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Mendelian Inheritance in Man
from A Catalog of Autosomal Dominant, Autosomal Recessive and X-linked 

Disorders
to A Catalog of Human Genes and Genetic Disorders

1966 (1st edition) – 1998 (12th edition)



MIM was part of an Information 
Retrieval Experiment (IRx) project 
developed at the NLM.  It supported 
full text retrieval using natural 
language.  In 1987, MIM went online 
and became OMIM.  It was made 
available on the internet from the 
Welch Medical Library.

In 1995, OMIM was moved to the 
world wide web by NCBI and was 
incorporated into their Entrez suite 
of databases.  It remained there 
until OMIM.org debuted in January 
2011.



History of MIM/OMIM
• 1966 - MIM1 had 1486 entries, no genes
• 1983 - MIM6, when genes were added
• 1987 - OMIM becomes available by dial-up

• 1995 – NCBI adapts OMIM  for the World 
Wide Web

• 1998 -MIM12, the last published with 8355 
entries, majority genes

• 2011 – New home is OMIM.org, where 
searching is optimized  

• Today 28,147 entries and adding ~250 new 
phenotypes per year  

MIM1
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OMIM.org



OMIM Information Framework

*Each gene or phenotype entry is assigned a unique 6-digit number (MIM number) that is stable.



OMIM Entries

• Each entry has a unique, stable MIM number  (MIM numbers are used 
heavily in the biomedical literature and as crosslinks within 
other data resources.)
• Primary titles and other aliases and symbols
• Rich, full text descriptions of genes and genetic phenotypes/disorders in 

structured formats (e.g., gene structure, function, animal 
model, variation or clinical features, pathogenesis, 
molecular genetics, clinical synopsis)
• Expert curation and predictable semantic structure
• Cited to peer-reviewed biomedical literature



OMIM Staff
Scientific Director:    Ada Hamosh, MD, MPH 
Deputy Director:     Hilary Vernon, MD, PhD
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Editorial Director:    Anne Stumpf, BA
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        Bao Lige, PhD
        Marla O’Neill, MD
Curator:       Matt Gross, MS
Informatics Director:    François Schiettecatte, BSc
Sr. Software Engineer:     Valentin Antonescu, BS 
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Kelman, Natalie Krasikov, Wilson Lo, Iosif Lurie, Jennifer Macke, Stefanie Nelson, Mark Paalman, Michael Petersen, 
John A. Phillips III, Kelly Przylepa, Sonja Rasmussen, Rebekah Rasooly, Dorothy Reilly, Patti Sherman, Moyra 
Smith, Nara Sobreira, Beat Steinmann, Deborah Stone, George Tiller, David Valle, Kathryn Wagner, Doug Wallace, 
Dawn Watkins-Chow, Michael Wright





OMIM Genes
• Over 17,800 entries 

– protein coding genes 
– microRNAs 
– long noncoding RNAs
– locus control regions
–  and more

• Over 5,428 entries have allelic variants
• Over 36,000 allelic variants in OMIM



Gene Entry



Gene Related Phenotypes Clinical Synopses Table



Gene Entry



Table View of the  Allelic Variants



Full List of ClinVar Variants



ClinVar
• Database of reports of the 

relationships among human 
variants and phenotypes, 
with supporting evidence 
and history of 
the interpretations

• Interpretation of genetic 
variants changes over time, 
especially variants of 
uncertain significance

Use ClinVar to look up genetic variants.



ClinVar



Variant classification

Submitter 
and date 

Details about variant interpretation 
and supporting evidence

ClinVar



• Genetic Heterogeneity
• Many similar or virtually identical 

diseases can be caused by 
pathogenic variants in different 
genes

• OMIM has always separated 
these by molecular basis and 
numbered them

• This is the basis of the 
phenotypic series 

• Phenotypic Diversity at a locus
• 30% of Disease Genes cause 

more than one phenotype 
(constellation of features 
recognizable as a  
disorder/disease/condition)

• Sometimes these conditions 
have overlap, but many can be 
quite distinct

• Often the differences are due to 
allelic burden, domain affect, or 
varying mutational mechanism 

Two Fundamental Principles in Genetics



Phenotypic diversity at a locus

BLACK RULE = CUT-OUT LINE

YELLOW/GRAY BEYOND BLACK RULE 
IS .125-INCH BLEED

TRIM SIZE = 29.5 X 65.25

Cystic fibrosis
219700

Congenital absence of vas 
deferens, isolated
277180

Elevated sweat chloride 
levels, isolated
211400

Hereditary pancreatitis
167800

Bronchiectasis with or 
without elevated sweat chloride 
211400 The phenotypic diversity 

caused by CFTR mutations is 
designated by distinct clinical 
names representing radically 
different prognoses and 
treatments.



FBN1 gene with 8 different AD disorders





Phene-Gene Graphic from FBN1



Genetic Heterogeneity

• When creating a new phenotype entry in OMIM
• We look at the frequent (occurring in >50%) features in the cohort 

described. Does this resemble something that is already known, and is 
this part of a phenotypic series?  If so, can it be the next number in the 
series

• Phenotypic Series
• Currently 606 series, comprising 5,216 phenotypes
• A phenotype may appear in more than one phenotypic series
• These are hand curated and are updated as new members are added or 

when we create a new phenotypic series. 

 



Ehlers-Danlos Phenotypic Series PS130000 with 23 entries 



Phene-Gene Graphics
Created on the fly from the data in OMIM at that moment

Based on the gene map, phenotypic series and molecular 
series

Adjustable to see what you want to see

A tool for new insights into relationships



Orofacial 
cleft 5
608874

Ectodermal 
dysplasia 3
189500

MSX1 +16

+17

+9
Tooth 
agenesis,
selective, 1
106600



Phenotype Entry



Clinical Synopsis



Clinical synopsis feature IDs



Phenotype Entry



Phenotype Entry



OMIM 
Clinical Synopses

Mouse over anatomical
subhead to see features

Clinical synopsis Quick View format



OMIM Clinical Synopses

Clinical synopsis 
Side-by-Side 
format

x

x



OMIM Phenotypes
Single gene mendelian disorders (e.g, cystic fibrosis, sickle cell disease, 
achondroplasia)

Phenotypic traits (e.g., hair and eye color, PTC tasting)

Susceptibility to drug reaction (e.g., malignant hyperthermia, warfarin 
sensitivity)

Altered susceptibility or reaction to infection (e.g., herpes simplex 
encephalitis, progression of HIV infection to AIDS)

Germline susceptibility to cancer (e.g., BRCA1/2 and breast/ovarian 
cancer)

Recurrent deletion and duplication syndromes (17p11.2 deletion and 
duplication syndromes)



Challenges in Defining a Phenotype

Changes in diagnostic modalities

Changes in diagnostic criteria

Differences in medical care and medical intervention

Cultural considerations

Medical subspeciality bias

Ascertainment of the phenotype at different stages of development

Phenotypic diversity at a locus (e.g., Lamin A)

Genetic heterogeneity
Amberger et al. Hum Mutat 32:564, 2011



OMIM Allelic Variants

Available at: http://omim.org/help/faq#1.4

•   >36,000 allelic variants cataloged in OMIM 
•   Allelic variants are in the gene entries
•   Select examples include

• first mutation to be discovered
• high population frequency
• distinctive phenotype
• historic significance
• unusual mechanism of mutation
• unusual pathogenetic mechanism
• distinctive inheritance 



Inheritance and Allelic Variation

• OMIM catalogues select variants

• Extensive topical links to many variant resources, 
including population- and disease-based

• Inheritance resides with the phenotype

• Note that de novo variants will be classified by 
the inheritance of the disorder / allelic 
requirement



MIMmatch



MIMmatch

Updated daily



MIMmatch

606 Phenotypic Series comprising 
5216 disorders 



Molecular Series
• Tabular list of phenotypes 

brought together by a shared 
mechanism, etiology or 
pathology

• Current 16 Molecular Series, with 
347 members



Nonprotein Coding 
Morbid Genes

• 21 genes causing 28 conditions
• Inheritance

• 11 autosomal recessive 
• 16 autosomal dominant 
• 1 both

• Growth:
• 17 no effect on growth
• 1 overgrowth
• 10 short stature

• 17/28 neurological involvement
• DD, ID, ataxia, seizures, brain anomalies

• Remarkably broad phenotypic spectrum 



Repeat expansion and alanine tract expansion disorders
Repeat expansion disorders are 
predominantly neurological or 
neuromuscular progressive disorders

Alanine tract expansion disorders are 
often static congenital anomalies 
that are not progressive



Disorders of 
Epigenetic Machinery
• The correct amount of histone 

methylation and acetylation is 
essential for normal growth and 
development.  Of note, de novo 
pathogenic variants in either a writer or 
an eraser gene can result in types of 
Kabuki syndrome. 

• Each component of the epigenetic 
machinery: reader, writers, erasers, 
and remodelers has its own molecular 
series.

PMID:36952035, 2024



Disorders may sit in multiple series



Morbid Genomic 
Regulatory Sequences
Molecular Series

• These are genomic elements (enhancers, 
repressors, etc)

• They do not create an RNA or code for 
protein

• Their disruption or dislocation creates a 
recognizable phenotype

• 10 members of the series, thus far



Positional effects of structural variation
Structural variants are increasingly being associated with 
rare genetic diseases.  Translocated enhancer elements 
and disruption of topologically associating domains are 
examples of this disease-causing molecular mechanism.

PMID:33568816

PMID:23022097

PMID:34433009

PMID:21636067



Custom Gene or Phenotype Lists
• MIMmatch users can create their own lists of genes or phenotypes



Custom Gene List
Input MIM#s:
602105
603382
608489
600375
609110
184757
610224
611486
604759
609644
617307
614535
618125
300247



Custom Phenotype List

Input MIM#s:
#614753
#616592
#618381
#117550
#130650
#312870
#612918
#615879
#277590
#613675
#615923
#616260
#616831
#617107
#618786



OMIM Gene Map



Challenges in identifying Novel Disease 
Genes and Diseases
• Finding patients with same phenotype and likely pathogenic 

variant(s) in the same gene
• Interoperable detailed phenotypic features with longitudinal information

• Understanding the role of the wild-type protein or RNA in health
• Understanding the effect of the mutations on the protein or RNA
• Understanding how these cellular effects play out on an organ 

system and organismal level
• This will not all happen in one paper, but we still must show as 

much evidence as clearly as possible when making a claim of new 
disease gene identification



Current
(gene to gene matching)
Matchmaker Exchange

Next step
(variant to genome matching)
Variant Level Matching

Boycott KM, Azzariti D, Hamosh A, Rehm HL. Seven years since the launch of the Matchmaker Exchange. Hum Mutat. 2022 43(6):659-667. PMID: 35537081 

Approaches for Genomic Data Sharing



GeneMatcher

Submitters in 116 countries

GeneMatcher has been cited by >1095 papers, 
reporting >830 novel disease genes

https://genematcher.org

As of 1 April 2026
16,976 genes   in 
111,100 submissions 
from 19,409  submitters

1,549,292 matches 
12,595 (74%) matched 
genes 
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The Matchmaker Exchange

https://www.matchmakerexchange.org

Cases in MME Unique Genes

DECIPHER (UK) 52,385 9,971

GeneMatcher (USA) 108,649 15,904

Broad seqr (USA) 1,735 1,715

Boston Children’s Hospital seqr 
(USA)

28 33

MyGene2 (USA) 2,236 1,736

PatientMatcher (Sweden) 48 57

PhenomeCentral (Canada + 
UDNI)

12,332 3,628

RD-Connect GPAP (Europe) 8,726 795

https://www.matchmakerexchange.org/


Collaborating Databases
VariantMatcher – Johns Hopkins
Franklin by Genoox
Geno2MP and MyGene2 – University of Washington
seqr and AnVIL – Broad
RD-Connect – CNAG-CRG - Spain
seqr in Genomics4RD – Canada
Genomics England
Cavatica/CHOP
DNAStack
Elixir
More to come…

Building a federated variant-level matching (VLM) 
platform

Variant Matcher

Franklin

Geno2MP 
and MyGene2

Broad 
seqr

• Three sites moved to automated authentication

• Current implementations display aggregate allele 
counts and provide a link to access phenotype

Next steps:
• Enable delivery of phenotype information directly 

through the API as an alternative to URL/login

• Expand sites supporting variant type queries

Slide courtesy of Heidi Rehm, PhD



Matching Requirements

• Higher Order HPO (e.g. abnormality of the skeleton) terms are fine 
to look for (or rule out) a match
• Gene
• Allelic Requirement
• Type of variant



Publication (proof):  Phenotypic Requirements

• Need interoperable information about features (shared and not) across 
the cohort
• Need detailed phenotypic information for each affected individual
• Need a vignette, describing each affected person’s health trajectory, 

because being a very premature infant, or suffering severe infections or 
bleeds will alter the life course potentially independently of the genetic 
etiology
• Need photos and images so that the reader can independently assess 

the phenotype
• Each of these types of information is essential for establishing a 

legitimate gene-phenotype relationship 



Specificity of Phenotypic Features*

• * a plus is limited information
• e.g. seizures: what kind, what severity, what treatment

• Age of last assessment of the patient and age of diagnosis or 
onset of feature
• Presence (or absence) of pertinent features
• Not evaluated or Not Assessed or Not Determined needs to be 

listed;  + is present, - is not present and looked for
• Evaluation of related features (e.g. skin and teeth, if talking about 

hair)



HPO terms are not enough

Greene et al., 2024, Nature Medicine, https://doi.org/10.1038/s41591-024-03085-5

Growth

Development

Chen et al, 2024, Nature, https://doi.org/10.1038/s41586-024-07773-7

HPO numbers are not useful to humans, 
please organize by organ system



Supplemental Table of 
Phenotypic Features 



What OMIM does to 
highlight 
what is present (yellow) 
and what is absent (blue) 
to facilitate the work 
of the Science Writer



What the Science Writer does to select which variants and patients to describe and include



This table is on the floor.  There is no way to assess this information on a computer screen.



Publication (proof):  Variant Requirements

• Segregation:  BOTH the presence of the variant in affected 
individuals and its absence in unaffected individuals (if complete 
penetrance is argued)
• Show a pedigree, including unaffected sibs
• De Novo is not enough
• Robust functional evidence is really helpful (essential if the 

phenotype is non-specific)
• In highly consanguineous families, please report homozygous 

variants in other genes



Need for Deep Phenotyping to Establish a 
Disease Gene
• Depends on the specificity and uniqueness of the phenotype

• Easy: Specific and testable biochemical abnormality, or very specific 
single manifestation (e.g. lymphedema), or distinctive multiple congenital 
anomalies

• Hard:  non-specific and broad range neurodevelopmental disorder, or 
diffuse and non-specific multiple congenital anomalies



Calame et al, 2024 abstract (results): We ascertained 30 
patients from 23 unrelated families with biallelic FLVCR1 
variants and characterized a novel FLVCR1-related phenotype: 
severe developmental disorders with profound developmental 
delay, microcephaly (z-score -2.5 to -10.5), brain 
malformations, epilepsy, spasticity, and premature death. 
Brain malformations ranged from mild brain volume reduction 
to hydranencephaly. Severely affected patients share traits, 
including macrocytic anemia and skeletal malformations, with 
Flvcr1-/- mice and DBA. FLVCR1 variants significantly reduce 
choline and ethanolamine transport and/or disrupt mRNA 
splicing.

Calame et al. doi: 10.1016/j.gim.2024.101273. Epub 2024 Sep 19. PMID: 39306721.



Calame et al. doi: 10.1016/j.gim.2024.101273. Epub 2024 Sep 19. PMID: 39306721.

Red is severe NDD with microcephaly, absent speech 
and hypotonia; Blue is RP-neuropathy 



Beautiful, detailed, functional evidence





Phenotypic Expansion vs. New Disorder

• New Disorder requires distinct features, and/or progression, and 
age of onset  (not just more severe)

• Or new mode of inheritance (allelic requirement) 
• Or mutational mechanism (e.g. dominant negative vs haploinsufficiency) 

with different consequences

• Phenotypic Expansion is expected as more affected individuals 
are identified



Conclusions to what is necessary to establish 
a new gene-phenotype relationship
• Please take the time to carefully phenotype the cohort of patients, 

working with clinicians
• For lists of features, give the numerator and the denominator and 

only give a percentage if you have the data on a majority of 
patients
• Include pictures of patients, features, and images (MRIs, xrays)
• Include vignettes describing the life course of affected individuals
• Perform the correct functional studies in cells or animal models



Other Useful Resources



Topical Links to Useful Resources



GeneReviews

950 reviews
Expert authored
Standard format
Updated every 4-5 
years and as needed



Topical Links to Useful Resources



ClinGen Dosage Sensitivity



ClinGen Gene-Disease Validity



ClinGen
• Resources on clinical relevance 

of genes and variants 
– Gene-disease validity
– Variant curation
– Dosage sensitivity
– Clinical actionability

Use ClinGen to find info about:
• Strength of the evidence of a gene-disease pair
• Dosage sensitivity of genes
• Clinical actionability for select genes and variants
• Information about select variants in some genes.



https://thegencc.org



GeneScout https://genescout.omim.org
• A tool for looking at 

genomic regions
• Can also compare two 

individuals for what is or is 
not shared

https://genescout.omim.org/


Contact Us link at OMIM.org

Ada Hamosh -   ahamosh@jhmi.edu

Read, Research, Connect at OMIM.org


