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Intended Learning Objectives

Specific objectives of this session:

1. Learn about taxonomic analysis and typing of Brucella spp.
2. Learn how to perform those analyses using WGS-based methods
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Outline

This session consists of the following elements:

1. Introduction to taxonomic analysis and typing
2. Explanation of taxonomy of Brucella spp.
3. General overview of methods for identification of Brucella spp.
4. Detailed explanation of WGS-based methods for identification and 

typing of Brucella spp.
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Taxonomy of Brucella spp. 1-3

Gram-negative, aerobic, non-motile and non-spore-forming coccobacilli

Scientific classification of Brucella spp. (taxonomic ranks):

Domain Bacteria  Kingdom Pseudomonadati  Phylum Pseudomonadota/Proteobacteria  
Class Alphaproteobacteria  Order Hyphomicrobiales/Rhizobiales  Family Brucellaceae  Genus Brucella

Originally defined according to the host / manifestation:

• B. melitensis (David Bruce, 1887)  in the British military in Malta
• B. abortus (Bang, 1906)  causing abortions in cattle
• B. suis (Traum, 1914 / Huddleson, 1929)  causing abortion in pigs
• B. ovis (Buddle, 1956), B. canis (Carmichael, 1968)  sheep and dogs, respectively
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Taxonomy of Brucella spp. 1-3

Late 1900’s  Attempts to systematize Brucella taxonomy by early molecular methods, such as:

• Restriction fragment length polymorphism
• Pulsed-field gel electrophoresis
• Insertion sequence based typing
• DNA-DNA hybridization

Since the 2000’s  Progress in taxonomic differentiation using advanced molecular methods:

• 16S rRNA sequencing
• Sequencing of omp2 locus / IS711 / other loci
• Multilocus sequencing analysis (MLSA)
• Multilocus Variable Number of Tandem Repeat Analysis (MLVA)
• Whole-genome sequencing (WGS)
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Taxonomy of Brucella spp. 1-3
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Whatmore 2021 (adapted)

++ 6 more recently described species 
++ 6 awaiting taxonomic placement 
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Taxonomy of Brucella spp. 1-3

Biotyping Brucella spp.

 Colony morphology (dependent on outer membrane LPS structure)

Most species: ‘smooth’ phenotype
• Presence of a complete LPS (Lipid A + core oligosaccharide + O-side chain polysaccharide).
• ‘Rough’ mutants can occur, especially following repeated laboratory subculture.

B. ovis and B canis: ‘rough’ phenotype
• Do not contain the O-side chains.
• Not highly pathogenic for humans.

 Biovars

Reflect variations in metabolism within the same species.
Examples: agglutination with monospecific antisera (A/M), growth on dye-containing 

media, CO2 requirement, hydrogen sulphide production, …
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Identification and typing of Brucella spp.

Examples of methods for identification and typing of Brucella spp. (excluding WGS)

 Phenotypic methods
Selective media - Examples: Brucella ovis medium; Ewalt’s; Farrell’s; Kuzdas and Morse; BruSIC
API Strip 20E from Biomérieux - Commercial system with small-scale biochemical tests
Biotyping methods mentioned previously

 MALDI-TOF MS
Matrix-assisted laser desorption/ionization–time of flight mass spectrometry

 PCR methods
Multiplex PCR Bruceladder
Single-nucleotide polymorphisms (SNP) based identification (real time PCRs, multiplex PCRs)
PCR for other targets 8



Whole-genome sequence-based tools
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Fasta files
(or fastq)

Represent the real 
sequence of nucleotides 
(A-T-C-G) in the genome

WGS workflow – single isolates



Whole-genome sequence-based tools

Identification by alignment against references

The whole genome will be aligned against the reference genomes in the database.
The tool will show which reference genome in the database is best match to our query genome.

Example: KmerFinder
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Whole-genome sequence-based tools 4

KmerFinder for Brucella spp.   https://cge.food.dtu.dk/services/KmerFinder/
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Identification and typing of Brucella spp.

Typing with MLST
Multi-locus sequence typing

It is an allelic profile scheme.

It uses conserved housekeeping 
genes that are present in all 
isolates of the species.

For each bacterial species, the 
MLST scheme(s) contain specific 
and well defined genes ( = loci).
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Genome from isolate A

Genome from isolate B

Genome from isolate C

Conserved loci that are present in all isolates from the species



Identification and typing of Brucella spp.

Typing with MLST

For each locus the specific genetic 
sequences can be different, because they 
accumulated mutations. Each specific 
sequence is called an allele.
Each bacterial isolate will have a specific 
allele in each loci.
The exact combination of alleles 
corresponds to a sequence type (ST).

If two isolates posses the same alleles they 
will belong to the same sequence type 
(ST). They are more closely related than 
isolates belonging to other STs.
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Identification and typing of Brucella spp. 5-7

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

9 loci scheme: BruMLSA9 (Whatmore 2007)

gap, aroA, glk, dnaK, gyrB, trpE, cobQ, omp25, int-hyp 
Total 4.396 bp
At development 27 STs, currently 124 profiles defined (as of 13 Jan 2026)

21 loci scheme: BruMLSA21 (Whatmore 2016)

Same 9 loci, plus 12 others
Total 10.257 bp  more discriminatory
At development 101 STs, currently 179 profiles defined (as of 13 Jan 2026)

Both schemes: No strong correlation between STs and biovars. 14
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Identification and typing of Brucella spp. 5-7

MLST for Brucella spp.    https://pubmlst.org/organisms/brucella-spp
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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
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Whole-genome sequence-based tools 8

rMLST (ribosomal protein subunits)     https://pubmlst.org/species-id

Used for species identification.
Same principle as MLST but the target genes are different and the amount is higher (~53 loci).
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Whole-genome sequence-based tools

cgMLST (core genome)

Same principle as the previous two allelic schemes.
Used for typing.
Very high discriminatory power because there are >1000 loci in the schemes.

Importantly the output from cgMLST can be used for cluster analysis.

• This is achieved by calculating the allele dissimilarity between pairs of isolates.

• Pairs of isolates under a certain number of dissimilarities are genetically related  potentially clones, or 
part of the same outbreak.

More details about cgMLST-based cluster analysis on upcoming talks.
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Whole-genome sequence-based tools 9-11

cgMLST for Brucella spp.   https://www.cgmlst.org/ncs (database containing ‘all’ cgMLST schemes)

Scheme for B. melitensis – 2704 loci (Janowicz 2018)

Scheme for Brucella spp. – 1764 loci (Abdel-Glil 2022)

Total 1.556.385 bp 
All species
Available on pubMLST
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Whole-genome sequence-based tools 9-11

cgMLST for Brucella spp.   How to obtain a cgST for typing purposes
https://pubmlst.org/organisms/brucella-spp (same page as MLST)
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In summary

List of learning points in this session:

• Brucella are varied including differences in metabolism and in host-preference.
• Classically some Brucella species are further biotyped into biovars.
• Modern molecular methods incl. WGS allow for more strict differentiation of species and subtyping.
• Two methods were shown to identify Brucella isolates:

• KmerFinder (alignment-based)
• rMLST (gene-by-gene approach with a specific MLST scheme)

• Two methods were shown to subtype Brucella isolates:
• Classic MLST (two schemes exist, with 9 and 21 loci)
• cgMLST (two schemes exist, one for B. melitensis and another for all Brucella spp.)
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