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Abstract

The open field test is a basic test used to assess exploratory behavior, anxiety, and locomotor activity in
rodents. Some quantitative trait loci (QTLs) regarding mouse behavior in open field were identified so
far. A QTL associated with grooming duration was identified in chromosome (Chr) 4 using recombinant
inbred strain made from DBA/2 (D2) and C57BL/6 (B6) mice. We previously generated D2 congenic
line, D2.B6-Senl, in which most region of Chr 4 was replaced to B6 haplotype. In this paper, to confirm
the position of this QTL and to investigate candidate genes, two sub-congenic lines, D2.B6-Senl.1 and
D2.B6-Senl.2, were generated. From results of open field test with a congenic and two sub-congenic
strains, we found that D2.B6-Senl.2 increased grooming duration compared with D2, but D2.B6-Senl.1
demonstrated opposite result, suggesting two genes responsible for grooming duration located in Chr
4. We also found that only D2.B6-Sen1 mice decreased the time in thigmotaxis zone, suggesting another
gene responsible for this behavior located in B6-derived chromosomal region.
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Introduction

Behavior analysis of mouse is one of the
methods to investigate human psychological
disorder and neurological analysis. In behavior
analysis, mouse behaviors are measured in some
tests such as open field test, elevated plus maze
test, water maze test etc. In open field test we can
observe exploratory behavior in novel environment,
feeling of anxiety in open area, and locomotion
activity. Grooming is one of the native behaviors
in most animals including mammals'”. Further,

grooming is an important factor in behavioral
repertoire of rodents and accounts for the large
portion of behaviors while awaking'. In previous
analysis in mice model for autism spectrum
disorder (ASD) and obsessive-compulsive disorder
(OCD), excessive or abnormal grooming has been
observed'*".

In behavioral analysis, many reports indicated
difference in reactivity among mouse strains for
locomotion activity, anxiety, susceptibility for
anti-anxiety drug and so on'®'**. To investigate
candidate genes to affect strain difference in
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Fig. 1. Chromosomal map of congenic strain and 2 sub-congenic strains generated in this study. Shaded, open, and black
columns indicate B6-derived, D2-derived, and unknown chromosomal portions, respectively

these quantitative traits, quantitative trait loci
(QTL) analysis in two strains or collaborative
cross of eight strains was conducted and provided
information for genetic variation'®*”. Many genetic
analyses concerning behaviors in F2 generation
from DBA/2 (D2) and C57BL/6 (B6), one of the
major inbred mouse strains, have been conducted
so far®***",

In the previous study, QTL analysis with
recombinant inbred strain made from D2 and B6
mice indicated a significant QTL for grooming
behavior in chromosome (Chr) 4”. To verify this
QTL, the generation of congenic mice, in which
a region locating this QTL is introduced each
other between D2 and B6 mice, is necessary.
We previously established a congenic strain
possessing the D2-genetic background, D2.B6-
Sen 1, in which most region of Chr 4 were replaced
with B6 haplotype, in order to investigate a QTL
for the susceptibility to Sendai virus infection”. In
this study, we used this congenic strain to verify
a QTL affecting grooming behavior. Further, to
identify the position of QTL for grooming behavior
in Chr 4, we established new sub-congenic lines
from D2.B6-Senl and conducted open field test
using these congenic and sub-congenic strains.

Materials and Methods

Mice

Establishment of congenic strain, D2.B6-
Senl, is described in the previous paper”. Two
sub-congenic lines were developed from this
congenic mouse as follows. D2.B6-Senl was mated
with D2 female mice to generate heterozygous
F1 and then F1 generations were backcrossed to
D2 females to establish homozygous sub-congenic
lines. Introgression of chromosomal regions was
confirmed by genotyping of microsatellite markers
as shown in Fig. 1. Congenic and sub-congenic
lines were named according to the international
nomenclature guidelines and abbreviated as
in parenthesis; D2.B6-(D4Mit235-D4Mit42)/
NSlcHkv (D2.B6-Senl), D2.B6-(D4Mit146-
D4Mit42)/NSlcHkv (D2.B6-Senli.1), and D2.B6-
(D4Mit178-D4Mit146)/NSlcHkv (D2.B6-Senl.2).
Specific pathogen-free inbred mice, C57BL/6NSlc
(B6) and DBA/2CrSlc (D2) were purchased
from Japan SLC (Shizuoka, Japan) to generate
congenic and sub-congenic lines. For generation
of congenic and sub-congenic lines and behavioral
tests with these mice, we were adhered to the
AAALAC International-accredited program and
the Regulation for the Care and Use of Laboratory
Animals in Hokkaido University. Animal use
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protocols (16-0158, 18-0160) were approved by
the President of Hokkaido University after the
review by the Institutional Animal Care and Use
Committee.

Genotyping

Genomic DNA was prepared from ear snips
of mice. Samples were incubated at 54°C for 3 h
in 500 pl of lysis buffer [10 mM Tris-HCI (pH 8.0),
150 mM NaCl, 10 mM thylenediaminetetraacetic
acid (EDTA) and 1% sodium dodecyl sulfate (SDS)]
containing 20 mg/ml proteinase K and 10 mg/
ml RNase. Genomic DNA was extracted by the
standard phenol chloroform extraction method,
purified by ethanol precipitation in the presence
of 0.3 M sodium acetate, and finally resolved in
TE buffer [10 mM Tris-HC]l and 1 mM EDTA
(pH 8.0)]. Informative microsatellite markers
that show difference between B6 and D2 were
used for genotyping. The genetic map positions
(cM) of markers were obtained from the Mouse
Microsatellite Database of Japan (MMDBJ).

The touchdown PCR was performed with
Taq DNA polymerase (Ampliqgon A/S, Odense
Denmark) as follows; denaturing at 95°C for 1
min, followed by 10 cycles of denaturing at 95°C
for 30 sec, primer annealing at 65°C for 30 sec
(-2°C in 2 cycles), and extension at 72°C for 30 sec,
35 cycles of denaturing at 95°C for 30 sec, primer
annealing at 55°C for 30 sec, and extension at
72°C for 30 sec, and final extension at 72°C for 1
min. The amplified samples were electrophoresed
in 12% polyacrylamide gels in TBE solution (89
mM Tris, 89 mM boric acid and 2 mM EDTA), and
then, stained with ethidium bromide. The stained
samples were visualized under ultraviolet lamp
and photographed.

Open field test

The open field was a square cage (50 X 50 X
40 cm) with vinyl chloride resin panel that was
placed in a brightly lit room. The light intensity
was 300 1x. At 30 min prior to the test, mice were
transferred to the experimental room from the
housing room (lighting on from 7 AM to 7 PM).
All tests took place between 10:00 and 14:30.
Animals were placed in the center and the test

started after 5 sec and continued continuously for
20 min. Overall locomotor activity and time spent
in thigmotaxis zone (5 cm of the edge of open
field) were automatically recorded using Imaged
with ImageOF plugin (Ver.12011123, https://
cbsn.neuroinf.jp/database/item/id/ImageOF).
Rearing (standing upright on the hind legs, while
forepaws are free), leaning (standing upright on
the hind legs, one or two forepaws leaned on the
wall), grooming frequency (number of grooming
episodes), and grooming duration were manually
scored. Grooming included all self-cleaning
activities such as tail and ventral licking, facial
wiping, etc. The numbers of each mouse strain
used in this study were 6, 6, 7, 11, and 10 for B6,
D2, D2.B6-Senl1, D2.B6-Senl.1, and D2.B6-Senl.2,
respectively. Only males were used in this test.

Statistical analysis

The groups were compared with the student’s
t-test and data were showed as means + standard
errors of mean. Alpha level of P = 0.05 was
considered as the statistical limit of significance of
comparisons.

Results

Congenic and sub-congenic lines

Previous study demonstrated that grooming
behavior was regulated by a QTL located in
Chr 4”. To confirm the position of this QTL, we
generated sub-congenic strains from D2.B6-
Senl strain, which we previously generated as a
congenic line as showing that most region of Chr
4 was replaced with B6-derived chromosomal
region. Fig. 1 shows haplotypes of replaced Chr 4
in sub-congenic mice. Other chromosomes except
for Chr 4 were confirmed to be recipient genetic
background by genotyping microsatellite markers
located in other chromosomes as shown in the
previous study”. Replaced region was confirmed
to include highly significant region of the QTL
peak detected as behavior-controlling locus in the
previous QTL analysis”. D2.B6-Senl and D2.B6-
Sen 1.2 possessed B6-derived chromosomal region
between D4Mit146 and D4Mit42 (51.4 cM and
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Fig. 2. Grooming behaviors in open field. Data represent the mean + SEM. * and ** indicate P < 0.05 and P < 0.01 compared
with C57BL/6, respectively. + and ++ indicate P < 0.05 and P < 0.01 compared with DBA/2, respectively. (A); total grooming
duration, (B); grooming episode, and (C); grooming duration per episode

82.6 cM) and D4Mit178 and D4Mit146 (34.9 cM
and 51.4 cM), respectively. We used these congenic
and sub-congenic strains for open field test.

Grooming behavior

We measured some mouse behaviors in open
field by using software. In the total duration of
grooming, all D2-genetic background mice spent
more time for grooming than B6 mice (Fig. 2A).
D2.B6-Senl.1 and D2.B6-Senl.2 decreased and
increased the total time for grooming compered
to D2 mice, respectively. There was no difference
between D2 and D2.B6-Senl, in which most of
region in Chr 4 were replaced with B6 haplotype.
Grooming frequency of all D2-genetic background
strains except for D2.B6-Senl.1 was higher than
that of B6 mice. Of note, the frequency of D2.B6-
Sen1.2 was much higher than that of D2 mice. The
average times per grooming episode of D2, D2.B6-
Senl.1, and D2.B6-Senl1.2 were much higher than
that of B6 mice, whereas those of D2.B6-Senl and
D2.B6-Sen 1.1 were lower than that of D2 mice (Fig.
30).

Locomotion activity
In all locomotion activities, all D2-genetic
background mice showed significant difference

from donor strain, C57BL/6 (Figs. 3A, 3B, 3C, 3D,
and 3E). In only D2.B6-Senl, total locomotion
duration was higher than that of background
strain, DBA/2 (Fig. 3B). Furthermore, moving
distance was higher than D2, although it was
not significant (Fig. 3A). Generally, D2.B6-Senl
showed more moving activity than background
strain. We measured the time of spending
in thigmotaxis zone, the edge of open field (5
cm), which showed tendency of mouse anxiety
and exploration activity. The time spending
in thigmotaxis zone in only D2.B6-Senl was
significantly lower than that of D2 mice (Fig. 3C).
Standing behavior such as rearing and leaning
was comparable among all D2-genetic background
strains (Figs. 3D and 3E).

Discussion

Strain difference

The result of this study must be considered
within genetic background and behavioral trait of
both B6 and D2 mouse strains. Previous studies
showed that behavioral status of both strains was
significantly different in some behavior tests"®.
In previous exploration test in open field, B6
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Fig. 3. Locomotion activities in open field. Data represent the mean = SEM. * and ** indicate P < 0.05 and P < 0.01 compared
with C57BL/6, respectively. + and ++ indicate P < 0.05 and P < 0.01 compared with DBA/2, respectively. (A); total moving
distance, (B); total moving duration, (C); duration in thigmotaxis zone (5 cm of the edge of open field), (D); rearing, and (E);

leaning behavior

mice were more exploratory and spent less time
for grooming for the first thirty minutes than
D2 mice, but there was no difference in time
for spending grooming behavior between both
strains after that”. Both strains showed different
phenotypes in psychotropic drug administration
in terms of scare, fight, and social behavior in
their stress response''"*. Considering them, it
is important to compare genetic factors of each
strain that control behaviors.

Sex difference

In rodent behavior experiments, sexual
difference has been discussed for long time.
Female Fs mice generated from B6 and 129 strains
showed more locomotion activity than males in
open field'”. In addition, female mice showed
higher activity in open field connected with home
cage for suppressing anxiety®. Fluctuations in
ovarian hormones have been considered to cause

behavioral changes related to emotion or anxiety.
Reductions of anxiety behavior in female rats
have been reported during the phases of proestrus
and estrus compared with phases of metaestrus
and diestrus®>®**. Moreover, ventral hippocampal
modulation of anxiety in B6 mice revealed
significant biological sex difference in several

tests™

. These data suggest that there is different
pathway against anxiety in sex difference.

Therefore, we used only male mice in this study.

Grooming behavior

Rodent grooming behavior is suggested as
an indicator of the limited repetitive behavior
and anxiety”'®*. It has been known that rodents'
grooming activity increases in the relax situation
in contrast to feeling anxiety. Previous study
showed that relax or low stress condition induced
coherent grooming from leg to tail, but high

stress condition induced very short grooming®.
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In contrast to grooming induced by anxiety, it has
been reported that mutations in some genes such
as Dabl, Hoxb8, and VDR induce pathological

grooming'®'*?%

. Dabl gene locates in Chr 4
and the grooming position and frequency were
changed due to the disorder in cerebellum in
Dabl gene mutant mice known as the scrambler
mouse®. SNPs in Dabl have been implicated
in influencing grooming associated with fear
experiences in multiple mouse inbred strains®
In Hoxb& mutation mice, the change of grooming
was indicated under the influence of impairment
in microglia development in the brain, but the
details of the mechanism are still unclear®. In this
study, we assume that stress- or nerve-related
genes altered to B6 alleles from D2 alleles caused
a decrease in both grooming and whole grooming
durations in D2.B6-Senl.1, compared with that of
D2. In another sub-congenic line, D2.B6-Sen1.2,
the grooming duration was expected to decrease as
well as D2.B6-SenI. However, we observed a little
reduction of grooming duration and significant
increase in both grooming frequency and whole
grooming duration in D2.B6-Seni.2 than D2. In
D2.B6-Sen! strain, in which most region of Chr
4 was altered to B6 allele, we found the decrease
in grooming duration per episode only. From
these results, we hypothesized that there were
two genes affecting grooming behavior in Chr 4.
One putative gene locating downstream of Chr
4, namely downstream of Mit146, upregulates
grooming behavior in D2 mice, whereas another
putative gene locating mid-region of Chr 4, namely
between Mit139 and Mit308, downregulates
grooming behavior in D2 mice.

Spending time in thigmotaxis zone

Duration spending in thigmotaxis zone
suggests a dilemma between anxiety behavior in
open area and exploration of novel environments.
The reduction of exploration is made by freezing
behavior induced by strong anxiety. Previous
study conducting QTL analysis with many mouse
strains in open field test showed that B6 strain
stayed for the shortest time in thigmotaxis zone
and proposed the presence of a candidate gene
in Chr 4'®. In this study, D2.B6-Senl spent

significantly lower time than D2 in the area. This
result suggests that gene suppressing anxiety
may locate upstream of Mit178 in Chr4, which
is replaced from D2 allele to B6 allele in only
D2.B6-Senl. This prediction strongly supports
the presence of candidate gene proposed in the
previous report [8].
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