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Icebreaker question: What did you 

have for breakfast this morning?

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design


Outline and Learning Objectives

This session consists of the following elements:
• Participants will engage in a structured discussion of their analysis results using live Slido

polls and questions.
• Topics covered include:

• SimEx recap 
• Downloading data from SRA
• Phylogenetic tree construction and interpretation.
• Identification of outbreak clusters.

• Hypotheses regarding the source of the outbreak strain.
• Correlation with antimicrobial resistance profiles, virulence factors, biotype/serotype 

and genomic islands.

Comparative and Critical Analysis of Results:

• Live discussion of participant responses and aggregated poll results.
• Facilitators will highlight consistencies and discrepancies with the original study and 

explore different analytical paths and conclusions.

3



Simulated Exercise recap 

Task: Reproduce the phylogenetic analysis from 
Hendriksen et al. (2011) using tools of your 
choice. 

Some suggestions:
• Online: CSI Phylogeny, MINTyper, iTOL, MEGA, 

Microreact

• Command-line: Snippy, IQ-TREE / RAxML

Aim:
• Identify clusters and closely related isolates

• Determine how Haitian and Nepalese isolates group

• Estimate the likely source of the outbreak strain 
based on tree topology & SNP distances

Hendriksen RS, Price LB, Schupp JM,Gillece JD, Kaas RS, Engelthaler DM,Bortolaia V, Pearson T, Waters AE,Prasad Upadhyay B, Devi Shrestha S,Adhikari S, Shakya G, Keim PS,Aarestrup

FM.2011.Population Genetics of Vibrio cholerae from Nepal in 2010: Evidence on the Origin of the Haitian Outbreak. mBio2:10.1128/mbio.00157-11.https://doi.org/10.1128/mbio.00157-11



Data for the SimEx

Available isolates:

• 24 Nepalese V. cholerae 
• 3 Haitian V. cholerae
• 5 additional V. cholerae isolates linked to the 2010 Haitian outbreak 

(optional to include in your analysis)
Data format:

• Illumina sequences
• Provided as zipped FASTA files, latter FASTQ files provided 

Access:
• All files are available on ScienceData via this link: 

https://sciencedata.dk/shared/7ba608b7d30942995cc1e94baa475102

https://sciencedata.dk/shared/7ba608b7d30942995cc1e94baa475102


Your homework recap 

Prepare a short document including:

• Phylogeny: Screenshot of your tree with key clades labelled.

• Interpretation:
• Identify which isolates form clades.

• Determine where the likely source is.

• Report how many SNP differences you observe.

• Genomics: Summary of detected AMR genes, virulence factors, 
and genomic elements.

• Critical reflection: Notes on any limitations or uncertainties in your 
analysis.
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Do you attempt the exercises?

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design


Downloading data from SRA
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Data availability 



SRA – NCBI 



SRA – NCBI 



Downloading files from SRA – web?



NCBI sra-tools and assembly 

• I downloaded the accession list from the SRA Run Selector.

• I then used the SRA Toolkit https://github.com/ncbi/sra-tools to:
• Download the data

• convert to FASTQ with proper R1/R2 splitting

• https://github.com/ncbi/sra-tools/wiki/HowTo:-fasterq-dump

• Assembler: Shovill (SPAdes backend) v1.1.0

• Polishing: Pilon (post-assembly error correction)

• Output: draft genomes as contigs.fasta per sample

• Renamed files

https://github.com/ncbi/sra-tools
https://github.com/ncbi/sra-tools
https://github.com/ncbi/sra-tools
https://github.com/ncbi/sra-tools/wiki/HowTo:-fasterq-dump
https://github.com/ncbi/sra-tools/wiki/HowTo:-fasterq-dump
https://github.com/ncbi/sra-tools/wiki/HowTo:-fasterq-dump
https://github.com/ncbi/sra-tools/wiki/HowTo:-fasterq-dump
https://github.com/ncbi/sra-tools/wiki/HowTo:-fasterq-dump
https://github.com/ncbi/sra-tools/wiki/HowTo:-fasterq-dump
https://github.com/ncbi/sra-tools/wiki/HowTo:-fasterq-dump
https://github.com/ncbi/sra-tools/wiki/HowTo:-fasterq-dump


Additonal isolates- metadata

File name Accession

Country / 

Region Year Source Serogroup Serotype

Vc_Mexico_envir

onmental.fasta ERR163271 Mexico 2010Environmental O1 Inaba

Vc_Mexico_clinic

al.fasta ERR163268 Mexico 2010Clinical O1 Inaba

Vc_Dominican_R

epublic.fasta SRR774788 

Dominican 

Republic 2011Clinical O1 Ogawa (ctxB7)

Vc_Bangladesh_

Chhatak.fasta SRR491154

Bangladesh, 

Chhatak 2011Environmental O1 Ogawa (El Tor)

Vc_Bangladesh_

Mathbaria.fasta SRR495761

Bangladesh, 

Mathbaria 2011Environmental O1 Ogawa (El Tor)

Domman D, Quilici ML, Dorman MJ, Njamkepo E, Mutreja A, Mather AE, Delgado G, Morales-Espinosa 

R, Grimont PAD, Lizárraga-Partida ML, Bouchier C, Aanensen DM, Kuri-Morales P, Tarr CL, Dougan G, 

Parkhill J, Campos J, Cravioto A, Weill FX, Thomson NR. Integrated view of Vibrio cholerae in the 

Americas. Science. 2017 Nov 10;358(6364):789-793. doi: 10.1126/science.aao2136. PMID: 29123068.

Eppinger, M., Pearson, T., Koenig, S. S., Pearson, O., Hicks, N., Agrawal, S., Sanjar, F., Galens, K., 

Daugherty, S., Crabtree, J., Hendriksen, R. S., Price, L. B., Upadhyay, B. P., Shakya, G., Fraser, C. 

M., Ravel, J., & Keim, P. S. (2014). Genomic epidemiology of the Haitian cholera outbreak: a single 

introduction followed by rapid, extensive, and continued spread characterized the onset of the 

epidemic. mBio, 5(6), e01721. https://doi.org/10.1128/mBio.01721-14



SNP trees
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Did you manage to make a tree? E.g., 

SNP tree, cgMLST tree etc? If so, what 

tools did you use?

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design


SNP phylogeny workflow overview 

• Data → Reference → Snippy → Gubbins → IQ-TREE → iTol

• Reference genome: RefSeq GCF_000166455.1 (2010EL-1786, 
from Haiti 2010 outbreak)

• Hendriksen et al., used reference genome Vibrio cholerae O1 
biovar El Tor strain N16961 (Bangladesh 1971). 

Reimer, A. R., Van Domselaar, G., Stroika, S., Walker, M., Kent, H., Tarr, C., Talkington, D., Rowe, L., 

Olsen-Rasmussen, M., Frace, M., Sammons, S., Dahourou, G. A., Boncy, J., Smith, A. M., Mabon, P., 

Petkau, A., Graham, M., Gilmour, M. W., Gerner-Smidt, P., & V. cholerae Outbreak Genomics Task Force 

(2011). Comparative genomics of Vibrio cholerae from Haiti, Asia, and Africa. Emerging infectious 

diseases, 17(11), 2113–2121. https://doi.org/10.3201/eid1711.110794

https://pubmed.ncbi.nlm.nih.gov/?term=%22Hendriksen%20RS%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Hendriksen%20RS%22%5BAuthor%5D
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Which reference genome did you 

use?

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design


Snippy

• Line up each isolate to 
the same reference

• Mark SNPs (single-letter 
differences) 
and indels (insertions/de
letions)

• Result per isolate: SNP 
calls, a consensus 
sequence, and QC logs

• Goal: make 
differences comparable
across samples

• https://github.com/tsee
mann/snippy

https://github.com/tseemann/snippy
https://github.com/tseemann/snippy
https://github.com/tseemann/snippy


Snippy-core

• snippy-core keeps only 
sites present in all isolates 
→ the core

• Two outputs:
• core.full.aln = 

invariant + variant sites 
(full core)

• core.aln = SNP-
only columns (polymorphic 
sites)

• snippy-multi (concept): 
batch many isolates with 
one table; runs Snippy for 
each, then snippy-core

• https://github.com/tseem
ann/snippy

https://github.com/tseemann/snippy
https://github.com/tseemann/snippy
https://github.com/tseemann/snippy


Gubbins: remove recombination before building the 
tree

• We don’t want SNPs introduced by recombination to drive the 
tree.

• After snippy-core, some SNPs may occur in dense clusters from 
recombination.

• Gubbins detects those recombinant regions and masks them → 
we keep the putative “true” SNPs from “vertical inheritance”.

• This is similar in spirit to CSI Phylogeny’s SNP pruning (e.g., 
pruning = 100 bp), but Gubbins is phylogeny-aware rather than a 
fixed-distance rule.

• https://github.com/nickjcroucher/gubbins

https://github.com/nickjcroucher/gubbins
https://github.com/nickjcroucher/gubbins
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Did you filter for recombination? 

If so, what tool did you use?

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design


IQ-TREE: Maximum-likelihood tree

• Method: Maximum-likelihood (ML) phylogeny in IQ-TREE 2

• Input: Gubbins-filtered SNP-only core alignment

• Outputs:
• snp_tree.treefile → best ML tree

• snp_tree.contree → bootstrap consensus (supports on nodes)

• snp_tree.iqtree → run log & best-fit model details

• Uploaded the .treefile to iTOL

• https://github.com/iqtree/iqtree3

• Also available online! https://iqtree.github.io

https://github.com/iqtree/iqtree3
https://github.com/iqtree/iqtree3
https://iqtree.github.io/
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Do you have a preferred tree 

viewing tool?

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design


Let’s look at the ML tree in iTol ☺
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Does your tree recover the key 

clades reported in Hendriksen et 

al.?

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design
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If your tree differs from the paper, 

what’s the main difference?

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design
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Can you infer the origin of the 

outbreak from your tree?

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design
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Did you include any of the 

additional isolates in your 

analysis? 

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design
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Did the Dominican Republic 

isolate cluster with the Haiti 

isolates?

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design
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How about the Bangladesh and 

Mexico isolates? Do they cluster 

with the Haiti isolates? 

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design


Thank you for listening! ☺
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