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Abstract
Copy number variation plays a clear role in the etiology of many psychiatric disorders, particularly
schizophrenia. We performed array-CGH to look for copy number variants between five pairs of
monozygotic twins discordant for bipolar disorder or schizophrenia. Our study found no
differences in copy number variants between the sets of twins. Although alluring, realistic
accounting for heterogeneity and chimerism highlight the technological limitations in studying
monozygotic twins discordant for psychiatric disorders.
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1. Introduction
Schizophrenia and bipolar disorder have a concordance rate of about 50% in monozygotic
twins, suggesting that both genetic and environmental factors contribute to the etiology of
these psychiatric disorders.(Smoller and Finn, 2003; Sullivan et al., 2003) Copy number
variants (CNVs) are an important class of genetic variation, and play a clear role in the
etiology of many psychiatric disorders, particularly schizophrenia.(Sullivan et al., 2012) In
this study, we analyzed CNV differences between monozygotic twins rigorously discordant
for a psychotic disorder to attempt to identify CNVs that arose mitotically after zygote
separation that might be responsible for phenotypic differences.

2. Methods
Full methods are in the Supplementary Materials. All protocols were reviewed and approved
by Ethical Committees in Sweden and the US, and all subjects provided written informed
consent. Briefly, using the population-based Swedish Twin Register(Lichtenstein et al.,
2006), we ascertained and directly evaluated five pairs of monozygotic twins where one
twin met DSM-IV criteria for schizophrenia, schizoaffective disorder, or bipolar disorder
and the cotwin had never met criteria for any psychotic disorder (Table S1). We further
required that ≥10 years had passed since disease onset in the affected twin in order to
minimize the effect of variable age of onset. Monozygosity was confirmed by genotyping a
panel of 47 SNPs.(Hannelius et al., 2007) We analyzed DNA samples obtained from whole
blood using Roche Nimblegen 2.1M probe comparative genomic hybridization (CGH)
arrays, with a median probe spacing of 1,169 bp, in theory sufficient for genome-wide
detection of CNVs to ~20 Kb resolution. To enhance specificity, we used the dual-color
array to hybridize the affected twin against the unaffected twin. Final CNV call sets were
generated using NimbleScan (v2.6) with default settings. We removed segments with log2
ratios from -0.26 to 0.22 because, under idealized assumptions, these limits are needed to
detect one copy gains or one copy losses present in at least one-third of the cells in the
affected twin (Table S2). All predicted calls were annotated for intersections with genome
gaps (telomeres and centromeres with low probe coverage can confound CNV calling
algorithms), segmental duplications, genes, and CNVs implicated in psychiatric disorders.
(Sullivan et al., 2012)

3. Results
There was a clear effect of array quality on the number of calls that were predicted. For our
chosen log2 ratio thresholds (Table S3). Using these log2 ratio thresholds, each pair had an
average of 36 calls, with the number of calls ranging from 2 (Pairs 1 and 5) to 74 (Pair 3).
We found no calls spanning gap regions. A few predicted calls overlapped with large (>1
Mb) CNVs previously implicated in schizophrenia, but all of the predicted CNVs were small
(<50 Kb) and overlapped very small proportions of these large CNVs (Table S4). Of the 186
predicted calls, 67 contained genes. We visually reviewed all predicted calls but none had
clear breakpoints indicative of a true CNV but rather represented genomic “waviness”
consistent with normal variation and noise in aCGH. One pair appeared to have a
duplication of the entire transcript of SV2A (synaptic vesicle glycoprotein 2). We attempted
to verify this putative CNV using qPCR, but both twins appeared to be copy number two,
suggesting a false positive aCGH CNV call (Figure S1).

4. Discussion
Monozygotic twins discordant for disease have been the focus of many genetic and
epigenetic studies.(Baranzini et al., 2010; Bruder et al., 2008; Maiti et al., 2011; Ono et al.,
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2010) As aCGH data have high-false positive and false-negative rates due to data quality,
analysis methods, and other factors, (Scherer et al., 2007) we attempted to minimize the
impact of these factors with a rigorous set of manual and automated filters. Prior studies that
reported de novo CNVs discordant between MZ twins were discovered via comparison to
other family members(Maiti et al., 2011) yet, to our knowledge, no prior study has
hybridized MZ twins to each other. Other studies comparing genetic and epigenetic
differences between MZ twins discordant for disease found no evidence of differences that
could explain disease discordance.(Baranzini et al., 2010) Moreover, somatic mutations can
be mosaic within an individual, and an etiologically important CNV present in brain might
not be found in peripheral blood. (Bruder et al., 2008)

In choosing to hybridize the affected to the unaffected twin, we made several explicit
assumptions. First, we attempted to maximize our chance of detection by directly searching
for a CNV difference arising mitotically. Here, phenotypic discordance between MZ twins is
caused by a CNV present in the affected twin under a direct and parsimonious genetic
model. It is possible that the true model is more complex. Given our hybridization choice,
we would have missed detecting a germline CNV present in both the affected and unaffected
co-twin. This could have been important if, for example, a CNV is predisposing but requires
an environmental exposure to trigger the development of a psychotic disorder. Second, we
had DNA from a single tissue (peripheral blood). While we attempted to allow for
mosaicism, a causal CNV arising mitotically during development might exist only in a part
of the brain and be absent in peripheral blood. Somatic mutations in the brains of individuals
with hemimegalencephaly but not in peripheral blood have been described. (Poduri et al.,
2012)

In summary, we were unable to identify mitotic CNVs in peripheral blood that are candidate
loci for phenotypic discordance between MZ twins rigorously discordant for psychotic
disorders. This work should be considered in light of two limitations. First, although we
used a high-resolution aCGH platform, we still might have missed etiologically important
CNVs that were present in other tissues but not peripheral blood, not detectible by the
technology we used, or which present in a small fraction of cells. Second, our sample size
was small, and we cannot exclude the possibility of the existence of etiologically important
mitotic CNVs in schizophrenia. However, it is unlikely that large CNVs (>500Kb) were
present in a large fraction of the somatic cells we studied, and we note that the offspring of
MZ twins discordant for schizophrenia appear to have similar risks for schizophrenia an
observation probably consistent with our negative results (Kringlen and Cramer, 1989).

MZ twins rigorously discordant for psychosis represent a unique and compelling opportunity
to search for causal genetic differences, but more conclusive study will require improved
technological resolution and direct access to alternative tissues. Under some genetic models,
we note that this can be a challenging task for current genomic technologies (e.g.,
identifying a single causal base pair change in a six billion base pair diploid genome present
in a localized portion of the brain).

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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