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BACKGROUND 

First described in Schaaf et al., EAGLE’s gene curation process is designed to aid in 
evaluating the strength of a gene’s relationship to autism spectrum disorder (ASD), based 
on publicly available evidence2. Information about this relationship, including genetic, 
experimental, and contradictory evidence curated from the literature is compiled and used 
to assign a classification, following direction from the Clinical Genome Resource’s 
(ClinGen) established curation guidelines1. Phenotype information, including cognitive 
ability, and the methods used to assess ASD, are also evaluated and factored into the 
curation. This protocol details the steps involved in curating the relationship between a 
gene and ASD, and subsequently assigning a classification. This curation process is not 
meant to be fully comprehensive, and should not be used to exclude a clinical genetic 
diagnosis. Additionally, as new evidence becomes available, re-evaluation of a gene may 
be necessary, incorporating new information that further clarifies the gene-ASD 
relationship. While the following protocol provides guidance on the curation process, 
professional judgement and expertise, where applicable, must be used when deciding on 
the strength of different pieces of evidence that support a gene-disease relationship.   
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OVERVIEW OF EAGLE CURATION FRAMEWORK 

The EAGLE gene curation framework consists of the following essential steps in order to 
assign a classification to a gene-ASD relationship (see Figure 1 for a visual representation 
of the curation pipeline): 

 

• Gene selection 
• Evidence collection 
• Identification of evidence types 

o Genetic Evidence 
o Phenotype Evidence 
o Experimental Evidence 

• Evaluation and scoring of evidence 
• Summation of all scores to arrive at final classification 

 

In the subsequent sections of this document, each step will be outlined in detail and 
general recommendations provided. It is important to note that some genes may have 
simpler/more complex evidence, apparent disease mechanism, etc. Consulting with 
others and receiving feedback is a valuable and necessary component of some curations.  
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Figure 1: EAGLE CURATION PIPELINE  
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GENE CURATION CLASSIFICATIONS 

The EAGLE framework models ClinGen’s gene curation classification guidelines, with 
specific modifications (more information about these changes is provided throughout this 
SOP). ClinGen’s gene curation working group members have developed a method to 
qualitatively define the “clinical validity” of a gene-disease relationship using a 
classification scheme based on the strength of evidence that supports or contradicts the 
relationship between a gene and the disease/disorder it is being curated for (Table 1, 
updated for EAGLE). This framework allows the “clinical validity” of a gene-disease 
relationship to be transparently and systematically evaluated. These classifications can 
then be used to prioritize genes for analysis in various clinical contexts1. 

The suggested minimum criteria needed to obtain a given classification are described for 
each clinical validity classification. These criteria include both genetic and experimental 
evidence, which are described below in this document. The default classification for 
genes without an assertion of a causal, disease related variant in humans is “No Known 
Disease Relationship.” Note that for under the EAGLE framework, experimental evidence 
is not necessary for a gene-ASD relationship to be established, as long as case-level 
evidence is sufficient. 

The level of evidence needed for each supportive gene-ASD relationship category builds 
upon that of the previous category (e.g. “Moderate” builds upon “Limited”). Gene-ASD 
relationships classified as “Contradictory” likely have evidence supporting as well as 
opposing the association. In these cases, the strength of evidence supporting versus 
opposing the relationship should be weighed, and outside input potentially sought to 
assist with final conclusions.  
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Evidence Level Table 1: ASD Curation Classifications (Evidence 
Description) 
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DEFINITIVE 

The role of this gene in ASD has been repeatedly demonstrated in 
both research and clinical settings, and has been upheld over time 
(at least 2 independent publications over 3 years’ time). No 
convincing evidence has emerged that contradicts the role of the 
gene in ASD. 

 
 
 
 
 

STRONG 

The role of this gene in ASD has been independently demonstrated 
in at least two separate studies providing strong supporting evidence 
for this gene’s role in ASD, including primarily case-level data, and 
potentially experimental data: 

• Strong variant-level evidence demonstrating numerous 
unrelated subjects harboring variants with sufficient evidence 
to support a role in ASD1 

• Compelling gene-level evidence from different types of 
supporting experimental data (not necessary, but curators 
should document if it exists) 

In addition, no convincing evidence has emerged that contradicts the 
role of the gene in ASD. 

 
 
 
 
 

MODERATE 

There is moderate evidence to support a causal role for this gene in 
ASD, including primarily case-level data, and potentially 
experimental data: 

• At least 3 unrelated subjects harboring variants with sufficient 
evidence to support a role in ASD1 

• Moderate experimental data supporting the gene-ASD 
association (not necessary, but curators should document if 
it exists) 

The role of this gene in ASD may not have been independently 
reported, but no convincing evidence has emerged that contradicts 
the role of the gene in ASD. 

 
 
 
 
 

LIMITED 

There is limited evidence to support a causal role for this gene in 
ASD, such as: 

• Fewer than three observations of variants with sufficient 
evidence supporting a contribution of the gene to ASD1 OR 

• Variants have been observed in ASD cases, but none have 
sufficient evidence for a strong contribution 

• Experimental data may be limited or absent; as with previous 
categories, not necessary, but should be documented if it 
exists. 

The role of this gene in ASD may not have been independently 
reported, but no convincing evidence has emerged that contradicts 
the role of the gene in ASD. 

 
NO CURRENT 

EVIDENCE FOR 
RELATIONSHIP TO 

ASD 

Evidence for a gene-ASD relationship has not yet been reported. In 
some cases, a gene may have a small number of human subjects 
with variants in the gene in question. However, if none of these 
variants have sufficiently strong evidence to be scored/receive a 
score above 0 (e.g. all intronic), the overall conclusion of the curation 
may be that there is no justified relationship to ASD. 
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CONFLICTING 
EVIDENCE 
REPORTED 

 
 
 
Although there has been an assertion of a gene-ASD association, 
conflicting evidence for the role of this gene in ASD has arisen since 
the time of the original report(s) indicating an association to ASD. 
Depending on the quantity and quality of evidence disputing the 
association, the association may be further defined by the following 
two sub-categories: 

1. Disputed 
a. Convincing evidence disputing the role for this gene 

in ASD has arisen since the initial report(s) identifying 
an association between the gene and ASD 

b. Disputing evidence need not outweigh existing 
evidence supporting the gene-ASD association. 

2. Refuted 
a. Evidence refuting the role of the gene in ASD has 

been reported and significantly outweighs any 
evidence supporting the role 

b. While it is nearly impossible to entirely refute a gene’s 
potential role in disease, this category is to be used 
when all existing data has been fully refuted leaving 
the gene with essentially no valid evidence remaining 

 
 
 

NOTES 
1Variants that disrupt function and/or have other strong genetic and population data (e.g. de 
novo occurrence, strong functional evidence, etc.) are considered convincing evidence of 
disease causality in this framework. See “Case-Level Data” on p.12 for more information. 
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EVIDENCE COLLECTION 

Evidence is collected primarily from published peer-reviewed literature, but can also be 
present in publicly accessible resources, such as variant databases, which can be used 
with discretion. 

Useful publication search engines: (note this list is not exhaustive) 

• PubMed 
• Google Scholar 
• VariCarta 
• SFARI Gene 
• ClinVar 
• Geisinger DBD Genes Database 

NOTE: Unlike per ClinGen protocol, at this time, the EAGLE framework curates all 
publicly available evidence at the time of curation. Rather than excluding additional 
evidence once “Definitive” status is reached, all evidence should be documented and 
incorporated into the EAGLE score. As one exception, if a gene reaches significant 
Definitive status based off case-level evidence alone, then a curator need not score all 
Experimental evidence, though some example publications should be included, if 
available, for comprehensiveness (see ‘Experimental Evidence’ section of SOP). 

 

Literature Search 

• The initial search should be broad and inclusive. For example, starting by 
searching “gene symbol/name AND ASD” (in some cases, starting with the gene 
symbol/name alone is appropriate, particularly when gathering information on the 
gene’s function, domains, typical mechanism of disease, etc.) 

o Ensure gene/symbol aliases and synonyms (if applicable) have been 
determined before searching - the same search, under different aliases, 
may be necessary. 

o NOT all search results will be relevant, thus, it is important to examine the 
search results for pertinent information. 
 

• Curating primary literature is necessary. However, in some cases, review articles 
may be a helpful starting point for understanding the landscape of research on this 
gene’s relationship to ASD. 
 

• Additional searches are often necessary to identify sufficient gene-level 
experimental evidence.  

o Search PubMed for experimental data 
§ e.g. [gene] AND ASD and [mouse model] 
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o Additional information may also be available in OMIM in the “Gene function” 
or “Biochemical Features” or “Animal Model” sections 

o SFARI Gene will often include experimental evidence in their autism reports 
(First tab after searching gene and opening gene webpage) 
 

• An additional component of the curation process is to determine if evidence 
supporting the gene-ASD relationship has been replicated; therefore, it is critical 
to identify early publications demonstrating evidence for an association with ASD, 
as well as publications leading up to the present day. Recent review articles may 
be helpful in ruling out contradictory evidence that has been reported since the 
initial publications. 

o Be sure if finding review articles that any evidence used for curation 
purposes comes from the primary publications, NOT directly from the review 
article 

§ This also applies to any databases used, e.g. VariCarta, SFARI 
Gene, Geisinger DBD Genes Database, etc. - curators must refer 
back to original articles to verify information is correct (and add any 
additional information that may be absent in such databases) 
 

Once all of the relevant literature about the gene-disease relationship has been 
assembled, curation of the different evidence types may begin. 

 

Collection of ASD Phenotype Information 

A unique aspect of the EAGLE approach is its incorporation of ASD phenotype 
information into the curation score (and by extension, gene-ASD relationship 
classification). As curators are extracting genetic evidence for each case (i.e. variant 
information, genotyping methods used, inheritance, etc.), information should also be 
gathered regarding the subject’s phenotype. In some cases, the only information provided 
will be that the subject comes from an autism cohort (here, the only phenotype that can 
be documented is “ASD”). In other publications, very detailed information is provided 
about the subject’s phenotype, including other NDD phenotypes, behaviors, dysmorphic 
features, conditions in other body systems, etc. If this information is available, it should 
be documented. Note that often, a curator must read through supplementary material to 
find this data. 

Careful attention should also be paid to documenting the cognitive ability of a subject 
(including, but not limited to: severity of intellectual disability/developmental delay, scores 
from cognitive testing, behavioral descriptions, etc.). Curators must also document the 
ASD phenotyping methods used (or lack thereof) to arrive at the ASD diagnosis. See 
‘Scoring ASD Phenotype Evidence” (p. 19) for more detailed information regarding this 
process, including scoring guidelines.  
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GENETIC EVIDENCE 

Genetic evidence should be derived from case-level data, though larger association 
studies can be documented and used for overall assessment of the gene-ASD 
relationship (particularly if case-level data is contradictory). It is important to ensure that 
individual cases are NOT double-scored - this is particularly prevalent for individuals from 
larger autism datasets (e.g. Simons Simplex Collection, SSC). Multiple individuals from 
the same family (e.g. siblings) should not be counted separately. The proband/one case 
per family should be used for scoring purposes, though other relatives carrying the 
variant, and their phenotype information, are valuable to document. 

 

Genetic Evidence Summary Matrix 

As per ClinGen’s scoring protocol for genetic evidence, the matrix used to categorize and 
quantify the genetic evidence curated for a gene-ASD relationship is provided below 
(Table 2). 

 

Table 2: Genetic Evidence Summary Matrix. 

 
C
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Evidence 
Type 

Case Information Type 
(Suggested Starting 

Score) 

Suggested Upgrades Scoring 
Range 

Points 
Given Functional 

Data 
De novo 

Variant 
Evidence* 

Predicted or proven null 
variant (1.5 points) 

+0.5 points +0.5 points 0-3 points 
(per 

variant) 

 

Other variant type (0.1 
points)** 

+0.4 points +0.4 points 0-1.5 
points (per 

variant) 

 

Total Allowable Points for Genetic Evidence: No Maximum*** 
 

*In the case of an autosomal recessive pattern of inheritance, evaluate each variant (in 
trans), then combine for the final score. 

**For 2 missense variants without functional data, score at 0.25. For all other scenarios, 
round to the nearest 0.5 point. See below for additional explanatory detail. 

***This differs from the ClinGen scoring protocol, which has a maximum of 12 points 
required for Genetic Evidence. In the EAGLE framework, there is no maximum, and 
curators should evaluate all publicly available evidence at the time of curation, and 
include this evidence in the final score.  
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SCORING GENETIC EVIDENCE 

Case-Level Data 

Assessing case-level data requires careful interrogation of the individual genetic variants 
in each case. Curators should attend to patterns as they accumulate evidence, for 
instance, with respect to the mechanism of disease. Looking at available evidence both 
as a whole, and at the individual level, is vital to scoring individual variants appropriately. 
As an example, it may become clear that the mechanism of disease for ASD in a particular 
gene is gain-of-function (not loss of function), or that missense variants in a certain region 
of the gene are highly pathogenic, and thus should receive greater than the default score 
for missense variants.  

Within this framework, a case should only be counted towards supporting evidence if: 

• The authors provide sufficient evidence to document the ASD diagnosis. When 
collecting phenotype evidence, be sure to report as much detail as is provided 
within the publication. For cases where the diagnosis of ASD is not clear, consider 
leaving the case unscored. In other cases, scoring downgrades may be required 
(p. 20). 

• The variant identified in that individual is a plausible cause for ASD (e.g. not 
reported at high rates in control populations; consistent with the apparent disease 
mechanism, etc.). Ideally, the variant will have some indication of a potential role 
in disease (e.g. impact on gene function, recurrence in affected individuals, etc.). 

o Note that functional evidence for a subject’s variant should contribute to 
case-level points, not experimental evidence. 

Each genetic evidence type has a suggested default starting score per case. 

• The default score is intended to provide an initial suggestion for scoring, given that 
the evidence for each case meets the minimum criteria described above. 

• The default score assumes the variant type is consistent with the expected disease 
mechanism. 

• If this is not the case, downgrade or do not score unless there is compelling 
rationale to do so. 

o For example, as mentioned above, if the disease mechanism is 
known/highly suspected to be gain-of-function, do not score null variants. 

The suggested default starting score can be up- or downgraded as applicable based on 
the strength of evidence in a given case. 

• Some commonly encountered reasons for upgrade (i.e., the variant is de novo 
and/or the variant has supportive functional information) and suggested point 
values for each are included in the scoring matrix above. 
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• Variants may be up- or downgraded beyond the values suggested here (but within 
the scoring range) based on quality of evidence (or lack thereof) demonstrating its 
role in ASD. 

o For example, a single missense variant with supporting functional evidence 
(score = 0.5, per Figure 3) may score at the top of its range if that functional 
evidence is robust and demonstrates that the missense is acting in a 
manner consistent with the expected disease mechanism. 

• Further, variants may be up- or downgraded for other reasons beyond those listen 
in the scoring matrix; curators must use discretion. 

o Other potential reasons to upgrade include: the likelihood of a putative null 
variant actually leading to loss of function, missense variants within the 
functional domain associated with the disease, missense variants clustering 
within the same region of a gene, etc. 

o Other potential reasons to downgrade include: low quality ASD phenotype 
information (see below), targeted genetic testing (prevents ruling out 
variants in other genes that could contribute to the ASD phenotype), a 
putative null variant unlikely to result in nonsense-mediated decay (e.g. 
occurring in the last exon or the last 50 bp of the penultimate exon), parental 
relationships have not been confirmed for de novo variants, etc. 

o Always be sure to document the rationale for any score up- or downgrades. 

A range that indicates both the minimum (i.e., 0 points) and maximum score allowed per 
case is also included. 

• A minimum score of “0” is included as a reminder that just because a variant has 
been observed does not mean it needs to be scored, particularly if it is of dubious 
quality/relevance. 

o For example, if a variant has been reported in older literature as being 
“pathogenic” and causative of the proband’s ASD phenotype, but that same 
variant was later found to be observed in high frequencies in controls, the 
variant can receive a score of “0” instead of the default for that variant type. 

In cases where a heterozygous or hemizygous variant causes disease, score based on 
the characteristics of the single variant observed. 

• Example 1: A single rare missense variant (starting score = 0.1 points) with 
supportive functional information (+0.4 point upgrade) would be scored at 0.5 
points). 

• Example 2: A single rare missense variant (starting score = 0.1 points) with 
supportive functional information (+0.4 point upgrade) found to be de novo 
(additional 0.4 upgrade) would be scored at 1 point after rounding up to the nearest 
0.5. 

• Example 3: A single null variant (starting score = 1.5 points) found to be de novo 
(+0.5 point upgrade) would be score at 2 points. 
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A table is provided below to simplify determining default scores and ranges: 

Table 3: Default scores and ranges based on variant type (scoring guidelines 
provided in text above) 

NON-SPLICE SITE SPLICE SITE 
Variant type Default 

score/(range) 
Variant type Default 

score/(range) 
Variant is de novo 2/(0-2.5) Variant is de novo 

canonical splice 
site 

2/(0-2.5) 

Variant is de novo 
missense 

0.5/(0-1) Variant is de novo 
non-canonical 
splice site 

1/(0-1.5) 

Variant is 
predicted/proven 
null (not de novo) 

1.5/(0-2) Variant is inherited 
canonical splice 
site 

1.5/(0-2) 

Other variant type 
not 
predicted/proven 
null (not de novo) 

0.1/(0-0.1) Variant is inherited 
non-canonical 
splice site  

0.5/(0-1) 

Mosaic NA - to be 
assessed on a 
case-by-case basis 

  

 

In cases where biallelic variants (in trans) cause disease, evaluate each variant 
independently, then sum for the final score. Some caveats to the evaluation of biallelic 
variants: 

• In general, both variants should be identified (and have some evidence to suggest 
that they are in trans) in the observed case in order to score.  

• For homozygous variants, consider downgrading and/or reducing the maximum 
number of points such cases could receive. Consider requiring homozygous 
variants to have supporting functional evidence before scoring. 

• Examples of scoring biallelic variants: 
o Example 1: 1 missense variant without supporting functional evidence (0.1) 

and 1 LOF variant (1.5) in trans would equal 1.6, but would be rounded 
down to 1.5 (nearest .5). 

o Example 2: 2 de novo missense variants, one with supportive functional 
evidence (0.1+0.4+0.4=0.9) and one without (0.1+0.4 = 0.5) in trans would 
equal 1.4, but would be rounded up to 1.5 (nearest .5). 
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Additional Case-Level Scoring Considerations 

De novo variants: 

• A variant is considered de novo when one of the following scenarios apply: 
o The variant is present in an individual with ASD but was not found in either 

parent. In order for a variant to be considered de novo, parents must be 
appropriately tested to show that they do not carry the variant. For 
individuals with variants in autosomal genes and females heterozygous for 
an X-linked variant, both parents must be tested. For males who are 
hemizygous for an X-linked variant, only the mother needs to be tested to 
investigate de novo status 

o One of the parents of an affected individual is found to have the variant in 
some cells (i.e. is a mosaic). In other words, the variant has arisen “de novo” 
in the parent. The phenotypic features of the parent will depend on the 
proportion of cells with the variant, and which cell types have the variant. 

• When applying an upgrade to the starting default variant score because the variant 
is found to be de novo, consider the following:  

o Is the statistical expectation of de novo variation in the gene in question 
known? If evidence suggests that de novo variants are present within 
control populations, use caution when scoring or consider not scoring. 

o Consider downgrading if parental relationships (i.e. both maternity and 
paternity of the proband) have not been confirmed. Note that confirmation 
of paternal relationships can be achieved using different methodologies 
(e.g. short tandem repeat analysis, trio-based exome sequencing). 

Predicted or proven null variants: 

• This category includes nonsense, frameshift, canonical +/- 1 or 2 splice site 
variants, single of multi-exon deletions, whole gene deletions, etc. Other variant 
types, such as missense, may be included in this category if there is sufficient 
evidence demonstrating loss of function. 

• Consider downgrading if there is alternative splicing, if the putative null variant is 
near the C terminus, and/or nonsense mediated decay (NMD) is not predicted 
(Note: NMD is not expected to occur if the stop codon is downstream of the last 50 
bp of the penultimate exon). 

• Consider downgrading if a gene product is still made, albeit altered. For example, 
cDNA analysis and/or Western blot from an individual with a canonical splice site 
change show that an exon is skipped but that the reading frame is maintained, and 
a protein is produced. 

• Individuals with large deletions, duplications, and other chromosomal 
rearrangements encompassing genetic material outside the gene of interest 
should not be counted because the impact of the loss/gain of the additional 
material cannot be assessed.  
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o In other words, cases where regions beyond the gene in question are 
impacted, do not award any points to the given case (e.g. deletion extending 
outside gene boundaries) - in these cases, one cannot confidently attribute 
the ASD phenotype to the gene being curated alone. 

o However, it is important to document these cases, including full phenotype 
and genotype information.  
 

Other variants with gene impact: 

• This category includes, for example, missense variants, and small in-frame 
insertions and deletions, in addition to variants of any type that result in gain-of-
function or dominant-negative impact. 

• As stated above, these types of variants must be at least plausible causes of the 
ASD phenotype, in order to be given the suggested starting default points. 

• Some functional impact of the variant to the gene product must be demonstrated 
for the case to be given upgraded points. Curators should scrutinize functional 
evidence in determining its relevancy to curations for ASD (e.g. expression in the 
brain alone is not enough to constitute strong functional evidence). 

 

Intronic variants: 

• At this time, intronic variants are not scored, unless there is compelling evidence 
to do so. 

• These variants should still be documented and maintained under the ‘All cases’ 
tab of the curation table (see p. 26, “Summary and Final Matrix”). 

o As more data becomes available, there may be reason to include these 
variants in the curation score. This information is also valuable to keep for 
recuration purposes (see p. 27). 

 

Recurrent variants: 

Deciding how to score multiple patients with the same variant can be challenging and 
requires careful consideration. Observations of multiple cases with the same variant(s) 
can arise from: 

• A single patient reported more than once in the literature. The details of each case 
should be carefully assessed to ensure that the cases are different from each 
other. If there is any concern that the same case has been published in multiple 
papers, the case should be counted only one time.  

o Pay attention to the subject ID, cohort, sex, age, inheritance of variant, etc. 
When in doubt, do not score. 
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• Recurrent de novo variant. If the variant has occurred de novo in multiple patients 
(with de novo status proven by parental testing), score each individual as outlined 
on p.14. 

o Of note, the same variant arising as de novo in multiple individuals with ASD 
supports pathogenicity of the variant, as it indicates a hot spot mutation. In 
these cases, each independent observation may be scored. 

 

Founder variants: 

• For variants that are reported to be more common in specific populations, which 
are not established pathogenic founder variants, any evidence for the role of the 
variant in ASD must be carefully assessed to prevent over-scoring a variant that is 
simply common in the population, but has little evidence for contributing to ASD.  

o Functional data should be used to ensure that the variant is functionally 
abnormal and not a benign variant in linkage disequilibrium with a causative 
genetic change. 

o The variant should not have data that contradicts a pathogenic role, such 
as unexplained non-segregation, etc. 
 

General Considerations for Variant Evidence Scoring: 

Mode of Inheritance related: 

• In X-linked disorders, affected probands will often be hemizygous males and/or 
manifesting heterozygous females. Curators must be aware of the nuances of 
interpretation of individual cases and X-linked pedigrees. 

• Curators should be aware of the skewed rates of ASD in males versus females. 
Inheritance from the mother compared to father should be considered (for variants 
that are not de novo). 

Computational and population frequency related: 

• Computational scores (such as conservation scores, constraint scores, in silico 
prediction tools, variation intolerance scores, etc.) should not (by themselves) be 
considered as strong pieces of evidence for variant pathogenicity. 

o However, they can be recorded during curation and used as supporting 
evidence for variant scoring (and, conversely, potentially evidence to 
support downgrades, e.g. missense variants that are predicted benign by 
multiple prediction tools). 

• Curators should also document population frequencies of the variant, if possible. 
The Genome Aggregation Database (gnomAD) provides a reference set of allele 
frequencies for various populations and can be used to assess the variant in 
question, and its likelihood of contributing to the ASD phenotype. 
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o Generally, variants observed in gnomAD, particularly at high frequencies 
and in the absence of strong functional evidence, receive score 
downgrades/not scored. 
 

Mechanism of phenotype related: 

• Known disease mechanism: If the mechanism of disease is known, this should 
be taken into consideration when scoring individual variants (e.g. in some cases, 
a publication(s) determine the putative disease mechanism for a gene, for ASD, 
such as loss-of-function (LOF)) 

o Curators should not feel obligated to award a particular variant a default 
score (or any score at all) if the variant does not align with the known 
disease mechanism. 

§ For example, if the known mechanism of disease is LOF, consider 
awarding default de novo points to putative LOF variants (e.g. 
nonsense, frameshift, canonical splice site) that are shown to be de 
novo based on parental testing for the variant; consider downgrading 
de novo missense variants that do not have evidence supporting 
LOF or a deleterious effect to the gene of interest. 

§ Conversely, if the mechanism of disease for a gene and ASD is 
known to be gain of function (GOF), consider awarding default points 
to de novo missense variants shown to be causing a GOF of the 
gene, downgrading missense variants with unclear function, and 
awarding 0 points to de novo putative LOF variants. 
 

• Constraint metrics: Constraint metrics provide an estimate of how tolerant a gene 
is to particular types of variation, such as LOF or missense variants. This type of 
information (and documentation on how these estimates were obtained, how to 
interpret them, etc.) can currently be found on each page on the gnomAD website.  

o In general, if population data suggest that a gene may be tolerant of a 
particular type of variation, consider this information when deciding how to 
score that type of variation. Constraint information can be helpful if the 
disease mechanism is unknown. 

§ For example, when evaluating a de novo missense variant in the 
context of an unknown disease mechanism, evidence that missense 
variants are common in the general population may warrant 
downgrading from the default point values. However, this can be 
context-specific given that the constraint score in gnomAD looks at 
the gene level. It may be useful to look at pathogenicity predictors 
and location of the variant (i.e. if it impacts an important protein 
domain or not) in the case of missense variants.  
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o When deciding to use constraint metrics as part of a curation, keep in mind 
that constraint scores must be interpreted in the context of the gene-ASD 
relationship in question. 

§ For example, if the disease mechanism for ASD is established not to 
be LOF, then LOF constraint metrics should not be used to determine 
scores. 

o It is also important to consider the gene transcript(s) implicated in ASD. By 
default, gnomAD returns constraint scores based on the longest transcript 
in Ensembl; however, this may not be the canonical transcript associated 
with ASD. Therefore, a curator may need to choose the appropriate 
transcript within gnomAD to assess the appropriate constraint metrics. 

o Also, constraint metrics are currently restricted to dominant disease, 
therefore there are no metrics to measure constraint in the context of 
autosomal recessive inheritance. 

 

Scoring ASD Phenotype Evidence 

A novel component of the EAGLE framework is its rigorous approach to assessing ASD 
phenotype information, including aspects such as reported cognitive ability, which could 
reduce confidence in the validity of the ASD phenotype. As shown in Figure 2, in addition 
to genetic information for each case, curators must also extract any reported phenotype 
information.  

The quality of the ASD phenotyping methods themselves are assessed, as shown in box 
1.1 and its corresponding textbox. Information about cognitive ability should also be 
extracted and assessed, as in box 1.2. Together, information gathered on both ASD 
phenotyping methods (or lack thereof), and cognitive ability are factored into a rating for 
the ASD phenotype (box 2.1) and potentially, cognitive ability cautionary comment (box 
2.2).  

Note: Some publications using well-validated, large-scale ASD data collection efforts may 
not report specific cognitive information for each subject (e.g. Simons Simplex Collection, 
Autism Sequencing Consortium, Autism Clinical and Genetic Resources in China, etc.). 
However, based off rigorous ASD phenotyping protocols, curators need not include a 
cautionary comment limiting validity of the ASD diagnosis. Lack of individual cognitive 
information should still be noted in the curation matrix, however, and methods used to 
assess cognitive ability across subjects (even if individual metrics are not reported) should 
be documented. For example, if a publication’s method section notes that “all subjects 
were assessed using the WPPSI/WISC-IV/WAIS-III,” this information should be noted. 
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Figure 2: Workflow for Assessing ASD Phenotype  

Based on the ASD phenotype confidence rating, the following scoring adjustments 
should be make (on top of any additional scoring adjustments for genetic evidence): 

If default is 2, ASD phenotype is low confidence (-1) 

If default is 2, ASD phenotype is medium confidence (-0.5) 

If default is 1.5, ASD phenotype is low confidence (-0.5) 

If default is 1.5, ASD phenotype is medium confidence (-0.25) 

If default is 0.5, ASD phenotype is low confidence (-0.25) 

If default is 0.5, ASD phenotype is medium confidence (-0.1) 
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EXPERIMENTAL EVIDENCE 

There are several forms of experimental and functional assays to elucidate gene function. 
For ASD curation classifications, only evidence that supports the role of a gene in ASD, 
or phenotypic features associated with ASD (e.g. behavior) count as applicable evidence 
for scoring. As previously noted, if a gene (fully curated, with all currently available case-
level evidence documented) far surpasses Definitive status, curators need not curate all 
experimental evidence. However, if experimental evidence exists, some strong examples 
should still be documented (e.g. well-conducted studies using animal models that reliably 
recapitulate essential features of the ASD phenotype). 

 

Table 4: Experimental Evidence Summary Matrix  

EXPERIMENTAL EVIDENCE SUMMARY 
Evidence 
Category 

Evidence 
Type 

Suggested Points Points 
Given 

Max Score 
Default Range 

 
 

Function 

Biochemical 
Function 

0.5 0-2   
 

2 Protein 
Interaction 

0.5 0-2  

Expression 0.5 0-2  
Functional 
Alteration 

Patient cells 1 0-2   
2 Non-patient 

cells 
0.5 0-1  

 
Models 

Non-human 
model 

organism 

 
2 

 
0-4 

  
 
 
 
 
 

4 

Cell culture 
model 

1 0-2  

 
 
 
 

Rescue 

Rescue in 
human 

2 0-4  

Rescue in 
non-human 

model 
organism 

 
2 

 
0-4 

 

Rescue in cell 
culture model 

1 0-2  

Rescue in 
patient cells 

1 0-2  

Total Allowable Points for Experimental Evidence 6 
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Identify the experimental evidence type and assign points according to the following 
criteria: 

Evidence Category: Function 

1. Biochemical Function 
2. Protein Interaction 
3. Expression 

• Note that, although some diseases may be accurately assessed with functional 
means, ASD is more challenging to evaluate based on this criteria. Curators 
should use discretion, regarding whether the evidence presented reliably 
captures ASD or not.  

o Because the biological implications of ASD continue to be explored, it 
can be challenging to conclude this evidence alone (i.e. without the 
variant being present in an affected subject) is strong enough to warrant 
scoring. 

• As outlined previously, functional evidence supporting a variant observed in a 
subject should be counted towards score upgrades for case-level data, not 
scored separately here as experimental data. Do not score the same functional 
evidence twice. 

 

Evidence Category: Functional Alteration 

1. Patient cells 
2. Non-patient cells 

• Evidence showing that cultured cells, in which the function of the gene has 
been disrupted, have a phenotype that is consistent with the human disease 
process. Examples include experiments involving expression of a genetic 
variant, gene knock-down, overexpression, etc. Divide the evidence according 
to whether the experiment was conducted in patient cells or non-patient 
cells. 

 

Evidence Category: Models 

A non-human model organism or cell culture model with a disrupted copy of the 
gene shows a phenotype consistent with ASD. 

1. Non-human model organism 
• Construct validity and face validity need to be taken into consideration. 

Behavioral phenotypes should be consistent with features of the human ASD 
phenotype to receive full points.  

2. Cell culture model 
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• Note: Cell culture models should be scrutinized carefully, recognizing the 
challenges of accurately recapitulating what can be considered an ASD 
phenotype by these means. 

• Curators should we more likely to incorporate and score evidence from animal 
models that are a closer approximation of humans, and human behavior. For 
example, mouse models typically provide closer behavioral approximations to 
ASD than Drosophila (though the quality of the experimental design with rodent 
models must also be considered, and not immediately taken as better). 

 

Evidence Category: Rescue 

1. Rescue in human 
2. Rescue in non-human model organism 
3. Rescue in cell culture model 
4. Rescue in patient cells 

• Summary evidence showing that the phenotype in humans (i.e. patients with 
ASD), non-human model organisms, cell culture models, or patient cells 
can be rescued. If the phenotype is caused by LOF, summarize evidence 
showing that the phenotype can be rescued by exogenous, wild-type gene, 
gene product, or targeted gene editing. If the phenotype is caused by a GOF 
variant, summarize the evidence showing that a treatment which specifically 
blocks the action of the variant (e.g. siRNA, antibody, targeted gene editing) 
rescues the phenotype.  

• As with some other areas of experimental evidence, and the complex nature of 
ASD (which cannot be explained solely through physically observable means), 
curators must use discretion when scoring rescue evidence.  

o Curators must always return to the question of whether the experimental 
evidence reflects features of the ASD phenotype, and case-level 
evidence (e.g. disease mechanism, variant type, etc.) 

NOTE: The sum of all models and rescue may not exceed the maximum of 4 points.  

 

EXPERIMENTAL EVIDENCE SUMMARY SCORE: The total experimental evidence 
points may not exceed the maximum score of 6, regardless of the individual evidence 
category or evidence type score tally. Case-level evidence must be curated over 
experimental evidence to reach a definitive score; however, for cases in which the gene-
ASD relationship has substantial experimental evidence, a curator is encouraged to 
attempt to curate experimental evidence from multiple evidence categories (i.e. 
Functional, Functional Alteration, Models, and Rescue), where applicable. 
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Case-level Variant Evidence vs. Experimental Evidence 

Distinguishing between functional evidence that supports an individual variant and 
experimental evidence that supports the gene-disease relationship:  

Not all functional evidence supports the role of the gene in ASD. Therefore, curators must 
carefully consider whether to count functional evidence in the experimental evidence 
section or in the case-level data section. Only evidence that supports the role of the gene 
in ASD should be counted in the experimental evidence section. Experimental evidence 
that does not directly support the role of the gene in ASD or recapitulate ASD, but 
indicates that the variant is damaging to the gene function can, instead, be used to 
increase points in the case-level data section. Each piece of evidence should be carefully 
considered when deciding on which category to assign points. Furthermore, as described, 
each piece of evidence should only be counted once, to prevent over-scoring of a single 
piece of evidence.  
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CONTRADICTORY EVIDENCE 

Below are some examples of contradictory evidence a curator may come across, when 
assessing a potential gene-ASD relationship. Note that this list is not all-inclusive, and if 
the curator feels that a piece of evidence offers evidence that does not support the gene-
disease relationship, this data should be flagged. 

NOTE: Evidence contradicting a single variant (e.g. in gnomAD) does not 
necessarily rule out the entire gene-disease relationship. 
 

1. The gene-ASD relationship cannot be replicated 
2. Non-segregation: Non-segregations should be considered carefully, as the age 

of ASD assessment, changing diagnostic criteria, broader autism phenotype (i.e. 
below clinical threshold), and inadequate ASD phenotyping could have an impact 
on the number of family member reported to be affected. Take reports of 
“unaffected” parents, for example, with caution, unless publication authors 
explicitly note that parents were assessed and ASD was ruled out. 

3. Non-supporting functional evidence: As described, due to the complex nature 
of ASD (and biological impact that is still under investigation), curators should 
thoughtfully assess non-supporting functional evidence. 

 

NOTE: Contradictory evidence may be present in pre-publication articles, such as 
BioRxiv. This evidence may still be documented to provide a fuller picture of the current 
evidence for a gene’s relationship to ASD. 

• Once pre-publication articles have been formally peer-reviewed and published, 
references to the pre-publication article should be removed and updated with the peer-
reviewed version.  
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SUMMARY & FINAL MATRIX 

All evidence should be compiled into a comprehensive table. For access to a copy of the 
EAGLE curation template in Excel, click here. This table includes basic gene information 
(e.g. cytogenic location, aliases, gnomAD constraint scores, etc.), as well as genetic, 
phenotype, experimental, and scoring information.  

Additionally, on the far right-hand side of this template, curators will find further 
subdivision based on sex (male/female) and transmission (de novo, paternal, maternal, 
unknown/other). These cells can be completed after formal scoring is done, and are 
simply a way to provide easy access to include scores by sex for different variant types. 
Overall totals, as well as sex-specific totals, are both found at the bottom of the curation 
table. 

Curators should order publications from most to least recent (i.e. most recent appearing 
at the top of the table). Curators should also create a separate tab including only scored 
cases. While it is helpful to begin with a tab that includes all available evidence, in most 
cases, there will be cases that are excluded (e.g. duplicate cases, intronic variants, large 
deletions impacting multiple genes, etc.). A separate tab with only scored cases improves 
clarity. 

Scores can be summed easily in Excel using the SUM function. 

 

Table 5 ASD Gene Curation Summary Matrix 

AUTISM SPECTRUM DISORDER 
Assertion  

criteria 
Genetic Evidence 

(No maximum 
score) 

Experimental 
Evidence  

(0-6 points) 

Total Points  
(No maximum 

score) 

Replication Over 
Time (Y/N) 

 
 

Description 

Case-level 
evidence that 

supports gene-
ASD association 

Gene-level 
experimental 
evidence that 
supports the 
gene-disease 
association 

Sum of Genetic & 
Experimental 

Evidence 

> 2 pubs with 
convincing 

evidence over 
time (> 3 yrs) 

Assigned 
Points 

    

 
CALCULATED  

CLASSIFICATION 

LIMITED 0.1-6 
MODERATE 7-11 

STRONG 12+ 
DEFINITIVE 12+ & Replicated Over Time 

Valid 
contradictory 
evidence (Y/N) 

List PMIDs and describe evidence:  

FINAL 
CLASSIFICATION 

 

Commented [OR1]: to be hyperlinked 
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RECURATION 

ClinGen has developed recommendations for re-evaluating previously approved gene-
disease validity classifications. Requirements for the recommended interval for recuration 
are listed in Table 6. For more detailed information, curators can refer to ClinGen’s 
publicly available recuration document here. The EAGLE framework operates under the 
same intervals for re-evaluation. 

Table 6: Standard ClinGen Gene-Disease Clinical Validity Recuration Procedure 
Classification Interval for re-evaluation 

 
 

Definitive 

 
 

No set requirement 
 
 

 
 

Strong 

 
 

3 years from the original discovery publication 
date 

 
 

 
 
 

Moderate 

 
 
 

2 years after the last curation 
 

 
 
 
 

Limited 

 
 
 

3 years after the last curation 
 

 
 
 
 

No Known Disease Relationship 

 
 
 

No set requirement 
 

 
 
 
 

Disputed 

 
 
 

3 years after the last curation 
 

 
 
 
 

Refuted 

 
 
 

No set requirement 
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APPENDIX A: EXAMPLE CURATIONS UNDER EAGLE FRAMEWORK 

Limited: SATB1 

Moderate: TAOK1 

Definitive: PTEN 
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APPENDIX B: USEFUL WEBSITES FOR ASD CURATIONS (and other gene 
curations as conducted by ClinGen) 

The following website are free and publicly available. While this list is not exhaustive, it 
includes websites that are often used during both the EAGLE and ClinGen curation 
process. A brief description for each website is given below; please go to the websites for 
more information.  

NOTE: Curators do NOT need to consult all of the following resources for each curation. 
For instance, given the heightened emphasis on case-level evidence, rather than 
experimental evidence, for ASD curations, some of the websites below will not be 
applicable. This list is solely meant to provide a guide to resources that exist, when 
curating for ASD (or any other gene-disease relationship). 

 

LITERATURE SEARCHES 

• PubMed 
o https://pubmed.ncbi.nlm.nih.gov/ 

 

ASD-SPECIFIC DATABASES 

• SFARI Gene 
o https://gene.sfari.org/ 
o SFARI (Simons Foundation Autism Research Initiative) is an evolving 

database for the autism research community that is centered on genes 
implicated in autism susceptibility. SFARI gene contains a large collection 
of genes, along with reports, variants, and other valuable information. 

• VariCarta 
o https://varicarta.msl.ubc.ca/index 
o VariCarta is a database of variants found in individuals diagnosed with ASD 

and reported in peer-reviewed scientific articles. A manuscript for VariCarta 
is available on Autism Research: "VariCarta: A Comprehensive Database 
of Harmonized Genomic Variants Found in Autism Spectrum Disorder 
Sequencing Studies." (2019) Belmadani M, Jacobson M, Holmes N, Phan 
M, Nguyen T, Pavlidis P, Rogic S. Autism Res. 2019 Dec;12(12):1728-
1736. doi: 10.1002/aur.2236 
 

REVIEWS/DISEASE ENTITIES 

• Online Mendelian Inheritance in Man (OMIM) 
o https://www.ncbi.nlm.nih.gov/omim 
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o A comprehensive compendium of human genes and phenotypes that is 
updated regularly. Summaries of gene-disease associations and references 
to primary literature can be found here. 

• GeneReviews 
o https://www.ncbi.nlm.nih.gov/books/NBK1116/ 
o Provides clinically relevant information for hundreds of different inherited 

conditions. The “Molecular Genetics” section of each entry may be useful 
for information on common variants for a gene. The “Establishing the 
Diagnosis” section typically contains a summary of the genetic testing 
options, including the different genes involved and proportion of cases 
caused by variants in each gene. 

• Monarch Disease Ontology (MonDO) 
o https://www.ebi.ac.uk/ols/ontologies/mondo 
o Human disease ontology merging information from multiple disease 

resources. 
• ORPHANET 

o https://www.orpha.net/consor/cgi-bin/index.php 
o Online inventory of human diseases. 

 

PHENOTYPES 

• Human Phenotype Ontology (HPO) Browser 
o https://www.ebi.ac.uk/ols/ontologies/hp 
o Standardized vocabulary and codes for human phenotypic abnormalities. 

• Monarch Initiative 
o https://monarchinitiative.org/ 
o Search for a disease/disorder (e.g. ASD) then choose the “phenotypes” tab 

for a list of associated clinical features which links to the corresponding HPO 
code. 

 

GENES AND GENE PRODUCTS 

• HUGO Gene Nomenclature Committee (HGNC) 
o https://www.genenames.org/ 
o An online repository of approved gene nomenclature. 

• National Center for Biotechnology Information (NCBI) gene 
o https://www.ncbi.nlm.nih.gov/gene 
o Integrates information from a wide range of species. Includes gene 

nomenclature, reference sequences, maps, expression, protein 
interactions, pathways, variations, phenotypes, functional evidence (in 
GeneRIFs) links to locus-specific resources. 
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• GeneCards 
o https://www.genecards.org/ 
o Integrates information from several sources, and includes a publication 

section. 
• Ensembl 

o http://useast.ensembl.org/index.html 
o Nomenclature, splice variants, reference sequences, maps, variants, 

expression, comparative genomics, ontologies, and function. 
• UCSC Genome Browser 

o https://genome.ucsc.edu/ 
o Genome browser with access to genome sequence data from a range of 

species. 
• UniProt 

o https://www.uniprot.org/ 
o Comprehensive resource for protein sequence and functional information. 

 

VARIANT DATABASES 

• ClinVar 
o https://www.ncbi.nlm.nih.gov/clinvar/ 
o Public archive of human gene variants and phenotypes submitted by clinical 

and research laboratories, genetics clinics, locus specific databases, expert 
groups, and OMIM. 

• Geisinger Developmental Brain Disorder (DBD) Gene Database 
o https://dbd.geisingeradmi.org/ 
o A curated resource for researchers and clinicians providing genotype and 

phenotype data from six neurodevelopmental disorders obtained from 
published literature: Autism, Intellectual disability, Attention deficit 
hyperactivity disorder, Schizophrenia, Bipolar disorder, and Epilepsy. 

• Leiden Open Variation Database (LOVD) 
o https://www.lovd.nl/3.0/home 
o Listings of variants within human genes and associated phenotypes; 

includes links to locus-specific databases. 
 

ALLELE FREQUENCIES 

• Genome Aggregation Database (gnomAD) 
o https://gnomad.broadinstitute.org/ 
o Database with aggregated and harmonized data from over 123,000 human 

exomes and 15,000 human genomes from unrelated individuals. Provides 
allele frequencies in different major racial and ethnic groups. 
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GENE EXPRESSION 

• See data on individual gene pages on NCBI Gene and Ensembl 
o https://www.ncbi.nlm.nih.gov/gene 
o http://useast.ensembl.org/index.html 

• The Human Protein Atlas 
o http://www.proteinatlas.org/ 

• Genotype-Tissue Expression (GTEx) project 
o https://gtexportal.org/home/ 

• BioGPS 
o http://biogps.org/#goto=welcome 

 

PROTEIN INTERACTION 

• See data on individual gene pages on NCBI Gene and Ensembl 
o https://www.ncbi.nlm.nih.gov/gene 

• Biological General Repository for Interaction Datasets (BioGRID) 
o https://thebiogrid.org/ 
o Compilation of genetic and protein interaction data from model organisms 

and humans. 
• Agile Protein Interactomes DataServer (APID) 

o http://cicblade.dep.usal.es:8080/APID/init.action 
o Comprehensive collection of protein interactions from over 400 organisms. 

• STRING database 
o https://string-db.org/ 
o Database of known and predicted protein interactions. 

 

MOUSE MODELS 

• Mouse Genome Informatics 
o https://www.jax.org/jax-mice-and-services 
o Database of laboratory mice, providing integrated genetic, genomic, and 

biological data. 
• Knockout Mouse Project (KOMP) 

o https://www.komp.org 
o Initiative to generate a public resource of mouse embryonic stem cells 

containing a null mutation in every gene in the mouse genome. 
• International Mouse Phenotyping Consortium (IMPC) 

o https://www.mousephenotype.org/ 
o Initiative that is phenotyping numerous mouse model lines. 

 

 


