
Validation of machine learning 
models

Derya Aytan-Aktug



Machine learning is cool!

• Automated pattern detection method
• Unsupervised/supervised



Very briefly supervised machine learning



Feature importance



Discoveries with machine learning

• Novel antimicrobial resistance genes
• Novel plasmid hosts
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Discoveries with machine learning

• Novel antimicrobial resistance genes
• Novel plasmid hosts

• Linkage disequilibrium
• Epistatic interactions 
• Wrong
• …



Project-1: Machine learning based ResFinder

• Goals:
• Unknown effects of known resistance genes?
• In-vitro validation of the models with TWIW isolates



Method
Gene-1 Gene-2 Gene-3

Isolate-1 coverage coverage coverage

Isolate-2 coverage coverage coverage

… … … …

Pheno-1 Pheno-2 Pheno-3

1/0 1/0 1/0

1/0 1/0 1/0

… … …

Gene-1 Gene-2 Gene-3

Isolate-
1000

coverage coverage coverage

Isolate-
10001

coverage coverage coverage

… … … …

Pheno-1 Pheno-2 Pheno-3

0 1 0

1 1 0

… … …





Feature importance results
• aadA1_4_JQ480156 imipenem
• aadA1b_1_M95287 amikacin
• ant(3'')-Ia_1_X02340 amikacin, cefoxitin, gentamicin, minocycline, tigecycline, tobramycin
• aph(6)-Id_1_M28829 amikacin, tetracycline
• blaACT-5_1_FJ237369 amikacin
• blaMIR-1_1_M37839 amikacin, chloramphenicol, colistin, tigecycline
• blaOXA-9_1_KQ089875 imipenem
• blaTEM-1A_1_HM749966 imipenem
• catB3_2_U13880 tobramycin
• formA_1_X73835 amikacin, ampicillin, cefoxitin, colistin, gentamicin, imipenem, tigecycline
• mdf(A)_1_Y08743 cefoxitin, gentamicin, imipenem, minocycline, amikacin
• …
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How the validation could be done?

Target: 
catB3-2  tobramycin  

Validation isolates: 
Should not include any known tobramycin resistance genes or 
mutations
Should include catB3-2 gene
Should be tested for tobramycin



But there might no case…

• A subset from TWIW isolates tested in-house:
• CatB3-2 including E.coli and K.pneumoniae

• All of them resistance against tobramycin
• In the same contig, blaOXA-1 and/or aac(6’)-Ib-cr present 

• CatB3-2, not responsible for tobramycin resistance
• In linkage disequilibrium with aac(6’)-Ib-cr



Take home messages

• Important features of prediction model should be interpreted in 
caution.

• In-vitro experiments are required. 



Weakness of machine learning

• Showing the associations between the features



How project-1 will continue? 

• Another model will be developed from pangenomes.
• To identify novel resistance genes

• Models and novel genes will be validated using the in-house data.



Previous pangenome studies: 

• Pangenome annotation using prodigal
• Clustering annotated genes using CD-HIT using aa identity



My approach: 

• Aligning against global gene catalog (homology reduced) using KMA
• Annotate the important features later



Project-2:Validation of PlasmidHostFinder

• Prediction of plasmid hosts
• K-mer based model

• At different taxonomy levels

• False positives
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Project-3:Tracking metagenomic samples 
under antimicrobial stress

control

+gentamicin or tetracycline

• Track organisms
• Track resistance

• HGT
• Spontaneous mutations

1 2 3

Sampling Sampling Sampling

0
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Side project: Machine learning-based 
taxonomy identifier

• Predicting taxonomies from complete and fragmented assemblies
• Tried for Klebsiella spp., Escherichia spp., Salmonella spp., Campylobacter spp.

• Fragment model is less sensitive at the species level. 
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