


COMMENTARY

a distinct clinical entity and where genomic
imbalances are often cytogenetically visible or
inherited in a dominant fashion. The applica-
tion of high resolution genome-wide meth-
ods to sporadic disorders promises to greatly
improve the power to detect CNVs that cause
disease!8. In addition, these genetic findings
are proving helpful in informing physicians
about the clinical features of a disorder. For
example, by identifying new clinically relevant
CNVs and correlating these changes with phe-
notypic information, new genomic disorders
have been defined that had not been previously
recognized as distinct clinical entities! =",

Because each genomic disorder is a clinically
defined syndrome linked with a single locus,
and each is nearly 100% penetrant, these dis-
eases are individually quite rare in the human
population. However, it is not a great stretch
of the imagination to envisage another type
of genomic disorder that is similar in many
respects to those described above, but is instead
a common disease. Consider, for instance, a
disorder where the clinically defined pheno-
type is not associated with a single locus, but
is instead associated with the occurrence of a
single dominant mutation involving any one of
50 autosomal genes. Assuming a spontaneous
CNV mutation rate of 1/10,000 per locus on
average, a ‘complex genomic disorder’ of this
kind would be relatively common, with a popu-
lation prevalence of 1/200.

Spontaneous copy-number mutation has
recently emerged as a relevant issue in com-
mon disease, for example in autism spectrum
disorders (ASD) where the prevalence is esti-
mated at 1/150 (ref. 22). A high frequency of
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reported in ASD?. In this study, 10% (12/118)
= of sporadic cases were associated with a de novo
CNV, a significantly higher rate than in fami-
lies with more than one affected child (3%) or
in healthy controls (1%). In a separate study
focusing on a subset of individuals with syn-
dromic autism (combined with dysmorphic
features and mental retardation), Jacquemont
et al. found the frequency of de novo CNVs
to be 24% (7/26)**. The frequency of de novo
mutation found in these studies is an underesti-
mate. Considering that microarray analysis at a
resolution of 85,000 probes detects fewer than
10% of all CNVs, the total frequency of de novo
copy-number changes in autism could be sev-
eral-fold higher than what has been reported,
raising the possibility that spontaneous struc-
tural mutations may contribute to disease in a
majority of patients. The mutations identified
in these studies occurred at many loci through-
out the genome, and no individual CNV was
found in more than 1% of cases. This high
degree of heterogeneity is consistent with the

findings of early genetic studies of autism that
found evidence for linkage at many locations
in the genome®’. An important implication of
the recent findings in autism is that the genetic
component of certain common disorders may
consist largely of a constellation of rare, highly
penetrant mutations. This line of evidence also
favors the notion that much of the sporadic
nature of autism can be attributed to sponta-
neous mutation at individual loci, in contrast
to models that explain the lack of mendelian
segregation by the additive or multiplicative
effects of alleles at multiple loci®®.

A high rate of structural mutation is not a
property of autism or other neurodevelop-
mental disorders; it is a property of the human
genome. Therefore, frequent spontaneous
copy-number mutation may play a prominent
role in adult-onset neuropsychiatric disorders
or indeed in any heritable disease whose effect
on reproductive fitness and its prevalence in
the population seem to defy darwinian logic?’.
There are several examples of familial genomic
disorders?%; but one fact that is not well appre-
ciated is that they are invariably a result of
spontaneous mutation (occurring in recent
ancestry). For example, autosomal dominant
and sporadic forms of Charcot Marie-Tooth
disease type 1 are caused by identical dupli-
cations of the gene PMP22, and are typically
inherited in the dominant pedigrees and de
novo in the sporadic cases?®. The common o
globin gene deletions found in different isolated
populations each occur on a different haplotype
background, implying that the deletions arose
independently in each group!’, and recently a
high rate of spontaneous o-globin mutation
in sperm was confirmed by Lam et al.3°. Thus,
the persistence of some diseases in the global
population may be due to a high rate of random
mutation and a large number of potential sites
in the genome which, when altered, can pro-
duce a similar disease phenotype.

It is certain that common copy-number
polymorphisms (CNPs) will underlie heritable
human traits. Deletions are known to underlie
some relatively common human traits, such
as the Rh-negative blood type’! and color
blindness*>*3. More recently, CNPs have been
shown to contribute to disease risk. For exam-
ple duplications of the gene CCL3L1I have been
found to influence susceptibility to infectious
disease**, and CNPs of FCGR3B predispose to
systemic autoimmune disease>3°.

Although the variation in the above cases is
common, for a variety of reasons, SNP-based
methods may fail to ascertain much of the
structural variation at these and other loci.
Population-based studies have shown that
CNPs as a class have reduced linkage disequi-
librium with neighboring SNPs>’. Potential

reasons for this effect could include reduced
SNP coverage in CNP regions and in regions
rich in segmental duplications, or recurrent
copy-number mutations at individual loci.
Recurrent mutation is certainly evident at
some CNP loci, based on the existence of sev-
eral common alleles. For example, quantitative
PCR measurements of FCGR3B in a cohort of
European ancestry showed four distinct dis-
tributions of diploid copy number, indicating
that at least three distinct genomic structures,
consisting of zero, one or two copies per chro-
mosome, are common in the population?. The
distribution of CCL3LI copy-number alleles
was found to be greater still, varying between
zero and seven copies per genome>%, In both of
the previous examples, disease risk was associ-
ated primarily with the dosage of a gene, rather
than with any single allele. Thus, some CNPs
constitute common variation that segregates
independently of SNPs.

In the past three years, it has become obvi-
ous that the structure of the human genome is
not static. Furthermore, it is becoming increas-
ingly evident that copy-number variability
differs from nucleotide variability in terms
of the rate at which copy-number mutations
occur spontaneously in the genome?” and
the allelic diversity that may occur as a result.
Therefore, CNVs require special consideration
in large-scale genetic studies of disease®. For
loci with the highest mutation rates, linkage
disequilibrium-based methods of association
are not effective?; therefore, direct methods of
CNV detection are required. In addition, for
some diseases a family-based study may have
advantages over a case-control design because
it would allow the identification of de novo
mutations. Lastly, confirming the association
of candidate genes originally identified from
genome-wide CNV scans will surely require
methods that are different from conventional
approaches for fine-mapping candidate regions
identified in whole-genome association studies,
and are likely to involve a more comprehensive
analysis of CNVs and SNPs, for example using
a combination of tiling-resolution oligonucle-
otide arrays and high-throughput sequencing
technology. When candidate loci originally
identified from CNV studies are examined
more closely, a new surprise may be in store in
terms of the number of genes and diversity of
causative alleles that contribute to disease.
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