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Abstract

The Eph family of receptor tyrosine kinases play key roles in both the patterning of the developing
nervous system and neural plasticity in the mature brain. To determine functions of ephrin-A5, a
GPI-linked ligand to the Eph receptors, in animal behavior regulations, we examined effects of its
inactivation on male mouse aggression. When tested in the resident-intruder paradigm for
offensive aggression, ephrin-A5-mutant animals (ephrin-A5~/") exhibited severe reduction in
conspecific aggression compared to wild-type controls. On the contrary, defensive aggression in
the form of target biting was higher in ephrin-A5~/~ mice, indicating that the mutant mice are
capable of attacking behavior. In addition, given the critical role of olfaction in aggressive
behavior, we examined the ability of the ephrin-A5~/~ mice to smell and found no differences
between the mutant and control animals. Testosterone levels in the mutant mice were also found to
be within the normal range. Taken together, our data reveal a new role of ephrin-A5 in the
regulation of aggressive behavior in mice.
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1. Introduction

Aggressive behavior is defined as behavior that occurs when a conflict between the interest
of two individuals exists [1, 2]. Appropriate levels of aggression may be viewed as a
universal fitness trait which enables survival, whereas exaggerated levels can
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inappropriately harm or even cause death of the individual involved [3]. Animal studies
classified male aggression into two major categories: offensive and defensive, which differ
in their motive, site and intensity of attack, and outcomes [4, 5]. Offensive aggression is also
known as inter-male aggression and occurs in response to challenges over resources (i.e.,
territory). It involves attack toward the back and flank of the opponent [5, 6]. In rodents,
offensive aggression is used to gain dominant status and access to sexually active females
[1]. In laboratory research, the resident-intruder (RI) model is commonly used to study
offensive aggression [7]. Defensive aggression, also known as fear-induced aggression [7],
occurs in the presence of a stimulus that is considered dangerous to the animal. Here, the
animal will first try to avoid the threat and will attack only if escape is not possible. This
type of aggression may elicit submissive posture or, if the threat persists, attacks directed
toward the nearest offending body parts, which are usually the head and snout [8]. The target
biting test has been used to measure this type of aggressive behavior in rodents [9, 10].

Different brain regions and signaling molecules are linked to aggression including the
hypothalamus, medial amygdala (MEA), lateral septum (LAS), periaqueductal grey (PAG)
and the bed nucleus of the stria terminalis (BNST) [1, 2, 4]. Studies in rats identified a
broadly distributed “hypothalamic attack area” (HAA) from which electrical and
pharmacological stimulation elicited attacks, and lesions reduced it [4, 11]. The HAA
includes the lateral part of the anterior hypothalamus (AH), the ventromedial nucleus of the
hypothalamus (VMN) and the ventral part of the lateral hypothalamus [1]. It has been
suggested that under normal conditions, this area controls whether agonist behavior is
appropriate or not, but when stimulated the animal will attack even when not suitable [12].
Recently, Lin et al. [13] identified an aggression locus in the mouse ventrolateral
subdivision of the ventromedial hypothalamus (VMHuvI) that corresponds to the HAA of the
rat.

In this study, we found that ephrin-A5, a ligand of the Eph receptor tyrosine kinase family,
is important for the development of aggressive behavior in mice. The Eph receptors and
their ephrin ligands are the largest family of receptor tyrosine kinases with 14 receptors and
8 ligands in mammals [14]. Members of this family are divided into the EphA/ephrin-A and
EphB/ephrin-B subclass based on structural homology and binding affinities [15]. In general
A-class receptors bind to all A ligands and B-class receptors bind to all B ligands. However,
some exceptions exist, specifically, EphB2 can bind to ephrin-A5 and EphA4 can bind to all
the class B ligands [16, 17]. Both receptor and ligand are anchored to the membrane
resulting in signal transduction that can propagate into both receptor and ligand-expressing
cells. These singling events have been implicated in various biological responses including
proper development of the central nervous system and blood vessel formation [17-19]. In
addition, several Eph receptors have been shown to regulate the proper development of
motor and social behavior in mice [20-22]. We have previously shown that EphA5
inactivation caused a decrease in aggressive behavior in mice [23]. In the current study, we
report that inter-male, offensive aggression is severely reduced in male mice lacking ephrin-
A5 (ephrin-A5~7). This does not appear to be related to an inability to attack, since during
the target biting test, ephrin-A5~~ mice exhibited increased target biting. In addition,
testosterone levels and general olfaction were normal in the null mice indicating that their

Behav Brain Res. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sheleg et al.

Page 3

ability to smell and recognize the presence of the intruder is intact. Taken together our data
reveal an important role of ephrin-A5 in aggressive behavior.

2. Materials and Methods

2.1 Animals

Both wild-type and ephrin-A5~/~ animals used for this study were generated from litter
mates on a mixed background (C57BL/6 and 129/SV) as described previously[24, 25], since
backcrossing into pure C57BL/6 background leads to embryonic lethality (data not shown).
Mice were maintained on a 12 h light/dark reverse cycle (lights off from 07:00 to 19:00 h),
and had free access to food and water. The temperature was maintained at 25 °C. All
behavioral experiments were performed during the first phase of the dark cycle.

2.2 Resident-intruder (RI) aggression test

Adult (p>60 days) ephrin-A5~~ and wild-type male mice (n=9 per genotype) were used as
the residents and were individually housed for two weeks. Since territoriality is based
strongly on the presence of olfactory cues [26], bedding was not changed in the week before
testing. Each resident was than confronted in its home cage with a group housed (4-5 mice
per cage) male intruder, that was age and genotype matched to the resident, for 10 minutes.
During the test, the latency to the first attack as well as the number of attacks were recorded.
For resident intruder test, using a zinc sulfate treated intruder, a new set of adult (p>60 days)
ephrin-A5~/~ and wild-type male mice (n=10 per genotype) were used as the residents and
group housed (4-5 mice per cage) zinc-sulfate-treated wild-type males were used as the
intruders. In addition, we measured the number of times the resident spent in non-aggressive
exploratory face and anogenital sniffing of the intruder.

2.3 Target biting defensive aggression test

Adult (p>60 days) ephrin-A5~~ (n=9) and wild-type (n=10) male mice were tested in the
target biting test as described previously [27]. Briefly, mice were confined in a plastic
cylinder (2.8 cm inner diameter; 9.8 cm long) with their tails passed through a slot at the rear
of the cylinder and taped to 2 brass bar electrodes. The cylinder was placed in a chamber
with a biting target in front of the mouse. The test session lasted 20 minutes with 10 two-
minute trials. During the test the mice received a tone-conditioned stimulus (CS) for 15
seconds which terminated with the onset of a 2 mA, 0.15 sec tail shock. The number of
times the mouse bit the target was collected in eight 15 sec bins over the two-minute trials
and cumulated over the 20-minute session. The number of times the animal bit the target
was recorded per bin. The number of bites from bins 2—7 was averaged and the data was
analyzed as target bites in 3 bins (bin1, bin2-7 and bin8).

2.4 Zinc sulfate treatment

Intranasal instillation was performed as described previously [28]. Briefly, animals were
lightly anesthetized with ketamine and an Eppendorf microloader (Eppendorf Hauppauge,
NY) attached to a Hamilton syringe containing 0.15 ul of 5% zinc sulfate (Sigma, St. Louis,
MO) was inserted 7 mm into one naris. The mouse was placed on its back for five minutes
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and then rotated to its side for another 20 min. The procedure was then repeated for the other
naris.

2.5 Olfactory-guided foraging test

The test was performed as described previously [29, 30] with some modification. Briefly,
individually housed ephrin-A5~/~and wild-type male mice (n=8 per genotype) were
provided with flavored cereal in their home cage for 5 days. Food was then withheld and
testing began 24 hours later. Each mouse was then transferred to a holding cage and a piece
of flavored cereal was placed on the surface of the cage bedding. The latency to locate the
cereal was recorded and the mouse was returned to his home cage. This procedure was then
repeated three times with the cereal buried in different positions of the cage about 2 cm
beneath the bedding.

2.6 Olfactory habituation-dishabituation test

The olfactory habituation-dishabituation test was adapted from previously published reports
[29-31]. Briefly, ephrin-A5~/~ (n=9), and wild-type (n=10) mice were presented in their
home cage with a cotton swab dipped in water. The animal was allowed to explore it for 2
minutes and the procedure was repeated 2 more times at 1 minute intervals. On the fourth
trial, the cotton swab was laced with urine from male mice and the procedure was repeated
for 2 more times for a total of 6 trials. During each 2 minute presentation the total number of
investigatory sniffs (defined as nasal contact with the cotton swab) was recorded. Urine was
collected from ten gonadally intact males by holding the mouse by the scruff of the neck
over a funnel and applying pressure on the abdomen. Samples were pooled and stored at
-80° C until use.

2.7 Male-female recognition test

Male ephrin-A5~~, and wild-type mice (n=9 per genotype) were tested for their preference
to male verses female mice using a social chamber. The chamber was a 40 cmx40 cmx36.6
cm Plexiglas chamber with a stainless steel grid floor. On two opposite corners of the
chamber there were two cylinders, 11 cm in diameter and 13 cm tall, made of the same
stainless steel grid as the floor. An adult wild-type male mouse was placed in one of the
cylinders and an adult wild-type female mouse in the second one. Each mouse was given a
15-minute habituation period to explore the empty chamber before the start of the trial. The
test begins when a mouse was placed in the center of the chamber and allowed to explore it
for 15 minutes. Each time the subject placed one or both paws on a cylinder a contact was
recorded. The number of contacts as well as the time spent near either the male or female-
containing cylinder was recorded.

2.8 Testosterone ELISA

Blood samples were collected into 1.5 Eppendorf tubes or BD Vacutainer® SST™ serum
separation tubes (BD, Franklin Lakes, New Jersey), by cardiac puncture from adults (p=70
+5 days) ephrin-A5~/~ (n=13), and wild-type (n=15) male mice and allowed to clot. The
blood was then centrifuged to isolate the serum, which was then extracted using diethyl
ether (Sigma, St. Louis, MO). Testosterone concentrations were measured using a
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commercially available competitive ELISA kit (Cayman Chemical Ann Arbor, MI, Cat No.
582701).

2.9 Statistical analysis

3. Results

Data were analyzed using Statview statistical software. An unpaired Student's t-test was
used for two samples comparisons (resident intruder test, olfactory foraging test, olfactory
habituation-dishabituation test, male-female recognition test and testosterone levels) and a
repeated-measures analysis of variance (ANOVA) was used to analyze target biting. The
results are expressed as mean + SEM and p < 0.05 was considered significant.

3.1 Reduced inter-male (offensive) aggression in ephrin-A5~~ mice

In order to evaluate roles of ephrin-A5 in animal behavior regulations, we examined effects
of its inactivation on mouse motor activity, spatial learning, and aggression. We found no
defects in motor activity except a mild hyperactivity [25] and no significant differences in
spatial learning between ephrin-A5~~ and wild type control mice (data not shown). In
contrast, our analysis revealed a striking absence of fighting in ephrin-A5~/~ mice (Figure
1). Wild-type mice took an average of 90 seconds to initiate a fight (Figure 1A) and fought
about 8 times per 10-min test session (Figure 1B), whereas null mice did not fight at all.
Since it has been shown that individual differences can elicit different responses from the
resident [7, 32], we wanted to confirm that the lack of aggression is indeed due to behavioral
changes in the resident and not differences in the non-test intruders. Therefore, we repeated
the RI test using a zinc-sulfate treated anosmic, wild-type mice as an intruder (Figure 2).
Supporting our previous results, ephrin-A5~/~ mice displayed a large decrease in inter-male
aggression toward an anosmic intruder. Only two out of ten null mice engaged in aggressive
behavior compared to eight out of ten wild-type mice (Figure 2A) and those that did fight
had a significant increase in the latency to the first attack (t=4.31, p=0.0004) (Figure 2B)
and a significant decrease in the number of fights (t=—5.20, p<0.0001) (Figure 2C). Taken
together, our data show that loss of ephrin-A5 caused significant decrease in inter-male
aggression.

3.2 Investigatory sniffs during the resident intruder test

In order to confirm that the null mice are able to recognize the presence of another animal in
their home cage, investigatory behavior in the form of face and anogenital sniffs was
monitored during the RI test. As illustrated in figure 3, both genotypes had high levels of
investigatory sniffs, but the null mice showed a significant increase in sniffs [F(1,18)=16.12,
p=0.0008]. This increase in non-aggressive behavior and decrease in aggressive fights were
reported previously in TNF-receptor-deficiency mice [33] and might be due to differences in
social interactions between the genotypes. While the wild-type mice engaged in aggressive
attacks, the null mice were involved in investigatory sniffs.
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3.3 No differences in olfactory-guided foraging and habituation-dishabituation tasks
between ephrin-A5~/~ and wild-type mice

The olfactory-guided foraging test is based on the mouse ability to use olfactory cues for
foraging [30]. In this test the animal uses odor cues to locate food hidden underneath the
bedding. An inability or a delay in the time it takes to locate the food is used as an indicator
of dysfunctional olfactory behavior [30]. The test began when the mouse was transferred to
a holding cage and a piece of flavored cereal was placed on the surface of the cage bedding.
The latency to locate the cereal was recorded and the mouse was returned to his home cage.
This procedure was then repeated three times with the cereal buried in different positions of
the cage underneath the bedding. There were no significant differences between the
genotypes [F(1,14)=0.19, p=0.67]. Both ephrin-A5~~ and wild-type mice located the food
placed on the surface as well as buried underneath the bedding as rapidly (Figure 4A and B),
suggesting that the general ability to smell is intact in the null mice.

In the habituation-dishabituation test, investigatory sniffs were recorded in six trials
consisted of three presentations of water, followed by three presentations of male urine.
Upon initial presentation of the cotton swab (dipped in water) both genotype showed high
levels of investigatory sniffs (Figure 5). This exploratory activity was induced by the
novelty of the cotton swab (since water doesn’t have an odor) and declined across the
second and third exposure to the water (habituation). Next, the introduction of male urine on
the swab elicited significantly higher number of sniffs (dishabituation) then the water
(p<0.0001) suggesting that the animals were able to smell and distinguish between the water
and the urine. Finally, both genotyped habituated to the urine odor, indicated by a decline in
the number of sniffs over the last three trials. Although there was no genotypic effect across
all six trials [F(1,17)=0.003, p=0.96], a significant effect of trial was found [F(5,85)=45.75,
p<0.0001] suggesting that both ephrin-A5~~ and wild-type mice were able to recognize the
new odor.

3.4 No defects in male-female recognition task in ephrin-A5~~ mice

To investigate whether the loss of aggression in ephrin-A5~/~ mice is due to loss of sex
discrimination, we simultaneously introduce a female and a male mouse to each genotype
and monitor their preference using a social chamber. Both ephrin-A5~/~ and wild-type mice
spent on average about 65 percent of the time investigating a female. There were no
significant differences in the percentage of number of female cylinder touches (Figure 6A;
t=0.67, p=0.51) nor in the percentage of time touching a female cylinder (Figure 6B; t=
-0.47, p=0.65) between the genotypes (Figure 6). These data suggest that both genotypes
are able to distinguish between a male and a female.

3.5 Increased defensive aggression in ephrin-A5~~ mice

To determine whether the reduction of offensive aggression is due to a general lack of
aggression, we measured defensive aggression using the target-biting test (Figure 7). Ephrin-
A5~ mice had significant higher cumulative number of target biting in the 20 min session
compared to wild-type mice (t=3.71, p=0.002) (Figure 7A). In addition, a repeated measure
ANOVA was used to analyze the average number of target bites over the 3 bins and there
was an overall significant effect of genotype [F(1,17)=6.43, p=0.02] and bin [F(2,34)=18.70,
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p<0.0001] (Figure 7B). Post hoc analysis revealed that null mice bite the target significantly
more on bin 2—7 (p=0.0005) and bin 8 (p=0.046) compared to wild-type controls. In
addition, target biting following the shock (binl) was higher than target biting during the
inter-shock interval (bin2-8) (p=0.0002) and during the tone CS (bin8) (p<0.0001). These
three distinct rates of target biting behavior are in agreement with previously published
report [10, 27].

3.6 Testosterone levels are comparable between ephrin-A5~~ and wild-type mice

Testosterone is critical to male aggression [34-36]. To examine whether the loss of ephrin-
Ab alters testosterone production, we measured testosterone levels in serum of male ephrin-
A5/~ and wild-type mice. No differences were found between the two genotype (Figure 8;
t=—0.60, p=0.55). However, both null and wild-type mice had high variation in blood
testosterone levels, this variation was reported previously in other strains of mice [37-39].
Since hemolysis, the breakdown of erythrocytes with subsequent release of their
intracellular contents, might interfere with the test results [40], we repeated the experiment
using the BD Vacutainer® SST™ serum separation tubes. These tubes were used in order to
minimize the presence of red blood cells in the sample. No differences were found in
testosterone levels and/or variation when using these tubes (data not shown). Therefore our
results (Figure 8) represent data from both experiments and show that testosterone levels are
not affected by loss of ephrin-A5.

4. Discussion

In this study we observed that inactivation of ephrin-A5 in male mice results in a major
reduction in offensive aggressive behavior toward an intruder male. When tested with age
and genotype matched intruders, none of the ephrin-A5~/~ animals engaged in attack
behavior. It has been reported that the level of aggressive behavior is influenced by the
intruder; changes in social investigation, movement and pheromones led to different
responses from the resident [7, 32]. For example, castrated mice do not produce the
pheromones that induce aggression and therefore failed to stimulate fighting in the RI test
[32]. Thus, it is possible that the lack of aggression in the null mice was due to lack of
stimuli from the null intruder that can be either behavioral or hormonal. To eliminate these
possibilities, we used zinc sulfate-treated wild-type intruders. Intranasal zinc sulfate
application has been shown to cause anosmia by destroying the olfactory epithelium [41].
Rodents treated with zinc sulfate failed to initiate a fight but elicited similar responses from
the resident as non-anosmic intruders [42]. Under these conditions, ephrin-A5~~ mice were
still less aggressive then wild-type controls, suggesting that the reduced aggression is due to
behavioral changes in the resident and not individual differences from the intruders.

Individual recognition and gender discrimination were found to be important for the onset of
aggression in rodents. An increase in investigatory sniffing often occurs before aggressive
encounters in mice, suggesting that the recognition of the mouse as a “stranger” is important
[43]. In addition, the detection of male olfactory cues is essential for sex discrimination and
mice that are unable to detect them cannot discriminate males from females and will not
engage in inter-male aggression [44]. Thus, activation of the olfactory system by male
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pheromone has been shown to influence aggression [45]. For example, masking animals'
natural odor by artificial scents increased the latency to the first attack and reduced the
number of attacks in the RI assay [46]. In addition, surgical removal of the olfactory bulb
[46] as well as anosmia [47], produced by intranasal application of zinc sulfate, completely
abolished the initiation of aggressive behavior in rodents. Finally, mice lacking functional
cyclic nucleotide—gated channel a2 (CNGAZ2), which is required for the odor-evoked main
olfactory epithelium signaling, or TRP2, a putative ion channel that is expressed exclusively
in the vomeronasal organ, failed to display inter-male aggression in the RI test [44, 48]. As
such, chemosensory cues are required for proper aggressive behavior in animals. These cues
are detected by sensory neurons in two olfactory organs: the main olfactory epithelium
(MOE) and the vomeronasal organ (VNO), and proceed to the main olfactory bulb and the
accessory olfactory bulb respectively [49]. From here the signals are sent to specific brain
regions which translate them into the appropriate behavioral response [2]. Recently, one of
these regions was identified in the ventrolateral subdivision of the ventromedial
hypothalamus (VMHuvI) [13]. In that study, optogenetic stimulation of the VMHuvI initiated
aggressive behavior from a resident mouse toward intruders that under unstimulated/normal
conditions would not elicit attack, while genetic inhibition of VMHvI neuronal activity
prevented attacks even toward an intruder male. Furthermore, cells within the VMHvI that
are activated during male aggressive behavior are mostly distinct from those that are
activated during mating, suggesting that stimuli from a male intruder processed differently
than those from a female intruder, and therefore produced different responses [13]. Further
analysis of the VMHUVI activity suggested that these neurons play a role in signaling the
presence of a male olfactory cues and converting them into the appropriate social behavior,
i.e. attack [50].

Ephrin-AS5 is expressed in the olfactory system [51-53] and has been shown to play a role in
the formation of proper olfactory sensory axon terminal mapping in the main and accessory
olfactory bulb [51, 54]. Mice deficient in both ephrin-A3 and ephrin-A5 have a posterior
shift in the location of two different glomerular targets in the olfactory bulb, and mice with
single mutant for ephrin-A5 have misprojection of the VNO axons to the AOB. In the
current study we did not detect significant genotype-dependent differences in the general
olfactory behavior. Olfactory-guided foraging and the habituation to a new olfactory
stimulus were comparable between the genotypes. In addition, both ephrin-A5~/~ and wild-
type male mice preferred female mice, suggesting that gender discrimination is intact. Thus
the ability to detect chemosensory cues from the environment seems normal in the null mice.
However, it is possible that specific connection to the hypothalamic aggression center is
disrupted in these mice. This remains to be established in future studies.

In contrast to olfaction, visual cues do not seem to be involved in the development of
offensive aggression; blind mice initiated aggressive behavior towards an unfamiliar male
similar to a mouse without vision impairments [43] indicating that this behavior is mediated
by olfactory cues. However, since previously, we have reported that ephrin-A5~/~ mice
developed ocular abnormalities [55, 56], we wanted to confirm that the lack of aggression is
not due to the inability of the mice to see the intruder. Indeed, ephrin-A5~/~ mice, despite
the vision impairments, investigated the intruder when introduced into their home cage,
suggesting that they were able to sense the presence of another animal in their cage.
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We have also shown that ephrin-A5 deletion caused increased target biting compared to
wild-type controls. The presence of normal and even exaggerated levels of defensive
aggression demonstrate that ephrin-A5~/~ mice are capable of attack behavior and therefore
the lack of aggression toward an intruder male is not due to potential neuromuscular defects
[57]

The influence of testosterone on male aggression has been studied extensively [2, 34-36]. In
human, males between the ages of 12 to 25 are more likely to commit a crime, a pattern that
was referred to as the “Young Male syndrome” [58], and occurs in concert with puberty and
the rise of testosterone levels in the blood [58]. In rodents, castration reduced inter-male
aggression, while testosterone supplementation restored it [6, 59—62]. In addition,
testosterone treatment of wild-type mice but not mice that lack 5a-reductase, the enzyme
that convert testosterone to its metabolite, increased aggressive behavior toward an intruder
male [35], and conditional inactivation of the androgen receptor in the nervous system
reduced it [63]. Finally, administration of anabolic androgenic steroids (AAS), a synthetic
derivative of testosterone, increased aggression in animals [64—66]. However, we observed
no significant differences in serum testosterone between wild-type and ephrin-A5 null mice.

In conclusion, this study identifies ephrin-Ab5, as a regulator of aggressive behavior in mice.
In the absence of ephrin-A5, inter-male, offensive aggression is severely reduced and
defensive aggression in the form of target biting is exaggerated. These observations are
consistent with our previous findings that inactivation of EphA5, a receptor of ephrin-A5,
also reduced inter-male aggression [23], suggesting that ephrin-A5/EphA5 signaling
modulates neural pathways in brain regions that control aggression. Ephrin-A5 has been
shown to regulate neural progenitor cell production [67], interneuron migration [68] and
neuronal dendritic arborization [69]. Future studies will reveal which specific functions are
required for the regulation of aggressive behavior.
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Figure 1. Loss of inter-male aggression in ephrin-AS'/‘ mice
Inter-male aggression of ephrin-A5~/~ and wild-type mice was tested in the resident-intruder

paradigm. Ephrin-A5~/~ male did not exhibit aggressive behavior toward an intruder male.
(A, B) Wild-type males attacked male intruders with an average latency to the first attack of
90 seconds (A) and an average of 8 attacks per 10 minutes test (B) compared to no attacks
by the null male mice.

n= 9 per genotype. Data are presented as mean +SEM.
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Figure 2. Decreased aggression toward an anosmic mice in ephrin-AB'/‘ male mice
Inter-male aggression of ephrin-A5~/~ and wild-type male mice toward a zinc sulfate treated

anosmic intruder was measured in the resident intruder test.

(A) Only two out of ten null mice engaged in aggressive behavior compared to eight out of
ten wild-type mice. Data are presented as percent of animals that fought.

(B, C) Ephrin-A5~~ mice had increased latency to the first attack (B) as well as reduced
number of attacks (C) compared to wild-type control.

n= 10 per genotype. Data are presented as mean +SEM. * indicates significantly different
from wild-type; p<0.001.
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Figure 3. Ephrin-AS‘/' mice showed high levels of non-aggressive investigatory sniffs during the
RI test

Both genotypes were able to recognize the presence of an intruder as revealed by the number
of face and ano-geno sniffs during the RI test. Data are presented as the mean number of
sniffs +SEM.

n= 10 per genotype. * indicates significantly different from wild-type; p<0.05.
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Figure 4. No differences in the olfactory foraging test between the genotypes
Olfactory-guided foraging was tested in ephrin-A5~/~ and wild-type male mice (n=8 per

genotype).

(A, B) Both genotypes were able to locate the flavored cereal when placed on the surface
(A) or buried beneath the bedding (B)

n= 8 per genotype. Data are presented as the time required by the mice to locate the flavored
cereal (sec) +SEM.
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Figure 5. No differences in the olfactory habituation-dishabituation test between the genotypes
Both eprin-A5~/~ and wild-type male mice showed increase of sniffing upon the
presentation of the new odor, male urine (dishabituation), and a decrease in subsequent

presentations (habituation).
Ephrin-A5~~n=9; wild-type, n=10. Data are presented as the mean number of sniffs +SEM.
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Figure 6. No defects in male-female recognition task in ephrin-AS_/_ mice
Ephrin-A5~/~ and wild-type male mice were tested for their preference toward male or

female mice in a social chamber. Both genotypes showed preference toward female mice.
All male animals touched the female containing cylinder more than the one with the male
and spent on average about 65 percent of the time investigating it.

n= 10 per genotype. Data are presented as percent of female cylinder touches (left panel) or
percentage of time (right panel) +SEM.
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Figure 7. Increased target biting in ephrin-AS'/‘ mice
Defensive aggression was measured in ephrin-A5~~ and wild-type male mice in the target

biting test.
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(A) Ephrin-A5~/~ mice had increased cumulative target biting during the 20 minutes test

compared to wild-type controls. Data are presented as mean number of bites.

(B) Analysis of target biting per bin. Ephrin-A5~~ mice bite the target significantly more on
bin 2—7 and bin 8 compared to wild-type controls. In addition, both genotypes bite the target
more in bin 1 compared to bin 2-7 and bin 8. Data are presented as mean number of bites
per bin.Ephrin-A5~7~n=9; wild-type, n=10. * indicates significantly different from wild-

type; p<0.05.** indicates significantly different from bin 1; p<0.05.
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Figure 8. Testosterone levels in ephrin-AS‘/‘ mice are within the range of wild-type control mice
Testosterone levels were measured in serum of ephrin-A5~/~ and wild-type male mice. No

differences were found in testosterone levels and/or variation between null and wild-type
mice.

Ephrin-A57~n=13; wild-type, n=15.

Data are presented as individual testosterone levels (pg/ml). Lines represent the mean
testosterone levels + SEM.
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