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Genomic Discordance Between Monozygotic Twins
Discordant for Schizophrenia

Takahiro Tsujita, M.D., Norio Niikawa, M.D., Hideji Yamashita, Ph.D., Akira Imamura, M.D.,
Akira Hamada, M.D., Yoshibumi Nakane, M.D., and Yuji Okazaki, M.D.

Objective: Genomic DNA of monozygotic twins discordant for schizophrenia was analyzed
to determine whether their genomes were truly identical. Method: The subjects were monozy-
gotic male twins, one of whom had DSM-III-R schizophrenia, undifferentiated type. Genomic
DNA was extracted from leukocytes and was applied to restriction landmark genome scanning
analysis, which was developed for a high-speed survey of restriction sites throughout a genome
and measurement of their copy number in each locus. Results: After comparisons of patterns
with approximately 2,000 spots, the authors detected at least two spots with autoradiographic
intensities that obviously differed in the two twins. Conclusions: The discrepancies likely were
generated either by differences in the methylation status at NotI sites between the twins or by
submicroscopic changes occurring at NotI-flanking sites in one twin after (or simultaneous
with) twinning. In either case, the difference may influence the transcription level of one or
more genes.
 (Am J Psychiatry 1998; 155:422–424)

M onozygotic twins discordant for schizophrenia
provide clues to the etiological roles of environ-

mental factors, because monozygotic twins are thought
to be genetically identical (1, 2). However, it has been
shown that certain somatic mutations occurring simul-
taneous with or after twinning may cause phenotypic
differences between monozygotic twins (3, 4): monozy-
gotic twins who are discordant for chromosomal ab-
normalities and for fragile X syndrome with different
triplet repeat expansions in FMR1. Moreover, recent
studies (3, 4) demonstrated that loss of genomic im-
printing or skewed X inactivation in one twin may also

cause a discordance. Thus, a method for identifying a
genomic difference between monozygotic twins who
are discordant for a disease can be a powerful tool for
research on its etiology. Here we report differences of
genomic DNA between monozygotic twins who are dis-
cordant for schizophrenia. The difference was detected
by using a new technique, restriction landmark genome
scanning (RLGS).

METHOD

The subjects were 44-year-old male twins who were entered in the
Nagasaki Twin Registry. Twin A has suffered from DSM-III-R schizo-
phrenia, undifferentiated type, since age 30 years, and has been treated
by one of us (Y.O.) at Nagasaki University Hospital. He first developed
a catatonic stupor and then 2 years later developed hallucinations of
voices conversing. He is confined indoors without a job and never got
married. Twin B is healthy and has never married, either. Although twin
A did not continue his education after junior high school, twin B gradu-
ated from high school and has been entrusted with quality control in his
employer’s workshop for a long time. It was concluded that he did not
have any psychiatric problems after psychiatric interviews by one of us
(Y.O.). As normal comparison subjects, 28-year-old clinically healthy
male twins were selected. After complete description of our study to the
subjects, written informed consent was obtained. All the twins had
46,XY karyotypes without any visible chromosomal mosaicism.
Monozygosity of the twins was proven by using seven blood types and
DNA fingerprinting.
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Genomic DNA was extracted from peripheral blood leukocytes of
twins A and B and from those of the normal twin pair, and the DNA
was analyzed with restriction landmark genome scanning, as de-
scribed in detail elsewhere (5). In brief, genomic DNA (3.5 µg) was
first treated with DNA polymerase I in the presence of deoxyguanos-
ine [alpha-thio] triphosphate (dGTP[α]S), deoxycytidine [alpha-thio]
triphosphate (dCTP[α]S), dideoxyadenosine triphosphate (ddATP),
and dideoxythymidine triphosphate (ddTTP). This step, which is
based on the incorporation of the dideoxynucleotide analogue into
the nonspecifically damaged sites, such as nicks, gaps, or double
strand breaks, is done to prevent background. The DNA was then
digested with a landmark restriction enzyme, NotI, and the cleavage
ends were end-labeled with a fill-in reaction by using Sequenase ver-
sion 2.0 (U.S. Biochemical Corp., Cleveland, Ohio) in the presence of
radiolabeled dCTP (6,000 Ci/mmol) and dGTP (3,000 Ci/mmol). The
end-labeled DNA was digested with another enzyme, PvuII, and the
DNA was electrophoresed in a 0.8% agarose gel (first dimension).
The disc of the gel containing the DNA was treated with the third
enzyme, PstI, followed by two-dimensional electrophoresis in 5%
polyacrylamide gel. The gels were dried and exposed to Kodak XAR
X-ray films at –80°C for several days.

RESULTS

Restriction landmark genome scanning revealed ap-
proximately 2,000 spots on each twin’s autoradiogram.
A detailed comparison of the patterns revealed at least
two spots (spot 1 and spot 2) that showed obviously
different autoradiographic intensities in twins A and B
(figure 1). Both of the spots, estimated to be about 300–
400 base pairs, were observed in twin A, while in twin
B, spot 1 was lacking and spot 2 was only faintly visible
(figure 1). The discrepancies were ascertained consis-
tently by repeated trials of restriction landmark genome
scanning. There was no visible difference in patterns
between the normal comparison twins.

DISCUSSION

Restriction landmark genome scanning, developed
for a high-speed survey of restriction sites throughout
the genome, employs direct end-labeling of genomic
DNA digested with a restriction enzyme and high-reso-
lution, two-dimensional electrophoresis. As a spot’s in-
tensity accurately reflects the dose of a NotI/PstI restric-
tion fragment, it is evident that twin A’s genomic DNA
contains two NotI/PstI fragments (spots 1 and 2), while
the fragments are present in lower levels or are lacking
in twin B. Since about three-fourths of monozygotic
twins have in utero vascular connections (3, 4), it is rea-
sonable that twin B has a faint spot 2. The reason why
no additional spots corresponding to spot 1 or 2 were
visible anywhere in twin B’s autoradiogram is most
likely the limited resolution power of restriction land-
mark genome scanning, by which only DNA fragments
that are 70–2,000 base pairs long can be detected. Dif-
ferences derived from variable immunoresponse system
genes are generally undetectable, because the number of
such individual cells to be subjected to restriction land-
mark genome scanning is negligible.

Two alternative mechanisms by which the discrepant
fragments in the twins appeared are possible. First, as

we used the methylation-sensitive enzyme NotI, the
methylation status at one or more NotI sites may be
different in the two twins. Although previous studies
did not support an association between the etiology of
schizophrenia and genomic imprinting (6), it is reason-
able to assume the occurrence of epigenetic DNA modi-
fications, such as methylation/demethylation, to ex-
plain the similar high rates of schizophrenia in the
children of schizophrenic monozygotic twins and those
of nonaffected co-twins (1). Usually, methylation/de-
methylation is reset in the next generation. Second, in
either twin A or B, a submicroscopic change of DNA,
e.g., deletion, insertion, or translocation, may have oc-
curred at one or more NotI-flanking sites after (or si-
multaneous with) twinning. By either mechanism, since
NotI sites frequently exist in CpG islands near the pro-
moters of genes (7), the fragments have a high probabil-
ity of reflecting such a mutation, leading to an altera-
tion of the transcription level. In fact, from a NotI-
linking clone library, several genes have successfully

FIGURE 1. Differences in Patterns Shown by Restriction Landmark
Genome Scanning Between Monozygotic Twins Discordant for Schi-
zophreniaa

aSpot 1 is visible in the scan for the schizophrenic twin, twin A (a),
but not in that for twin B (b). The intensity of spot 2 for twin B is
weaker than that for twin A.
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been isolated (8). Thus, it remains to be seen whether
the genomic discordance observed in our monozygotic
twins truly reflects different susceptibility to the dis-
ease. We are now trying to clone the discrepant DNA
fragments with the gel-punching-out method (9).

This new approach makes it possible to detect directly
and rapidly different DNA fragments in monozygotic
twins. Such a difference results from a postzygotic event.
However, it seems meaningless to compare autora-
diogram spots from restriction landmark genome scan-
ning of unrelated individuals because of the presence of
numerous restriction-fragment-length polymorphisms in
the genome. In other words, DNA fragments with differ-
ent sizes at the same locus on the genome cannot gener-
ally be identified in unrelated individuals. Moreover,
since schizophrenia is a polygenic disorder and shows ge-
netic heterogeneity, it would not be surprising if other
monozygotic twins discordant for the disease had identi-
cal patterns in restriction landmark genome scanning.
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