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Abstract— The DISCI gene is associated with the development
of mental disorders in humans. Currently a number of genetic
models of psychopathologies with mutations in the gene have been
created, including genetic lines of mice with point mutations
DISCI-Q31L7- (model of depression) and DISCI-L100P~ (model
of schizophrenia), which are available at the unique scientific
installation “Biological collection genetic biomodels of
neuropsychiatric diseases” (State Scientific-Research Institute of
Physiology and Basic Medicine, Novosibirsk). In additional,
DISCI1-Q31L7 mice showed compulsive-like behavior, and in this
connection was proposed to study this type of behavior in
heterozygotes and diheterozygotes for these mutations. The work
performed allows us to conclude that the presence of only one
mutant allele (both DISCI-Q31L and DISCI-L100P) is not
sufficient for the expression of compulsive-like behavior in mice.
However, mice that combine both mutations are predisposed to
this behavior and exhibit it depending on their sex and mother’s
genotype: this behaviour characterise males whose mothers were
homozygous for DISCI-Q31L mutation, and females whose
mothers were homozygous for DISCI-L100P mutation. The
conclusion about the influence of homozygosity and, accordingly,
the behavior of mothers on the compulsive-like behavior of
females and males can be verified in further experiments.
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Motivation and Aim

The DISCI gene (Disrapted-In-Schizophrenia-1) is a
multifunctional scaffold protein that regulates many aspects of
the development of the nervous system and is involved in
signaling and associated with a number of human
psychopathologies [1]. Today several lines of model animals
with disorders in the DISCI have been created. Of particular
interest are mice with point mutations in the gene: Q31L, which
model a depressive-like state, and L100P, a universally
recognized genetic model of schizophrenia [2—4]. Interestingly,
these mutations fall into the region of deletions of the second
and third exons studied in 2018. It was shown that this deletion
led to an increase in performance in the test for instillation of
marbles, which is one of the most common tests for obsessive-
compulsive-like behavior [5,6]. Our colleagues showed that
homozygous males with the Q3 1L mutation, but not the L100P,
bury more balls in the marble burying test, which is a sign of
compulsive behavior in these mice [7]. In this regard, it seems
promising to study this behavior on heterozygous mice DISCI-
Q31L"", DISCI-L100P*" and mice combining both mutations
(taking into account the potential influence of the genotype and,
accordingly, the behavior of a homozygous mother). The aim of
this study was to evaluate the compulsive behavior in DISCI-
Q31L*, DISCI-L100P*~ and DISCI-L100P*/Q31L" mice, as
well as to assess the contribution of the maternal genotype.
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Materials and methods

In this work we studied the behavior of mice in 10
experimental groups: mice of two sexes and four genotypes
(DISCI-L100P™" (hereinafter referred to as “L100P-HET”),
DISCI-Q31L*" (“Q31L-HET”), DISCI-L100P*/Q31L"" -
these animals were also divided into two groups depending on
the maternal genotype: DISCI-L100P~~ ("L100P(f)/Q31L(m)")
or DISCI-Q31L7" ("Q31L(f)/L100P(m)"), line C57BL/6NCrl
("WT") provided by UNU "Biological collection - genetic
biomodels of neuropsychic diseases" (No. 493387) PhBMRI
[8]. Mothers for LI00P-HET and Q31L-HET were WT females.
All mice were kept in vivarium PhBMRI in plastic cages
(OptiMice Biotech AS; 34x29x15 cm), with a light mode of
12:12 (light 6:00 am, dark 18:00 pm) at a temperature of about
23°C. Animals received food and water ad libitum.

Testing of the obtained experimental mice at the age of about
3 months was carried out between 9:00 and 16:00 hours. The test
for instillation of balls was carried out in the home room
according to the protocol [9]. The open field test was carried out
in accordance with the description [10]; before this, the mice
were placed in the experimental room for 30 min for habituation.
All conditions for working with animals were observed in
accordance with international standards (Council of the
European Communities Directive 86/609/EES).

Results

ANOVA showed the effect of genotype-sex interaction
[F(4,62)=3,2469; p<0.05] the number of fully buried marbles.
Post-hoc analysis presented significant differences between the
following groups (Fig. 1): males Q31L(f)/L100P(m) and
females L100P(f)/Q31L(m) instilled more balls than WT mice
of the same sex; males Q31L(f)/L100P(m) compared to females
buried more balls, and males L100P(f)/Q31L(m), on the
contrary, less; while males Q31L(f)/L100P(m) instilled more
balls compared to males L100P(f)/Q31L(m)), but females
Q31L(f)/L100P(m) burried them less than females
L100P(f)/Q31L(m); females L100P(f)/Q31L(m) also instilled
more balls than heterozygous females Q3 1L (p<0.05).

It is important to note that in this case the study of the
behavior of the same groups of mice in open field showed no
differences in horizontal activity (p>0.05). MANOVA showed
the effect of sex [F(1,109)=4,2086; p<0.05] for vertical activity,
however, post-hoc analysis revealed differences only between
the males of Q31L(f)/L100P(m), which made more racks
compared to heterozygous males of Q31L (p<0.05).
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Fig. 1.

The number of buried marbles in the test for compulsive behavior in DISC/-mutant mice (meantSEM). * - p<0.05 vs same genotype males; # - p<0.05

vs same sex WT ; * - p<0.05 vs same sex Q31L-HET; & - p<0.05 vs same sex L100P(f)/Q31L(m).

Discussion

The lack of increased activity in the studied groups of mutant
mice allows us to consider the results of the marble burying test
to be correct for determining their compulsive-like behavior.
Thus, the presence of a single mutation (both Q31L and L100P)
in the heterozygous state is not sufficient for the manifestation
of compulsive-like behavior. However, in mice with both of
these mutations, the manifestation of this behavior depended
both on the mother’s genotype and on sex: compulsive behavior
was characteristic of males whose mothers were homozygous
for Q31L mutation, and females with mothers homozygous for
L100P. It was shown that the combination of these two
mutations in the DISCI gene seems to make these mice
predisposed to the appearance of certain behavioral disorders,
including sex-dependent [11]. Since in the earlier work of our
colleagues [7] only males were used, and maternal individuals
were homozygous for the corresponding mutation, comparing
the results obtained in this work, the authors hypothesize that it
is the homozygosity of mothers for the Q3 1L mutation that leads
to a compulsive-like behavior as in males DISCI-L100P*"~
/Q31L*", and in males DISCI-Q31L~". In this case, females
with two mutations are similarly affected by the homozygosity
of mothers for the L100P mutation, but not Q31L. This
conclusion can be confirmed or disproved in subsequent
experiments, where (1) compulsive-like behavior was studied in
females homozygous for these mutations and (2) the influence
of the mother genotype on compulsive-like behavior in mice
heterozygous for Q31L and L100P mutations separately.
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