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Best Practices for Clinical Validity
which genes matter,  why and when

Ambry Genetics and Washington University team up to develop a systematic method for translating which 
genes cause which diseases. Published in Human Mutation, this approach aims to improve consistency of 
genetic test results across the industry leading to more clinically relevant results.
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why this  matters to you

When it comes to clinical validity (scoring how well a gene is associated with a disease), experience is critical. One challenge of 
diagnostic exome sequencing (DES) is keeping up with newly published gene discoveries and translating the information into 
accurate patient results. Here we describe a comprehensive clinical validity process which has led to the reclassification of 6% of 
results overall and 35% of novel Candidate gene results.1

background 

DES analyzes virtually all genes in the genome and can identify an underlying diagnosis 
to adjust a patient’s medical management, benefiting patients, payors, and the healthcare 
system.2,3 However, only about 1/3 of disease-causing genes have been established as 
clinically relevant.4 Specifically, it is important to determine what evidence is “enough” to 
make a diagnosis, as inadequate data can lead false negative results, incorrect diagnoses 
and missed opportunities for timely treatment.

• This scoring system offers a new method for evaluating the clinical validity of gene-disease relationships, allowing for consis-
tent results across the industry.1

• In the absence of an industry–wide consensus, this study offers suggested methods for reanalysis of negative/uncertain DES 
cases.4 These methods led to overall reclassification of 6%.1

• This system enables reclassification of up to 35% results from Candidate to Characterized based on the most current data and 
newly published gene discoveries.

• Public data sharing is imperative to help patients and families gain a diagnosis informed by new gene discoveries and rapidly 
evolving knowledge.6

Clinical validity 
leads to 

6%
reclassification
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ABSTRACT: Ascertaining a diagnosis through exome se-
quencing can provide potential benefits to patients, insur-
ance companies, and the healthcare system. Yet, as diag-
nostic sequencing is increasingly employed, vast amounts
of human genetic data are produced that need careful cu-
ration. We discuss methods for accurately assessing the
clinical validity of gene–disease relationships to interpret
new research findings in a clinical context and increase the
diagnostic rate. The specifics of a gene–disease scoring sys-
tem adapted for use in a clinical laboratory are described.
In turn, clinical validity scoring of gene–disease relation-
ships can inform exome reporting for the identification of
new or the upgrade of previous, clinically relevant gene
findings. Our retrospective analysis of all reclassification
reports from the first 4 years of diagnostic exome sequenc-
ing showed that 78% were due to new gene–disease dis-
coveries published in the literature. Among all exome pos-
itive/likely positive findings in characterized genes, 32%
were in genetic etiologies that were discovered after 2010.
Our data underscore the importance and benefits of active
and up-to-date curation of a gene–disease database com-
bined with critical clinical validity scoring and proactive
reanalysis in the clinical genomics era.
Hum Mutat 00:1–9, 2017. Published 2017 Wiley Periodicals,
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Introduction
Whole-exome sequencing (WES) has rapidly moved from the re-

search domain into the clinical setting. In the last few years, WES
has played an increasing role in healthcare and has become an im-
portant line of inquiry in diagnostic medicine. For patients, fami-
lies, clinicians, and payers, identification of a molecular diagnosis
can end the heavy burden imposed by the “diagnostic odyssey” of
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expensive, invasive, time-consuming testing and can potentially lead
to changes in patient care [Soden et al., 2014; Srivastava et al., 2014].
For researchers and diagnostic laboratories, the widespread use of
diagnostic exome testing has also provided vast amounts of data that
can be used to refine the method further and fuel genetic discovery.
The last decade saw the continual improvement and standardiza-
tion of variant pathogenicity criteria for clinical reporting [Richards
et al., 2015; Amendola et al., 2016]. The advent of diagnostic exome
sequencing (DES) begets the need for a similar standardized system
for gene characterization (i.e., “clinical validity assessment”). At the
end of the human genome project in 2003, the number of Mendelian
genes with a known phenotype or a reported disease-causing variant
was 1,474, and by 2013, the number had doubled to 2,972 (accord-
ing to NIH estimates [National Human Genome Research I, 2013].
As of October 2016, OMIM catalogs 3,638 genes with a reported
phenotype-causing variant [Medicine M-NIoG, 1966–2016]. There
are still many gene–disease relationships left to discover, however;
Cooper et al. (2010) estimated that there are about 5,000–10,000
undiscovered disease genes, and Chong et al. (2015) suggested that
there are about 9,000 disease genes remaining to be characterized.
These estimates of the number of gene–disease relationships still
undiscovered are further complicated by genetic heterogeneity and
pleiotropy. Despite the large number of uncharacterized genes, cur-
rent WES diagnostic rates average about 30% among characterized
genes [Yang et al., 2013; Lee et al., 2014; Yang, et al., 2014; Farwell
et al., 2015; Retterer et al., 2015; Lazaridis et al., 2016], and this rate
is expected to increase over time as knowledge of the human genome
increases [Biesecker and Green, 2014]. This prediction is supported
by our experience at that roughly 23% of positive findings from our
first 500 DES cases were in genes in which the associated disease
was discovered within the previous 2 years [Farwell et al., 2015].
DES has emerged as a valuable clinical tool currently, and will have
increasing value as new gene–disease relationships are elucidated.

A major challenge for diagnostic laboratories is interpreting the
clinical validity of a gene–disease association, defined in Biesecker
and Green (2014) as “the determination that a particular disease
is truly caused by variants in a particular gene and that the spe-
cific variant that has been detected is indeed pathogenic.” Prior to
the public release of large databases of control populations such
as ExAC [Lek et al., 2016], many genes with ethnicity-specific be-
nign variants detected in patients were reported as candidate disease
genes. As more control genomes are sequenced, however, they re-
veal genes with high tolerance for variation. For instance, in light
of the National Heart, Lung, and Blood (NHLBI) Exome Sequenc-
ing Project, Piton et al. (2013) systematically reassessed 106 genes
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Established Scoring System: 
Clinical validity based on weighted evidence of the following criteria

Reclassification increases diagnostic yield: 
This scoring system, led to overall  
reclassification of 6% of all results and 
35% of Candidate findings.

Number of unrelated patients 1-4 pts

Other statistical evidence 0-1 pt

Number of publications 0-3 pts

Gene function 0-4 pts

Gene disruption (in vitro) 0-2 pts

Model organism (in vivo) 0-2 pts
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