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ANY common disorders, including schizophrenia
and bipolar affective disorder, are highly herita-
ble, yet do not exhibit simple inheritance patterns. Indi-
vidual risk is usually attributed to the coalescence of
multiple, independent, and additive risk factors (mod-
ifiers), both genetic and environmental, or to the effect
of one of a number of genes of major effect and variable
penetrance, with secondary genetic modifiers and envi-
ronmental factors determining the degree of pene-
trance. Nowhere is the debate more lively and conten-
tious than in psychiatric genetics (WE1ss and TERWILLIGER
2000), but in truth there is a dearth of substantiated,
empirical data. For example, the reported number of
positive linkage and association studies far exceeds the
number of replications. This in part reflects the statisti-
cal challenge of replication and the complexities of
diagnostic criteria and boundaries. Attempts to rational-
ize observations through a novel mechanistic proposal
are therefore to be welcomed and merit careful discus-
sion. Klar recently proposed one such novel mechanistic
interpretation of data published by us on a large multi-
generation Scottish family with a high loading of major
psychiatric illness (KLAR 2002). However, several points
of information not considered by Klar allow us to con-
clude that his model is not supported by the available
data.

In this family, a balanced (1;11) (q42;q14) transloca-
tion cosegregates with major psychiatric illness with a
maximum LOD score of 7.1 (St. CLAIR et al. 1990;
Brackwoob et al. 2001). The odds for the translocation
being linked to the psychiatric disorders in this family
are therefore extremely high. Notall translocation carri-
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ers are affected, however, and the probable mode of
disease inheritance is dominant with reduced pene-
trance. That is to say inheritance of the translocation
confers a genetic predisposition to develop psychiatric
illness rather than a certainty of becoming ill. One possi-
ble reason for this is the presence of modifiers with
either a protective or a disease-enhancing influence.
Similar rates of penetrance have been observed in
Hirschsprung disease (aganglionic megacolon), and a
recent report demonstrates that the genetic interplay
of three different loci, one of major effect, can explain
the inheritance pattern of this disorder (GABRIEL ef al.
2002). Given that genetic interplay between one major
and two minor genetic risk factors is sufficient to explain
the incomplete penetrance of Hirschsprung disease mu-
tations, itis not unreasonable to propose a similar mech-
anism for the I;11 translocation and major psychiatric
illness.

In his recent Note to GENETICS (KLAR 2002), A. J. S.
Klar favors an alternative theory to explain the observed
reduced penetrance in translocation carriers. On the
basis of mating-type switching in Schizosaccharomyces
pombe, Klar proposes a theory of random chromosome
strand segregation that predicts 50% of translocation
carriers will be unaffected, while the other 50% will
suffer from a major psychiatric illness. In fact, genera-
tions II-V of the family segregating this translocation
indicate that 62% (18 of 29) of translocation carriers
are affected by schizophrenia, bipolar affective disorder,
or major depression (note that only 29 translocation
carriers have been subject to full clinical assessment,
although a total of 37 translocation carriers have been
identified; BLAckwoob et al. 2001). Moreover, at the
time of ascertainment, many of the translocation carri-
ers in generation V were at, or below, the average age
of onset. It is therefore more appropriate to consider
only generations II-IV where an adult life history is
available and where 70% (16/23) of translocation carri-
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ers are affected. If the two-sided binomial test is used
on the translocation carriers in generations II-IV to
examine Klar’s hypothesis that 50% of carriers are af-
fected, a P value of 0.093 is generated. This suggests
evidence for rejection of his hypothesis, given that the
number of translocation carriers is small for such a
statistical test.

A number of “endophenotypes” or trait markers of
risk have been proposed for psychiatric illness. Endo-
phenotypes are measurable biological phenomena that
represent a trait marker for the inheritance of a given
genotype. Endophenotypes are usually consistently dis-
played as a result of the genotype and can be useful in
defining carrier status of individuals who do not present
with a psychiatric disorder. One such endophenotype
is the P300 scalp-recorded averaged evoked brain poten-
tial occurring some 300 msec after a sensory stimulus
presented randomly against a background of regular
sensory stimuli. The latency and amplitude of the P300
eventrelated potential are thought to reflect the speed
and efficiency of information processing, and pro-
longed latency and reduced amplitude are characteris-
tic of subjects with schizophrenia and their close rela-
tives (BLACKWOOD et al. 1991; SHAM et al. 1994). P300
latency and amplitude have been measured in 12 trans-
location carriers, in 10 of their unaffected, nontranslo-
cation-carrying relatives, and in population controls
(BLackwoob et al. 2001). A group of 12 translocation
carriers showed significantly prolonged latency and re-
duced amplitude compared to 10 relatives who do not
carry the translocation. These P300 abnormalities were
notrestricted to the 9 subjects with psychiatric symptoms
but were observed also in 3 unaffected subjects with
the translocation. Of the 12 translocation carriers the
longest P300 latency was recorded from an individual
from generation IV with no psychiatric symptoms, and
a second carrier from generation V with no symptoms
recorded the third longest latency. These two individu-
als also had P300 amplitudes less than two standard
deviations from the control mean (Brackwoobp et al.
2001). Klar’s theory predicts that translocation carriers
will be either affected or completely normal. In fact the
P300 data point toward changes in central information
processing in all translocation carriers, including those
who are clinically unaffected. When the P300 data are
taken into account, the numbers of affected transloca-
tion carriers are even less consistent with Klar’s hypothe-
sis than when only clinical symptoms are considered.
For example, if abnormal P300 response is included as a
measure of “caseness,” then 74% (17/23) translocation
carriers from generations II-IV are classed as affected.
This remains consistent with amodel of dominantinher-
itance of illness with reduced penetrance, depending
on the actions of modifying factors.

Moreover, as Klar himself points out, individuals in-
heriting the translocation present with a range of psychi-
atric illnesses (BLACKwWOOD et al. 2001). There are cases

of schizophrenia (n = 7), recurrent major depression
(n = 10), and bipolar affective disorder (n = 1), all of
which should therefore be considered manifestations
of the same inherited risk of major psychiatric illness.
This again argues strongly for the actions of modifiers
(genetic, epigenetic, or environmental). Such variability
in disease presentation is paralleled, for example, by
families segregating neurofibromatosis where clinical
phenotypes arising from the same genetic lesion differ
substantially between individuals (CAREY and VISKOCHIL
1999). In these patients the actions of modifying factors
are also thought to be involved. Therefore, such a dis-
ease mechanism whereby a gene of major effect acts
against a background of modifiers may be relatively com-
mon. Thus, if modifiers modulate disease presentation
at the level of clinical phenotype, it is reasonable to
propose that they also modulate disease at the level of
clinical penetrance.

On chromosome 1, the translocation directly disrupts
two overlapping brain-expressed genes, DISCI and DISC2
(MILLAR et al. 2000), a fact that Klar’s theory does not
take into account. Because they are both disrupted,
we consider that DISCI and/or DISC2 are likely to be
involved in causing the susceptibility to major psychiat-
ric illness in translocation carriers. Klar adds a Note in
proofreferring to our preliminary report of genetic poly-
morphisms at the DISCI/DISC2 locus (DEVON et al.
2001), which he claims “eliminated the possibility of the
translocation creating a disease-causing mutation, as the
translocation junction region shows no association with
the disorder in many other affected families without
the translocation.” This conclusion is unfounded since
disruption of the DISC genes in the translocation family
does not necessarily imply that association between the
region and the disease should be found in nontransloca-
tion families in all populations. Furthermore, the den-
sity of markers reported in our study was inadequate to
eliminate DISCI/DISC2 as a susceptibility locus. This is
because in the absence of linkage disequilibrium across
the entire gene the existence of a mutation not in link-
age disequilibrium with the markers used cannot be
ruled out. Several independent studies on other popula-
tions do point toward the presence of a susceptibility
locus within the region of chromosome 1 containing
DISCI and DISC2 in affected individuals lacking the
(1;11) (q42;q14) translocation (reviewed in BLACKWOOD
et al. 2001). Of particular note is a report of a LOD
score of 3.21 for schizophrenia in the population of
Finland, generated by a marker located within an intron
of DISCI (EXELUND et al. 2001). The significance of this
finding is not altered by the recently reported meta-
analysis that failed to identify a schizophrenia locus of
major effect on chromosome 1q (LEVINSON et al. 2002)
since such studies are highly population dependent.
Consequently, we believe that the disruption of DISCI
and DISC2 by the translocation, together with indepen-
dent support for the presence of a susceptibility locus
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in the region of DISCI and DISC2, provides compelling
evidence that the translocation alters the risk of disease
by affecting expression of DISCI and/or DISC2 rather
than by some other mechanism.

The DISC1/DISC2 locus is not the only example of
a potential susceptibility locus for psychiatric illness;
genome scans have generated significant LOD scores
in other areas of the genome also. These include LOD
scores of 6.5 (1q21-22), 4.4 (2g35), 3.9 (6pter-22), 7.7
(6925), 3.6 (8p22), 4.1 (139q32), and 4.0 (18q12; WaNG
et al. 1995; BLOUIN ¢t al. 1998; BRzusTowIcz et al. 2000;
GURLING et al. 2001; LINDHOLM et al. 2001; MAZIADE et
al. 2001; PAuNIo et al. 2001). This gives an indication
of the degree of genetic heterogeneity that is likely to
underlie major psychiatric disorders. Klar suggests that
identification, in other psychiatric patients, of transloca-
tions with different breakpoints on chromosome 1 or
11 will disprove any involvement in disease of gene le-
sions at the 1;11 translocation breakpoints. In contrast,
we assert that the evidence of considerable genetic het-
erogeneity in psychiatric illness suggests that identifica-
tion of additional chromosomal rearrangements will
pinpoint additional candidate genes. Furthermore gene
disruption by chromosomal translocations is a well-estab-
lished disease mechanism, with examples including neu-
rofibromatosis (CAREY and VISKocCHIL 1999), lissenceph-
aly (GLEESON et al. 1998), and speech/language disorder
(LAt et al. 2001), as well as numerous cases of leukemia.

In summary, Klar has presented an interesting and
novel theory to explain the molecular mechanism un-
derlying psychiatric illnesses. However, upon close ex-
amination of the predictions arising from his model,
we find that the data are inconsistent with his hypothesis
in the (1;11)(q42.1;q14) translocation family. Conse-
quently we believe thatitis right and proper to continue
study of DISCI and the translocation breakpoint region
in relation to psychiatric illness. Nevertheless, we await
with interest any evidence in favor of this proposed novel
disease mechanism in psychiatric patients unrelated to
the translocation family and, indeed, in patients suffer-
ing from other disorders where brain laterality may be
affected.
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