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phar·ma·co·ge·no·mics: n. a science that combines 
the techniques of medicine, pharmacology, and genomics 
and is concerned with developing drug therapies to 
compensate for genetic differences in patients which 
cause varied responses to a single therapeutic regimen.
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The Case for Personalized Medicine stresses the ability of this 
new model for drug development and practice to:

 • Detect disease at an earlier stage, when it is easier
  to treat effectively.

 • Enable the selection of optimal therapy and reduce
  trial-and-error prescribing.

 • Reduce adverse drug reactions.

 • Increase patient compliance with therapy.

 • Improve the selection of targets for drug discovery. 

 • Reduce the time, cost, and failure rate of clinical trials. 

 • Revive drugs that failed clinical trials or were withdrawn
  from the market. 

 • Avoid withdrawal of marketed drugs.

 • Shift the emphasis in medicine from reaction to prevention. 

 • Reduce the overall cost of healthcare.

Obstacles to personalized medicine, however, are formidable. 
Transforming medicine from reactive to preventive and targeted 
will require: 

 • A regulatory framework that encourages medical 
  innovation while preserving public confidence. 
 • A reimbursement system that compensates for
  preventive medicine. 
 • Laws that protect the privacy of genetic information. 
 • An electronic medical records system that allows
  the transfer of large amounts of data. 
 • Research-and-development business models that
  encourage the co-development of diagnostic and
  therapeutic products. 
 • Cross-disciplinary medical curricula that incorporate
  a genetic approach to individual differences in health
  and disease.

Recognizing that science and technology alone would not lead to 
the paradigm change that personalized medicine represents, the 
PMC - a coalition of academic, industrial, patient, provider, and 
payer communities - was founded to address these obstacles. 

Instead, targeted therapeutics based on molecular diagnostics will help improve health 
outcomes with fewer side effects.
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Battle of the Genomes: A Virologic Perspective of 
Pharmacogenomics in HIV/AIDS Therapies

transcriptase, and more protease itself, able to continue the 
HIV lifecycle. 

Because of the importance of reverse transcriptase and 
protease, these two viral proteins have been the major targets 
for anti-viral drugs. Drugs that target reverse transcriptase, 
such as AZT, block the virus’ ability to transform RNA into 
DNA and therefore limit its ability to infect healthy cells. 
Protease inhibitors block the action of protease enzyme in viral-
infected human cells and thus prevent the final process in the 
production of new viral particles. Combined use of these 
two classes of antiviral drugs typically is very effective in 
eradicating the replicating viruses. However, successful 
antiviral treatment depends upon the combination of these 
drugs in the correct proportions, which is why it is called 
“cocktail therapy.” Other names for antiviral treatment include 
HAART (highly active anti-retroviral therapy) or ART (anti-
retroviral therapy).

Regardless our initial success in removing the virus from
a patient’s bloodstream, we soon discover that the HIV 
virus is very tricky and rapidly adapts to the drugs in its 
environment, i.e., the patient’s bloodstream. Because HIV 
mutates frequently and replicates rapidly, it can generate 
multiple viral offspring that vary slightly from the parent virus 
and from each other. For example, the HIV viral genotype in 
patients receiving AZT commonly mutates. Specifically, it 
mutates at codon 215 of the reverse transcriptase region of 
HIV pol gene, leading to a change in a single amino acid of the 
gene product. That one-letter change in code decreases the 
virus’ susceptibility to AZT. Over time, additional resistance-
conferring mutations accumulate1, and resistance to one drug  
has implications for similar drugs in the same class. The net 
result is an increase in the patient’s HIV viral load. 

Resistance-conferring mutations can occur in the virus’ latent 
phase before therapy begins, at the initiation of therapy, and 
often continue throughout the course of disease.2 Therefore, 
genotypic monitoring of viral genomic variation, especially in 
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Webster’s Medical Dictionary defines pharmacogenomics as 
“the study of how variations in the human genome affect the 
response to medications.” Application of pharmacogenomics 
“permits drugs to be tailor-made for individuals and adapted to 
each person’s own genetic makeup.” This definition, however, 
does not consider that the efficacy of drug therapy in an 
individual depends not only upon his or her genotype, but also 
on its interaction with the genome of an infecting pathogen 
such as HIV. Therefore, the treatment and management of HIV/
AIDS is a variant of pharmacogenomics at the bedside. 
Genotyping the HIV virus has become standard of care for 
individuals newly diagnosed with HIV and for those who 
respond poorly to anti-retroviral drug therapies. Knowledge 
of the viral genotype infecting an individual helps the clinician 
tailor therapy  to the patient’s “unique virus” infection.  

Before discussing treatment in more detail, it is important first 
to understand the behavior of the HIV virus and its weak points. 
HIV is a retrovirus. To survive, it needs to transform its genetic 
message from RNA into DNA, which reverses the usual flow 
of information in genetics. To achieve that goal, the HIV virus 
uses reverse transcriptase to transform its original RNA 
message into DNA. The viral DNA is then incorporated into the 
human genomic DNA and replicates with each cell division in 
perpetuity. By hijacking the human genome and making it a 
new home base, the HIV virus becomes an integral part of us. 
Because the virus’ genetic instructions are inserted into our 
own DNA, HIV destroys the body’s ability to recognize the viral 
code as “not self.”  Killing the HIV virus without severely 
disrupting the integrity of the patient’s DNA (the consequences 
of which are almost always incompatible with life) is the 
supreme challenge for those seeking a cure for HIV. 

Once the HIV virus has settled comfortably in our 
chromosomes, it starts to reproduce. First, it produces a 
polyprotein (a very large molecule that consists of several 
different proteins strung together). Next, HIV protease acts 
as a chemical editor and cuts and polishes that polyprotein 
at specific sites. Only then are mature proteins, like reverse 







There are three words that clinicians 
dread: “narrow therapeutic window.” 
This means that there is not a lot of 
latitude in drug dosage because the line 
between efficacy and toxicity is very thin. 
Pharmacogenetics, however, can help 
providers walk that line to achieve the 
desired therapeutic results on a case-by-
case basis. 

The essential goal of pharmacogenetics is 
to optimize drug therapy while minimizing 
drug toxicity, based on the genetic profile 
of a particular patient. When patients 
are not responding as expected to their 
medication regimen, we often resort to 
trial-and-error prescribing strategies, 
including dosage modifications, drug 
discontinuations, and reintroductions. In 
contrast, pharmacogenetics asks us to 
begin treatment with an understanding 
of how individual genetic variations may 
aid or undermine certain pharmacologic 
interventions, thereby putting us on the 
fast track to the therapeutic window, 
and helping our patients avoid serious 
clinical consequences. 

The study of individual genetic variations 
and their effect on drug metabolism is at 
the heart of pharmacogenetics. Most of 
the variations that concern us involve 
the cytochrome P-450 (CYP-450) liver
isoenzymes, which constitute the 
major drug-metabolizing system within 
the body. For example, a JAMA article in 
2002 (Higashi et al.) showed that seven 
to 11 percent of patients taking warfarin 

(whose clearance is dictated by one of the 
CYP-450 isoenzymes) have decreased 
enzymatic activity of up to 80 percent, 
resulting in a toxic buildup, and very likely, 
an adverse bleeding event.

Another example is codeine, which is an 
effective drug because it is transformed 
by the body into morphine. In up to seven 
percent of the population, variations in 
CYP-450 alleles prevent the conversion 
to morphine. For those unfortunate 
individuals, codeine may only minimally 
reduce their pain, or it may be completely 
ineffective.

The CYP-450 enzyme system 
metabolizes approximately 25 to 30 
percent of all medications prescribed 
today. Genetic variations in those enzymes 
cause extensive metabolism in certain 
individuals (and a subtherapeutic 
response), and slow metabolism in 
other individuals (resulting in toxicity). 
While it is not practical to test every 
patient for CYP-450 variants, using a 
drug with an exceptionally narrow 
therapeutic window is a reason to pursue 
pharmacogenetic testing prior to the 
initiation of therapy.  A patient’s not 
achieving an expected therapeutic goal 
is a reason to pursue pharmacogenetic 
testing after the initiation of therapy. 

Although there are approximately 40 CYP-
450 isoenzymes in humans, clinical testing 
is now available for only a handful.
PAs (and all providers with prescribing 

authority) should develop a general
understanding of pharmacogenetics 
principles, and at least learn about 
alleles in the CYP-450 system responsible 
for the lion’s share of drug metabolism. 

Practicing clinicians are beginning to
see CME programs about 
pharmacogenetics, but how are 
we preparing our future practitioners? 
Educators can help by incorporating basic 
pharmacogenetic components into 
medical education curricula. It is not 
enough, however, to talk about the 
CYP-450 system in one lecture only, at 
the initiation of a pharmacology course; 
rather, pharmacogenomics concepts must 
be integrated in courses throughout 
curricula. We educators need to ensure 
that students leaving our programs realize 
the importance of pharmacogenetics, and 
that it is not just some 21st century new-
wave medical phenomenon, but a vital 
component of medical practice. The goal 
is to teach our clinicians to ask themselves 
not only what effect a drug is having on a 
patient, but what effects patients may be 
having on their drugs. 

The Clinical Utility and 
Teaching Implications of 
Pharmacogenetics

Lawrence Carey, PharmD
Assistant Professor and Academic Coordinator, 
Physician Assistant Studies, Philadelphia University
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Pharmacogenetic Tests 
Ready for Prime Time

“It wasn’t that long ago you wouldn’t 
order a PET scan on somebody. . . 
now, you wouldn’t dare NOT get one 
to monitor a cancer patient,” said 
Howard L. McLeod, PharmD, from 
the University of North Carolina at 
Chapel Hill, who opened the NCH-
PEG meeting. Although providers are 
hesitant to begin using new tech-
nologies, as was the case with PET 
scans, Dr. McLeod believes that the 
time has come for pharmacogenetic 
tests to inform patient care. 

“There are many ways to skin 
a genome,” he said, thanks to 
new technologies and the ease 
of retrieving and handling DNA 
(e.g., from hair, skin, sweat, blood).  
Dr. McLeod emphasized that as 
real-time DNA and RNA analyses 
become accessible, physicians 
are able to make targeted, 
individualized drug and dosage 
decisions at the bedside. He noted, 
however, that pharmacogenomics 
is not a panacea, but must also take 
into account external influences.
At face value, a genetic test 
result may indicate that a patient 

will respond well to drug X. In reality, 
however, the patient responds poorly 
because he is taking an antidepres-
sant that inhibits the metabolism 
of drug X. 

There are many reasons why
a patient’s genotype (genetic 
sequence for a particular gene) 
will not always predict his or her 
phenotype (in this case, the clinical 
response to a disease or drug 
treatment), which is why 
pharmacogenetic data are 
being incorporated into practice, 
with treatment guidelines for 
providers. Treatment algorithms 
are improving the clinical efficiency 
of pharmacogenetic tests, and 
genetic technologies are improving 
the turn-around time and 
lowering costs. For those reasons, 
Dr. McLeod believes pharmacoge-
netic tests that personalize therapeu-
tic interventions and reduce trial-
and-error prescription and dosing are 
“ready for prime time.”

Pharmacogenomics 
in Practice

Tracy A. Glauser, MD, professor
of pediatrics and neurology at the 
University of Cincinnati College 
of Medicine and co-director of the 
Genetic Pharmacology Service at 
Cincinnati Children’s Hospital, 
provided an example of how 
pharmacogenetics is currently 
being used at the point of care.
In 1994, he helped launch the 
Genetics Pharmacology Service 
(GPS) at Cincinnati Children’s 
hospital, which, to date, has served 
more than 3,000 pediatric patients, 
psychiatric inpatients, and children 
with autism (who are often 
prescribed the same spectrum 
of drugs). Messages in the patient 
entry system alert physicians 
when a pharmacogenetic test is 
available to predict a patient’s likely 
response to a specific drug, and the 
test results are provided within two 
days. The report includes dosing 
recommendations written as a 
portion above or below the standard 
dose (e.g., less than 1.0 for poor and 
intermediate metabolizers who 
are typically overdosed based on 
standard recommendations, and 

The National Coalition for Health Professional 
Education in Genetics (NCHPEG – pronounced 
“NITCH-peg”) held its 10th annual meeting February 
1-2 in Bethesda, Maryland. The shared belief of NCH-
PEG member organizations and their representatives, 
which constitute the coalition, is that genetics advances 
are outpacing genetics-education efforts. The shared 
goal of coalition members is to help healthcare profes-
sionals integrate new genetics knowledge and 
technologies into practice so that patients may benefit 
from improved diagnosis, more tailored preventive 
recommendations, and targeted disease treatments.
Attendees at this year’s meeting, just shy of 200, included 
nurses, physicians, social workers, physician assistants, 
genetic counselors, speech-language pathologists, 
dieticians, medical educators, and representatives from 

the pharmaceutical and bioinformatics industries, 
and researchers from across the United States. Health 
professionals from the United Kingdom, Canada, 
Australia, Guatemala, and Japan also participated.
The topic for this year’s meeting was pharmacogenom-
ics, which helps explain why each of us may respond        
better or worse to a given medication than does our 
neighbor, or why one person overdoses and another has 
no reaction to the same dose of the same drug. Invited 
speakers at this year’s meeting addressed a series of 
issues related to genetics and drug development, 
individual variation in drug response, and how best 
to integrate pharmacogenomics at the point of care. 
Highlights from speakers’ presentations are 
provided below.
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greater than 1.0 for extensive and
ultra metabolizers, who are typically
underdosed). In addition, the report 
provides a list of other drugs that might 
boost the drug’s toxicity or reduce its 
effectiveness, the sensitivity and 
specificity of the test and its 
limitations, and the location of 
supplemental information.

“We complain about the cost of 
medicines, but nobody talks about 
the costs of drug toxicity,” said Glauser, 
who quoted a landmark study by 
Lazarou et al. in 1998, which found 
that adverse drug reactions cause 
more than 100,000 deaths each year. 
“Those 100,000 deaths are not system 
errors – they’re not because you wrote 
the wrong prescriptions, or because 
you left a valve open – these are when 
everything went right and people died,” 
he said. In financial terms, drug 
toxicity cost an estimated $177 billion 
in the year 2000 alone, but Dr. Glauser 
believes that many of those lives 
and much of those costs can be saved 
by the wide-spread integration 
of pharmacogenetics in the 
healthcare system. 

“The personnel are multidisciplinary, 
and the education is aggressive,” 
said Glauser of the pharmacology 
service, which provides consultation 
to providers as well as educational 
materials for families and patients. 
Glauser emphatically believes that 
the importance of “education, 
education, education” in ensuring 
that pharmacogenetics is applied 
in a smart, systemic way can’t 
be overstated. 

Pharmacogenomics in 
Drug Development 

Allen D. Roses, MD, from 
GlaxoSmithKline, discussed the role 
of pharmacogenomics in expediting 
drug development. Dr. Roses 
explained that there are two separable 
aspects of drug development: efficacy 
and safety. Safety, he said, is an 
individual issue. When you get a drug 
from a doctor, the question is, “am I 
going to have a bad reaction?” Efficacy, 
on the other hand, is a group issue, 
and the question is, “What segment of 
a population can you expect to respond 
to the medicine?” The latter question 
is more important in drug development 
and for reimbursement policies, 
according to Dr. Roses, and 

pharmacogenetic studies can provide 
that valuable information. For example, 
individuals with X variant allele may 
preferentially respond to the drug 
treatment, and constitute 30-50 percent 
of the population. That genetic 
information can help researchers 
predict efficacy and speed drug 
approval by evaluating the selected 
segment of the population defined by 
the marker.  For the first time in clinical 
trial programs, dosage modifications 
and/or new studies can be initiated for 
the selectable subset of the population 
that does not respond well to a drug. 
And if a drug already on the market 
works better than drug X for poor 
responders, it may continue to be a 
valuable drug in the marketplace. 
According to Roses, “As pharmacoge-
netic studies become more 
sophisticated, they may require fewer 
patients for efficacy studies, which 
means quicker turn around time for 
translating the bench science.”
    
“How many butterflies does it take to 
recognize a change in a butterfly wing? 
You can go to the natural history
museum and see them pinned up and 
labeled in order, tracking the change.” 
Taking that kind of time to recognize 

phar·ma·co·ge·no·mics: n. a science 
that combines the techniques of medicine, 
pharmacology, and genomics and is concerned 
with developing drug therapies to compensate 
for genetic differences in patients which cause 
varied responses to a single therapeutic regimen--
                                                         
                                                           Medline Plus
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adverse drug reactions isn’t a luxury we can afford. 
Similarly, he said, drug development processes and 
clinical trials have been slow and tedious, requir-
ing large numbers of patients through the course of 
several years. “But in real time, if a patient is having an 
adverse reaction, the time to recognize it and develop 
predictive markers is immediate.” 
  
The real question about adverse events is how few 
events are needed in patients, instead of how many, to 
recognize and develop these tests. Pharmacogenetics, 
however, is streamlining the drug development process 
and lowering the cost of clinical trials. Pharmacogenet-
ics is also establishing a safety database that exceeds 
what is affordable in current clinical trials. All of these 
changes result in tangible benefits for individual
patients at the bedside.
 
That sentiment was seconded by Felix Frueh, PhD, 
associate director for genomics in the office of clinical 
pharmacology in the US Food and Drug Administra-
tion. Dr. Frueh discussed the FDA’s clear mandate 
to protect and promote public health, and whenever 
possible, to identify subgroups that will respond in an 
exceptionally therapeutic or toxic way to a given drug. 
Pharmacogenomic data, he said, are entering the 
drug development pipeline very rapidly, which is
resulting in three new types of drug labeling 
information based on the identification of subgroups 
of responders: category 1 information means a 
pharmacogenetic test is required, category 
2 information means a test is recommended;
and category 3 is strictly informative. 

 “What would happen if the FDA were to require a 
genetic test for warfarin tomorrow?” asked Dr. Frueh. 
“We don’t have the infrastructure. The sheer number 
of people on warfarin makes this difficult – but we’re 
getting there,” he added.

Early Victories in 
Gene-based Therapies

Francis S. Collins, MD, PhD, director of the National 
Human Genome Research Institute and chairman of 
NCHPEG’s board of directors, provided the closing
address. Quoting an old adage, Dr. Collins said the 
“first law of technology” is this: we tend to overestimate 
the effect of a technology in the short term and 
underestimate its effect in the long term. This rings 
true for genetics-related advances, which often are 

over-hyped in the media even though they have 
received a luke-warm reception from many healthcare 
professionals.  In the long term, however, there is no 
question that genetics is changing our approach to 
disease and expanding therapeutic options. Gene-
based therapies, he said, have scored some “early 
victories” in the treatment of leukemia, and may soon 
drastically improve the care for marfan syndrome, 
cystic fibrosis, and chronic pain management, among 
other conditions.  
  
In addition, many of the genes of major effect for 
common complex diseases, he says, will likely be 
known within two to three years. The GAIN (Genetic 
Association Information Network) project, for example, 
is a public and private partnership working to collect 
and analyze genotypic and phenotypic data for 
schizophrenia, bipolar disorder, diabetic nephropathy, 
ADHD, psoriasis, and depression. The public health 
impact of genetics advances related to common 
complex diseases such as those is potentially 
staggering. The need for NCHPEG, said Dr. Collins,
is greater than ever. 

NCHPEG Working Groups & 
Breakout Sessions

NCHPEG’s working groups and committees are 
integral to the development and dissemination of 
genetics education across disciplines. The success 
of the organization in its 10-year history is due in no 
small part to the hard work of our working groups and 
committees. That hard work continued during breakout 
sessions at this year’s annual meeting. 

Topics for breakout sessions included: 

 • a review of preliminary competencies in taking
  and  interpreting family histories, led by Robin
  Bennett, MS, CGC, chair of NCHPEG’s family
  history working group;

 • a brainstorming session for the “GeneFacts” 
  template.  The goal of GeneFacts is to provide 
  fast and accurate genetics information about 
  specific conditions at the point of care. This 
  project is under the purview of  NCHPEG’s 
  content and instruction working group, led by 
  Leigh LoPresti, MD, and Cindy Prows, RN;

 • a discussion of how to engage the diverse array 
  of member organizations within NCHPEG and 
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  how to help members network more effectively
  with each other, led by Terri Creeden, MPH, MS,
  CGC, and Vicky Whittemore, PhD, co-chairs 
  of NCHPEG’s membership and diversity
  working group.

 • an overview of NCHPEG, its mission, and its 
  programs for newcomers in the crowd, 
  presented by Joseph McInerney, NCHPEG’s
  executive director.

Special Session & Featured 
Educational Programs

Special Session on Insurance Coverage and 
for Pharmacogenomic Testing included 
Mark Williams, MD, from Intermountain Healthcare in 
Utah, Joanne Armstrong, MD, from Aetna, Inc., and 
Ronald Bachman, MD, from Kaiser Permanente of 
Northern California. 

Genetics Education for Health 
Professionals in the UK Peter Farndon, MD, 
director of the UK’s National Genetics Education and 
Development Centre, presented an overview of the 
centre’s activities.

Genetics OSCEs [Objective Structured Clinical 
Exams] Elizabeth Kachur, PhD, and Shifra Krinshpun, 
MS, CGC, from Maimonides Medical Center in Brooklyn, 
New York, discussed genetics rotations through 
pediatric residency stations with standardized patients.

NHGRI Family Health History
Sarah Harding, MPH, presented two community-based 
models for educating health professionals and the public 
about the importance of family health history.

Access to Credible Genetics Resources 
[ATCG] Sharon F. Terry, MA, president and CEO 
of the Genetic Alliance, discussed a new grant to 
assess the accuracy and completeness of genetics 
education materials for fragile X syndrome and 
muscular dystrophy.

Pharmacogenomics continued... 

For more information about NCHPEG, its working groups 
and committees, and educational programs, or for more 
information about speakers at this year’s annual meeting, 
please contact the NCHPEG offi ce at (410) 583-0600. 
PowerPoint slide sets from most of the speakers mentioned 
here are available on the NCHPEG website at
www.nchpeg.org (in the drop-down menu  “For All Health 
Professionals” under “Slide Sets on Genetic Topics).

Elizabeth A. Balkite, MS, CGC, is the recipient 

of NCHPEG’s 2007 Michael J. Scotti, Jr. Award 

for contributions to genetics education for 

health professionals. Ms. Balkite was honored 

for her leadership in genetics education for 

practicing scientists and health professionals, 

and for her numerous contributions to NCH-

PEG’s programs and activities.

Ms. Balkite, executive director of the 

American Board of Genetic Counseling, 

previously worked at GlaxoSmithKline (GSK), 

where she developed a genetics-education

program for GSK staff. GSK ultimately 

distributed more than 10,000 copies of the

program internationally in CD-ROM format. 

Among Ms. Balkite’s other roles in the

genetics community, she served for six years

on NCHPEG’s board of directors and, for much 

of that time, as co-chairperson of the coalition’s 

working group on content and instruction. She 

received the Scotti Award during NCHPEG’s 

tenth annual meeting, held 1, 2 February 2007 

at the Hyatt Regency in Bethesda, Maryland.

The award is named in honor of Michael J. 

Scotti, Jr., MD, a founding member of NCHPEG’s 

board of directors during his tenure at the 

American Medical Association.

Elizabeth A. Balkite, MS, CGC

2
0

0
7

 S
c

o
tt

i A
w

a
rd

 R
e

c
ip

ie
n

t 

10



The National Coalition for Health Professional Education in 
Genetics (NCHPEG – pronounced “NITCH-peg”) is a non-profi t, 
501(c)(3) organization incorporated in Maryland. Established
in 1996 by the American Medical Association, the American 
Nurses Association, and the National Human Genome Research 
Institute, NCHPEG promotes national efforts in health
professional education and increases providers’ access
to information about advances in human genetics and 
genetic medicine. 

NCHPEG’s membership represents the most comprehensive 
and diverse collection of organizations devoted to genetics 
education for health professionals, including health and genetics 
professional societies, consumer groups, government agencies, 
managed-care organizations, and pharmaceutical and
biotechnology fi rms. By defi nition, NCHPEG is based on 
partnerships, and all of our activities are intended to involve all 
or a segment of our membership. Visit www.nchpeg.org to learn 
more about our current programs, working groups, and 
committees, and to download a membership application. 
Or feel free to contact a member of the NCHPEG staff directly.

National Coalition for Health Professional Education in Genetics
2360 W. Joppa Road, Suite 320 • Lutherville, Maryland 21093
(410) 583-0600 ph • (410) 583-0520 fax

Joseph D. McInerney, MA, MS
NCHPEG executive director
jdmcinerney@nchpeg.org 

Erin K. Harvey, ScM, CGC
NCHPEG project director; editor
ekharvey@nchpeg.org 

Kate Reed, MPH, ScM
NCHPEG project director
Katereed1@nchpeg.org 

Dolores Astroth
Administrative assistant
dastroth@nchpeg.org 

This issue of In Practice is sponsored by 
Roche Genetics, F. Hoffmann-La Roche 
Center for Medical Genomics.


