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Demystifying Series Objectives:

• Discuss a specific application of NGS data
• Often the application is constantly evolving/improving

• Create more interactive content than static content
• Google sheets, websites, Tableau views

• Record sessions for review
• Unlisted youtube content available by link on www.statph.org

• Provide slides and materials on www.staphb.org as a resource
• Free to download slides as pdf file

• Since it is not possible to cover all aspects of a proposed topic in a single webinar, these 
webinars serve as a beginning to your investigation and education on the topic.

• Encourage additional discussions on Slack (contact Noah Hull, Kelly Oakeson, Erin Young, or 
Joel Sevinsky to be connected).

http://www.staphb.org/


Outline for today’s webinar

• Brief background on antimicrobial resistance (AMR)

• How genotype (NGS data) can help predict phenotype (resistance)

• Two popular algorithms for AMR detection

• Mutational resistance

• Disclaimer: I borrow extensively from other resources, including journal articles and online resource. These are referenced in the slides and used for educational purposes 
only. All references can be found in the Paperpile library (https://paperpile.com/shared/BbQJT2). 

This webinar will be recorded and will be available at http://www.staphb.org/training/amr

https://paperpile.com/shared/BbQJT2
https://paperpile.com/shared/BbQJT2


Antibiotic Targets in Bacterial Cells

Boolchandani, M., D’Souza, A.W. & Dantas, G. Sequencing-based methods and resources to study antimicrobial resistance. Nat Rev Genet 20, 356–370 (2019). https://doi.org/10.1038/s41576-019-0108-4



Mechanisms of Antibiotic Resistance

Boolchandani, M., D’Souza, A.W. & Dantas, G. Sequencing-based methods and resources to study antimicrobial resistance. Nat Rev Genet 20, 356–370 (2019). https://doi.org/10.1038/s41576-019-0108-4



Genetic Determinants of Resistance

Boolchandani, M., D’Souza, A.W. & Dantas, G. Sequencing-based methods and resources to study antimicrobial resistance. Nat Rev Genet 20, 356–370 (2019). https://doi.org/10.1038/s41576-019-0108-4



Big Picture of AMR Detection Using NGS

• Generally speaking, detection requires well curated databases of AMR 
genes or mutations.
• There are many different databases, most general, some species specific.
• Most of these genetic determinants have been correlated with phenotype and/or 

experimentally determined.

• There are different tools available for searching these databases.
• Tools vary on how they search the databases, and sometimes are part of the 

database implementation.
• Input: contigs vs reads, nucleotide vs protein
• Algorithm: Blast, k-mer, HMM, and others



Databases

…….

• Go to http://www.staphb.org/training/amr/

Boolchandani, M., D’Souza, A.W. & Dantas, G. Sequencing-based methods and resources to study antimicrobial resistance. Nat Rev Genet 20, 356–370 (2019). https://doi.org/10.1038/s41576-019-0108-4

http://www.staphb.org/training/amr/


Tools

………

• Go to http://www.staphb.org/training/amr/

Boolchandani, M., D’Souza, A.W. & Dantas, G. Sequencing-based methods and resources to study antimicrobial resistance. Nat Rev Genet 20, 356–370 (2019). https://doi.org/10.1038/s41576-019-0108-4

http://www.staphb.org/training/amr/


ABRicate (Blast-based nucleotide contig 
searching)
• ABRicate website

• https://github.com/tseemann/abricate

• ResFinder Databases
• https://bitbucket.org/genomicepidemiology/resfinder_db/src/master/

https://github.com/tseemann/abricate
https://bitbucket.org/genomicepidemiology/resfinder_db/src/master/


ABRicate - Results

• ABRicate will output one file for each database searched:



ABRicate - Results

• Each file is a tab delimited file with the Blast results:



ABRicate - Results

• Let’s look at several results files in formatted view:

• Google Sheets View

https://docs.google.com/spreadsheets/d/1ngXauKgvlaL6BGjOj-tvOXuBzUrtcVJw6Ff6-zJu_bs/edit?usp=sharing


AMRFinderPlus



AMRFinderPlus - Results

• https://www.ncbi.nlm.nih.gov/pathogens/isolates/#/search/SRR9988086

https://www.ncbi.nlm.nih.gov/pathogens/isolates/#/search/SRR9988086


Mutational Resistance

• Best example is Mycobacterium tuberculosis
• Drug resistance is predominantly mutational. 



TB Mutational
Resistance



TB Mutational
Resistance



TB Mutational Resistance



TB Mutational Resistance

• Very active area of research

• Databases currently being curated

• Potential for regional differences in curated databases

• Often data will be used for patient care, thus there is a lot of recalcitrance 
in sharing workflows until there is greater confidence in results



Take Away Messages

• Well curated databases of both genes and mutations are essential for effective 
AMR detection.

• Mutational resistance is often species specific.
• Resources are constantly being updated as new genomic and phenotypic data 

is curated.
• Collaboration between bioinformaticists, microbiologists, and epidemiologists 

are essential for fully understanding AMR.
• Although not discussed in this webinar, specificity and sensitivity of AMR 

detection using NGS data is often very high, comparable or better than many 
other molecular diagnostics for AMR detection (see references).



Questions?



Reads vs Contigs

Boolchandani, M., D’Souza, A.W. & Dantas, G. Sequencing-based methods and resources to study antimicrobial resistance. Nat Rev Genet 20, 356–370 (2019). https://doi.org/10.1038/s41576-019-0108-4



Reads vs Contigs

Boolchandani, M., D’Souza, A.W. & Dantas, G. Sequencing-based methods and resources to study antimicrobial resistance. Nat Rev Genet 20, 356–370 (2019). https://doi.org/10.1038/s41576-019-0108-4


