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Foreword

Genomics is a young scientific discipline, surprisingly so considering the rapid prominence that it has gained
across nearly the entire landscape of biological and biomedical research. In fact, the word “genomics” was first
described in the scientific literature in 1987 [1]. That year was personally significant for me—I graduated medical
and graduate school in 1987 and started my residency in laboratory medicine (clinical pathology). Later that
same year, | also made the decision to shift my area of research from cell biology/biochemistry (which had
encompassed my undergraduate and graduate research efforts) to this nascent, heavily discussed area involving
the comprehensive study of genomes—a.k.a., genomics.

At that time, the raging debate in the biomedical research circles focused on the proposal for a big “genome
project.” Some argued that it was simply a bad idea; a subset of those also claimed that it would be a “career
dead end” for young trainees who foolishly joined in the effort. Fortunately, I ignored both of those views and
went “all in”— dedicating the research component of my pathology training to genomics and becoming a front
line participant of the Human Genome Project (both at its launch and throughout its 13 years). While admittedly
vague, at that time I could envision productive connections between enhanced knowledge of the human “geno-
mic blueprint” and the diagnostic work of pathologists. My earliest training in clinical pathology (combined with
a deep appreciation for other areas of pathology) had quickly revealed the need for more robust tools to refine
diagnoses and empower clinicians to acquire insights about the “uniqueness” of each patient. In short, too much
of medical care was generic, lacking the fine-tuning needed for truly personalized care. I thought that genomics
could possibly help to provide that fine-tuning. Let me emphasize—these were very nascent insights; I had no
well-formulated ideas about timetable or implementation, and assumed that any sizable infusion of genomics
into diagnostic medicine was many decades away. In hindsight, I should have been more brash!

Fast forward to 2014—slightly more than a quarter century later and a blink of an eye in the history of scien-
tific inquiry. Since that time, we have sequenced the human genome—the first time as part of the Human
Genome Project and then tens of thousands of times since then, as the cost of sequencing DNA plummeted
roughly a million-fold with the development and implementation of powerful new technologies. These new capa-
bilities catalyzed a flurry of key advances in understanding the genomic bases of specific disorders (most nota-
bly, rare diseases and cancer) and drug response, yielding convincing and prototypic examples in which
genomic information has clinical utility. In aggregate, these early triumphs have helped to clarify the vague
notion of “genomic medicine” and to illuminate a path forward for more widespread utilization of genomics in
patient care. To make this vision a reality, genome sequencing will need to become a tool fully adapted for use in
clinical settings—and that will require bringing together genomic technologies and clinical implementation.

However, bringing the genomic and clinical worlds together is not easy. To help make it happen, scholarly
guides are needed. Kulkarni and Pfeifer have created such a resource in producing Clinical Genomics. For this
book, an assembled group of key experts and opinion leaders wrote 26 chapters that collectively cover a wide
swath of territory relevant to the use of genome sequencing for medical diagnostics. Their audience: clinical labo-
ratory professionals and physicians (both established and in-training) seeking an overview of and guidance for
adoption of genome sequencing as a clinical tool. The general areas covered include genome sequencing meth-
ods, data analysis, interpreting and reporting genomic information, genomic-based diagnostics for specific disor-
ders, and ancillary (but critically important) topics related to regulation, reimbursement, and legal issues. It is
particularly impressive that chapters covering ethical and legal challenges associated with clinical genomics were
included. In addition to providing key technical details for diagnostic-based genome sequencing, Clinical
Genomics effectively converts the knowledge of human genomics gained in basic science research settings into
factual, practice-based information to facilitate the use of genome sequencing in clinical settings.

In summary, Kulkarni, Pfeifer, and their recruited authors aimed to compile a first-rate book that would bene-
fit interested physicians, pathologists, and other healthcare professionals wishing to learn about the opportunities
and challenges of using genome sequencing for the diagnosis, prognosis, and management of inherited and
somatic disorders—something key for realizing a future of genomic medicine. As evident from the pages that fol-
low, that goal has been clearly reached. Readers of Clinical Genomics will gain important insights about the future
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of medicine, a future in which genomic information increasingly becomes a mainstream component of diagnos-
tics and clinical care. I applaud Kulkarni and Pfeifer for helping to make genomic medicine a reality!

Eric Green, MD, PhD

Director, National Human Genome

Research Institute (NHGRI)

Reference
[1] McKusick VA, Ruddle FH. Genomics 1987;1:1-2.

Eric Green received his graduate and postgraduate training at Washington University in St. Louis, earning an
MD-PhD in 1987 and then pursuing clinical training (in clinical pathology) and postdoctoral research training (in
genomics) until 1992. Following 2 years as an assistant professor at Washington University, Dr. Green joined the
National Human Genome Research Institute of the National Institutes of Health, where he has been for just over
20 years. During that time, he has assumed multiple leadership positions, being appointed the Institute’s
Director in 2009.



Preface

In 2011, next generation sequencing (NGS)-based clinical diagnostic testing was implemented for precision
medicine at Washington University School of Medicine, St. Louis by Genomics and Pathology Services (GPS).
Even before GPS began accepting patient specimens for testing of a set of genes that provided information to
direct the clinical care of oncology patients, it was evident that there was a lack of real-world educational
resources for healthcare providers who recognized the need to incorporate NGS-based tests into their clinical
practice. There was the need for a textbook specifically devoted to the practice-based issues that are unique to
NGS on technical, bioinformatic, interpretive, ethical, and regulatory levels. And as the portfolio of tests offered
by GPS has grown, as the volume of testing has increased, and as a wider variety of physicians and trainees have
incorporated NGS-based tests into their clinical practice, the need for a textbook focused on clinical genomics has
become more and more obvious.

This book was produced in order to meet that need. The chapters are authored by nationally recognized
experts (with practical experience in that they are associated with clinical laboratories that are actively perform-
ing clinical NGS-based testing for either constitutional/hereditary diseases or somatic/acquired diseases such as
cancer). The topics covered include the technical details of the platforms and chemistries used to perform NGS;
the conceptual underpinnings of assay design for testing gene panels, exomes, or whole genomes; the bioinfor-
matics pipelines required to identify and annotate sequence variants; the clinical settings in which NGS can con-
tribute to patient care; the ethical and regulatory issues surrounding NGS testing; and the reimbursement issues
that govern payment for testing. The focus throughout is on the advantages and disadvantages; capabilities and
limitations; and clinical settings for which genomic methods can be used clinically to enhance patient care, and
the key elements that must be considered in the design, validation, and implementation of NGS-based tests for
this purpose.

The book is not a laboratory manual or a compilation of laboratory protocols, for two reasons. First, generic
protocols are of little use since many clinical NGS labs develop customized tests based on gene panels, the
exome, or the whole genome as required to meet the clinical needs of their patient population. Second, given the
rapid pace of change in NGS platforms, bioinformatics pipelines, and relevant genetic loci, any set of laboratory
protocols would be hopelessly out of date before it ever appeared in print!

The book should be useful to a broad medical audience, including medical directors, pathologists, and geneti-
cists who are responsible for designing and implementing NGS-based tests; oncologists, pediatricians, geneticists,
and other clinicians who order genetic tests as part of the care of their patients whether for diagnosis or predic-
tion of therapeutic response; laboratory personnel who perform the hands-on component of the testing; and trai-
nees (whether medical students, residents, or fellows). The book should also prove useful to basic science and
translational researchers who are interested in the clinical application of NGS in order to guide the research and
development activities within their laboratories. And, since the book covers the bioethical, legal, and regulatory
issues related to NGS, it can also serve as a textbook for undergraduate and graduate level courses focused on
the broader topic of clinical genomics.
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