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Towards personalized molecular diagnostics and 
therapy for infectious diseases
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Inferring Genotype-Phenotype and Genotype-Environment associations from 
microbial omics & biomedical data

 May indicate biological functions & mechanisms
 Molecular markers 
 Support for diagnostic and therapeutic decisions and prognostics
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M. Rohde, HZI
[…]sdATGACGATTCCGAAACACGAGCCGCGCGAGGTCTTCGATCGGGCGA
TCGAGCATACGCGGGCGCTTTCCC 
CGGCCACTTTCGATCAGTGGTTCGGGGGAGTTCAGTTCGATGATCTGACCG
ACGGCGTCCTGACGCTGCG 
CGAGCAGCAGCGCGCCATAGCGCGCCAGCACGTCGCGGGCCCGCGCCATGC
GCCTCGCCGCGTCGTCCTC 
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CCTCGACGGGGGTGCGCTCGTTGGCCCCGTTCGGCTCCTCTTGGAGCACGG
CGCTCGCCTGGATCTCGGC 

GCTCTTCTCCTCGTGGAACGGCTCCAGGAAATCGGCGAGGTCGTTCGCCCC
GAACCGCTCGGCCGTCGCG 
TAGAAGAAGCCGAGGAGCGCCTCGTGCAGCCGCCCGGCGTCGGGGAACCG
ATCCTCCGGGTTCTTCGCGA 
GCATCGTGCTCACGACGTCGGCGAGCGACCGGGGCACGTCGGGGCGCACG
AGCGCGAGCGGCGGATACTC

GCTCGCCTGCAGCCGCCGCATGATCTCGAACGCCGTCGGCGCCGCGAACGG
GTTCGACCCGGCGAGCATC 
GATGGTCGTGTTCCGCGGGATGAGCTTGAAGCTCACGCCGCCGCCGGTCTC
GACGCCGAGCGACAGCGGC 

GTCACGTCGAGGAGCAGCACCTCGTCCACCTGCCCGGAGAGCGCGGCGCCC
TGCAGCGCAGCGCCGACCG 
CGACGACCTCGTCGGGGTTGACGCCCTTGTTCGGCTCCCGGCCGAAGAACT
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AGCATCTCGAGCTCGTTGC 
GCCGCATCGTCCGCTCGAGGTGGAGCGGCCCTCCGCCCGGGCCGACGGCGA
TGAAGGGGATGTTGATCTC 



Genotype-Phenotype / Environment Associations
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Method overview
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Software Setting Input Features Predictive 
model

Biomarker 
detection

Tree 
inference

TRAITAR Microbial 
genomics

Sequences Gene family 
presence or 
absence (GPA)

✔ ✔ ⤫

Seq2Geno2Pheno Microbial
genomics / 
transcriptomics

Sequence and
gene expression
levels

Sequences 
(SNPs, GPA)
and 

expression 
levels

✔ ✔ ✔

MicroPheno 16S rRNA
amplicon data

Sequences K-mers ✔ ⤫ ⤫

DiTaxa 16S rRNA
amplicon data

Sequences Variable length 
subsequences

✔ ✔ ⤫



TRAITAR
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Machine learning combined with evolutionary modelling for predicting 
microbial phenotypes

Weimann et al., mSystems 2016

TRAITAR

https://msystems.asm.org/content/1/6/e00101-16


Motility

Nitrate 
reduction

Key protein families for selected phenotypes



• Bacterial pathogen with 
multiple AMRs, causing 
complications e.g. in cystic 
fibrosis

• 414 clinical isolates
• 4 common antibiotics
• Genome, transcriptome

age 10 |

S. Häussler, 
HZI

Predicting antimicrobial resistances for P. aeruginosa

{Khaledi, Weimann} et al., EMBO Mol. Medicine, 2020



Seq2Geno2Pheno
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Predicting sensitivity / resistance with high recall/precision
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Ciprofloxacin

Ceftazidime

Meropenem

Tobramycin



.. From few molecular markers
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# markers

Macro F1-score

SVM C parameter

Model with fewest
features within 1 std.
dev. to best performing
model



Meta-omics - Studying microbial 
communities by sequencing



Studying microbial communities - the basics

 Who is there? Taxonomic profiling
 by marker gene (rRNA, ITS regions) 
 shotgun metagenome sequencing

Source: Liu et al. (2011)



OTU clustering

 After sequencing, 16S rRNA data are usually clustered into groups of 
closely related sequences, referred to as Operational Taxonomic Units 
(OTUs)

 Computationally expensive, as needs sequence alignment
 Taxonomically inconsistent
 Sequence similarities between OTUs are ignored



DiTaxa
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Asgari et al., Bioinformatics 2019

https://academic.oup.com/bioinformatics/article-abstract/35/14/2498/5221016?redirectedFrom=fulltext
https://academic.oup.com/bioinformatics/article-abstract/35/14/2498/5221016?redirectedFrom=fulltext


DiTaxa: biomarker detection from 16S rRNA

 Inference of variable length features using 
Nucleotide-Pair Encoding (NPE)

 Better than OTUs in detecting differential taxa for 
host disease phenotypes, and for host disease 
phenotype prediction

w. M. Mofrad
UC Berkeley



Microbial markers for periodontal disease
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Healthy versus new onset RA

# unique 16S 
sequences
matched by
marker

Data from Scher et al., 
elife 2013



Critical Assessment of Metagenome 
Interpretation

Towards a 
comprehensive and 
objective evaluation
of computational 
metagenomics 
software 

Sczyrba et al, 2017 Nat Methods



CAMI 2 Challenge • Short and long reads

• Marine/rhizosphere 

environment

• Strain madness

• Pathogen detection challenge

Meyer et al, 2022 Nat Methods



Summary and Outlook

 Personalized infection medicine (e.g. pathogen & AMR analyses) 
 Molecular markers (e.g. AMR diagnostics, generic microbial phenotypes, 

microbiome-related diseases)
 may indicate functional basis

 Shotgun metaOmics
 increasing resolution of taxonomic analyses
 functional markers, genomic context
 improving sensitivity & turnaround time relative to culture-based

analyses
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