
Instructor note: In the exercise nine contig files of Staphylococcus aureus were used 

Exercise: Bacterial typing for use in public health 

In this exercise you will be using different Finders based at the Center for Genomic Epidemiology. They can 

be used for many different bacterial species, but in this exercise, we will focus on nine MRSA strains. We 

will characterize them by three different typing methods that each supplement each other, and we will 

explore their content of virulence and resistance genes. The finders can be used without any bioinformatic 

knowledge; however, the interpretation of the results may require microbiological and/or epidemiological 

knowledge. In this document the internet based version is shown. For three of the finders, the 

corresponding unix command is also given.  

 

Exercise 1, spa typing 

spa typing is the gold standard for typing of Staphylococcus aureus, including MRSA. It is based on 

sequence variation in a single gene, spaA, staphylococcus protein A. Due to the high variability of a 

repetitive domain of the gene, a high resolution can be obtained. However, the repetitive nature of the 

gene sometimes make an assembly from short read WGS difficult. 

In the exercise, upload the assembled gene for each strain and register the result. In the result table, a spa 

type is given, based on traditional Sanger sequencing. If you note any discrepancies, try to figure out why. 

The service can be found at: https://cge.food.dtu.dk/services/spaTyper/ 

 

 

 

Step 1: Choose a file, only assembled contigs are allowed as input for this tool. 



 

Step 2: Press upload.  

 

 

 

Step 3: Enter email for link to results. 

 



 

Results. The spa type and the repeat sequence are given. Register them in the result table. Information on 

where in your contig the sequence was found is given as well.  

If the spa type does not match the expected, go to https://spa.ridom.de/spatypes.shtml which is the 

repository for all spa types, and find the two repeat sequences and see how they compare. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Exercise 2: MLST typing 

Multi locus sequence typing, MLST, is based on the sequence of seven house keeping genes. The sequences 

can be extracted from the assembled genomes. The typing assists in grouping related spa and ST types in 

larger clonal complexes. 

The service can be found at: https://cge.food.dtu.dk/services/MLST/ 

 

 

Step 1: Choose MLST configuration/species (Staphylococcus aureus) from the dropdown menu 

 

 

Step 2a: Select min. depth for an allele from the dropdown menu. Use 20x in this exercise. 

Step 2b: Select type of data input. Use assembled or draft genome/contigs in this exercise. 

Step 2c: Choose a file.  



 

Step 3: Press upload. 

 

 

 

Step 4: Enter email for link to results. 

 

 

Unix command: 

Use following command to explore all options:  

python mlst.py -h  

Example on running MLST on an S. aureus isolate (fill the red text with our own paths): 

python [/path/to/mlst.py] -i [path/to/input_file] -o [outdir] -s saureus -mp [blastn/kma]  

OSB! Choose between BLASTn or kma based on input file format. If readfiles then use BLASTn, if 

assemblies/draft genomes then use kma 

 



 

Results. The sequence type is given, as well as each of the seven alleles numbers. Register them in the 

result table. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Exercise 3: SCCmec typing 

The mobile element SCCmec (Staphylococcal Cassette Chromosome mec) is a genomic island that encodes 

methicillin resistance. The element has varied considerably during the specific waves of MRSA. For 

epidemiological and research purposes it can be of interest to determine which type is present. 

The service can be found at: https://cge.food.dtu.dk/services/SCCmecFinder/ 

 

 

 

Step 1a: Select threshold for %ID. Use default of 90 % in this exercise. 

Step 1b: Select minimum length. Use default of 60 % in this exercise. 

Step 1c: Select database. Use default of Referenced in this exercise. 

 

 

 

 



 

Step 2: Choose a file, only assembled contigs are allowed as input for this tool. 

 

 

 

Step 3: Press upload. 

 

 

 

Step 4: Enter email for link to results. 



 

 

 

Results. Two predictions of the SCCmec element is given; one is based on the gene content (BLAST-based 

approach), the other on homology to the whole cassette (k-mer-based approach). The type of SCCmec 

element has to be read from both approaches, as the approaches can give contradicting results or one 

approach might give an inconclusively typing. 

Register the predictions in the result table. 

 

 

 

 



Exercise 4: VirulenceFinder 

Many virulence genes have been described in Staphylococcus aureus. The clinical relevance is not always 

straight-forward. In this exercise we will explore the VirulenceFinder. 

The service can be found at: https://cge.food.dtu.dk/services/VirulenceFinder/ 

 

 

 

 

 

Step 1a: Select species. 

Step 1b: Select threshold for %ID (default value will do). 

Step 1c: Select minimum length (default value will do). 

Step 1d: Select type of reads. Use Assembled or Draft Genome/Contigs for this exercise. 



 

Step 2: Choose file. 

 

 

 

Step 3: Press upload. 

 

 

 

Step 4: Enter email for link to results. 

 

 

 



 

Unix command: 

Use following command to explore all options:  

python virulencefinder.py -h  

Example on running VirulenceFinder on S.aureus exoenzyme DB (fill the red text with our own paths): 

python [/path/to/virulencefinder.py] -i [path/to/input_file] -p [path/to/virulencefinder_db] [-d] 

s.aureus_exoenzyme  

  



 

 

 

Results. The Finder will look for many virulence genes and report those detected. In this exercise we want 

to know if the isolates contain the host immune evasion gene scn, and the genes encoding the toxin PVL 

(lukF/lukS). Register +/- in the result table.  



Exercise 5: ResFinder 

In the microbiological lab, the phenotypic resistance is determined by different methods. From WGS data 

we can extract resistance genes to find the genotypic marker for detected phenotypic resistances. 

Find the service at: https://cge.food.dtu.dk/services/ResFinder/ 

 

 

 

Step 1: Select types of resistance mechanisms (chromosomal point mutations and/or acquired 

antimicrobial resistance genes). Tick both boxes in this exercise. 

 

 

Step 2: Select threshold and minimum length for chromosomal point mutations. Use default values in this 

exercise. 

 

 

 



 

Step 3a: It is possible to choose one or more antimicrobial classes to be included in the search. Select all in 

this exercise. 

Step 3b: Select threshold and minimum length for acquired antimicrobial resistance genes. Use default 

values in this exercise. 

 

 

 

Step 4a: Select species. Use Staphylococcus aureus in this exercise. 

Step 4b: Select type of reads. Use Assembled Genome/Contigs in this exercise. 

Step 4c: Choose file.  



 

Step 5: Press upload. 

 

 

 

 

 

Step 6:  Enter email to get link to results. 

 

 

Unix command: 

Example on running ResFinder on S. aureus (fill the red text with our own paths): 

python -m resfinder -o [/path/to/outdir] -i “Staphylococcus aureus” -l 0.6 -t 0.8 –acquired –point -ifq 

[path/to/readsfiles.*] 

 



 

Extract of the results. Many genotypic markers are investigated. In this exercise, look for the ones given in 

the result table and mark either + for detected, or – for not detected. If the genotype is a mutation, register 

the predicted amino acid changes 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 1 Result table 

Isolate spa type spa type WGS spa repeats MLST arcC aroE glpF gmk pta tpi yqiL 

MRSA1 t008           

MRSA2 t019           

MRSA3 t044           

MRSA4 t2872           

MRSA5 t223           

MRSA6 t034           

MRSA7 t843           

MRSA8 t041           

MRSA9 t030           

 

Isolate SCCmec gene (BLAST) SCCmec cassette (k-mer) scn PVL mecA mecC 

MRSA1       

MRSA2       

MRSA3       

MRSA4       

MRSA5       

MRSA6       

MRSA7       

MRSA8       

MRSA9       

 

 

 

 

 

 

 

 

 

 

 



 

Isolate Aph(3´)-III aac(6´)- 

aph(2´´) 

ant(9)-1a blaZ mph(C) tet(K) tet(M) msr(A) fusA fusB ermA ermC dfrG lnuB lsa(E) gyrA* grlA* ileS* rpoB* 

MRSA1                    

MRSA2                    

MRSA3                    

MRSA4                    

MRSA5                    

MRSA6                    

MRSA7                    

MRSA8                    

MRSA9                    

 

*register the predicted amino acid substitutions, eg. S84L



 

 

The exercise was developed by Hülya Kaya and Andreas Petersen, National Reference Laboratory for 

Antimicrobial Resistance, Statens Serum Institut. 


