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Introduction

Grand terms have been used to describe recent progress in biomedical science due to
advances in genomics. This is not purely hyperbole. In little more than two decades, we
have gone from a having only a rudimentary understanding of a small fraction of the
sequence and function of our genome to possessing tens of thousands of complete human
genome sequences with a growing instruction manual for their interpretation. Genomics
advances relevant to human health and disease not only include information about the
human genome but extend to discoveries regarding the genomes of a broad diversity of other
organisms. Some genomic advances have had obvious, immediate relevance to the health of
the pediatric population, such as the discovery of mutations causing serious single gene
disorders and the development of rapid molecular diagnostic tests for pathogens. Others,
such as genome sequence data from experimental model organisms have proximate, but not
immediate, potential for improving the well-being of children. Less obvious, but potentially
with the greatest long term import for human well-being, are genomic discoveries relevant
to food production, the environment, and energy resources. Despite such advances,
significant challenges must be met to assure the effective translation of scientific discovery
to improved health outcomes for the general pediatric population.

This article briefly reviews recent advances in genomic science and several areas in which
genomic discoveries are beginning to yield meaningful health advances for pediatric
patients. Additionally, we consider some future challenges and opportunities in using
genomics to advance “personalized medicine” for the pediatric patient. Personalized
medicine has come to be understood by many as the use of individual genome sequence
information to ensure the most appropriate selection treatments — often distilled to “the right
drug, at the right dose for the right person.” Readers less familiar with genomic concepts
may wish to consult recent genomic themed review articles as well as available online
glossaries of genomic terms. 1
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Technological advances driving genomic discovery

Gene chips

At first glance, the human genome is deceptively simple, comprised of 3 billion base pairs of
only four repeating chemical bases: adenine (A), guanine (G), cytosine(C), and thymidine
(T). Each somatic cell has two copies of the genome, for a total of 6 billion base pairs.
However, on deeper consideration, it is mind-numbingly difficult to grasp the amount of
data this code encompasses, and the challenges extracting it posed only two decades ago.
The Human Genome Project (HGP) developed methods for rapidly, inexpensively, and
accurately determining the entire linear sequence of the genome to replace the slow,
expensive, and labor-intensive approaches available at its launch in October 1990.6 This led
to the completion of the draft sequence of the human genome, as announced at the White
House in June 2000 to much fanfare in the scientific and lay press.” The HGP ended in April
2003, with a more finished sequence, fifty years to the month after Watson and Crick’s
seminal description of the DNA double helix.8

At the conclusion of the HGP, the National Human Genome Research Institute of the
National Institutes of Health published a vision for the future of genomics research. This
vision included technology development as a centerpiece and articulated the goal of
achieving the goal of sequencing an entire genome at very low cost, which has come to be
referred to as the “$1000 genome.”® The article recognized that rapidly and inexpensively
measuring individual variations in the genome (genotyping) would be of great value. The
push to develop inexpensive means for measuring human genetic variation came from
awareness that to understand genome function in health and disease would require
genotyping or sequencing tens, if not hundreds of thousands, of human genomes, along with
the genomes of numerous other organisms. Also appreciated was that the ultimate clinical
use of genomics would require highly accurate, rapid, and inexpensive ways to measure
variation without reliance on teams of trained scientists and highly specialized equipment.

Fluidics miniaturization (similar to that used in inkjet printers), fluorescent detection
methods, and the evolution of powerful informatics approaches have led to mass-produced
“gene chips.” A single assay on a gene chip platform, costing tens to hundreds of dollars,
can highly accurately analyze a DNA sample for the presence or absence of millions of
variations in hours.10 Systems commercially available for research and clinical applications
can measure single base pair changes, small deletions, or duplications in genomes, as well as
whole-scale genome rearrangements (Table 1). Possibly the most evident biomedical
research use of gene chips that detect single base pair variations has been the ground-
breaking approach for learning about the genomic underpinning of common complex
conditions known as genome-wide association studies (GWAS).3 These studies are
predicated on inexpensively measuring variations known as single nucleotide
polymorphisms (SNPs) at known points across the genome in large numbers of individuals
(hundreds to tens of thousands) with and without a particular common condition. These
genotypes are then queried for associations between genome variants and disease status. The
first major GWAS, published in 2005, revealed a previously unknown relationship between
variations in the complement factor H gene and age-related macular degeneration.1! This
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publication heralded an avalanche of subsequent studies of common conditions — including
such pediatric concerns as asthma, type 1 diabetes, inflammatory bowel disease, and
autism.12 Gene chips can be configured for specific clinical diagnostic and prognostic
purposes, and can inexpensively measure large numbers of point mutations in a sample. The
chips’ accuracy depends on the specific platform, but is generally quite high, especially for
single base pair changes measured in a DNA sample, where sensitivity and specificity can
exceed 99%.

The ability of chips to detect other types of variations in the genome, such as copy number
variations and structural rearrangements, is also quite good. Chips designed to detect
structural changes are rapidly supplanting traditional karyotyping techniques as the first line
laboratory investigation for children with developmental and congenital abnormalities.3
Another clinical use of gene chips is for expression profiling.14 In this application, RNA is
harvested from a sample (a tumor, for example), processed, and incubated with the chip. The
location of binding in the microarray provides an idea of the type of RNA expressed and the
signal intensity at the binding site provides a measure of the expression level of that
particular RNA species. This type of analysis can give insights into gene expression patterns
in healthy or diseased tissues, as well as the genome’s response to environmental influences
including medications. Patterns of gene expression have proven to be useful guides for
prognostication and treatment selection; examples include the FDA-approved
MammaPrint® and Oncotype DX™ assays for prognosis and treatment selection in breast
cancer.15

High throughput sequencing

While gene chips efficiently detect known single nucleotide variations at specific points in
the genome, detecting previously unsuspected small variations in the genome often requires
DNA sequencing. Sequencing technology advances in recent years have been remarkable;
costs of high quality DNA sequencing are now approximately 1/100,000 of what they were
five years ago.16 (Figure 1) Consequently, both biomedical research and clinical medicine
have begun to take advantage of sequencing the protein coding regions of the genome (the
exome), and even entire genomes. New sequencing machines can fit on a desktop and
generate high quality sequence data in hours that took teams of individuals, with rooms of
equipment, years to complete a decade ago.

Basic genomic discoveries made possible by technological progress

Currently, much genomics research focuses on genome structure and function. A signature
major international research initiative in this area is the ENCODE project (ENCylopedia Of
Dna Elements).1” Initiated by the National Institutes of Health (NIH) in 2003, ENCODE’s
stated goal was to define the functional elements required for normal genome function.
Global collaborative networks of scientists have effectively employed a broad range of
approaches, both in silico (computer based) and in bench laboratory investigations, to tackle
the dissection of functional elements in the genome. In September 2012 a coordinated
release of 40 publications provided a tour de force of the ability of focused ENCODE
collaborative effort to advance science. 18 The emerging picture of the genome is far from
the old portrait of widely spaced protein coding genes acting in isolation and separated by
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“junk” DNA; now over 80% of the human genome has an ascribed function, much of which
is related to appropriate coordination of gene expression.1® The clinical implications of these
very new observations are unclear; however, it seems likely that many variations in these
regions are important for disease pathogenesis, perhaps through quantitative and qualitative
changes in gene expression.

Gene products: beyond proteins

Expanded understanding of the genome’s normal function has led to recognition that large
portions of it are transcriptionally active, and that perhaps a minority of transcribed RNA is
translated into protein.20 Most non-translated RNAs fall into a diversity of families that vary
by length, stranded-ness (double versus single), and function.?! Developing an
understanding of the abundance and diversity of such RNAs remains an area of active
investigation, but these RNA species are clearly important contributors to genome
regulation. RNA molecules are also increasingly recognized as having roles in a variety of
disease processes, including cancers. 22 For example, small non-coding RNA molecules
known as microRNA’s have been shown to have an active role in the pathogenesis of
Ewing’s sarcoma and may eventually provide both therapeutic targets and prognostic
biomarkers for this condition.2

Genome sequence variation

While two randomly selected humans are identical for about 99.5% of their genome
sequences, the size of the human genome ensures a remarkable diversity between
individuals and population groups. Variations range from common single base pair
alterations with no discernible effect on genome structure or function (SNPs) to whole-scale
gain or loss of chromosomes (e.g., trisomy 21). Much genome variation is benign; for
example, SNPs occur on average about every 1000 base pairs. Separating benign variation
from that associated with disease has been a goal of human genetics research since the
field’s inception. One approach is to start with groups of affected and “normal” individuals
and look for non-random associations between presence of disease and specific variations.
Classically, such studies have begun with individuals severely affected by single gene
disorders and their families, yielding variations with very high risk of disease (high effect
size). These mutations have provided insights into disease pathogenesis, potential
treatments, and, sometimes, immediate utility in diagnosis and carrier status detection.

As mentioned previously, GWAS have been quite successful in identifying a portion of the
genetic underpinnings of many common conditions and traits; thousands of variations,
largely single nucleotide changes, have now been associated with a high degree of certainty
with a wide range of conditions.12 GWAS have shed light on the pathogenesis of conditions
such as asthma, diabetes, inflammatory bowel disease, and hypertension.?4-28 However, it is
important to recognize that markers found by GWAS generally confer only a very small
increase in disease risk (with odds ratios in the vast majority of SNPs considerably less than
2), and are often not causally related to disease. Since the variations discovered by GWAS
studies are often, even in aggregate, only weakly predictive of disease risk, GWAS have not
yet had much direct impact on clinical care. This is in contrast to variations (mutations)
known to be causal of rare disease. For most common conditions studied to date, family
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history, clinical characteristics and environmental factors account for a much larger
proportion of measurable risk. As more is learned about genetic risk factors for common
conditions the situation may change, but for now genotyping has little role in providing risk
prediction for common conditions.2® However, GWAS have already proved extremely
helpful in better understanding the underlying biology of literally scores of conditions,
including many that affect children.27:30.31

Recently, attention has focused on the possibility that substantial portions of the unmeasured
heritability of common conditions lie in uncommon variations in the human genome.32 The
1000 Genome Project, initiated by the NIH in 2008, is a systematic effort to catalog the
spectrum of genetic variation that occurs with at least a 1% frequency in humans. 33:34.35
The 1000 Genome Project data suggest that substantial disease related variation is present at
frequencies below 1%. For example, a study that sequenced a large portion of the protein
coding regions of the genome with a high degree of accuracy found more than 500,000
SNPs, of which about 82% were novel and 86% were present in less than 0.5% of the study
population.3® Further, of the 2% of variants predicted to change protein function, over 95%
were rare. These observations are sobering, since they imply that, if SNPs’ effect sizes are
small, reliably detecting associations between such SNPs and health conditions might
require enormous populations.

Epigenomics

The genome and the environment act in concert to determine all of an individual’s
characteristics. A classical pathological example of a gene-environment interaction is
phenylketonuria, in which dietary phenylalanine causes severe mental retardation in
individuals harboring mutations in the tyrosine hydroxylase gene.3 In this case, elimination
of phenylalanine from the diet is preventative. For common conditions such as diabetes and
coronary disease, a wealth of epidemiological data show that environmental factors
accelerate disease, sometimes with influence spanning generations.38:39 Broadly, external
interactions with the genome affecting the expression of traits is known as epigenomics.

The mechanisms through which environmental factors exert lasting effects on genome
function are under active study. Classical genetics has long recognized the role of molecular
modifications to the primary DNA backbone as a determinant of gene expression; in the era
of genomics a wide array of epigenetic changes are known to affect gene expression.*® The
classical pediatric example of methylation resulting in differential gene expression is Prader-
Willi syndrome, in which the pattern of methylation of cytosine residues at a single genomic
locus determines which parental allele is expressed, and thus whether the condition is
manifest.*1 There is increasing recognition that methylation plays a substantial role in
cancer biology, and considerable research is directed at developing drugs that inhibit
epigenetic changes.*2 There is also great interest in learning how environmental factors
interact with the genome to alter the course of common conditions such as obesity, asthma,
and diabetes in pediatric populations.4344

Another particularly active area of epigenomics relates to the toxicology of common
environmental agents like bisphenol A that have been demonstrated to have hormone-like
properties affecting gene expression in experimental models.#> High throughput methods for
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measuring epigenetic changes such as methylation should greatly accelerate this area of
study.46

Pharmacogenomics

Pharmacogenomics refers to the use of genetic sequence data to help guide the development,
selection, and dosing of medications. To date, there are relatively few examples of using
genetic testing routinely in the selection or dosing of pediatric drugs; however, one classic
example is testing for variations in the TPMT gene to avoid thiopurine toxicity in cancer
patients.4” With time, it is likely that an increasing number of drugs will be selected and
dosed based on genetic sequence information in pediatric patients. Such advances should
dramatically affect pediatric oncology practice, mirroring the situation in adult cancer care.
A growing understanding of the molecular basis of both common and rare conditions is
having a dramatic affect on the drug development process; in conditions like cystic fibrosis
molecularly targeted small molecule therapeutics specific for certain mutations are already a
clinical reality.*8

Genomics and the pediatric patient

The day when children visit their pediatricians, get genome scans, and leave with
personalized plans for their health care over the subsequent 20 years remains distant.
However, it is important to recognize that genotyping and low-cost sequencing have created
an inflection point in the pace of genomic discovery relevant to clinical care. Microbial
genomics, the diagnostic evaluation of undiagnosed disease, and reproductive genetics/
newborn screening exemplify the need for the practicing pediatrician to have competency in
genomics.

Microbial genomics

The Human Microbiome Project (HMP) has begun to show the diversity of the microbial
ecosystems on and in each of us.#? Initiated by the NIH in 2007, this ambitious project uses
high throughput sequencing to identify the array of microbes present in human samples. At
birth we become dynamic hosts to an eventual population of over a trillion organisms, and
until the inception of the HMP, we had only a rudimentary understanding of what organisms
were even present, and their relative abundance, since many organisms cannot be cultured
outside of the human host.>%:51 This complex ecosystem of organisms on and in us is
increasingly recognized as a major contributor to many processes in the healthy human and,
when either host or microbial factors go astray, disease.

One of the most productive areas of disease-related microbiome research has been in
gastrointestinal conditions, since an estimated 80% of gut microbes cannot be cultured using
routine methods.>2 This has limited the study of a variety of pediatric conditions in which
disruption of gut microbial balance is suspected as a key component of pathogenesis, like
necrotizing enterocolitis (NEC), obesity, and inflammatory bowel disease. 53: 54 With
genomic tools, conditions like NEC are yielding to study; rationally selected treatments
including probiotics, although still controversial, may eventually provide real benefits. In
inflammatory bowel disease, marked progress in understanding the complex interplay of
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microbial and host genomic factors that results in aberrant inflammation has helped pave the
way for a diversity of new targeted treatment approaches.>®

Use of genomic technologies for rapid molecular diagnosis and surveillance of infectious
disease has become increasingly important to clinical care and public health practice.>®
Specifically, microbial genomic diagnostics have proven useful in a series of high profile
disease outbreaks, including the Haitian cholera epidemic, the toxigenic E. coli outbreak in
Europe, and a lethal drug resistant Klebsiella outbreak at the NIH Clinical Center.57-60 A
recent study retrospectively used microbial genome sequencing to characterize a serious
outbreak of MRSA in a neonatal intensive care unit; such techniques may soon become the
front line of epidemiologic investigation.5> Numerous commercially available molecular
diagnostics tests in clinical care are based on older genetic testing methods for rapid
diagnosis of MRSA, gonorrhea, chlamydia, tuberculosis, and a wide variety of viral
infections. In many cases, pediatricians ordering these tests are likely unaware that they have
ordered “genetic” tests.

Undiagnosed disease

Diagnosing rare diseases can be prolonged and costly, both in emotional distress for families
and in medical expenditures. Although not all rare conditions are heritable, a substantial
number result from mutations with large effect in one or a few genes. The genetic bases for
approximately 40% of the over 7000 suspected Mendelian disorders are now known, though
clinical testing is not available for all.52 For conditions with known or suspected causal
variants, advances in genotyping and sequencing targeted genomic regions have led to
increasingly routine use of these technologies as diagnostic aids. Conversely, the fact that
approximately 60% of the suspected 7000 Mendelian disorders lack a known basis leaves
significant room for discovery.

Exome and whole genome sequencing may have a role in managing a broad array of
conditions, both common and rare. Sequencing forms a centerpiece of the NIH’s
Undiagnosed Disease Program, and related efforts elsewhere, which have had some notable
successes in diagnosing and treating perplexing clinical problems.53 There is evidence that
sequencing might help unravel relatively common conditions relevant to pediatric practice,
with a recent report showing a diagnostic yield of 16% from exome sequencing in a series of
patient of various ages with unexplained severe intellectual disability.54

Perhaps the most striking foreshadowing of the future that next generation sequencing holds
for pediatric patients came in 2010 in the widely publicized case of Nicolas Volker.85 This
patient was afflicted by a progressive, inflammatory bowel disease-like condition that
resulted in need for repeated abdominal surgery and severe, progressive, debility.
Sequencing of his and his parents’ genomes revealed a defect in XIAP (X-linked inhibitor of
apoptosis protein) in Nicolas. Subsequent to the discovery, a bone marrow stem cell
transplant resulted in cure.

Genomics and newborn health

Identification of the genetic basis of a large number of single-gene disorders, combined with
the ability to detect genetic variations rapidly and inexpensively in small samples, has
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opened a range of possible genomics applications relevant to newborn health. However,
scientific and ethical controversy surrounds a variety of these applications.

Preconception tests are commercially available that detect mutations, associated with over
150 rare single gene disorders, in a single assay for less than $1000.56 Although evidence
suggests that the mutation detection accuracy is high, interpreting the consequences of
harboring a mutation can be challenging. In the prenatal period, technological advances have
facilitated non-invasive aneuploidy testing using cell-free fetal nucleic acid present in
maternal blood.” More sophisticated mutation detection approaches applied to cell-free
nucleic acids will likely provide non-invasive diagnosis of a broad array of heritable
conditions. For couples at increased risk of having an affected child, costly assisted
reproductive technologies including pre-implantation genetic diagnosis followed by embryo
selection and implantation are options for increasing the likelihood of a healthy pregnancy
outcome.8 As these technologies are perfected, and costs come down, the need to address
the societal consequences of being able to influence human inheritance will only increase.

For almost everyone born in the U.S., newborn screening provides the first exposure to
genomic testing. The “universal” screening panel recommended by the Secretary’s Advisory
Committee for Heritable Diseases of Newborns and Children includes over 50 conditions, of
which most are heritable.®® Traditionally, newborn screening assays utilize biochemical
testing for metabolites, proteins, or enzymatic activity. Recently, incorporating next
generation sequencing into newborn screening has been considered. The rationale for
integration is that additional information from sequencing can augment biochemical data for
conditions already on the universal newborn screening panel by pinpointing the causal
genetic variation, while also increasing greatly the number of conditions detected prior to
onset of symptoms. Another potential benefit is that sequence data obtained in the newborn
period could be available to inform care across the individual’s lifespan. Given the number
of newborns involved and the need in this setting for rapid turn-around of highly accurate
sequence interpretation, sequence-based newborn screening might have seemed fantastical
five years ago, but recent studies suggest that technical feasibility may not be far off.”? The
practicalities of implementing sequencing in the context of state public health programs are
extremely daunting, especially in the setting of current fiscal constraints facing public health
departments. Genome-based newborn screening would also raise a thicket of ethical
questions such as what information should be released to whom and when. The National
Human Genome Research Institute and the Eunice Kennedy Shriver National Institute of
Child Health and Human Development of the NIH have announced a joint program to fund
pilot projects that explore technical, medical, and societal issues associated with augmenting
traditional newborn screening approaches with sequencing.’?

Future challenges

Pediatrics has been at the forefront of genomic technology adoption since the Food and
Drug Administration’s approval 30 years ago of human recombinant insulin as the first
genetically engineered protein product for human use. For about as long, some have
predicted that genomics would precipitate an imminent revolution in the day-to-day practice
of medicine. This has yet to happen; in fact, evolution may be a more accurate description of
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the pace at which clinical changes are occurring. The complexity of genomics, uncertainty
regarding the clinical benefits of new and often expensive applications, and a myriad of
more pressing health and social issues confronting patients and physicians have limited the
uptake of genomic application in many pediatric settings.

Genomic science

Harnessing the full potential of genomics to improve health is an endeavor that will span
decades, if not centuries. In the near term, several key scientific challenges must be met to
ensure maximal future benefit. First, research is needed in both in vitro and animal model
systems to explore the consequences of multiple human genetic variations acting in concert.
Achieving a comprehensive understanding of the functional consequences of genetic
variation at the biochemical, cell, organ, and organism level is a monumental undertaking,
much exceeding the Human Genome Project in complexity. Second, methods for studying
the complicated, longitudinal interactions of environmental factors with human genetic
variation are needed. All conditions are affected to some degree by environmental exposures
affecting risk, progression, and/or treatment response. To date, only a handful of interactions
between genes and environmental factors are well understood. Without a better
understanding of such interactions, rational approaches to mitigating or exploiting
environmental factors — or genetic ones - will be difficult to achieve. Third, efficient clinical
trial methods are needed that leverage genomic information to optimize discovery and
patient outcomes. Each child’s genome is unique, even in identical twins, and individual
variation may bear meaningfully on responsiveness to health interventions or adverse
reactions. Currently, clinical trials rarely integrate genomic information into design and data
collection; this represents a major missed opportunity for discovery. Fourth, emerging
structures for clinical care and clinical informatics must be adapted to support genomics
research. Understanding the health consequences of rare variations in the population will
require large numbers of individuals, and prospective research cohorts are extremely costly
to assemble and follow over time. Effective “learning health care systems” that leverage
clinical information stored in electronic health records for research, while respecting
individual privacy and confidentiality, would dramatically accelerate clinical genomics
research.”2 Such settings would provide rapid correlations between genotype and clinical
observations such as new diagnosis, adverse reactions to medications, treatment outcomes,
and disease related complications at considerable less expense than would multiple
independent clinical studies.

Translating genomics to practice

Effectively integrating genomics into routine care will require studies that go beyond
demonstration of the efficacy of a new molecular diagnostic or targeted therapeutic in highly
controlled settings. Translational research, including studies evaluating the effectiveness,
comparative effectiveness, and public health outcomes related to emerging genomic
applications, is needed. Traditional public funding sources in the U.S. have typically not
funded such genomics research at levels comparable to genomic discovery science, although
the establishment of both the NIH National Center for Advanced Translational Sciences
(NCATS) and the Patient Centered Outcomes Research Institute (PCORI) signal an
increasing emphasis on translational research.”3
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Genomics and society

Genomics will continue to present a diverse array of societal issues that may prove even
more challenging to address than technology or biology.” These include topics as profound
as the ethics of allowing embryo selection to increase chances of having a “normal” child to
subjects as prosaic, but crucial, as the effect genomics will have on health care costs. Given
the rapidity with which the field is evolving, pediatricians and their patients will have to
grapple with myriad topics, often without much guidance. The utility of genomics in clinical
care will depend partly on developing more effective and inclusive national and
international frameworks for grappling with these important issues.

Future opportunities

Genomics is irrevocably changing the face of biomedical research and, more slowly, clinical
medicine. Pediatricians have the unique and exhilarating responsibility to help ensure that
young patients derive maximal benefit from genomics during this time of transition in
biomedicine. For the foreseeable future, genomics will provide pediatricians new and often
unexpected insights into the biological basis of health and disease. Likewise, genomic
research will afford new health care options requiring informed and sometimes challenging
choices of physicians and patients.

One can imagine a not far-off world in which knowledge of patients’ genomes improves
diagnosis and, through informed prediction of individual drug metabolism and
responsiveness, the selection of therapeutics. Even that hallmark of pediatric practice,
anticipatory guidance, will likely be affected. With the advent of sequenced-based newborn
screening, pediatricians would have access to a huge volume of information with import for
not just the current and imminent health of their patients, but also their more distant future.
The increasing availability of genomics is a major driver of recent intensified interest in the
“developmental origins of adult health and disease.””> One can foresee a day in which
anticipatory guidance is not only about the next six months or even five years of a patient’s
life, but about the next eight decades.

Education of the provider will be key to the clinical use of genomics; organizations such as
the American Academy of Pediatrics and the National Coalition for Health Professional
Education in Genetics have worked to ramp up the genomic literacy of the profession.”8
Developing pediatrician competency in genomics, especially for those well away from
training, is a daunting task, but one that the specialty can and must accomplish in the near
future. Achieving such competency should provide substantial rewards; effectively
integrating genomics into practice will improve pediatricians’ effectiveness in caring for
patients current health concerns and make pediatricians the guides to lifelong health.
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Figure 1.
Decrease in sequencing cost per genome plotted on a logarithmic scale in U.S. dollars. The

white line represents the cost that would have resulted if sequencing cost decreases had
followed the mathematics of Moore’s Law of semiconductors. It is important to note that
these cost figures do not include genome interpretation. Adapted from the website of the
National Human Genome Research Institute, National Institutes of Health (http://
WwWWw.genome.gov/sequencingcosts/).
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Comparison of selected mutation detection technologies currently in clinical and research
use and their characteristics

Technology Variant types Novel Number | Speed of Cost per Accuracy?
detected? variants of assay per | variation
detected? variants | variant detected?
detected | detected?
inan
assay?
Allele-specific Single nucleotide No Low Low High High
oligonucleotide polymorphisms (SNPs),
hybridization duplications, deletions,
epigenetic changes
Polymerase chain SNPs, small Yes Medium | Low Medium High
reaction (PCR) insertions/duplications, | (depending
based assays deletions, epigenetic on platform)
changes
Fluorescentinsitu | Large Yes Medium | Low High Variable
hybridization insertions/duplications,
deletions,
chromosome
rearrangements
DNA microarrays | SNPs, Yes High High Low Medium
insertions/duplications, (depending
deletions, on
chromosome platform)
rearrangements,
epigenetic changes
Sanger SNPs, small Yes Medium | Medium Medium High
sequencing insertions/duplications,
deletions, epigenetic
changes
Next-generation SNPs, small Yes High High Low Variable
sequencing insertions/duplications,
deletions, epigenetic
changes
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