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From genes to mutant phenotypes

• Pathogen-Host interactions database

• Database content

• Links to genome resources

• Deep curation of publications



What is PHI-base?
• Web accessible relational phenotype database that 

catalogues genes whose contribution to the pathogenic 
process has been tested experimentally 

• Manually curated by domain / species experts
• Entries supported by peer reviewed literature references

(pathogen gene deletion / gene modification vs WT strain) 
• Broad scope of pathogen and host species
• Positive and negative data included 

• Freely accessible at www.phi-base.org since 2005

• Part of ELIXIR (European life science project since 2016)

• Regular users based in 130 countries

Urban, M., et al. (2019). Nucleic Acids Res DOI: 10.1093/nar/gkz904.

http://www.phi-base.org/


joint grant by the BBSRC until July 2022 

PHI-base interacts closely with Ensembl Genomes and PomBase DB
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Phenotype data and knowledge explosion over the last 40 years
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Miniaturisation: Minion

Increasing number of publications on virulence associated genes and their phenotypes
in microbial pathogens (Web of Sciences/PubMed)

GOLD db
~33 k genomes



PHI-base is a multi-species database for fungi, protists
and bacteria pathogens 

Top 15 pathogen species in PHI-base

65% plant pathogens, 30% human_animal_fish pathogens, 5% insect_others

Total 263 pathogenic species (fixed)

Host Plant Focus 
- Agricultural crops
- Horticultural crops
- Commercial trees

(timber, fruit)
- Model species
- Emerging crop plant

threats (pandemics)

Host Animal Focus
- Key human pathogens
- Animal testing alternatives (3Rs)
- Plant attacking nematodes
- Plant attacking insects

Plant pathogen Animal  pathogen Plant and animal  pathogen



New PHI-base version 4.9 release (May 2020) online! 

• Pathogens: 75% eukaryotes (fungi_protists), 25% bacteria

• Hosts: 60% plant (50:50 cereal:non-cereal), 40% animal_human

www.phibase.org

References 3682

Genes 7126

Interactions 14787

Pathogens 270

Hosts 212

Diseases 530

Chemistries 34 fungicides
149 anti-infectives



Nine high level PHI-base phenotype outcomes
Generic (species neutral) terms to permit wide inter-species comparisons

Urban et al. (2015), Frontiers Plant Science, doi: 10.1093/nar/gku1165 

Terms are routinely published in research articles but mapping to GO terms is not 
supported. Instead PHIPO for pathogen-host interactions is developed.

1. Loss of pathogenicity
2. Reduced virulence
3. Increased virulence
4. Unaffected pathogenicity
5. Effector (transferred ‘entity’ in an interaction)
6. Enhanced antagonism (endophytes)
7. Essential
8. Increased resistance to chemistry
9. Increased sensitivity to chemistry

Virulence
terms

35 fungicides



Interactions are an important concept in PHI-base

An interaction is defined as the function of one gene, on one host and one tissue 
type from one publication. One high-level phenotype term is assigned.

Pathogen species:
F. graminearum

This permits narrow and wide 
intra- and inter-species comparisons



From genes to mutant phenotypes



(1) Search panel for free text
(2) Detail view of gene results
(3) Data on different tabs
(4) Facet view with summary of

results with ‘click-box’ selection
for follow up

(5) BLAST search function

Free text entry with autocomplete 

32

1
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5

PHI-base interface with faceted views to allow complete visualization 
of all curated data!

Tri5 and 2008

From genes to mutant phenotypes



Protein-to-Phenotype BLAST search functionality

Header includes PHI-base ID 
and high level phenotype

5.   E9RBG1#PHI:4230#Abcb#746128#Aspergillus_fumigatus#reduced_virulence
6.   Q96VL9#PHI:543#Bcatrd#40559#Botrytis_cinerea#unaffected_pathogenicity
7.   Q4X006#PHI:4229#Abca#746128#Aspergillus_fumigatus#unaffected_pathogenicity
8.   A5H456#PHI:867__PHI:1159#Mgatr7#1047171#Zymoseptoria_tritici

#unaffected_pathogenicity__chemistry_target:_sensitivity_to_chemical



Main uses of PHI-base
>330  publications citing PHI-base

All papers are cited in the about section of the database

• Quick lookup of gene mutant - phenotype relationships
human readable knowledge database and computer readable!

• Annotate novel datasets for candidate gene selection:  
Newly sequenced pathogen genomes or exploring variomes (variant genomes) 
RNA-seq and microarray data sets (enrichment of virulence genes)

Other candidate  gene lists  (i.e. from forward genetics screens )

• Comparative genomics/phenomics
Conserved themes vs species-specific differences
In silico predictions of candidate virulence using protein-protein interaction networks

• Provide phenotype annotations for databases and  genome 
browsers at EMBL-EBI, FungiDB and knowledge networks



Disease netminer

Disease gene orthologs Researchers

Global Biotic Interactions

PHI-base – part of a connected network of FAIR data resources

Resources



Display phenotypes directly in genome browsers since 2011

Ensembl Fungi Zymoseptoria tritici (MG2)

increased resistance 

to chemical

http://fungi.ensembl.org



UniProtKB provides links to PHI-base phenotypes



Switching to Deep curation of publications

• complex phenotypes using annotation extensions

• using well-established author-curation tool used by PomBase.org 
(fission yeast)

• meaningful analyses and comparisons within and between organisms



PHI-Canto is an author curation tool for  phenotypes of pathogen-host 
interactions, anti-infectives and hosts

Start with Manuscript ID, 
enter details including protein IDs,  phenotypes, 

GO annotation and submit

PHI-Canto

Authors will be invited to curate their articles after manuscript acceptance.

v1473 



Rothamsted Research
where knowledge grows

Rothamsted Research
where knowledge grows

PHIPO: Pathogen Host interaction Phenotype Ontology on OBO Foundry

+ use of 7 external ontologies
including GO, PSI-MOD

PHIPO
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• Community author-curation tool, PHI-Canto:
allows deep curation of phenotypes ; authors  curate themselves

• UniProtKB, FungiDB, and ENSEMBL integrate PHI annotation into their 
databases

Shefchek et al. (2019) The Monarch Initiative in 2019: an integrative data and analytic platform
connecting phenotypes to genotypes across species. NAR. doi 10.1093/nar/gkz997.

• Main uses for researchers:
access & download published phenotypes
provides annotation to genomes
enables searches across species and taxonomies, eg by BLAST-to-phenotype analyses

Summary & Questions?

From genes to mutant phenotypes

• PHI-base - multi-species microbial mutant database with wide 
range of crop plants

Multi-pathogen/hosts



Thank you

PHI-base at Rothamsted Research, UK, near London

martin.urban@rothamsted.ac.uk



PomBase staff focus their curation efforts on 

papers  published before 2014, community 

curation is an indispensable route to database 

inclusion  and subsequent dissemination for 

new publications.

PomBase Curation progress 

Curator curated
Community

curated

Community

assigned

6133 curatable publication

Lock, A., et al. (2020). Database (Oxford) DOI: 10.1093/database/baaa028.


