
Lumping versus splitting: How to approach defining a disease to 
enable accurate genomic curation

Courtney Thaxton1,8,*,

Jennifer Goldstein1,

Marina DiStefano2,

Kathleen Wallace1,

P. Dane Witmer3,

Melissa A. Haendel4,

Ada Hamosh5,

Heidi L. Rehm6,7,

Jonathan S. Berg1

1Department of Genetics, University of North Carolina, Chapel Hill, NC 27599, USA

2Precision Health Program, Geisinger, Danville, PA 17822, USA

3Johns Hopkins Genomics, Johns Hopkins University, Baltimore, MD 21218, USA

4Center for Health AI, University of Colorado Anschutz Medical Campus, Aurora, CO 80045, USA

5McKusick-Nathans Department of Genetic Medicine, Johns Hopkins University, Baltimore, MD 
21205, USA

6Center for Genomic Medicine, Massachusetts General Hospital, Boston, MA 02114, USA

7Broad Institute of MIT and Harvard, Cambridge, MA 02142, USA

8Lead contact

SUMMARY

The dilemma of how to categorize and classify diseases has been debated for centuries. The 

field of medical genetics has historically approached nosology based on clinical phenotypes 

observed in patients and families. Advances in genomic sequencing and understanding of genetic 

contributions to disease often provoke a need to reassess these classifications. The Clinical 
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Genome Resource (ClinGen) has developed frameworks to classify the strength of evidence 

underlying monogenic gene-disease relationships, variant pathogenicity, and clinical actionability. 

It is therefore necessary to define the disease entity being evaluated, which can be challenging 

for genes associated with multiple conditions and/or a broad phenotypic spectrum. We therefore 

developed criteria to guide “lumping and splitting” decisions and improve consistency in defining 

monogenic gene-disease relationships. Here, we outline the precuration process, the lumping 

and splitting guidelines with examples, and describe the implications for clinical diagnosis, 

informatics, and care management.

Graphical abstract

In brief

Thaxton et al., outline four criteria (assertion, molecular mechanism, phenotypic expressivity, and 

inheritance pattern) as key pieces of evidence to determine the appropriate disease entity for use in 

gene-disease clinical validity classifications.

INTRODUCTION

Taxonomy, the process of classifying entities or naming them, requires determining whether 

to lump together entities in one category or split them apart. Charles Darwin articulated 

this challenge in a letter to his colleague J.D. Hooker in 1857,1 in which he wrote of being 

“extremely interested in tabulating the size of genera and species” and how “it is good to 
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have hair splitters and lumpers.” Lumpers are individuals who classify broadly and generally 

allow for ranges of characteristics to be classified into fewer entities, whereas splitters 

classify based on specific defining characteristics and/or nuances and thus create multiple 

classifications to reflect these distinctions.

In medicine, the nosology of disease entities has historically relied on clinical/phenotypic 

features but adapted to technological advances by incorporating other information that could 

be gained from physiological measurements, imaging, histology, biomarkers, and other data. 

While individual phenotypic features may be relevant to the clinical diagnosis of disease, 

they are not necessarily specific to the underlying cause. This is certainly true in the subset 

of conditions that are considered to have a Mendelian pattern of inheritance; many of these 

entities were defined phenotypically long before a clear genetic etiology was identified. A 

seminal paper in 1969 by Victor McKusick2 addressed the nosology of genetic conditions 

and recognized pleiotropism and genetic heterogeneity as two opposing factors that could 

influence disease classification. As defined by McKusick, pleiotropism refers to multiple 

phenotypic features in different organ systems arising from variation in a single gene, while 

genetic (locus) heterogeneity refers to the situation in which variation in different genes can 

result in nearly identical phenotypic features.

We have seen in past decades dramatic increases in the discovery of monogenic gene-disease 

relationships and greater appreciation of the phenotypic spectrum of these diseases,3,4 while 

detailed elucidation of tissue expression and protein function have provided a mechanistic 

understanding of pleiotropism in many cases. However, the nature of many monogenic 

conditions introduces challenges for the curation and evaluation of evidence. Variable 

expressivity results in a spectrum of phenotypic features and/or disease severity observed 

in different individuals with a given disorder. The clinical features present in any given 

patient at a particular point in time represent only a static description, and cases reported in 

the scientific literature may therefore present an incomplete view of the overall phenotypic 

spectrum. These allelic and phenotypic intricacies can confound the distinction of disease 

entities for the gene in question, in some cases leading to multiple apparently different 

conditions attributed to the same gene, thus fundamentally complicating the naming of 

conditions and evaluating the underlying evidence.5

The Clinical Genome Resource (ClinGen) consortium was established by the National 

Institutes of Health (NIH) to define the clinical relevance of genes and variants for use in 

precision medicine.6 To accomplish this goal, ClinGen has established frameworks by which 

evidence can be systematically evaluated to define the clinical validity of gene-disease 

relationships,7 variant pathogenicity (https://clinicalgenome.org/working-groups/sequence-

variant-interpretation/), and clinical actionability.8 Defining the disease entity to be curated 

is critical to the evidence collection, assessment, and scoring rubric for final classification. A 

significant challenge inherent in this process is how to approach genes with multiple disease 

relationship assertions or broad phenotypic spectra. A curator may ask whether two or 

more of the gene-disease relationships for a single gene reflect variable expressivity within 

the same condition, or whether one previously described entity actually represents two or 

more conditions caused by different types of variation in the same gene. Thus, before any 

assessment can be done, it is necessary to determine when to lump or to split. Excessive 
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splitting to evaluate all of the asserted phenotypic features observed among individuals with 

variants in a given gene could result in ad infinitum curations and classifications that fail 

to reflect the overall nature of the disease entity. In contrast, lumping all of the genotype-

phenotype observations for a given gene into one broad disease entity may fail to recognize 

the intricacies of the molecular mechanism and yield classifications that are neither specific 

enough for clinical decision making nor representative of true differences in disease entities. 

Defining gene-disease relationships in a standardized, reproducible, and fully provenanced 

manner is critical for accurate clinical diagnosis, prognosis, and management. Of note, 

rare genetic diseases are often defined heterogeneously across sources,9 which can lead to 

inconsistent interpretation of the clinical relevance of genes and variants.

To assist in defining the most appropriate disease entity to evaluate for a given gene, 

ClinGen collaborated with Online Mendelian Inheritance in Man (OMIM) and the Monarch 

Initiative to develop guidance regarding the definition of monogenic disease entities. 

Agreement on a consistent system for naming (or at least defining) disease entities, although 

challenging, will ultimately facilitate the grouping of those entities ontologically, thus 

enhancing the scientific discovery and understanding of disorders with an underlying genetic 

component.10,11 This focus on lumping and splitting is not intended to detract from the role 

of the physician in clinical diagnosis, but to improve variant classification and case-level 

interpretation of genetic findings. Certainly, disease nomenclatures must continue to evolve 

with the accumulation of more evidence, and we expect that the process of lumping and 

splitting will be ongoing. Here, we outline our general principles, criteria, and processes 

that were developed to assist clinical domain experts and curators in defining the most 

appropriate disease entity for use in various evaluation frameworks.

RESULTS

ClinGen has organized gene curation expert panels (GCEPs) to review genes that fall within 

a specific clinical subdomain. These groups often focus on clinical phenotypes that could 

represent an isolated disease entity or a group of related disorders; could be observed 

with both syndromic and non-syndromic presentations; or could result from monogenic or 

multifactorial causes. Overall, our analysis indicated a tendency for some expert groups 

to split gene curations based on a phenotypic feature of interest driven by current genetic 

testing practices (gene panels offered for certain clinical indications) rather than to lump and 

curate for the broader cardinal disease entity (see Table 1 for examples). While it may be 

informative to understand the level of evidence supporting the association with a particular 

phenotypic feature of interest, the natural bias within the literature for novelty, the frequent 

lack of complete medical histories in articles from narrowly focused specialty journals, 

and the difficulty in obtaining longitudinal data from large numbers of affected individuals 

will likely result in inaccurate classifications attributed to such gene-phenotypic feature 

relationships. This is especially concerning for genes associated with multiple phenotypic 

features that make up a syndrome, in which a classification based on a single phenotypic 

feature may vary significantly from that of the syndrome that includes the feature of interest. 

This is exemplified in the findings for the MEN1 and CRYAB genes, in which splitting of 

associated phenotypic features resulted in a lower level clinical validity classification that 

was not a true reflection of the available evidence supporting a broader disease entity (see 

Thaxton et al. Page 4

Cell Genom. Author manuscript; available in PMC 2022 June 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the supplemental materials for detailed explanation). Such disparity could result in confusion 

among various stakeholders, including the clinical community.

Together, these findings guided the development of our general principle: Genes should 

be curated for a single condition (i.e., lumped) unless there are clear indications to 

split diseases into separate entities for curation of gene-disease validity and variant 

pathogenicity. Expert groups wishing to better define the spectrum and frequency of 

individual features of a syndrome should conduct a second stage of evaluation using 

carefully phenotyped individuals with pathogenic variants, rather than applying the gene-

disease validity framework to accomplish this goal.

Lumping and splitting criteria

We identified four distinct criteria that should be considered when curators first begin to 

define the gene-disease entity to be evaluated (Figure 1).

Assertion—The first criterion asks whether the gene has already been asserted to be 

involved in more than one disease entity and/or cataloged by nosological (e.g., OMIM, 

Orphanet) and ontological (e.g., Monarch Initiative) authorities. Curators should review 

these resources as a starting point for the evaluation of the current assertions for any given 

gene, followed by authoritative reviews and primary literature as a secondary measure 

to evaluate any new assertions from experts in the field. If multiple assertions or named 

conditions have been associated with the gene, then the curator must then proceed with 

subsequent steps to decide which disease entity to curate, or whether to lump two or more 

asserted disease phenotypes associated with the gene of interest into one broad disease 

entity. If only one primary gene-disease relationship has been asserted, then curation should 

focus on that entity unless there are compelling reasons to define a split (see other criteria 

for further details). The Lumping and Splitting Working Group (LSWG) determined that 

the existence of a gene on a diagnostic panel for a particular phenotype was insufficient 

reason to create a split curation, given that it is standard practice for diagnostic laboratories 

to include conditions with broadly overlapping phenotypic spectra on testing panels to 

maximize clinical sensitivity, especially in the context of variable expressivity or testing 

paradigms in which syndromic features may be underrecognized.

Molecular mechanism—Given that ClinGen classifications are primarily focused on 

diseases with a monogenic underpinning, the molecular mechanism of disease is the 

second criterion for disease entity determination. Differences in the molecular mechanism 

between asserted disease entities for a gene in question may include loss-of-function 

(LOF) versus gain-of-function (GOF) variants, effects of variants in distinct transcripts, 

and variants occurring in distinct protein functional domains or gene regions. The molecular 

mechanism should be evaluated initially at the genetic level (e.g., variant type), followed 

by any biochemical evidence, since at the protein level, the determination of LOF versus 

GOF ultimately depends on the availability of functional assays to test the mechanism of 

pathogenicity. The absence of a clear consensus on the molecular mechanism underlying the 

role of a gene in disease, or lack of clarity about the differences in molecular mechanism 

between multiple asserted gene-disease entities, is considered a strong reason to lump those 
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entities together, unless other compelling evidence exists in favor of a split. This initial 

lumping does not preclude future splitting of disease entities once more evidence becomes 

available.

Phenotypic variability—As noted above, pleiotropy and variable expressivity are 

common features of many genetic conditions. This fundamental property can lead to 

the impression that variation within a given gene gives rise to disparate collections of 

phenotypic features and therefore distinct conditions. To evaluate this criterion, curators 

analyze the phenotypic features in individuals within the same family harboring the 

same genetic variant (intrafamilial variability), compared to the features seen in unrelated 

individuals with distinct variants (interfamilial variability). The specificity of phenotypes 

observed within families, or between unrelated individuals harboring the same variant, may 

be an indication of an entity that is distinct from other disease phenotypes observed among 

individuals with variants in the same gene, even in the absence of data to suggest distinct 

molecular mechanisms. However, inconsistent or less specific phenotypic variation may be 

indicative of variable expressivity observed in many diseases, presumably due to additional 

genetic and non-genetic modifiers. These other factors should be taken into consideration 

when determining the relevant disease entity.

Inheritance pattern—Inheritance pattern (essentially the monoallelic or biallelic 

requirement for disease expression) is often the most recognizable characteristic of 

a monogenic disorder, and many genes have been asserted to have distinct disease 

relationships depending on the combination of variants or inheritance patterns (see Table 

1). Curators should evaluate whether the evidence suggests that the inheritance patterns 

observed in families with a given disease entity or entities have readily discernible 

phenotypic features and/or distinct clinical management. Alternatively, the evidence may 

suggest that the apparently distinct inheritance patterns represent a continuum of disease 

with differences in severity and/or age of onset, where the observed phenotypic features 

and the risk of developing phenotypic manifestations are correlated with the zygosity, and 

therefore dosage, of the disease-causing variants (e.g., low density lipoprotein receptor 

[LDLR] variants associated with familial hypercholesterolemia).

General guidance and rationale that may help to determine when to lump or split are 

outlined in Table 2.

It is also useful to characterize the disease entity being curated as (1) a simple disease 

entity, limited to one phenotypic feature in one organ system; (2) a syndrome, in which 

a gene is associated with multiple phenotypic features arising in multiple organ systems 

with or without variable expressivity; or (3) an intermediate category in which multiple 

related phenotypic features arise but are limited to one organ system (e.g., different cardiac 

manifestations associated with ACTN2). This structure is highlighted in Figure 2 and led 

the LSWG to coin a new nosological classification of “variable phenotype, single organ 

system.”

We developed a “precuration” approach for evaluating evidence in each of the 

four categories to determine the most appropriate disease entity for curation 
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(https://clinicalgenome.org/docs/lumping-and-splitting-precuration-template-blank/). This 

step occurs before formal evidence curation for gene-disease validity, as it guides the 

evidence that will be included and scored or excluded from the gene-disease assessment. 

In some cases, the expert panel may wish to curate a split disease entity for the purpose 

of disputing or refuting one of the assertions. Ultimately, the decision to lump or split is 

a balance of criteria, in which all of the evidence should be weighed to determine the 

appropriate disease entity/entities for classification (Figure 1). It is important to note that 

this strategy does not restrict the number of disease entities that can be related to a gene, 

but rather provides a way to assess the relevant condition(s) to curate for a gene given the 

available data and evidence at the time. In addition, the Mondo ontology aims to archive 

the evidence and provenance of such decisions, to maintain links between related concepts 

defined by various organizations.

DISCUSSION

Taxonomy has great importance for defining the nature of monogenic disorders, the 

pathogenic variants that cause them, and the evidence that supports such assertions. 

Accurate designation of disease entities is required for patients to obtain specific diagnoses 

that can inform an understanding of their disease, facilitate optimal management, and 

eventually enable therapeutic development. Fundamentally, the goal of genomic medicine is 

to establish specific molecular diagnoses that inform prognosis and management of patients. 

This requires clear delineation of gene-disease entities and the evidence supporting their 

clinical validity, variant pathogenicity, and actionability.6

The guidance presented here informs the curation of gene-disease relationships and 

subsequently the curation of variant pathogenicity. Importantly, the American College of 

Medical Genetics and Genomics now recommends that only genes with a gene-disease 

clinical validity classification of moderate or above, based on the current framework 

of ClinGen, be included on disease-focused genetic testing panels.60 If curations were 

performed based on excessive splitting for each individual feature, then many genes 

associated with syndromes could be erroneously left off testing panels due to a perceived 

lack of evidence for a particular phenotypic feature (given the variable expressivity of many 

conditions and the limited phenotyping published in many case reports) (see Data S1). 

Ultimately, this could lead to misdiagnosis and inadequate patient care.

Harmonizing assertions among different expert groups requires concepts to be well defined 

so that comparisons can be made between like entities. In the process of formulating the 

above criteria, three distinct groups (ClinGen, OMIM, and Monarch) were able to better 

refine the nosological and ontological representations of several monogenic diseases, and 

we expect to further elaborate on this harmonization process to facilitate the analysis of 

genetic variants and the diseases they cause. Indeed, several ClinGen expert panels have 

actively pursued involvement in the refinement and restructuring of ontology relationships 

within a given clinical domain, specifically within the Monarch Initiative, allowing for 

collaboration with a broader ontological community that participates in the Monarch 

Initiative activities, including Human Phenotype Ontology and Orphanet.61 In addition, 

the Gene Curation Coalition (GenCC: http://thegencc.org) aims to compare and harmonize 
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gene-disease relationships across multiple curatorial groups. The lumping and splitting 

process that defines each disease entity for curation will be critical to allow for direct 

mapping of the clinical validity assertions provided by each participating group.

Further augmentation of monogenic disease taxonomy and nomenclature will be enabled by 

computational resources that track the provenance and history of gene-disease assertions. 

The lumping and splitting decisions of ClinGen are available to the public via the website, 

including references to OMIM identifiers that were included in lumped or split entries. 

In addition, improved phenotype representation methods such as the Global Alliance for 

Genomics and Health Phenopackets exchange standard (http://phenopackets.org/) will allow 

a more systematic approach to classifying diseases based upon individual-level data and 

support computational approaches in genomic medicine. This type of work may also benefit 

future development and harmonization of disease codes (e.g., ICD-10) with biologically 

relevant ontologies, which could have significant effects on precision medicine in the 

future.10

The lumping and splitting process is expected to be dynamic and collaborative between 

ClinGen and other curatorial entities, as scientific advancements necessitate the re-

evaluation of current gene-disease relationships. In some cases, these decisions will require 

considering re-naming disease entities, in accordance with a more complete understanding 

of their molecular underpinnings. Overall, the process of lumping and splitting has 

significant implications for monogenic gene-disease relationships and beyond, and careful 

consideration of these guidelines at the level of curation or the level of clinical data 

collection will be critical for defining each unitary and distinct monogenic disease entity.

Limitations of the study

The gene-disease validity work performed by ClinGen GCEPs, including the precuration 

step to inform the disease entities upon which curation will be performed, relies on 

published data, which can be inherently biased toward novelty for a new gene-disease 

relationship while lacking the necessary thorough phenotyping of patients longitudinally, 

as well as appropriate functional assays to determine the mechanism of the specific 

variant or gene as a whole in disease. Existing cases may have been ascertained based 

on similarity of phenotype leading to a bias toward a single disease entity. Therefore, 

the determination of the disease entity by ClinGen GCEPs is anticipated to evolve over 

the years as more information is revealed through enhanced phenotype-genotype studies, 

genotype first approaches to ascertaining individuals with disease, and functional assays to 

determine the mechanisms of disease. Finally, the lumping and splitting process is not meant 

to be broadly applied to change the clinical diagnoses of patients, but to bring a greater 

understanding to the genomic underpinnings of monogenic (i.e., Mendelian) disorders, and 

to increase awareness and understanding as genomic analysis enters predictive diagnostics in 

the future.
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STAR★METHODS

RESOURCE AVAILABILITY

Lead contact—Further information and requests for resources and reagents should 

be directed to and will be fulfilled by the lead contact, Courtney Thaxton, Ph.D 

(courtney_thaxton@med.unc.edu).

Materials availability—This study did not generate new unique reagents.

Data and code availability—All gene-disease relationships can be accessed from the 

Clinical Genome Resource website at www.clinicalgenome.org. The gene-disease clinical 

validity classifications are updated periodically, and the most up-to-date evaluations will be 

published to the website. Note, some curations may not appear readily on the website as 

they may be in the evaluation process by one of the gene curation expert panels for final 

gene-disease validity classification prior to publication.

METHOD DETAILS

To develop recommendations for defining the appropriate disease entity/entities for 

any given gene, nosological experts, ontological experts, clinicians, clinical molecular 

geneticists, and biocurators were assembled into a working group termed the Lumping and 

Splitting Working Group (LSWG; https://clinicalgenome.org/working-groups/lumping-and-

splitting/). Initial discussions focused on the lumping and splitting concept and exemplar 

genes associated with multiple disease entities, including several that had been previously 

evaluated and classified by a small subset of ClinGen groups prior to the implementation 

of these criteria. These genes included FHL1, LDLR, SLC26A4, FH, MSH2, ATM, 
RET, MEN1, SCN8A, CAV3, CRYAB, ACTN2, LAMP2, and PLN. Each gene was 

reviewed for evidence supporting and/or contradicting involvement with each of the 

disease entities asserted in OMIM (www.OMIM.org), Orphanet (www.orpha.net), and the 

Monarch Initiative (www.monarchinitiative.org), through literature review and application 

of the 2017 version (SOP 5; https://www.clinicalgenome.org/docs/gene-disease-validity-sop-

version-5/) of the ClinGen Gene-Disease Clinical Validity Standard Operating Procedure.7 

In accordance with the framework, a clinical validity classification of limited (0.1-6 points), 

moderate (7-11 points), strong (12-18 points), definitive (12-18 points and replication over 

time), disputed, or refuted was assigned to each gene-disease relationship, with the diseases 

defined based upon the working lumping and splitting guidance. For genes that had a 

prior ClinGen-approved classification, the LSWG reviewed the evidence and compared 

it with the evidence and classification(s) obtained using the disease(s) defined by the 

developing lumping and splitting guidance. Discrepancies in classifications and the potential 

ramifications of lumping and splitting decisions for clinical diagnostics were discussed and 

taken into account. Consistent findings began to emerge from the working examples which 

guided the LSWG decisions for determining the relevant disease entity (see Table 1 for 

the results of the evaluations for lumping and splitting). Four criteria emerged from this 

effort: assertion, molecular mechanism, phenotypic variability, and inheritance pattern (see 

recommendations below). In some cases, the final classifications for these genes may have 

changed and the most up-to-date classifications can be found at www.clinicalgenome.org. 
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The initial lumping and splitting guidance was formally incorporated into the gene-disease 

clinical validity process in 2018 (SOP version 6) and the latest guidance can be found on 

the Lumping and Splitting Working Group webpage at https://clinicalgenome.org/working-

groups/lumping-and-splitting/, including the current guidelines, a precuration example and 

template (blank and example), and a video tutorial. The data presented here represents 

the precuration stage and suggestions by this working group for the gene-disease validity 

relationship for gene curation expert panels (GCEP) to consider for the final evaluation, 

classification approval, and publishing to the website; therefore all genes presented in 

this article may not be currently reflected on www.clinicalgenome.org based on their 

priority for curation within their respective GCEP. Furthermore, the ClinGen website 

represents a living document of the current classifications and will include the latest 

version and date for the represented gene-disease clinical validity classification, however 

new information may have been published since the last clinical validity assessment for 

all genes listed. ClinGen has procedures detailing our process for re-evaluation (recuration) 

for gene-disease clinical validity relationship (https://clinicalgenome.org/docs/gene-disease-

validity-recuration-process/).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Guidance for defining a disease entity for gene and variant curations

• Highlights harmonization across nosological and ontological authorities

• ClinGen framework enables consistency of curations across multiple clinical 

domains
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Figure 1. Weighing the evidence
The four criteria for lumping and splitting should be assessed and weighed as a balance. 

If only a single assertion has been made in the literature and/or databases of monogenic 

diseases (e.g., OMIM, Monarch [Mondo ontology], Orphanet), it is possible that no further 

steps are needed. However, some groups find it useful to precurate genes with a single 

disease entity to discuss disease nomenclature and review any new evidence or assertions 

that have not yet been formally captured in nosological and ontological resources. If 

multiple distinct disease entities have been asserted, then the curator will evaluate the 

evidence for the molecular mechanism, phenotypic expressivity, and inheritance pattern to 

determine whether to lump certain entities for curation as a syndrome or an organ-specific 

complex phenotype or to keep them separate as split disease entities. If the evidence is 

equally balanced between lumping or splitting, then experts should be consulted to compare 

the relevant weight of each piece of evidence.
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Figure 2. Lumping and splitting conundrum: defining a disease entity
When assessing the involvement of any given gene in disease, several possibilities for a 

disease entity may exist, including the following: (1) an isolated phenotype, in which 1 

phenotype (or phenotypic feature) arises in a single organ system with no risk of other 

phenotypes arising in that organ system or elsewhere; (2) variable phenotypes in a single 

organ, in which multiple related phenotypes (or phenotypic features) arise in a single 

organ system; or (3) a syndromic phenotype, in which multiple, varying phenotypes occur 
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in multiple organs. Assessing the appropriate disease entity or entities to curate can be 

challenging, thus requiring the use of defined criteria.
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