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Monarch: connecting diseases, phenotypes, and 
genes
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A knowledge classification of a domain, 
where the relationships between concepts 
are formally defined and logically related, 
which allows for computational reasoning

What is an ontology?

http://www.obofoundry.org/resources https://bit.ly/clingen-mondo

Key Features:
▪ Terms are defined
▪ Semantics - relationships between terms 

are defined, allowing logical inference 
and sophisticated data queries

▪ Terms are arranged in a hierarchy
▪ Expressed in a knowledge representation 

language such as RDFS, OBO, or OWL



Complexity of Vocabulary Types

http://www.obofoundry.org/resources https://bit.ly/clingen-mondo



We needed:
● disease concepts spanning multiple categories
● a systematic way of relating these concepts

Why not just use mappings?
● Many terminologies / ontologies / lists include 

mappings 
○ These can be used to cross-walk

● Problems:
○ Often mutually inconsistent
○ N^2 sets of mappings!
○ Not 1:1 equivalents

What is the most clinically useful way to
 define and group diseases?

mondo.monarchinitiative.org https://bit.ly/clingen-mondo
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• There are a wealth of disease resources
– specialized 

• (e.g OMIM: Mendelian)
– generalized 

• (e.g. MESH, SNOMED)
• No single resource sufficient

– specialized
•  did not include concepts we needed

– generalized
• lacked sufficient depth/precision in key domains

No one system fit the bill



http://bit.ly/annual-reviews-ontologies

Wide heterogeneity in:
● placement of diseases hierarchically, and therefore meaning,
● mapping to other diseases, 
● the number and typing of synonyms

Assessment of synonyms, hierarchies, and mappings across ontology sources 
for example diseases EDS and Pancreatic cancer



Evidence-based merging of equivalent classes
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● In obo format version and 
in OLS these are database 
cross references (‘xrefs’)

● In owl version we use 
explicit logical axioms, e.g:
○ equivalentTo
○ relatedTo

Relationships to other resources

ebi.ac.uk/ols/ontologies/mondo https://bit.ly/clingen-mondo



Current Status

Automated;
merge 

multiple 
resources 
together

Mondo as 
a distinct 
curated 
ontology

● ~20k disease 
classes

● >2000 issues 
reported

● >50 releases

2016-2017 2018 Today

MONDO IDs assigned and 
tracked for each concept

Use of standard ontology 
engineering practices

Periodically aligned and 
synced with existing resources

Released monthly

mondo.monarchinitiative.org https://bit.ly/clingen-mondo
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Mondo community

OBO Foundry
obofoundry.org/ontology/mondo

Ontology Lookup Service
ebi.ac.uk/ols/ontologies/mondo
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GitHub
github.com/monarch-initiative/mondo

Community developed

Weekly Calls
Fridays, 9am PT/12pm ET

Zoom

Join our mailing list:
https://groups.google.com/forum/#!forum/

mondo-users

https://bit.ly/clingen-mondo
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Mondo website
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Mondo website

https://bit.ly/clingen-mondo

https://mondo.readthedocs.io/en/latest/editors-guide/c-make-g
ood-term-request/
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https://github.com/monarch-initiative/mondo/tree/master/src/patterns/dosdp-patterns 

Overall design principles
Dead Simple Ontology Design Patterns 
(DOSDP)

Pre-made patterns that specify:
● label
● text definition
● synonyms
● logical definition

Diseases series by gene

pattern_name: disease_series_by_gene

description: >-
  This pattern is for diseases that are caused by a single mutation 
in a single gene, that have gene-based names, such as new disease 
terms that are requested by ClinGen, like like MED12-related 
intellectual disability syndrome. 
  
Examples: [MED12-related intellectual disability 
syndrome](http://purl.obolibrary.org/obo/MONDO_0100000), 
[TTN-related 
myopathy](http://purl.obolibrary.org/obo/MONDO_0100175), 
[MYPN-related 
myopathy](http://purl.obolibrary.org/obo/MONDO_0015023)
classes:
    disease: MONDO:0000001
    gene: SO:0001217

relations:
    disease has basis in dysfunction of: RO:0004020

vars:
    disease: "'disease'"
    gene: "'gene'"

name:
    text: '%s caused by mutation in %s'
    vars:
      - disease
      - gene



https://github.com/monarch-initiative/mondo/tree/master/src/patterns/dosdp-patterns 

Disease series by gene
description: This pattern is for diseases that are caused by a single mutation in a single gene,  

that have gene-based names, such as new disease terms that are requested by ClinGen, like  

MED12-related intellectual disability syndrome.

Examples: MED12-related intellectual disability syndrome, TTN-related myopathy, MYPN-related  

myopathy

vars:

   disease: "'disease'"

   gene: "'gene'"

Disease: Intellectual 
disability syndrome

Gene: MED12

MED12-related 
intellectual disability 
syndrome

Disease: myopathy

Gene: TTN

TTN-related myopathy

Disease: myopathy

Gene: MYPN

MYPN-related 
myopathhy



https://github.com/monarch-initiative/mondo/tree/master/src/patterns/dosdp-patterns 

Disease series by gene
name:

   text: '%s caused by mutation in %s'

   vars:

     - disease

     - gene

annotations:

 - annotationProperty : exact_synonym

   text: '%s %s'

   vars:

     - gene

     - disease

 

Disease: myopathy

Gene: MYPN

Name: myopathy caused 
by mutation in MYPN

Exact synonym: MYPN 
myopathy



https://github.com/monarch-initiative/mondo/tree/master/src/patterns/dosdp-patterns 

Disease series by gene
- annotationProperty: exact_synonym

   text: '%s related %s'

   vars:

     - gene

     - disease

    

def:

   text: Any %s in which the cause of the disease is a mutation in the %s gene.

   vars:

     - disease

     - gene

Disease: myopathy

Gene: MYPN

Exact synonym: MYPN 
related myopathy

Disease: myopathy

Gene: MYPN

Definition: Any myopathy 
in which the cause of the 
disease is a mutation in the 
MYPN gene.
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How to request new terms (Mondo IDs) & changes

https://bit.ly/clingen-mondo

1. GitHub tracker: New issue
2. Pick appropriate template
3. Fill in the information that is requested 

on the template below each header
4. Please include:

a. A definition in the proper format
b. Sources/cross references for 

synonyms
c. Your ORCID or the URL for 

your ClinGen working group
d. Add any additional comments at 

the end
5. Nicole will automatically be tagged
6. Please email Nicole or comment on 

the ticket (Nicole will be emailed) if you 
have any additional questions or need 
the ticket is high priority

https://mondo.monarchinitiative.org/
https://docs.google.com/file/d/14g9y1nmCmRTkPB1fa6y_jIW3lHyFV4-g/preview
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Recommendations for GitHub tickets/new term 
requests

https://bit.ly/clingen-mondo

General Recommendations:
1. New term requests should not match existing 

terms or synonyms
2. Write a concise definition in the definition 

field. More info about writing definitions is 
here

3. Synonyms - please provide a 
source/cross-reference

4. Check OMIM for children classes

We appreciate your contributions to extending and 
improving Mondo

Formatting:
1. Preferred term labels should be lowercase (unless it 

is a proper name or abbreviation)
2. Write the request below the prompts on the template 

so the Markdown formatting displays properly
3. Synonyms should be lowercase (with exceptions 

above)
4. Definition source - if from PubMed, please use the 

format PMID:XXXXXX (no space)
5. Include the Mondo ID and label for the parent term
6. List the children terms with Mondo ID and label in a 

bulleted list

https://mondo.monarchinitiative.org/
https://douroucouli.wordpress.com/2019/07/08/ontotip-write-simple-concise-clear-operational-textual-definitions/


https://philpapers.org/archive/SEPGFW.pdf

Writing Ontology Definitions

https://bit.ly/clingen-mondo
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Gene-based names 

https://bit.ly/clingen-mondo

For example, 'GTP cyclohydrolase I deficiency'

**We are able to accomodate gene-based names**

ClinGen term

OMIM terms

https://mondo.monarchinitiative.org/


https://mondo.readthedocs.io/en/latest/editors-guide/f-entities/#synonyms

Synonym types

Exact

Related

Narrow

Broad

An exact match

A word of phrase has been used synonymously 
with the primary term name in the literature, but 
the usage is not strictly correct 

A more specific term

A more general term

Excluded

Deprecated

Some synonyms are annotated with EXCLUDE, e.g. “NOS” (not otherwise specified) synonyms. It 
is useful to have these in the edit version, but these are filtered on release.

We may also mark synonyms with DEPRECATED. E.g. all occurrences of “mental 
retardation” should be “intellectual disability”

Sc
op

e
Ty

pe

E.g. hereditary Wilms' tumor
exact synonym: familial Wilms’ tumor
E.g. asthma
narrow synonym: exercise-induced asthma

E.g. autoimmune hepatitis 
broad synonym, autoimmune liver disease
E.g. AGAT deficiency
related synonym: disorder of glycine amidinotransferase 
activity 
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Batching requests

https://bit.ly/clingen-mondo

Created a google spreadsheet with the metadata we need to capture:
https://bit.ly/clingen-batch 

https://mondo.monarchinitiative.org/
https://bit.ly/clingen-batch
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How long does it take to see changes in to Mondo?

https://bit.ly/clingen-mondo

Request new term 
(or changes) on 
GitHub

Nicole adds term to 
Mondo, creates a 
Pull Request (PR)

Chris 
reviews/approves 
term (or changes) 
for technical 
changes

Term is available 
in next release 
(around 1st of 
each month)

OLS is updated 
approx 7 days 
after our release

✔

Expert advice

https://mondo.monarchinitiative.org/
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Zisimos
Owner: Nico Matentzoglu

Weasley
Owner: Zoe Pendlington
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Owner: Paola 
Roncaglia
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Owner: Sira Sarntivijai
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Owner: Nicole Vasilevsky
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Cats of Mondo
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Chris Mungall, LBNL
Email: cjmungall@lbl.gov
Twitter: @chrismungall
GitHub: cmungall

Nicole Vasilevsky, OHSU
Email: vasilevs@ohsu.edu
Twitter:  @n_vasilevsky
GitHub: nicolevasilevsky

Funding:
Monarch is supported generously by a NIH Office of the Director Grant #5R24OD011883, as well as by NIH-UDP: HHSN268201350036C, 
HHSN268201400093P, NCI/Leidos #15X143. 
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Luna   Neville
(grandma)-owner Anne Pariser 

Copa and Molly
owner, Leigh Carmody 

Dogs of Mondo

Thank you!

https://mondo.monarchinitiative.org/
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