
Idon’t like the term personalized
medicine. I never use it in my own

conversation. It’s demeaning in a way
to the history of medicine to say we’re
only now reaching personalized med-
icine just because we have DNAtools.
The Hippocratic Oath pledges our
allegiance to the patient in front of
us, not to any other patients or con-
flicting influences. When I have my
yearly checkup with my own in-
ternist, at least during the 12 minutes
he’s spending with me, I’m hoping
he’s thinking only of me and not
about the other 40 patients he will
see that day. We’ve always had per-
sonalized medicine, and we’ve al-
ways had personalized drug prescrib-
ing, and I would therefore use the
personalized medicine term to mean
simply molecular medicine. The lat-
ter is just one more tool to use in per-
sonalizing care. Is whole genome se-
quencing the ultimate in personal-

ized medicine? You might say it is, be-
cause each of our
genomes is unique
unless we’re iden-
tical twins with
someone, and so
that would be the
most personalized
representation of
the patient if we ac-
tually knew what
to make of all the
data.

I consider the
difference between
somatic and germ-
line mutations to
be an important
distinction, biolog-
ically and, frankly,
politically, because
it’s where pathol-
ogy and genetics have had their in-
terface and occasional turf battles,

the idea being that germline or inher-
ited mutations are the domain of
geneticists whereas somatic-acquired
changes (namely, in tumors) would
fall within pathology. This division
is going to blur even more as we
embark on whole genome analysis.
If you look at the whole genome se-
quence of a tumor, you’ll find the so-
matic changes, but you’re also going
to stumble as well on all kinds of
inherited changes that you’ll have to
deal with, whether it’s done in pa-
thology or genetics.

The field of molecular pathology
has reached at least late adolescence,
if not maturity, over the past 20 years.
Through all of that time, whatever

the technique used, the paradigm
has largely been one gene for one

disease (or sometimes two genes
such as BRCA1 and BRCA2, or lim-
ited gene panels), and that’s what
was tested for. The techniques used
were all designed to look at regions
of a specific gene where a mutation
might be lurking.

We’re moving now into the whole
genomic era, and the new techniques
theoretically are going to give us ac-
cess to all genes and all diseases.
Whether done by high-density mi-
croarray hybridization or whole
genome sequencing, the notion of
accessing all genes/all diseases at
once is a radical paradigm shift.

But there is one form of whole
genome analysis that’s been in clini-

cal use for several years
now, and I order it my-
self when I’m seeing
children in the genet-
ics clinic, and that is ar-
ray comparative ge-
nomic hybridization.
It’s essentially a molec-
ular karyotype, meas-
uring hybridization to
over a million DNA
probes spaced all across
the genome. It has a
resolution much finer
than you can see under
the light microscope
looking at the banded
chromosomes.

Fig. 1 would be the
kind of readout you’d
get from it. Each of the

boxes is the signal of the competition
of an individual human chromo-
some. If your patient’s genome
doesn’t have any gains or losses, at
least at the resolution you’re trying to
look at, everything comes out along
the midline, the one-to-one ratio. But
if there is a deletion, such as the X-
linked disorder glycerol kinase defi-
ciency shown in Fig. 2 (page 58), the
patient’s DNA does not hybridize
as well, and it falls below the line. Al-
though this is a fairly large deletion,
you can detect them as small as
you’d like. It could be a few kilobas-
es if you chose to get down to that
level.

This technique is in use now, and
as the price comes down almost to
what a karyotype is, it has begun to
replace the karyotype. Late last year,
the American College of Medical Ge-
netics issued a consensus statement
that said array CGH should now be
the first-tier test instead of a kary-
otype on children with congenital
malformations that do not seem to fit
any recognizable syndrome, or with
developmental delay or autism. In
our genetics clinic, we see a lot of
children in those categories. We used
to automatically order the karyotype;
now we just skip that and go right to
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In whole genome era, whole new challenges
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Innovation, digital consultation, pharmacogenetics, and national electronic
pathology networks—these and other topics were the talk of
Futurescape of Pathology, the fourth such CAP Foundation
conference. For one presenter, pathologist Wayne W. Grody,
MD, PhD, it was all about next-generation sequencing
and whole genome analysis and their effect on pathology prac-
tice. Here is what Dr. Grody told those who sat before him
April 17 at the InterContinental Hotel in Rosemont, Ill.

Dr. Grody is professor in the Divisions of Medical Genet-
ics and Molecular Pathology in the Departments of Pa-
thology and Laboratory Medicine, Pediatrics, and Human
Genetics, University of California-Los Angeles School of
Medicine. In March he became president of the American Col-
lege of Medical Genetics, a position he called an “ultimate example of the
transformation effort” and “a way to bridge the two worlds.”
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Fig. 1. Array comparative genomic hybridization readout. Courtesy of Sean McGhee, MD.
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