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The variable somatic genome
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Many genetic variations in human popu-
lations are known, but genetic variability
within healthy individuals is less familiar.
Somatic mosaicism is the occurrence of
genetically distinct cells within the same
organism or tissue. Somatic mosaicism is
well-known to occur in healthy cells of
the immune system, and it has been fre-
quently identified in disease, particularly
cancer. A multi-step theory of cancer pro-
posed in the 1970s' and continually devel-
oped? posits that genetic instability in
precancerous cells leads to an accumula-
tion of mutations that eventually give rise
to tumorigenesis. Our results reveal new
characteristics of intra-individual genetic
instability.?

It remains widely assumed that healthy
cells that arise from the same zygote con-
tain identical genomes. This assumption
underlies the research and diagnostic
practice of using easily accessible blood
or saliva DNA to perform genetic tests.
A growing body of evidence counters that
somatic genome rearrangements are rela-
tively common. Age-related copy num-
ber variations (CNVs) in human blood
cells were identified using SNP arrays.*
Retrotransposition’ was discovered in the
human brain, although the extent of ret-
rotransposition may have initially been
CNVs in DNA from
somatic tissues’ were found using aCGH
with low-resolution BAC arrays. BAC
arrays suffer from reproducibility concerns

overestimated.®

and can detect variations only above ~50
kb. Structural variations starting at -1 kb
are thought to account for most of the vari-
ation in human genomes. Consequently, a
great deal of somatic genomic variation
likely remains understudied.

We analyzed DNA from diverse tissues
from six unrelated individuals for CNVs
using high-resolution aCGH.? The tissues

were obtained during routine autopsy of
subjects without known hereditary disor-
ders or cancer. We identified 178 tissue-
specific CN'Vs across 32 tissues; 73 were
validated by a secondary method. The
CNVs ranged from 2-184 kb, with the
majority of events below 50 kb. Seventy-
nine percent of the validated CN Vs inter-
sected genes. The mechanisms of somatic
CNV formation cannot be definitively
determined by aCGH. However, our
breakpoint analyses revealed that somatic
CNYV breakpoints are enriched near mic-
rosatellite repeats.

Commonly occurring somatic CNVs
have implications for many aspects of biol-
ogy. Seven somatic CNVs were identified
in the same genomic region in more than
one individual. We suspect that these loca-
tions are hotspots for somatic rearrange-
ment. Liver, small intestine and pancreas
were among the tissues with potential
hotspot events. These tissues are derived
from the endoderm germ layer. The
hotspots perhaps play a role in the differ-
entiation process. These same tissues also
exhibited the most somatic CNVs over-
all. Compared with other tissues, such as
brain, that displayed fewer somatic CN'Vs,
these endoderm-derived tissues are known
to experience greater cell proliferation and
turnover. Conceivably, cell types with
higher rates of division have more occa-
sions to undergo genomic rearrangements.
The subjects analyzed in our study were of
middle to advanced age, and their divid-
ing tissues are expected to have under-
gone many cell divisions. A comparison of
DNA from somatic tissues of younger sub-
jects with that from older subjects could
reveal a relationship between a subject’s
age and the degree of somatic variation.
However, somatic variation may occur
early in development. This would explain

the occurrence of the CNV in a substan-
tial fraction of the cells in a tissue sample.

The aCGH signals suggest that there
are not only genomic differences between
tissues, but also within tissues. We attri-
bute this, in part, to a portion of the tis-
sues containing nonparenchymal cells
from blood vessels and connective tissue
that do not contain the particular CN'Vs.
However, the signals indicate that the
CNVs are heterogeneous throughout the
parenchymal cells. Somatic CN'Vs poten-
tially occur in many or all cells but are
below the level of detection of aCGH. This
hypothesis is supported by a recent study®
showing that many of the CN'Vs detected
in iPS cells derived from human skin fibro-
blasts were also present at a low level in the
primary fibroblast cultures. We speculate
that highly deleterious CN'Vs make cells
unviable and are never detected, while
cells with neutral or advantageous CN'Vs
persist and divide into clonal populations
that can be detected. As technologies
to analyze single cells improve, somatic
genomic variation may be detected at the
single-cell level.

Our results indicate that somatic varia-
tions should be considered in biologi-
cal sampling practices. “Normal” tissues
from distant lineages, which are used for
comparison, may identify somatic events
that are not relevant to the disease state.
Clinicians using blood and saliva DNA for
diagnosis of genetic disorders may miss rel-
evant somatic mutations in other tissues.

Further analyses are necessary to deter-
mine the contribution of these somatic
variations to biological variability and dis-
ease predisposition. Some of the somatic
CNVs contain genes that have been
shown in the literature to be expressed
in the tissues we tested. Somatic CNVs
that intersect tumor suppressors and/or
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oncogenes may directly induce tumori-
genesis. Alternatively, somatic cells may
acquire CNVs over many cell divisions,
and the somatic CNV load creates genome
instability or predisposition to malignant
changes. Perhaps certain stages of devel-
opment have greater protection from
somatic variation or somatic variation pro-
vides variability that confers an advantage
under certain environmental conditions.
It remains to be seen how wide-reaching
the implications of somatic genomic varia-
tion are on human biology.
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