia ERR579311 ERR579311 Didelot et al. PLoS Genet
2015
9-CDC 2001 | China Asia ERR579309 ERR579309 Didelot et al. PLoS Genet
2015
SC1998_098-1- 1998 @ China Asia ERR579114 ERR579114 Didelot et al. PLoS Genet
CDC 2015
JX1998-1306- 1998 | China Asia ERR579093 ERR579093 Didelot et al. PLoS Genet
1-CDC 2015
SC1998_242-1- 1998 @ China Asia ERR579092 ERR579092 Didelot et al. PLoS Genet
CDC 2015
S$C2000-CDC 2000 | China Asia ERR579091 ERR579091 Didelot et al. PLoS Genet
2015
VC2248-1-CDC 2008 ' China Asia ERR579090 ERR579090 Didelot et al. PLoS Genet
2015
VC2454-CDC 2005 | China Asia ERR579089 ERR579089 Didelot et al. PLoS Genet
2015
1283-CDC 1984 @ China Asia ERR579088 ERR579088 Didelot et al. PLoS Genet
2015
132-CDC 1978 | China Asia ERR579087 ERR579087 Didelot et al. PLoS Genet
2015
143-CDC 2001 @ China Asia ERR579086 ERR579086 Didelot et al. PLoS Genet
2015
147-CDC 2002 | China Asia ERR579085 ERR579085 Didelot et al. PLoS Genet
2015
1551-CDC 1979 @ China Asia ERR579083 ERR579083 Didelot et al. PLoS Genet
2015
1575-CDC 1990 | China Asia ERR579082 ERR579082 Didelot et al. PLoS Genet
2015
1583-CDC 1991 @ China Asia ERR579081 ERR579081 Didelot et al. PLoS Genet
2015
1593-CDC 1992 | China Asia ERR579080 ERR579080 Didelot et al. PLoS Genet
2015
1605-CDC 1993 ' China Asia ERR579079 ERR579079 Didelot et al. PLoS Genet
2015
1627-CDC 1997 | China Asia ERR579078 ERR579078 Didelot et al. PLoS Genet
2015
1909-CDC 1998 @ China Asia ERR579077 ERR579077 Didelot et al. PLoS Genet

2015
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Supplementary Table 4

Toxigenic O1 Vibrio cholerae genomes and accessions used in Figure 1.
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