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Outline

This session consists of the following elements:

1. Recapping the homework exercise 
2. Taxonomic analysis and typing
3. Creation of epidemiological curves and hypothesis generation
4. Phylogenetic tree construction and interpretation
5. Identification of outbreak clusters
6. Correlation of epidemiological data with phylogenetic trees



Let’s recap the homework exercise 



Simulated Exercise scenario

• In January 2026, public health authorities in several 
regions reported an increase in suspected human 
brucellosis cases. 

• Patients presented with prolonged fever, fatigue, night 
sweats, and joint pain. 

• Cases were identified across multiple regions, and 
early investigations did not reveal a shared 
workplace, household, or occupational 
exposure.

• During the same period, veterinary services reported 
several livestock miscarriage events in rural 
areas. 

• These events raised concerns about a possible 
Brucella-associated problem in livestock, 
although the species involved was initially unknown. 

• The temporal proximity of these events to the rise in 
human cases added complexity to the investigation.



Simulated Exercise scenario continued

• As part of routine surveillance and outbreak response 
activities, a collection of bacterial isolates from 
human, animal, food, and environmental sources 
was sequenced. 

• The isolates are suspected to belong to the genus 
Brucella, but species-level identification has not 
yet been confirmed. 

• During case interviews, several patients reported 
travel during December, including visits to 
Christmas markets in a rural region.

• Not all patients reported travel themselves; 
however, some reported consuming food items 
brought back by relatives or friends who had 
travelled during the holiday period. 

• For a subset of cases, exposure information was 
incomplete or uncertain.



Data for the SimEx

Available isolates:

• 30 Brucella spp. genomes 

• Data format:

• Illumina sequences

• Provided as FASTA files and raw FASTQ files

• Metadata and quality control of isolates in excel file

Access:

• All files are available on ScienceData via this link:

• https://sciencedata.dk/shared/e9cba091ad1d946970bfdd67e8491b2a 

https://sciencedata.dk/shared/e9cba091ad1d946970bfdd67e8491b2a
https://sciencedata.dk/shared/e9cba091ad1d946970bfdd67e8491b2a


Metadata



Quality of the data
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Your homework for next week (Session 2) 

• Using tools of your choice:

• Identify the bacterial species present in the dataset
• Identify SNP differences between isolates
• Construct and interpret a phylogenetic tree
• Assess whether a genomic outbreak cluster is present, and define the outbreak 

cluster if so
• Infer the most likely source and route(s) of transmission, and discuss 

alternative explanations where relevant
• Assess whether the reported livestock miscarriage events are epidemiologically 

linked to the human cases 
• Create basic epidemiological curves from the metadata using Microsoft Excel

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

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


Taxonomic analysis and Typing 
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Could you identify the Brucella spp?

• 30 Brucella spp. genomes 
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Which Brucella species did you 

identify?

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


Could you identify the Brucella spp?

• 30 Brucella spp. Genomes

• 18 B. melitensis 

• 8 B. abortus

• 4 B. suis 
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Did you find the same number of 

species in this dataset?

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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Which tools did you use to identfy 

the species?

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 perform any other 

analyses? E.g., MLST?

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 you did run MLST, did the 

species have the same STs?

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


MLST
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• Based on 7 ‘housekeeping’ 

genes

• Each gene variant is assigned 

a variant number (allele)

• The combination of allele 

numbers -> MLST number

• Just one nucleotide change in 

one gene -> new MLST 

number

• One allele variant can still be 

closely related



MLST – one allele difference

In this case, there is only one SNP between the rpoB 
alleles

One allele variant can still be closely related!
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Identification and typing of Brucella spp. 5-7

MLST for Brucella spp.   →   https://pubmlst.org/organisms/brucella-spp

NOTE

STs that seem close to each other (e.g. ST-6 and ST-7) are not more similar than STs that
are far away (e.g. ST-1 and ST-28).
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BruMLSA9

https://pubmlst.org/organisms/brucella-spp
https://pubmlst.org/organisms/brucella-spp
https://pubmlst.org/organisms/brucella-spp


Epidemiological curves and hypothesis 
generation 

24
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Did you try making an 

epidemiological curve?

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


Epi curve 
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What do we know from the scenario? 

• Suspected human brucellosis cases 

• Several livestock miscarriage events in rural areas

• Several patients reported travel during December, including visits 
to Christmas markets in a rural region

• Some patients reported consuming food items brought back by 
relatives or friends who had travelled during the holiday period. 



What do we know from the metadata?
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Do you have a hypothesis on the 

outbreak source and 

transmission? 

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


Phylogenetic tree construction and 
interpretation  

30



SNP phylogeny workflow overview 

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

• I did this process for all the 30 genomes, then all for all of the B. 
melitensus, B. abortus, and B. suis genomes separately, and then 
finally the outbreak group. 

• So - I did this analysis 5 times – this is what we mean we say it is an 
iterative process! ☺ 

• Reference genomes:
• Took the highest quality genome in dataset for all genomes and each species:

• All 30 genomes: Environment_907 
• B. melitensis: Environment_907 
• B. abortus: Human_829
• B. suis: Animal_965



Reviewing QC for finding the reference 
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Did you notice any low quality 

isolates? Did you remove any 

from the 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


Reviewing QC for finding the reference 
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Did you use isolates from the 

dataset as the reference? Or did 

you use e.g NCBI? 

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


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 (this is the same as a .newick file)

• 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://github.com/iqtree/iqtree3
https://iqtree.github.io/
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Which tools did you use for the 

phylogenetic 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


Let’s look at the trees and SNP matrixes 
– identification of the outbreak cluster 

41



All 30 isolates – tree in iTol



All 30 isolates – SNP distance matrix in excel 

• Looks like we already have an outbreak cluster emerging of 10 isolates!
• But some isolates also have less than 100 SNP differences – if we check the metadata – they are all B. 

abortus
• But for now - let’s remove the other species and repeat the analysis just for B. melitensis

94.12% of reference genome covered



All 18 B. melitensis isolates – tree in iTol 



All 18 B. melitensis isolates – SNP distance matrix in 
excel

• It looks like we have our outbreak cluster of 10 or less SNP differences
• Let’s repeat the analysis again with just the suspected outbreak isolates

97.31% of reference genome covered



B. melitensis outbreak isolates – SNP distance matrix 
in excel 

• Looks we have our outbreak cluster!

• What about the other species in our dataset? 

99.8% of reference genome covered



B. abortus isolates - SNP matrix in excel

99.14% of reference genome covered



B. suis isolates - SNP matrix in excel

99.63% of reference genome covered
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Do you agree with the outbreak 

cluster?

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


Correlation of epidemiological data with 
phylogenetic trees
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Comparing the results with the metadata
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Has your hypothesis on the outbreak source and 

transmission changed after results of the phylogenetic 

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


Outbreak source and transmission 

• The dataset represents a foodborne outbreak of Brucella melitensis occurring 
shortly after the Christmas period (December 2025 → January 2026). 

• The most likely transmission route is ingestion of unpasteurized sheep/goat 
cheese sold at a Christmas market, with cases arising through both direct 
consumption by market visitors and later exposure via food sharing after return 
from travel.

• The outbreak primarily affects human cases, with a single food isolate 
(Food_627) acting as the epidemiological and genomic bridge between cases, 
consistent with a point-source exposure. No sustained human-to-human 
transmission is included in this scenario.

• Reports of livestock miscarriages and associated Brucella abortus detections 
reflect realistic background surveillance signals that are temporally related but 
epidemiologically and genomically unrelated to the human outbreak.



Thank you for listening! ☺ 
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