Available online at www.sciencedirect.com
ScienceDirect

Behavioural Brain Research 177 (2007) 45-50

BEHAVIOURAL
BRAIN
RESEARCH

www.elsevier.com/locate/bbr

Research report

Influence of paternal genotypes on F1 behaviors:
Lessons from several mouse strains

Allan V. Kalueff®?* Tiina Keisala?, Anna Minasyan?, Pentti Tuohimaa a,b

2 Department of Anatomy, Medical School, University of Tampere, Tampere, Finland
b Department of Clinical Chemistry, Tampere University Hospital, Tampere, Finland

Received 24 September 2006; received in revised form 30 October 2006; accepted 2 November 2006
Available online 4 December 2006

Abstract

F1 and F2 mouse hybrids derived from different parental strains are becoming a useful tool in behavioral research, underlining the importance
of their in-depth behavioral phenotyping. 129S1/SvImJ (S1), C57BL/6 (B6), NMRI (N) and BALB/c (BC) mice are commonly used in behavioral
neuroscience, demonstrating marked behavioral differences. Here, we assess behavioral phenotypes of male mice of S1 and several hybrid strains
(S1B6, SIN, S1BC) in a battery of behavioral tests, including the open field, novel odor exposure, novelty-induced grooming, horizontal rod (Suok)
and the elevated plus maze tests. In addition, we assessed aggression and social barbering in these strains. Overall, the substantial differences
observed here between these strains allow us to determine the influence of different genetic backgrounds on mouse behaviors, and more fully
understand how different strain-specific behaviors overlap in the F1 progeny. Our results imply complex interplay between parental genotypes in
anxiety, activity, grooming, aggression and barbering of their F1 progeny, further confirming the utility of F1 hybrids in behavioral neurogenetics.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The increased use of various mouse strains and geneti-
cally modified (transgenic or mutant) mice in the development
of animal behavioral models [6,16—18,39,52] underlines the
importance of our understanding of how different genotypes
determine various behaviors [1-3,5,14,40,41,49,50,55]. Multi-
ple behavioral tests enables a high-throughput mouse behavioral
phenotyping, including an in-depth assessment of animal activ-
ity, emotionality, cognitive, sensory, and neurological functions
[7,13-15,19,20,24,26,28,38,44,45,54].

C57, 129, BALB and NMRI strains are currently widely used
in behavioral neuroscience research [2,3,12,14,34,40,49,58].
While they differ markedly in activity and emotionality (e.g.
high activity: C57, NMRI, BALB; high anxiety: 129, BALB)
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[25-27], there are many other behavioral differences reported
for these strains in the literature [1,22,42,45,47,56,57,59].

As hybrid mice derived from different parental genotypes
are an useful tool in behavioral research [4,10,29,30], the grow-
ing use of F1 and F2 hybrids [18,34,43,46,53] implies the
importance of their further in-depth ethological investigation.
129S1/SvimJ (S1), C57B/6J (B6), BALB/cJ (BC) and NMRI
(N) mouse sub-strains are commonly used in behavioral neu-
roscience [3,23,25-30,34,52]. Numerous recent studies have
performed their detailed comparative phenotypical analyses
(Table 1), enabling the assessment of the impact of parental
genotypes on the F1 behavioral domains.

The main aim of the present study was to examine how dif-
ferent paternal genotypes (S1, B6, BC and N) influence specific
behaviors of F1 mice. The same maternal genotype (S1) was
used to minimize potential epigenetic influences, such as known
strain differences in mothering styles [11,16,17]. The follow-
ing battery was used in this study: open field and elevated plus
maze (activity and anxiety tests [16,20,48]), novelty-induced
grooming test (anxiety and grooming test [25-27]), unfamil-
iar odor test (olfaction and anxiety test [9,27]), and horizontal
rod Suok test (balancing and anxiety test [28]). Since mice
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Table 1
A brief summary of main behavioral differences between 129S1 (S1), C57B1/6
(B6), BALB/c (BC) and NMRI (N) mouse strains

Functions, parameters Strain ranking References
Sensory
Olfactory sensitivity BC>B6, S1 [31]
Progressive hearing loss S1,B6 [41]
Vestibular/motor N, B6>S1>BC [15,28,32]
coordination
Anxiety
Freezing responses S1>N, BC, B6 [24]*
Novel food/odor neophobia BC>B6, N, S1 [27,45]
Open field horizontal, N>BC, B6>S1 [5,27,34,41]
vertical activity
Defecations, urinations N, BC>Sl1, B6 [11,25,27,41]
Horizontal rod activity N>BC>B6>S1 [28,32]
Stress-evoked S1, BC>N; BC>B6 [28,32]
motorisensory deficits
Light—dark transitions N> BC>B6>S1 [6,34]"
Time in light (aversive) N> BC; B6>S1 [6,34]"
part
Aggression
Inter-male aggression BC>S1,B6>N [27,41]*
Barbering
Occurrence B6,N>S1>BC [30,51]*
Overall severity N>B6>S1>»BC
Grooming
Frequency in social Very low: S1 [23]
interaction
Frequency in open field B6>S1~N~BC [25-27]
Duration in open field BC>N>S1;B6>S1 [25-27]

* Also own unpublished open field, light—dark box or homecage observations.

often demonstrate marked strain differences in their aggression
[16,41] and behavior-associated hair loss (barbering) [36,37,51],
these behaviors were also assessed in the present study.

2. Materials and methods
2.1. Animals

Subjects were adult male S1 mice and F1 hybrid mice (S1BC, S1B6, SIN)
bred and maintained in a virus/parasite-free facility (University of Tampere, Fin-
land) under conditions of controlled temperature (22 £ 2 °C), humidity (60%),
and a 12-h light, 12-h dark cycle. Lights were turned off at 18.00h and on at
6.00h. The animals (n=7-8 in each group) were experimentally naive at the
beginning of the study, and housed 3—4 per cage, with food and water freely
available. Aggression and hair barbering phenotypes were assessed in a sepa-
rate group of adult male mice housed socially (6 cages, 3—4 mice per cage, n =20
for each genotype) for 4 weeks.

2.2. Behavioral testing and apparatus

Behavioral testing was always conducted between 14.00 and 18.00 h. On the
day of the experiments, animals were transported to the dimly lit room and left
undisturbed for 1 h prior to testing. In all tests, the animals were observed by
experienced investigators (intra-rater reliability >0.9, established prior to testing)
unaware of genotypes, except in the case of SIBC mice (where coat color was
lighter). The observers sat in front of (and 2 m away from) the testing boxes and
scored mouse behaviors using specially designed registers. Between sessions,
each apparatus was cleaned with 70% ethanol and swept by paper towels.

On the first testing day, the olfactory abilities and neophobic responses were
assessed in the novel odor test. Each mouse was placed individually in the actime-

ter box (30 cm x 30 cm x 30 cm) with 5-6 red ants (Formica rufa) immobilized
by a 1.5-cm scotch tape in the diagonally opposite corner. The latency (s) of find-
ing the odor (formic acid), and the number and the duration (s) of approaches
(<2cm) were measured for 3 min. The average duration of a single sniffing
episode (total time spent sniffing divided by the number of approaches) was
also calculated for all genotypes. We also assessed vertical activity (the number
of wall leanings, unsupported and total vertical rears) in this test, as additional
indices of exploration.

One day later, the animals were exposed to the open field test (Plexiglas
50 cm x 50 cm x 50 cm box) divided into nine sectors by line drawing. Horizon-
tal activity (sectors visited with four paws), defecation boli, urination episodes
and vertical activity (wall leaning, unsupported vertical rears and total rears)
were assessed in this test for 5 min.

Two days later, the mouse exploration and vestibular functions of mice
were assessed on the horizontal rod Suok test, a 2-m aluminium bar 1.5cm
in diameter (fixed to a platform elevated 30 cm from the floor and divided
into 10-cm sectors by line marking) [28]. The mice were placed in the mid-
dle of the bar (facing either end) and tested for 5 min. The latency (s) to leave
the central zone (a virtual 20-cm zone around the placement point; 4-paw cri-
terion), horizontal activity (sectors visited with 4 paws), the number of falls,
defecation boli and urination episodes were measured in this test, as described
previously.

Three days later, we subjected the mice to the grooming test. To evoke
spontaneous novelty-induced grooming, the mice were placed individually in
a clean unfamiliar glass cylinder (20cm in diameter and 30cm in height)
for S5min. The latency to start grooming (s), the number and total duration
(s) of bouts and the average bout duration (total duration divided by the
number of bouts) were assessed in this test. In addition, we analyzed prelimi-
nary grooming episodes (grooming-like forepaw movements not touching the
body) and total vertical rears (as a conventional behavioral measure of vertical
exploration).

The final test was the elevated plus maze, performed one week later. The maze
was made from Plexiglas and consisted of two open arms (30 cm x 10 cm) and
two enclosed arms (30 cm x 10cm x 10 cm) extending from a common central
region (10cm x 10 cm), elevated to a height of 60 cm. In this test, each mouse
was placed in the center of the apparatus, facing the open arm, and observed for
5 min. Conventional measures were the number of open-, closed-arm and total
arm entries (4-paw criterion), vertical rears and head dips (looks down) from
the open arms of the maze. In addition, the ratios of open:closed and open:total
arm entries were calculated for each mouse group in this test.

2.3. Barbering and aggression analysis

Barbering phenotypes were assessed in adult male mice housed socially (3—4
animals per cage). Hair loss was recorded by an experienced observer. Each
mouse was visually inspected on both the dorsal and ventral surfaces for at least
2 min. Hair loss was scored as barbering if the hair lesion was non-puritic, there
was no scarring or scabbing around the lesion, and the animal was otherwise
in good health and the fur (where present) was in good conditions [21]. For
each genotype, we analyzed the number (%) of cages in which the barbering
occurred, and the percentages of barbers and barbered animals (of total animals
of each genotype). Barber animals were identified as the single intact mouse in
the cage [30].

Inter-male aggression was assessed by recording % of animals with scars on
the hind limbs, base of the tail and rear flanks [21] in the groups used to assess
barbering. Each mouse was assessed individually for 2—4 min by the same expe-
rienced observer. All experimental procedures were conducted in accordance
with the European legislation (86/609/EEC) and the guidelines of the National
Institutes of Health. All animal experiments reported here were approved by the
Ethical Committee of the Medical School of the University of Tampere.

2.4. Statistical analysis

All results are expressed as means £ S.E.M. To evaluate differences between
genotypes, analysis of variance (one-way ANOVA; factor: genotype) was per-
formed followed by the post hoc Tukey’s test. A probability of less than 0.05
was considered statistically significant in all tests.
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3. Results

Table 2 summarizes data obtained in these mice in a battery of
behavioral tests. Overall, all four groups have unimpaired olfac-
tory function, as assessed in the novel odor exposure test. The
mice demonstrated similar latencies to find odor, the duration
of sniffing and the number of approaches (Table 2), but showed
significant genotype differences in grooming frequency and the
average duration of a single contact. The SIBC mice spent sig-
nificantly less time contacting the odor (compared to the SIN
mice). In addition, there was a significant genotype effects on
unsupported vertical rears (SIBC > S1, SIN), with a similar
(but not-significant) trend for the total number of rears but not
wall leanings in this test.

Data on the mouse open field and Suok test behaviors are
summarized in Table 2. Overall, there were significant geno-
type differences in the number of open filed wall leanings
(SIN>S1B6), unsupported rears (SIBC>S1N; S1>SIN) and
defecation boli (S1IBC>S1, S1B6). In contrast, horizontal,

Table 2

total vertical activity and urination scores did not differ sig-
nificantly across the genotypes. In the Suok test, there was
a similar (but non-significant) tendency to altered horizontal
activity (SIBC>S1, S1IN, S1B6), whereas the latency to leave
the center and the number of falls were unaltered in all four
genotypes.

In the novelty-induced grooming test (Table 2), there were
significant genotype differences in the number and duration of
bouts (S1>S1B6), vertical activity (SIBC > S1B6, SIN, S1)
and the occurrence of pre-grooming episodes (seen only in
S1BC). There were no significant genotype differences in the
latency to start grooming and the average duration of a single
bout in this test.

In the elevated plus maze, there were no strain effects for
some anxiety-related measures (open arm entries, open:total
entries ratio and head dips, Table 2), although mice demon-
strated significant genotype differences for the number of closed,
total arm entries and vertical rears (SIN > S1B6), as well as for
open:closed entries ratio (SIBC>S1N, S1B6).

Behavioral performance of 129S1 (S1) and F1 hybrid strains S1-BALB/c (S1BC), SI-NMRI (SIN) and S1-C57B1/6] (S1B6) subjected to a battery of behavioral

tests (n=7-8 in each group)

Test and behaviors SI1BC SIN S1B6 S1 F(3,29) P
Novel odor test
Wall leaning 11 £ 2.1 13+ 14 12+ 15 7+12 NS
Vertical rears 13 + 4.8 ab 22+09a 4+18 2 4+ 1.0b 3.87 0.025
Total vertical rears 24 + 6.2 15+ 19 16 £ 3.3 9+22 NS
Latency to approach (s) 35+54 31 £5.7 62 £ 26.0 41 £ 6.1 NS
Number of approaches 6 £ 0.6 5+08 5+12 5+1.1 NS
Duration of investigation (s) 8+ 1.0 14+ 1.6 15 £32 12 £29 NS
Single contact duration (s) 14+0.1a 3+£03a 23 +£05 23+£03 3.56 0.033
Open field test
Horizontal activity 76 + 3.9 79 £ 73 63 £ 69 84 £+ 10.6 NS
Wall leaning 17 + 3.1 28 +44a 12+ 13a 22 £ 44 3.70 0.025
Vertical rears 27 £ 6.3 ab 6+ 15a 11 £25 18 £330b 5.13 0.007
Total vertical activity 44 + 85 34 +53 23 £ 3.2 40 £ 6.9 NS
Defecation boli 5+ 1.1ab 3.1 £0.9 0.6 £02a 1.7+ 08b 5.20 0.006
Urination 04 +0.3 0+0 0+0 0.1 £ 0.1 NS
Suok test
Horizontal activity 75 £ 222 21 + 14.0 14 £ 85 26 £ 17.9 NS
Latency to leave center (s) 96 + 51.1 197 + 53.0 210 £+ 54.1 244 + 40.6 NS
Falls from the rod 0.3 +0.3 0.6 £ 0.2 04 +£0.3 0.7 £ 0.3 NS
Grooming test
Latency to start (s) 59 £ 152 77 £ 21.2 66 + 27.0 48 + 14.7 NS
Grooming bouts 5+03 4+08 3+04a 55+08a 3.18 0.041
Grooming duration (s) 16 £ 1.9 15 £3.0 10+ 15a 22+ 24a 4.26 0.014
Average bout duration (s) 35+04 4404 44+ 0.5 45+0.5 NS
Pre-grooming episodes 3 £ 1.3 abc 0+0a 0+0b 0x+0c 4.83 0.0083
Total vertical rears 30 £ 2.4 abc 13 £20a 12+ 14b 14+£21c 16.95 0.0001
Elevated plus maze
Open arm entries 1.5+ 05 27 £ 1.0 09 £ 0.5 20+1.2 NS
Closed arm entries 8+ 1.7 11£15a 5+06a 6+ 14 3.40 0.033
Total arm entries 9.5+20 137 £ 20a 59+ 09a 8§ +25 2.29 0.036
Open:closed entries ratio 0.67 = 0.06 ab 024 £ 0.1b 0.15+0.10a 0.33 + 0.20 3.21 0.039
Open:total entries ratio 0.16 + 0.05 0.19 £ 0.07 0.18 + 0.08 0.25 £ 0.15 NS
Vertical rears 17 £2.0 22 +£33a 9+ 1.6a 11 £3.8 4.79 0.009
Head dips 12+ 2.0 19 + 3.3 8+20 13 £33 NS

Data are expressed as mean + S.E.M.; F values are given for significant ANOVA data. Strain scores sharing common letters are statistically different (Tukey’s post

hoc test for significant ANOVA data).
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Table 3
Aggression and barbering profiles in 129S1 (S1) and F1 hybrid strains S1-BALB/c (S1BC), SI-NMRI (SIN) and S1-C57B1/6]J (S1B6)
Behaviors S1BC SIN S1B6 S1 F(3,23) P
Barbering activity
% Cages with barbering 0+ 0ab 100£0a 83+ 17b 50 + 22 10.04 <0.0003
% Barbered animals 0 £ 0 abc 70+ 0a 75 £ 10b 85 £ 8¢ 36.78 <0.0001
% Barbers 0+ 0ab 30 + 0 abc 25+ 10b 15+ 8¢ 48.40 <0.00001
Aggressiveness
% Cages with scarring 100£0a 0+0a 67 + 21 50 + 22 7.52 <0.0015
% Animals with scars 100 £ 0 ab 0 + 0acd 45 £ 11 bc 40 £ 11 bed 27.93 <0.00001

Data are expressed as mean £ S.E.M. for six cages (n =20) for each genotype. Strains sharing common letters differ statistically (Tukey’s post hoc test for significant

ANOVA data).

Finally, as can be seen in Table 3, there were marked geno-
type differences in barbering and aggressive behaviors, with SIN
showing the highest barbering activity and the lowest aggres-
sion. In most cases, barbering targeted whiskers, face, head and
body, and in all cages with barbering there was a single domi-
nant animal whose fur and whiskers remained fully intact (data
not shown). In a striking contrast, the SIBC mice displayed the
highest aggression but no barbering activity.

4. Discussion

Performing comparative behavioral analyses of S1, SIBC,
S1B6 and S1N mice, we first noted that these genotypes display
generally unaltered open field horizontal activity (Table 2), dif-
fering from the reported ranking of their parental strain (Table 1).
This suggests that activity levels in F1 mice may be deter-
mined by both parental strains, and that “inactive” S1 maternal
genotype (due to floor effect) may contribute to reduced F1 dif-
ferences in horizontal exploration of novel arenas. In contrast
to horizontal activity, the mouse open field vertical activity dif-
fered across the F1 genotypes (Table 2), and was consistently
higher in the SIBC (rears) and S1N (wall leanings) groups. Par-
alleling these data, vertical activity differed across strains in the
elevated plus maze, with SIBC and SIN mice again showing
more vertical rears than did S1 and S1B6 mice (Table 2). Collec-
tively, these data suggest that horizontal and vertical exploration
represents two distinct behavioral domains, differentially (and
independently) controlled by paternal genotypes.

As all four parental genotypes have been reported to possess
different baseline levels of anxiety (BC, S1 > B6, N; Table 1), it
was possible to expect that behavioral phenotypes of F1 hybrids
in the present study would resemble parental anxiety pheno-
types (S1BC, S1> S1B6, SIN). However, our results do not
support this hypothesis, since the genotype ranking for anxi-
ety was S1B6, S1 > SIN, S1BC, as assessed by altered vertical
exploration in the open field (Table 2). The elevated plus maze
test produced similar results, with SIBC genotype showing less
anxiety in some measures (higher open:closed entries ratio),
and SIN mice showing more vertical exploration. The num-
ber of closed and total arm entries (reflecting both exploration
and activity domains) also tended to differ across the genotypes
(SIN>S1B6, S1). Taken together, these data support the notion
that anxiety is a behavioral trait with complex polygenic nature

in F1 mice, and not a mere combination of “anxiety” and “activ-
ity” profiles of the respective parental strains (see similar results
in [56] showing close behavioral profiles in F1 129S2-B6 and
anxious inactive 12952 mice).

Interestingly, grooming activity was higher in S1 than S1B6
and other F1 mice (Table 1), generally inconsistent with the
strain ranking previously reported for their parental genotypes:
BC, N, B6>> S1 [25,27]. This suggests that grooming may rep-
resent a behavioral domain sensitive to both activity and anxiety
levels, and that F1 mouse grooming is the result of a complex
interplay between these domains. Specific “preliminary” groom-
ing, previously reported for BC mice [27], was also observed the
S1BC group (Table 2). This observation suggests strong influ-
ences of the BC genotype on this behavior, and represents an
example of how some rare behaviors (specific for the parental
strains) can be inherited in F1 strains.

Although all four genotypes differed markedly in their
aggressiveness (S1IBC > S1, S1B6>S1N; Table 3), we noted
that their ranking coincides with that of the paternal strains, pre-
viously reported in the literature (Table 1). Likewise, there were
robust genotype differences in the mouse barbering behavior
(SIN, S1B6>S1> S1BC; Table 3), generally consistent with
earlier reports on barbering phenotypes of their parental strains,
including active barbering in B6 and N, and absent barbering in
BC mice [30,51]. Taken together, these observations support the
idea that strain aggression negatively correlates with barbering
activity [30] (Tables 1 and 3), and that BC and N paternal geno-
types strongly (although reciprocally) regulate both domains in
their F1 progeny.

Another potentially important factor to consider here is sen-
sorimotor abilities, as their disturbances are known to influence
mouse behaviors [13,16]. All strains tested here (Table 2) have
unimpaired olfaction, as assessed in the novel odor exposure
test, and there were no differences in the Suok test balancing,
implying relatively normal vestibular functions and motor coor-
dination in all these mice. Collectively, these results indicate
that sensorimotor deficits are unlikely to contribute to behavioral
differences reported here.

Analysing defecation data in this study, we noted that BC and
N parental strains are “high defecators”, compared to B6 and S1
mice (Table 1). Negating simplistic views of defecation as an
emotionality index, this measure appears to represent a complex
trait which may (BC mice) or may not (N mice) reflect the strain



A.V. Kalueff et al. / Behavioural Brain Research 177 (2007) 45-50 49

anxiety. In our study, we observed predictably high open field
defecation activity in SIBC and S1N groups, and low defecation
levelsin S1 and S1B6 mice. The ethological interpretation of this
measure is rather complex, and may involve several interplaying
factors (such as emotionality- and genotype-related defecation
activity). In contrast, urination scores did not differ significantly
in our study, suggesting a relative weakness of this index in
behavioral phenotyping of F1 mice.

In general, there were several limitations of the present study.
Given the rich literature on behavioral profiles of parental strains
consistently reported in various studies (Table 1), they were not
included in this study. However, in the future experiments it
may be interesting to compare both parental strains and their
F1 progeny, also studying F1 mice produced by crosses with
maternal strains beyond S1. Second, in order to obtain more
information on the genetic contribution of the parental strains,
further cross-breeding experiments (e.g. a diallel cross [18])
may be necessary. Collectively, this may help unravel further
the underlying genetics of quantitative behavioral traits in these
animals. Future experiments focusing on these and other F1
domains (e.g. depression-related, cognitive, parental, social, and
sexual behaviors) are needed, also using other paradigms, dif-
ferent types of stressors, and test batteries.

Moreover, as this study was performed in male mice, and
given known gender-specific strain differences in mouse behav-
iors [56], it will be interesting to assess behaviors of female
F1 hybrid mice, also focusing on potential sex-linked traits.
For example, it is possible that behavioral genetics and pat-
terns of barbering or aggression in female F1 mice will differ
from that of F1 males used here. It is also possible that some
strain-specific behaviors (e.g. aggression in SIBC mice) and
their interaction with environmental factors (e.g. social hous-
ing and laboratory environment [33]) may indirectly influence
other domains assessed here, such as anxiety and activity. From
this point of view, F1 mice may be a useful tool to assess both
gene—gene and gene—environment interactions. Likewise, the
role of epigenetic factors (such as maternal behavior [8]) merits
in-depth studies in F1 mice, using other maternal strains and
cross-fostering.

In conclusion, our study shows a substantial domain- and
strain-specific contribution of paternal genotypes on behaviors
of their F1 progeny. Several behaviors traits (e.g. aggression and
barbering) were strongly influenced by paternal backgrounds in
our F1 mice, whereas some other F1 behaviors (such as activity,
anxiety, and grooming) appeared to be the result of a com-
plex interplay between both parental genotypes (rather than a
mere combination of their behavioral profiles). Overall, these
results show complex interactions between parental genotypes
and between different domains in F1 hybrid mouse behavior,
further confirming the utility of F1 mice as a rich source of
information [35,46] on behavioral genetics.

Acknowledgement
This research was supported in part by grants from the Uni-

versity of Tampere, EVO (Medical Research Council of Tampere
University Hospital) and the Academy of Finland.

References

[1] Belzung C, Barreau S. Differences in drug-induced place condition-
ing between BALB/c and C57Bl/6 mice. Pharmacol Biochem Behav
2000;65:419-23.

[2] Belzung C, Berton F. Further pharmacological validation of the BALB/c
neophobia in the free exploratory paradigm as an animal model of trait
anxiety. Behav Pharmacol 1997;8:541-8.

[3] Belzung C, El Hage W, Moindrot N, Griebel G. Behavioral and neuro-
chemical changes following predatory stress in mice. Neuropharmacology
2001;41:400-8.

[4] Bolivar VJ, Caldarone BJ, Reilly AA, Flaherty L. Habituation of activity
in an open field: a survey of inbred strains and F1 hybrids. Behav Genet
2000;30:285-93.

[5] Bolivar VJ, Pooler O, Flaherty L. Inbred strain variation in contextual and
cued fear conditioning behavior. Mamm Genome 2001;12:651-6.

[6] Bouwknecht JA, Paylor R. Behavioral and physiological mouse assays
for anxiety: a survey in nine mouse strains. Behav Brain Res 2002;136:
489-501.

[7] Brown R, Stanford L, Williamson M, Luedemann K, Hawken C. Strain
and sex differences in rotarod performance in mice are confounded by
body weight. In: Proceedings of the 5th Annual IBANGS. 2002.

[8] Caldji C, Diorio J, Anisman H, Meaney MJ. Maternal behavior regulates
benzodiazepine/GABAA receptor subunit expression in brain regions asso-
ciated with fear in BALB/c and C57BL/6 mice. Neuropsychopharmacology
2004;29:1344-52.

[9] CaponeF, Venerosi A, Puopolo M, Alleva E, Cirulli F. Behavioral responses
of 129/Sv, C57BL/6J and DBA/2J mice to a non-predator aversive olfactory
stimulus. Acta Neurobiol Exp 2005;65:29-38.

[10] Clapcote SJ, Roder JC. Survey of embryonic stem cell line source strains in
the water maze reveals superior reversal learning of 129S6/SvEvTac mice.
Behav Brain Res 2004;152:35-48.

[11] Clement Y, Calatayud F, Belzung C. Genetic basis of anxiety-like
behaviour: a critical review. Brain Res Bull 2002;57:57-71.

[12] Contet C, Rawlins JN, Deacon RM. A comparison of 129S2/SvHsd and
C57BL/6JOlaHsd mice on a test battery assessing sensorimotor, affective
and cognitive behaviours: implications for the study of genetically modified
mice. Behav Brain Res 2001;124:33-46.

[13] Cook MN, Williams RW, Flaherty L. Anxiety-related behaviors in the ele-
vated zero-maze are affected by genetic factors and retinal degeneration.
Behav Neurosci 2001;115:468-76.

[14] Cook MN, Bolivar VJ, McFadyen MP, Flaherty L. Behavioral differences
among 129 substrains: implications for knockout and transgenic mice.
Behav Neurosci 2002;116:600-11.

[15] Crabbe JC, Metten P, Yu CH, Schlumbohm JP, Cameron AJ, Wahlsten D.
Genotypic differences in ethanol sensitivity in two tests of motor incoor-
dination. J Appl Physiol 2003;95:1338-51.

[16] Crawley JN, Belknap JK, Collins A, Crabbe JC, Frankel W, Henderson
N, et al. Behavioral phenotypes of inbred mouse strains: implications and
recommendations for molecular studies. Psychopharmacology 1997;132:
107-24.

[17] Crawley JN. Behavioral phenotyping of transgenic and knockout mice:
experimental design and evaluation of general health, sensory functions,
motor abilities, and specific behavioral tests. Brain Res 1999;835:18-26.

[18] Crusio WE. Inheritance of behavioral and neuroanatomical phenotypical
variance: hybrid mice are not always more stable than inbreds. Behav Genet
2006;36:723-31.

[19] Cryan JF, Holmes A. The ascent of mouse: advances in modelling human
depression and anxiety. Nat Rev Drug Discov 2005;4:775-90.

[20] Ducottet C, Belzung C. Correlations between behaviours in the elevated
plus-maze and sensitivity to unpredictable subchronic mild stress: evidence
from inbred strains of mice. Behav Brain Res 2005;156:153-62.

[21] Garner JP, Weisker SM, Dufour B, Mench JA. Barbering (fur and whisker
trimming) by laboratory mice as a model of human trichotillomania and
obsessive-compulsive spectrum disorders. Comp Med 2004;54:216-24.

[22] Griebel G, Belzung C, Perrault G, Sanger DJ. Differences in anxiety-related
behaviours and in sensitivity to diazepam in inbred and outbred strains of
mice. Psychopharmacology 2000;148:164-70.



50 A.V. Kalueff et al. / Behavioural Brain Research 177 (2007) 45-50

[23] Homanics GE, Quinlan JL, Firestone LL. Pharmacologic and behavioral
responses of inbred C57BL/6J and strain 129/SvJ mouse lines. Pharmacol
Biochem Behav 1999;63:21-6.

[24] Hossain SM, Wong BK, Simpson EM. The dark phase improves genetic
discrimination for some high throughput mouse behavioral phenotyping.
Genes Brain Behav 2004;3:167-77.

[25] Kalueff AV, Tuohimaa P. Contrasting grooming phenotypes in C57BL/6
and 129S1/SvImJ mice. Brain Res 2004;1028:75-82.

[26] Kalueff AV, Tuohimaa P. Grooming analysis algorithm for neurobe-
havioural stress research. Brain Res Protoc 2004;13:151-8.

[27] Kalueff AV, Tuohimaa P. Contrasting grooming phenotypes in three mouse
strains markedly different in anxiety and activity (129S1, BALB/c and
NMRI). Behav Brain Res 2005;160:1-10.

[28] Kalueff AV, Tuohimaa P. The Suok (“ropewalking”) murine test of anxiety.
Brain Res Protoc 2005;14:87-99.

[29] Kalueff AV, Keisala T, Minasyan A, Kuuslahti M, Tuohimaa P. Temporal
stability of novelty exploration in mice exposed to different open field tests.
Behav Process 2006;72:104-12.

[30] Kalueff AV, Minasyan A, Keisala T, Shah ZH, Tuohimaa P. Hair barber-
ing in mice: implications for neurobehavioural research. Behav Process
2006;71:8-15.

[31] Lee AW, Emsley JG, Brown RE, Hagg T. Marked differences in olfactory
sensitivity and apparent speed of forebrain neuroblast migration in three
inbred strains of mice. Neuroscience 2003;118:263-70.

[32] Lepicard EM, Venault P, Negroni J, Perez-Diaz F, Joubert C, Nosten-
Bertrand M, et al. Posture and balance responses to a sensory challenge
are related to anxiety in mice. Psychiatr Res 2003;118:273-84.

[33] Lewejohann L, Reinhard C, Schrewe A, Brandewiede J, Haemisch A, Gortz
N, et al. Genes Brain Behav 2006;5:64-72.

[34] Liu X, Gershenfeld HK. An exploratory factor analysis of the tail suspen-
sion test in 12 inbred strains of mice and an F2 intercross. Brain Res Bull
2003;60:223-31.

[35] Logue SF, Owen EH, Rasmussen DL, Wehner JM. Assessment of locomo-
tor activity, acoustic and tactile startle, and prepulse inhibition of startle
in inbred mouse strains and F1 hybrids: implications of genetic back-
ground for single gene and quantitative trait loci analyses. Neuroscience
1997;80:1075-86.

[36] Long SY. Hair-nibbling and whisker-trimming as indicators of social hier-
archy in mice. Anim Behav 1972;20:10-2.

[37] McElwee KL, Boggess D, Miller J, King LE, Sundberg JP. Spontaneous
alopecia areata-like hair loss in one congenic and seven inbred laboratory
mouse strains. J Investig Dermatol Symp Proc 1999;4:202-6.

[38] McFadyen MP, Kusek G, Bolivar VJ, Flaherty L. Differences among eight
inbred strains of mice in motor ability and motor learning on a rotorod.
Genes Brain Behav 2003;2:214-9.

[39] MGI, Mouse Genome Informatics Database, The Jackson Laboratory, Bar
Arbor, Mainne, USA; 2001 (http://www.informatics.jax.org/) [accessed
September 2006].

[40] Montkowski A, Poettig M, Mederer A, Holsboer F. Behavioural perfor-
mance in three substrains of mouse strain 129. Brain Res 2002;762:12-8.

[41] MPD, Mouse Phenome Database, The Jackson Laboratory, Bar Arbor,
Mainne, USA; 2001 (http://phenome.jaxorg/pub-cgi/phenome/mpdcgi)
[accessed September 2006].

[42] Murphy NP, Lam HA, Maidment NT. A comparison of morphine-induced
locomotor activity and mesolimbic dopamine release in C57BL6 129Sv
and DBA2 mice. J Neurochem 2001;79:626-35.

[43] Negroni J, Venault P, Pardon MC, Perez-Diaz F, Chapouthier G, Cohen-
Salmon C. Chronic ultra-mild stress improves locomotor performance of
B6D2F1 mice in a motor risk situation. Behav Brain Res 2004;155:265-73.

[44] Olivier B, Bouwknecht JA, Pattij T, Leahy C, van Oorschot R,
Zethof TJ. GABAA-benzodiazepine receptor complex ligands and stress-
induced hyperthermia in singly housed mice. Pharmacol Biochem Behav
2002;72:179-88.

[45] Ohl F, Sillaber I, Binder E, Keck ME, Holsboer F. Differential analysis
of behavior and diazepam-induced alterations in C57BL/6N and BALB/c
mice using the modified hole board test. J Psychiatr Res 2001;35:147-54.

[46] Owen EH, Logue SF, Rasmussen DL, Wehner JM. Assessment of learning
by the Morris water task and fear conditioning in inbred mouse strains and
F1 hybrids: implications of genetic background for single gene mutations
and quantitative trait loci analyses. Neuroscience 1997;80:1087-99.

[47] Paulus MP, Dulawa SC, Ralph RJ, Geyer M. Behavioural organization is
independent of locomotor activity in 129 and C57 mouse strains. Brain Res
1999;835:27-36.

[48] Prut L, Belzung C. The open field as a paradigm to measure the effects
of drugs on anxiety-like behaviors: a review. Eur J Pharmacol 2003;463:
3-33.

[49] Rodgers RJ, Boullier E, Chatzimichalaki P, Cooper GD, Shorten A. Con-
trasting phenotypes of C57BL/6JOlaHsd 129S2/SvHsd and 129/SvEv mice
in two exploration-based tests of anxiety-related behaviour. Physiol Behav
2002;77:301-10.

[50] Rogers DC, Jones DN, Nelson PR, Jones CM, Quilter CA, Robinson TL,
et al. Use of SHIRPA and discriminant analysis to characterise marked
differences in the behavioural phenotype of six inbred mouse strains. Behav
Brain Res 1999;105:207-17.

[51] SarnaJR, Dyck RH, Whishaw IQ. The Dalila effects: C57BL6 mice barber
whiskers by plucking. Behav Brain Res 2000;108:39-45.

[52] Schneider I, Tirsch WS, Faus-Kessler T, Becker L, Kling E, Busse RL,
et al. Systematic, standardized and comprehensive neurological phenotyp-
ing of inbred mice strains in the German Mouse Clinic. J Neurosci Meth
2006;157:82-90.

[53] Talbot CJ, Radcliffe RA, Fullerton J, Hitzemann R, Wehner JM, Flint J.
Fine scale mapping of a genetic locus for conditioned fear. Mamm Genome
2003;14:223-30.

[54] Tang X, Sanford LD. Home cage activity and activity-based measures
of anxiety in 129P3/J 129X1/Sv] and C57BL/6J mice. Physiol Behav
2005;84:105-15.

[55] Van der Meer M, Baumans V, Olivier B, Kruitwagen CL, Van Dijk JE,
Van Zutphen LF. Behavioral and physiological effects of biotechnol-
ogy procedures used for gene targeting in mice. Physiol Behav 2001;73:
719-30.

[56] Voikar V, Koks S, Vasar E, Rauvala H. Strain and gender differences in
the behavior of mouse lines commonly used in transgenic studies. Physiol
Behav 2001;72:271-81.

[57] Voikar V, Vasar E, Rauvala H. Behavioral alterations induced by repeated
testing in C57BL/6J and 129S2/Sv mice: implications for phenotyping
screens. Genes Brain Behav 2004;3:27-38.

[58] Wahlsten D, Rustay NR, Metten P, Crabbe JC. In search of a better mouse
test. Trends Neurosci 2003;26:132-6.

[59] Yilmazer-Hanke DM, Roskoden T, Zilles K, Schwegler H. Anxiety-related
behavior and densities of glutamate, GABAA, acetylcholine and serotonin
receptors in the amygdala of seven inbred mouse strains. Behav Brain Res
2003;145:145-59.


http://www.informatics.jax.org/
http://phenome.jaxorg/pub-cgi/phenome/mpdcgi

	Influence of paternal genotypes on F1 behaviors: Lessons from several mouse strains
	Introduction
	Materials and methods
	Animals
	Behavioral testing and apparatus
	Barbering and aggression analysis
	Statistical analysis

	Results
	Discussion
	Acknowledgement
	References


