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The Pathogen-Host Interactions database: 
PHI-base

A database used to understand the mechanisms underlying 
pathogenesis (disease formation) and explore new 

options to protect crop, human, animal and ecosystem health 

UK node 



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
• Regular users based in 130 countries

Winnenburg et al. (2006 and 2008) Nucleic Acids Research (Database issues)
Urban et al. (2015 and 2017 ) Nucleic Acids Research (Database issues)
Urban et al. (2015)  Frontiers in Plant Sciences, doi: 10.3389/fpls.2015.00605
Brown et al. (2016) FEMS Microbiological Reviews 40, 19-40

http://www.phi-base.org/
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PHI-base is a multi-species database for fungi, protists
and bacteria pathogens 

Top 15 pathogen species in PHI-base

Plant pathogen Animal  pathogen Plant and animal  pathogen

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

Total ~ 250 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
- 3Rs species alternative
- Plant attacking nematodes
- Plant attacking insects
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Current PHI-base version 4.6 release 

• Pathogens: 75% eukaryotes (fungi_protists), 25% bacteria
• Hosts: 65% plant (50:50 cereal:non-cereal), 30% animal_human

www.phibase.org

References 3011

Genes 6438

Interactions 10382

Pathogens 263

Hosts 194

Diseases 510

Chemistries 34 fungicides
149 anti-infectives



Host plant 
Entries / 
species 

Loss of 
Pathogenicity

Reduced 
Virulence Effector TOTALS 

Wheat 1350 65 (5) 382 (13) 6 (3) 453 - 34%

Barley 436 85 (4) 144 (7) 32 (3) 261 - 60%

Potato 128 1 (1) 54 (11) 8 (2) 63 - 49%

Tomato 692 45 (9) 176 (17) 193 (17) 414 - 60%

Brassica 108 16 (6) 53 (10) 15 (3) 84 - 77%

Arabidopsis 347 7 (5) 94 (17) 190 (15) 291 - 84%

Tobacco (benth) 168 2(1) 30 (8) 124  (21) 156 - 93%

TOTALS (7 species) 3229 - 31% 221 - 26% 933 - 17% 568 -24% 1722 - 26%

TOTALS -PHI-base
10382

849 5488 2391 6568

Entries for Key Crop and Model Plant Hosts 



Data and knowledge explosion over the last 40 years
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GOLD genome database
lists ~1500 projects

1st genome-wide 
functional analysis 
of vir genes

1st HIGS 
experiment

Pac Bio

Nanopore

NG 
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1994
1st fungal 
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stably expressed 

by a plant 

Miniaturisation: Minion

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

Cumulative number 
of publications



• RRes: review of list and add in 
submissions from species       

experts/users,
collect PDFs, send to MC

Database curation workflow 
at RRes and Molecular Connections (MC) India

• MC: curation of 10 papers/week; 
forward data in monthly  

batches
Up to 81 data entries / gene

• MC: keyword  searches for
new papers to generate 

candidate list

• RRes: review of data
2 database releases/year



The PHI-base interface has  a faceted views to allow 
complete visualisation of all curated PHI-base data!

1

4

2
3

5

(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 



PHI-base protein BLASTP search functionality

Ref:  http://www.sequenceserver.com/



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/computer readable)

key word search, BLAST tool and a full download function 

• Provide phenotype annotations for genome browsers
and knowledge networks 

• 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



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 due to their high-level nature.

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. Resistance to chemistry
9. Sensitive to chemistry

Virulence
terms

35 fungicides



High level phenotypes are assigned to each
host-pathogen interaction

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.

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

Pathogen species:
Fusarium graminearum



Summary of phenotypic outcome content 

in PHI-base 

PHENOTYPIC OUTCOME %

Loss of pathogenicity  8.6%

Reduced virulence 39.4%

Increased virulence 4.0%

Unaffected pathogenicity 24.9%

Effector (transferred ‘entity’) 20.6%

Enhanced antagonism 0.1%

Essential 1.9%

Resistance to chemistry 0.4%

Sensitive to chemistry 0.1%



PHI

Annotation:
phenotype and 

experimental information
pathogen genomes

❖ Phenotype information directly accessible in Ensembl Genomes
❖ BioMART search of PHI-base annotated  pathogen genes

since 2010

Integration of PHI-base data with
Ensembl Genomes

Ensembl protists: 16 species, 24 genomes

Ensembl fungi: 83 species, 111 genomes

Ensembl bacteria: 16 species, 119 genomes

115 species, 254 genomes 



Display phenotypes directly in genome browser

Ensembl Fungi

http://fungi.ensembl.org



Search Fusarium graminearum genomes by phenotype

www.phytopathdb.org

BioMart Tool 



Two NEW functionality for PHI-base since  2017 

Curation of the 1st HOST TARGETS in plants

of pathogen effectors    

PHI

Annotation:
phenotype and 

experimental information

Further integration of PHI-base data with 
EnsemblGenomes and the BioMart tools 

PHI-Canto
(multi-species

author curation tool) 

Species expert

checks

115 species 
254 genomes 



Community multi-species curation tool for authors

PHI-Canto 
http:// demo-canto.phi-base.org  (beta version)

Anticipated curation time per article: 15-30 min

Start with Manuscript ID, 
enter details including gene IDs (UniProt),  
phenotypes,  submit

New BBSRC-BBR grant (July 2019 for 3 years )  
Focus:  Further PHI-Canto, metagenotype and ontology developments    

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


Summary
• PHI-base is a multi-species microbial mutant database with wide range of crop

and non-crop plants and an increasing number of 1st host targets

• PHI-base is a FAIR database and part of the Elixir ‘Data for Life’ project since 2016 

• Use for the researcher:
access to published phenotypes and genotypes on pathogens and hosts 
provides instant phenotype annotation to genomes, transcriptomes
enables searches across any species and any taxonomies

• Computational applications:
use of controlled vocabularies (PHI-PO ontologies) allows computers to analyse and

model phenotype data sets

• Community annotation tool:

From genes to mutant phenotypes

- will allow authors to curate their own data 
- advantage: high visibility of own research to increase citation number

Multi-pathogen
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Extra Slides



PHI-base users/associated databases

Disease netminer

CANTO
Virulence gene orthologs

Researchers

Resources

CABI Thesaurus & Invasive
Species compendium

PHI-base Universe





Developing a community curation tool for 

authors 



Iprodione
dicarboximide fungicide

Candida

Botrytis

Magnaporthe



Collaboration with Mark Wilkinson (Spain) –

A FAIR version of PHI-base for plant pathogens

May 2016

Conforms to each of the FAIR Principles

2016 International proposition - all scientific data should be “FAIR”—

Findable, Accessible, Interoperable, and Reusable.



PHI-base:   contact@phi-base.org

User contribution invited to

➢ suggest articles for curation by email

➢ inform us on annotation mistakes/paper retractions

➢ Authors asked to submit novel isolate specific gene 
sequences to Genbank/EMBL to help link published 
phenotypes to new alleles

➢ publish negative data sets on genes not involved in virulence

➢ Try out the new author curation tool  PHI-CANTO 

PhD students, Post-Docs and PIs 




