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The types of evidence needed to support the use of genome sequencing in the clinic varies by
stakeholder and circumstance. In this IOM series, seven individually authored commentaries
explore this important issue, discussing the challenges involved in and opportunities for moving
clinical sequencing forward appropriately and effectively.
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Hippocrates, the father of medicine, advocated “Declare the past, diagnose the present, and
foretell the future” as a good clinical practice in medicine (Hippocrates, 1993). Translating this
quote, written 2,500 years ago, in the current context of advanced genomic tools and
technologies would emphasize the importance of sequencing the genome, identifying and
clinically annotating disease-associated variants, and foretelling the future with genomics
providing tailored individualized therapy.
Advances in genome sequencing represent an unparalleled opportunity to examine the
genomic landscape of an individual and potentially identify genetic variants that are relevant for
the diagnosis and treatment of disease. Among the available genomic tools, unbiased nextgeneration sequencing (NGS) methods such as exome and genome sequencing and targeted
sequencing are revolutionizing the study of genetic variation, providing a better understanding of
the role that genes play in disease development and progression for research and clinical practice
(Bennett and Farah, 2014; Biswas et al., 2014; Brion et al., 2014; Dello Russo et al., 2014; Javitt
and Carner, 2014; Kamalakaran et al., 2013). In addition to NGS methods, nonsequencing arraybased molecular methods offer a cost-efficient platform for screening and defining genetic
variation in an efficient manner (Katsanis and Katsanis, 2013).
Once variants are noted in a human genome, they need to be interpreted so that they can be
properly applied in clinical practice. The clinical interpretation of data should fall into any one of
the following categories (Katsanis and Katsanis, 2013; Kearney et al., 2011; Richards et al.,
2008; Zhang and Wang, 2012):
1. Disease causing: a variation in sequence has been reported previously and is recognized
as being causative of the disorder;
2. Likely disease causing: a variation in sequence has not been reported previously but is of
a particular type that is expected to be causative of the disorder;
3. Possibly disease causing: a variation in sequence has not been reported previously but is
of a particular type that may or may not be causative of the disorder;
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4. Likely not disease causing: a variation in sequence has not been reported previously and
is likely not causative of the disorder;
5. Not disease causing: a variation in sequence has been reported previously and is
recognized as not being causative of the disorder;
6. Protective variant: sequence variation has previously been reported to be associated with
disease-free phenotype or lesser susceptibility to diseases or pleiotropic effect of the
variant. Such protective variants are especially of interest in diagnosis and treatment
because of their potential predictive/prognostic value for co-morbid or multiple chronic
conditions (Bougle et al., 2012; Guella et al., 2010; Saade et al., 2011; Scartezini et al.,
2007; Stitziel et al., 2014);
7. Variant of unknown clinical significance: a variation in sequence is not known or
expected to be causative of the disorder but is identified as being associated with a
clinical presentation.
High-quality clinical validation of NGS results, expressed as their clinical validity, is a
crucial component of their inculcation into medical practice. Clinical validity is the accuracy of
the data resulting from a test in identifying, measuring, or predicting the presence or absence of a
clinical condition (with potential treatment implications) or predisposition (Alberg et al., 2004;
Burke, 2009; Burke et al., 2002; Burke et al., 2007). Typical formulations of clinical validity
include a test’s sensitivity and specificity; its positive or negative predictive value;
determinations of an assay’s Area under the Receiver Operating Characteristic Curve—AUROC
(Alberg et al., 2004; Burke et al., 2002; Burke et al., 2007); and other measures. Clinically valid
tests impact risk assessment, differential diagnoses, and many other aspects of an increasingly
precise delivery of medical care.
Historically, particularly for biochemical disorders, correlation of genetic analysis with
established familial findings and known protein changes allowed rapid clinical validation of
DNA tests. For variants related to sickle cell disease or phenylketonuria, newly identified genetic
variants could be assessed with orthogonal assays and then the associated single-nucleotide
polymorphisms (SNPs) could be routinely ascertained by genotyping or, when developed,
sequencing. Once Sanger or NGS methods became feasible for known disease-causing loci,
newly identified variants could be evaluated by their impact on the cornerstone biochemical
activity and/or clinical phenotype. With time, our ability to identify potentially clinically relevant
SNPs has improved, while other measurements of proven disease causation remain cumbersome.
A general process for clinical validation that depends solely on genetic data has evolved using
comparative studies on new variants to SNP databases. The first step in this type of clinical
validation was usually a Genome Wide Association Study or family study that focused on a
variant(s) and associated it with disease. Then, a confirmatory experiment in a similar population
or type of family would occur. Finally, the ability of the genetic variant to correlate with disease
in other subpopulations or a “general,” all-comers approach was assessed.
In current clinical practice, associating the identified and interpreted variants as causal for
diseases and relevant to treatment choice can require extensive evaluation to determine precisely
the clinical validity of the test results in often highly mixed human populations. Although this is
a major challenge in terms of experimental design, time, and cost, a test that leads to a diagnosis
and follow-up treatment may have tremendous utility from both a patient’s and clinician’s
perspective. How can we overcome this challenge?
2

1. Several outcomes of current protocols for clinical validation are possible: similar disease,
different disease, no disease, or uncertain. But once a variant is well established as causal
in even a small cohort, thereby implicating a biological pathway(s), the probability that
the same genetic variant could be causative for disease in other groups that make up the
general population is much higher. Thus the burden of proof for validating a significant
variant classification in other populations is not de novo but rather modified by the earlier
results.
2. In an effort to confirm clinically relevant variants, we need to replicate and validate the
findings in a stratified population cohort to rule out confounding factors associated with
the disease.
3. As further confirmation, we could replicate findings in a general population and validate
the role of the variant in disease pathogenesis. But a lower evidentiary standard should be
applied that considers variable phenotypes, allelic frequencies, genomic redundancies,
confounding environmental influencers, and so forth.
4. In addition, a different technology or platform could be applied to cross-validate the
identified variant in association to the disease.
The application of these and other solutions could speed the translation of clinically valid test
results, demonstrated in select groups, to other groups that make up the general population. For
those in which the variant is pathological, this more rapid validation could have great
significance.
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