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Rationale for PhenDB

Multiple coverage binning

We can recover nearly complete genomes.

The genome is a major source of 
information.

Lot of genomes are coming from 
metagenomes. Speed up data analysis.

?

Is there any method able to infer complex 
traits from nearly complete genomes?



Role and trait prediction in microbial communities
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Trait prediction for nearly complete genomes

Computational method based on PICA.

Learns genotype-phenotype association models from completely sequenced 
genomes of microbes with known traits.

These models can be used to predict the traits in novel genomes.

The whole genome architecture can be used to predict the trait.



Current PICA models
Metabolism
Plant pathogenicity based on AvrE virulence factor
Secondary bile acids production
Benzoate degradation via hydroxylation
Phytate hydrolisis
Glycine and taurine are de-conjugation from bile salts
Butyrate-production
Chitine degradation
Aromatic-ring-hydroxylation
Carbon monoxide assimilation
Trimethylamine production via choline
Bibenzofuran (DF) dibenzo-p-dioxin (DD) degradation
Steroid hormone metabolism
Naphthalene degradation
Fatty acid degradation
Phosphonate hydrolisis
Recycling of organic phosphorus
Capsular polysaccharide biosynthesis
Thiosulfate oxidation
Plant pathogenicity based on Thaxtomins
Ureolytic activity
Reduction of various α,β-unsaturated and nitro compounds

Human pathogens
Penicillin resistance of S. aureus

Symbionts
Obligate intracellular lifestyle
Functional T3 Secretion System
Functional T4 Secretion System
Functional T6 Secretion System

Habitat compatibility
Halophile
Psychrophile
Thermophile
Mesophile
Aerobic respiration
Anaerobic respiration
Facultative anaerobe

Physiology
Motility
Spore formation
Gram negative bacteria

Lifestyle
Autotrophic metabolism
Phototroph bacteria

Metabolism
Ammonia-oxidizing bacteria
Nitrite-oxidizing bacteria
Nitrogen fixation
Hydrogen production
Alkane degradation
Arsenic detoxification
Methane utilization as carbon source



bin_ID 1 2 3 4 5

comp. [%] 99.9 94.5 93.6 91.2 91.3

cont. [%] 0.0 0.0 0.0 0.0 12.2

First step: quality assessment

Metagenomic bins

Completeness, 
contamination

processing ….
(roughly 10 min per bin)
requires 20+ GB RAM



Second step: annotating genomes

Computational costs for annotation of an E. coli
genome with EggNOG database

bin_ID 1 2 3 4 5

ENOG1 0 1 0 0 1

ENOG2 1 1 0 0 2

... ... ... ... ... ...

HMMER



Improvement by parallelization

Further speedup:
Annotation running on 30 compute 
nodes of the LiSC

Computational costs for annotation of an E. coli
genome with EggNOG database

HMMER



Pipeline - results and summaries
Individual Results file for each uploaded bin

● For each model:
○ Verdict: Prediction of PhenDB 

(YES/NO/NA)
■ “N/A” if balanced accuracy 

below cut-off (default 0.7)
○ PICA probability

■ Depends on found COGs
○ Balanced accuracy

■ Depends on 
Completeness/Contamination and 
model



http://phendb.org

http://phen.csb.univie.ac.at/phendb






Take home
- Fast prediction of complex traits for large genome-centered metagenomes.

- PhenDB can not predict completely new mechanisms

- We improve models and expand the web interface

- Only available for bacteria.

- Can we quantitatively compare traits?
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Catalogs of protein families in viruses



All-virus orthologous groups







VOGDB



Polyproteins and their peptides



A typical flavivirus genome

© ViralZone



Automatic polyprotein annotation: concept

1. Extraction of homologous polyproteins from a genus or a homologous cluster



Automatic polyprotein annotation: concept

2. Validation of peptide annotation with domains 



Automatic polyprotein annotation: concept

3. Multiple alignment, validation of conservation of sequence and cleavage sites



Automatic polyprotein annotation: concept

4. Propagation of cleavage sites to unannotated proteins



Hellinger et al., in prep.

http://vogdb.org



Laffy et al., Env Microbiol 2018

Composition of viruses 
across holobiont species 
and reef environments



Take home
- Grouping of all viral proteins into orthologous groups and families.

- Virus genomes require annotation check and re-annotation

- Many families are present in prokaryotic and eukaryotic viruses

- Applications e.g. in viral ecology, virus evolution, study of host interactions…

- Lots of features in database and web interface to come


