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Abstract

One of the most prevalent deficits in autism spectrum disorder (ASD) are sensitivities to sensory stimuli.
Despite the prevalence of sensory deficits in autism, there are few paradigms capable of easily assessing sen-
sory behaviors in ASD-like mouse models. We addressed this need by creating the Somatosensory Nose-
poke Adapted Paradigm (SNAP), which consists of an elevated platform with 6 holes in the center, half of
which are lined with sandpaper and half are smooth, requiring mice to use their whiskers to sense the texture.
The SNAP paradigm assesses tactile sensory preferences as well as stereotypy, anxiety, and locomotion. We
used two wild-type (neurotypical) mouse strains, C57BL/6J (C57) inbred and CD-1 outbred mice, and two
ASD mouse models, BTBR (a model of idiopathic ASD) and Cntnap2�/� mice (a model of syndromic ASD). We
found that both ASD models produced more nose pokes into the rough condition than the smooth condition,
suggesting an increased preference for complex tactile stimulation when compared with the neurotypical
groups, wherein no differences were observed. Furthermore, we found increased stereotypy and time spent in
the center, suggestive of decreased anxiety, only for BTBR mice compared with the other mouse strains.
Overall, SNAP is an easy to implement task to assess the degree of preference for complex tactile stimulation
in ASD mouse models that can be further modified to exclude possible confounding effects of novelty or anxi-
ety on the sensory preferences.
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Significance Statement

Despite sensory deficits occurring in 90% of individuals with autism spectrum disorder (ASD), there are few
behavioral sensory tasks available. To address this need, we developed a tactile sensory task, called the
Somatosensory Nose-poke Adapted Paradigm (SNAP) that harnesses innate behavior, is easy to imple-
ment, and is not memory dependent. We assessed two neurotypical mouse strains: C57 and CD-1 mice,
and two ASD mouse models: BTBR and Cntnap2�/� mice. Both ASD models displayed preferences for
rough textures and interstrain differences in stereotypy, anxiety, and locomotion. SNAP is thus an easy to
implement test to assess differences in tactile sensory preferences in ASD mouse models.
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Introduction
Autism Spectrum Disorder (ASD) is a heterogenous neu-

rodevelopmental disorder that is found in one out of 44 chil-
dren (Maenner et al., 2021). The clinical diagnosis of ASD is
based on patterns of behavior that include socio-communi-
cative deficits, repetitive movements, and may also include
abnormalities in response to sensory stimulation (American
Psychiatric Association, 2013). Most of the research in both
mice and humans has focused on the social and communi-
cative deficits of ASD. Therefore, sensory abnormalities are
vastly understudied in ASD despite their occurrence in 90%
of patients (Robertson and Baron-Cohen, 2017; Mikkelsen
et al., 2018; Balasco et al., 2019; Dellapiazza et al., 2020).
Furthermore, sensory abnormalities have been shown to ex-
acerbate existing social abnormalities and worsen the autis-
tic phenotype (Marco et al., 2011; Balasco et al., 2019;
Dellapiazza et al., 2020). Thus, there is a significant need for
a greater understanding of sensory behaviors in ASD as
they may provide a gateway to a better overall understand-
ing of autism.
A leading reason why sensory behaviors are under-

studied in murine models is the lack of an easy to imple-
ment and effective sensory behavioral task, as most of
the available tactile tasks are complex and have signifi-
cant drawbacks. For instance, in one task mice are re-
strained and discriminate between different textures
using their whiskers, whereas in another, mice are placed
in a maze that they navigate based off of tactile cues
(Lipp and Van der Loos, 1991; Guic-Robles et al., 1992;
O’Connor et al., 2010). Both tasks require numerous train-
ing trials per animal, take significant time, and can stress
the animal. Considering these shortcomings, two re-
search teams modified the novel object recognition (NOR)
task to assess sensory behaviors. Wu et al. (2013) fo-
cused on tactile discrimination between various grits of
sandpapers, whereas Orefice et al. (2016) examined sen-
sory preference in ASD models using rough and smooth
blocks. Although these modifications simplified the tasks,
several disadvantages remain. For instance, both tasks
are based off a memory paradigm, therefore a learning or
memory impairment may complicate assessment. This is
particularly relevant in ASD, as numerous ASD models
have learning and memory deficits (Peñagarikano et al.,
2011; Amodeo et al., 2012; McTighe et al., 2013; Orefice
et al., 2016). Additionally, the novel object recognition-
based tasks are labor intensive, requiring several days of
training. Lastly, the tasks either assessed only glabrous
skin, as the whiskers were surgically removed before the

trial (Orefice et al., 2016), or lack tactile precision, as the
mice could interact with the objects using both whiskers
and paws (Wu et al., 2013). Since whiskers are the princi-
pal tactile sensory organ in mice and most analogous to
fingertips, the human primary tactile sensory organ, stud-
ies preferentially assessing whisker sensitivities may have
increased generalizability (Diamond et al., 2008; Adibi,
2019; Warren et al., 2021).
In light of these limitations, we developed a novel tactile

based paradigm, the Somatosensory Nose-poke Adapted
Paradigm (SNAP), that does not require training, animal
restraint, or surgery, is not memory-dependent, isolates
whiskers for tactile assessment, and is easy to implement
and cost/time effective. Since mice make and explore holes
in the ground to seek shelter or food, we created a paradigm
that harnesses this innate behavior and allows mice to ex-
plore premade holes (by poking their noses into them,
hence the term nose-poke) that were lined with different tex-
tures. This forced the mice to brush their whiskers across ei-
ther textured or smooth holes each time they made a nose
poke. The number of nose pokes made in smooth and tex-
tured holes was recorded along with the total number of
nose pokes made overall, the total distance traveled, and
the time spent in the center region of the chamber. We used
the SNAP paradigm to assess potential differences in tactile
sensory preferences in a classic idiopathic model of ASD
(BTBR mice) as well as in a prominent syndromic model of
ASD (Cntnap2�/� mice) and compared them to C57 inbred
and CD-1 outbred neurotypical mice. Our novel task de-
tected increased preference for complex tactile stimulation
in ASD-like mice when compared with neurotypical mice.
This newly developed task together with other behavioral
assays may help to better phenotype ASDmousemodels.

Materials and Methods
Subjects
C57BL/6J (C57), B6.129(Cg)-Cntnap2tm1Pele/J

(Cntnap2�/� mice), and BTBR T1 Itpr3tf/J (BTBR) mice
were purchased from The Jackson Laboratory, whereas
CD-1 mice were purchased from Charles River. These
strains were chosen to assess the validity of our behavioral
task in inbred (C57) and outbred (CD-1; neurotypical) mice
as well as in an idiopathic (BTBR) and a syndromic
(Cntnap2�/�) ASD model. A total of 81 mice were used: 21
C57BL/6J (11 males, 10 females), 18 CD-1 (nine males, nine
females), 22 Cntnap2�/� (11 males, 11 females), and 20
BTBRmice (10males, 10 females). Animals were tested dur-
ing the light cycle, between 1 and 4 P.M. and were five to six
weeks old. The mice were group-housed in a climate-con-
trolled colony room on a 12/12 h light/dark cycle with ad libi-
tum access to food and water. All test procedures were
conducted in compliance with the National Institutes of
Health Guidelines for the Care and Use of Laboratory
Animals and were approved by Yale University’s Institutional
Animal Care and Use Committee.

Experimental design for SNAP
Mice were habituated to the testing room for 30min.

They were then individually removed from their home
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cage and placed on a clear elevated platform (2 inches
high) that was made out of acrylic. The platform had six ¾
inches in diameter holes in the center with a depth of 1 cm
(Fig. 1A–C). Half of the holes were lined with 80 grit coarse
sandpaper (3M Pro Grade Precision), constituting a rough
condition, whereas the other half were not lined, constitut-
ing a smooth condition. The sandpaper was precisely cut
so it exactly fit each hole with no overlap. The pressure of
the sandpaper on the hole was sufficient to secure it so no
glue was necessary. The holes lined with sandpaper were
randomized between trials. Tape was attached underneath
the elevated platform to differentiate smooth from rough
holes to the experimenter. The sandpaper was replaced
with new sandpaper between testing days. The platform
was contained within a 17.5 inch (w) � 17.5 inch (l) � 24
inch (h) testing chamber made of opaque acrylic (Fig. 1A).
The platform formed the bottom of the chamber, so mice
were unable to crawl under the elevated platform. The mice
were allowed to explore the chamber for 5min and were
video-recorded with a high-definition IP camera (MegaVideo
AV2115DNAIv1, Arecont Vision) at a 20-Hz acquisition rate
that was mounted directly above the test chamber. Following
testing, the mice were removed from the chamber and
placed into a clean holding cage until all of the mice had
been tested, at which point they were returned to their home
cage. The apparatus was cleaned with 70% isopropyl alco-
hol between trials to eliminate any sensory cues. A trained
experimenter blind to the condition of the animal scored the
video, recording the number of nose pokes into the rough
and smooth holes. A hole poke consisted of the mouse pok-
ing their entire nose into the hole (up to their eyes), any parti-
al pokes were not scored. The total distance ran by each
mouse and the time spent in the center (8� 8 inches) region
were calculated using the ANY-maze software.

Statistical analysis
All data were analyzed using IBM SPSS Statistics 21.0

(IBM) or GraphPad Prism 7 software. A repeated measures
ANOVA was used to analyze differences in sensory prefer-
ences which was followed by Sidak post hoc tests to clarify
any significant interactions. ANOVA tests were used to

assess stereotypy (the total number of nose pokes pro-
duced), distance traveled, and the duration spent in the cen-
ter of the apparatus (an 8 � 8 inch region). Tukey’s HSD
post hoc test was used to clarify any significant interactions
for the ANOVAs. A value of p, 0.05 was considered
significant for each statistical test, with figures depict-
ing the mean 6 SEM.

Results
Behavioral sensory preference
C57BL/6J and CD-1 neurotypical mice and Cntnap2�/�

and BTBR ASD-like mice of similar ages were assessed
with the SNAP paradigm. They were tested in a chamber
containing an elevated platform with six ¾ inches in diam-
eter holes in its center. Half of the holes were lined with 80
coarse-grit sandpaper to create a rough texture and half
of the holes remained smooth. Abnormalities in response
to sensory stimulation were assessed by quantifying the
number of nose pokes made in rough and smooth holes.
When assessing sensory preference, we found a main ef-
fect for texture (F(1,73)¼ 78.59, p, 0.001), a main effect of
strain (F(3,73)¼ 34.98, p,0.001) and a texture by strain in-
teraction F(3,73)¼ 39.01, p, .001. No main effect of sex
was found (F(1,73)¼ 0.36, p¼ . 55) nor was there a texture
by sex (F(1,73)¼ 0.06, p¼ 0.81), strain by sex (F(3,73)¼ 0.09,
p¼ 0.97) or texture by strain by sex (F(3,73)¼ 0.36,
p¼ 0.78) interactions. Male and female data were thus
pooled. Sidak post hoc tests found that BTBR and
Cntnap2�/� mice produced significantly more nose-
pokes into rough holes than smooth holes (BTBR p,
0.001, Cntnap2�/� p, 0.0001), whereas both C57 and
CD-1 mice displayed no preference (p. 0.05; Fig. 2A).
Considering the differences in the number of nose-pokes

between mouse strains and to better illustrate the inter-
strain texture preferences, we calculated the percentage
of nose pokes made in each condition per mouse. We ran
a repeated measures ANOVA and found a main effect of
texture (F(1,73)¼ 36.04, p, 0.001) and a texture by strain
interaction (F(3,73)¼ 4.96, p¼ 0.003). No main effect of
strain (F(3,73)¼ 1.18, p¼ 0.32) nor sex (F(1,73)¼ 1.27,
p¼ 0.26) were found. There were also no texture by

Figure 1. Somatosensory Nose-poke Adapted paradigm (SNAP). A, Photograph illustrating the SNAP chamber consisting of a 17.5
inch (W) � 17.5 inch (L) � 24 inch (H) acrylic, open box. B, C, Photograph of the 2-inch elevated platform contained in the SNAP
chamber. The platform has six ¾ inches in diameter holes in the center. Half of the holes are lined with 80 grit sandpaper whereas
the other half do not.
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sex (F(1,73)¼ 0.35, p¼ . 56), strain by sex (F(3,73)¼ 1.18, p¼
0.32), texture by strain by sex (F(3,73)¼ 1.26, p¼ 0.30) in-
teractions. Sidak post hoc analyses found that BTBR and
Cntnap2�/� mice both produced a higher percentage of
rough nose pokes than smooth nose pokes (p, 0.0001)
while no differences were found between C57 and CD-1
mice (p.0.05; Fig. 2B). These data suggest that BTBR and
Cntnap2�/� mice display a tactile sensory alteration com-
pared with neurotypical mice.

Stereotypy assessment
The SNAP paradigm can also be used to assess stereoty-

py or the repetitive behavior of the mice, another key aspect
of ASD. To do this, the total number of nose pokes per group
was summed. We found a main effect of strain (strain:
F(3,73)¼ 34.98, p,0.001) but no main effect of sex (F(1,73)¼
0.36, p¼ 0.55), nor any strain by sex interaction (F(3,73)¼ 0.09,
p¼ 0.97). Tukey’s HSD post hoc analyses revealed that
BTBR mice produced more total nose pokes than any other
group (p, 0.0001). No differences were found between
Cntnap2�/�, CD-1, and C57mice (p. 0.05; Fig. 3A).

Duration in the center of chamber
We next analyzed the duration of time spent in the cen-

ter of the arena, an 8 � 8 inch region around the holes, to
ensure that all the mice interacted with the holes and to

Figure 3. Stereotypy, anxiety, and locomotion assessment in
SNAP. A, Bar graphs of the total number of nose pokes for
each mouse line. BTBR mice generated more nose pokes than
all other lines, indicative of increased stereotypy (difference be-
tween A and B notations for stereotypy, p, 0.0001). B, Bar
graphs of the time spent in the center of the paradigm, a mea-
sure of anxiety. BTBR mice spent more time in the center than
all other groups (difference between A and B notations for anxi-
ety, p, 001). C, Bar graphs of the distance traveled, a measure
of locomotion. C57 mice traveled significantly less than all
other groups (difference between A and B notations for loco-
motion p,0.0002). D, Representative track plots of C57,
CD-1, Cntnap2�/�, and BTBR mice. Data are represented as
the mean 6 SEM.

Figure 2. Behavioral sensory assessment. A, Bar graphs of the
number of nose pokes into rough and smooth holes, BTBR and
Cntnap2�/� produced more rough than smooth nose pokes rel-
ative to neurotypical mice, p, 0.001. B, Bar graphs of the per-
centage of nose pokes into rough and smooth holes, BTBR and
Cntnap2�/� produced a higher percentage of rough than smooth
nose pokes relative to neurotypical mice, p, 0.0001. Data are
represented as the mean 6 SEM.
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provide an approximation of anxiety. We found a main ef-
fect of strain (strain: F(3,73)¼ 10.56, p, 0.001) but no main
effect of sex (F(1,73)¼ 0.02, p¼ 0.90) nor any strain by sex
interaction (F(3,73)¼ 1.20, p¼ 0.32). A Tukey’s post hoc
test found that BTBR mice spent significantly more time in
the center of the chamber than the other groups (BTBR vs
Cntnap2�/�, p,0.001, BTBR vs CD-1, p, 0.0001, BTBR
vs C57, p, 0.001). There were no differences in time
spent in the center for C57, CD-1, and Cntnap2�/� mice
(p.0.05; Fig. 3B).

Distance traveled
Lastly, the total distance traveled in both groups was

assessed to verify that all the mice explored the chamber
and to provide an approximation of each group’s activity
levels. We found a main effect of strain (F(3,73)¼ 13.62,
p, 0.001) but no main effect of sex (F(1,73)¼ 0.64, p¼
0.43) nor any strain by sex interaction (F(3,73)¼ 0.011,
p¼ 0.99). Tukey’s HSD post hoc analyses found that C57
mice traveled a significantly shorter total distance than all
other groups (C57 vs CD-1, p, 0.001, C57 vs Cntnap2�/�,
p, 0.001, C57 vs BTBR, p, 0.0001). No other differen-
ces between strains were found (p. 0.05; Fig. 3C).
Representative track plots of each model are depicted
in Figure 3D.

Discussion
Here, we describe a novel sensory paradigm, the

Somatosensory Nose-poke Adapted Paradigm (SNAP).
SNAP utilizes natural mouse behaviors to efficiently as-
sess differences in tactile sensory preferences, with an
emphasis on complex sensory stimulation (i.e., sandpa-
per). Using SNAP, we investigated the behavior of ASD-
like mice (BTBR and Cntnap2�/�) that are widely used
ASD behavioral models with strong, but not identical,
ASD-like phenotypes. Furthermore, BTBR mice are a
model of idiopathic autism whereas Cntnap2�/� mice are
a model of syndromic autism (McFarlane et al., 2008;
Scattoni et al., 2008; Silverman et al., 2010).
Using SNAP, we found that both ASD models displayed

a nearly 2-fold preference for a rough texture versus a
smooth texture, whereas both C57 and CD-1 strains
showed no preference. These data suggest that both
BTBR and Cntnap2�/� mice have an increased prefer-
ence for complex tactile sensory stimulation compared
with neurotypical mice. One interpretation of these find-
ings is that the two ASD mouse models have abnormal-
ities in tactile sensory information processing compared
with neurotypical mice. An alternate interpretation is that
the rough condition may represent novelty and thus ani-
mals would prefer the novel rough condition that they
have not been exposed to. Although BTBR mice have
been shown to display novelty aversion (McTighe et al.,
2013), their response to novelty is unknown in the para-
digm used here. It is also unknown for Cntnap2�/� mice.
It may thus be important to limit the confounding effect of
novelty. To do this, the experimenter could increase the
amount of time for exploration (1 h instead of 5min) and
examine whether the sensory preference remains or goes
away; another option is to have a 1-h-long habituation

phase (either the same day or an earlier day) with the
holes and the different textures before testing. The novelty
effect and the design of the apparatus (holes in the center
of the platform) could also trigger anxiety and affect the
way animals perceive and respond to their environment
as well as the amount of time spent in the middle of the
arena. We found that BTBR mice spent a large amount of
time in the center of the chamber, suggestive of de-
creased anxiety. This finding is consistent with previously
reported decreased anxiety in BTBR mice using a differ-
ent task (Pobbe et al., 2011). By contrast, Cntnap2�/�

mice were indistinguishable from C57 mice in measures
of anxiety as previously reported using a different task
(Brunner et al., 2015; Sacai et al., 2020). One option to
mitigate the effect of anxiety would be to have the holes
uniformly distributed in the chamber and placed the plat-
form in a dark enclosure with a hole in the ceiling for an in-
frared camera.
We also reported increased stereotypy for BTBR mice

but not for Cntnap2�/� mice based on the number of total
nose pokes, consistent with previous reports of stereoty-
py for these mouse strains (Amodeo et al., 2012; Brunner
et al., 2015; Xing et al., 2019). For the BTBR mice, it is
possible that the increased stereotypy was partially be-
cause of an increased opportunity to make nose-pokes
since these mice remained longer in the center of the plat-
form. Uniformly distributing the holes throughout the cham-
ber as suggested above would address this issue. Finally,
we assessed locomotion and found that while BTBR and
Cntnap2�/� mice traveled significantly more than C57 mice,
the total distance traveled in ASD models was not dif-
ferent from CD-1 mice. Despite some of the shortcom-
ings listed above, our novel task, SNAP, offers a reliable
assessment of tactile sensory preferences, repetitive,
anxiogenic, and locomotor behaviors in an idiopathic
and a syndromic ASD mouse model. The proposed
modifications would help exclude possible confounding
effects of novelty and anxiety on the sensory preferen-
ces. This would allow us to conclude that the observed
differences in tactile sensory preferences were primarily
because of alterations in sensory processing.
In humans, ASD-associated sensory deficits can be

grouped into two overarching categories: hypersensitive,
defined as an exaggerated response to a sensory stimu-
lus that leads to stimulus avoidance, or hyposensitive, de-
fined as an interest in experiences that are prolonged or
intense which leads to sensation seeking behavior (Dunn,
1997; Ben-Sasson et al., 2009). Studies have found that
individuals with tactile hyposensitivity will excessively
touch objects in their environment to increase sensation
(Foss-Feig et al., 2012; Kellaher, 2015; Mikkelsen et al.,
2018). This closely resembles what we observed in our
study, as both ASD models produced more nose pokes in
the rough condition than the smooth condition, sugges-
tive of a sensation seeking behavior. However, our task
cannot identify the exact somatosensory mechanism
(e.g., hyposensitivity of tactile function or increased stim-
ulation-induced repetitive behavior) responsible for the
sensory preference, that would require additional stimula-
tion paradigms.
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Currently there are few murine behavioral sensory para-
digms available, and the existing paradigms have signifi-
cant limitations compared with SNAP. Both previously
described behavioral sensory paradigms are variations on
the novel object test (NOR), which is principally an as-
sessment of memory. Several murine models of ASD,
such as Fmr1, Mecp2, Shank3, Cntnap2�/�, and BTBR
mice are known to have deficits in memory and in behavioral
flexibility in learning tasks, which could impact the NOR-
based assessment of sensory behavior (Peñagarikano et al.,
2011; Amodeo et al., 2012; McTighe et al., 2013; Orefice et
al., 2016). SNAP utilizes an instinctual foraging behavior of
mice that is not memory dependent, avoiding this potential
confound. Both NOR tasks also require significant time, as
one paradigm consists of 2 habituation days and a test day
(totaling 33min per mouse, not including analysis; Wu et al.,
2013), whereas the other consists of 2 habituation days
and 3 test days with two session per day (totaling
95min per mouse, not including analysis; Orefice et
al., 2016). Conversely, SNAP is conducted in one 5-
min-long session followed by a 5 min analysis, making
it at least three to nine times faster than the other
paradigms. Even after adding a habituation day or
longer recording time, SNAP would be significantly
shorter than the other tasks. Lastly, the NOR-based
tasks are less precise than SNAP in terms of the sen-
sory organs tested. Previous studies either examined
tactile sensation via glabrous skin (after surgical re-
moval of the whiskers) or via both the skin (paws) and
whiskers (Wu et al., 2013; Orefice et al., 2016). In com-
parison, SNAP localizes the tactile sensory input to
the vibrissae, as only the mouse’s head goes into the
holes, thus only the whiskers brush against the differ-
ent textures. This distinction is important because
whiskers are considered to be the specialized touch
organs of mice (not glabrous skin) and are the equivalent
of fingertips in primates for tactile sensation suggestive of
a strong interspecies applicability of SNAP (Diamond et
al., 2008; Adibi, 2019; Warren et al., 2021).
In conclusion, alterations in sensory behaviors, particu-

larly in tactile sensory behaviors, are arguably one of the
most significant yet ambiguous phenotypes of ASD. In a
condition that truly exists as a spectrum, and is in large
part defined by its symptomatic variability, a surprising
90% of individuals with ASD present with sensory deficits
(Robertson and Baron-Cohen, 2017). These deficits nega-
tively impact individual’s quality of life and can worsen ex-
isting ASD pathology (Orefice et al., 2016). Despite the
importance of sensory abnormalities to ASD, there is a
surprising lack of sensory behavioral tasks in murine
models, limiting their elucidation and consequently,
the potential treatment options available. The SNAP
methodology addresses this need and is unparalleled
in its ease of use, efficiency, and sensory specificity.
Since tactile sensory abnormalities are not specific to
ASD, SNAP can also be used to assess tactile sensory
preferences in murine models of other conditions with
tactile sensory alterations such as attention deficit/hy-
peractivity disorder (ADHD), cerebral palsy, and ob-
sessive-compulsive disorder, among others (Hazen et

al., 2008; Cascio, 2010). Altogether, we believe that our
novel task will allow researchers to easily assess tactile sen-
sory preferences in addition to locomotion and stereotypy in
mice. In addition, the sensory stimuli and the task itself can
be readily modified to better distinguish any confounding ef-
fects of novelty or anxiety versus sensory abnormalities on
the sensory preference.

References

Adibi M (2019) Whisker-mediated touch system in rodents: from neu-
ron to behavior. Front Syst Neurosci 13:40.

American Psychiatric Association (2013) Diagnostic and statistical
manual of mental disorders (5th ed). https://doi.org/10.1176/appi.
books.9780890425596.

Amodeo DA, Jones JH, Sweeney JA, Ragozzino ME (2012)
Differences in BTBR T1 tf/J and C57BL/6J mice on probabilis-
tic reversal learning and stereotyped behaviors. Behav Brain
Res 227:64–72.

Balasco L, Provenzano G, Bozzi Y (2019) Sensory abnormalities in
autism spectrum disorders: a focus on the tactile domain, from ge-
netic mouse models to the clinic. Front Psychiatry 10:1016.

Ben-Sasson A, Hen L, Fluss R, Cermak SA, Engel-Yeger B, Gal E
(2009) A meta-analysis of sensory modulation symptoms in indi-
viduals with autism spectrum disorders. J Autism Dev Disord
39:1–11.

Brunner D, Kabitzke P, He D, Cox K, Thiede L, Hanania T, Sabath E,
Alexandrov V, Saxe M, Peles E, Mills A, Spooren W, Ghosh A,
Feliciano P, Benedetti M, Luo Clayton A, Biemans B (2015)
Comprehensive analysis of the 16p11.2 deletion and null Cntnap2
mouse models of autism spectrum disorder. PLoS One 10:
e0134572.

Cascio CJ (2010) Somatosensory processing in neurodevelopmental
disorders. J Neurodev Disord 2:62–69.

Dellapiazza F, Michelon C, Oreve MJ, Robel L, Schoenberger M,
Chatel C, Vesperini S, Maffre T, Schmidt R, Blanc N, Vernhet
C, Picot MC, Baghdadli A; ELENA Study Group (2020) The im-
pact of atypical sensory processing on adaptive functioning
and maladaptive behaviors in autism spectrum disorder during
childhood: results from the ELENA cohort. J Autism Dev Disord
50:2142–2152.

Diamond ME, von Heimendahl M, Knutsen PM, Kleinfeld D, Ahissar
E (2008) ‘Where’ and ‘what’ in the whisker sensorimotor system.
Nat Rev Neurosci 9:601–612.

Dunn W (1997) The impact of sensory processing abilities on the
daily lives of young children and their families: a conceptual
model. Infants Young Child 9:23–35.

Foss-Feig JH, Heacock JL, Cascio CJ (2012) Tactile responsive-
ness patterns and their association with core features in
autism spectrum disorders. Res Autism Spectr Disord 6:337–
344.

Guic-Robles E, Jenkins WM, Bravo H (1992) Vibrissal roughness dis-
crimination is barrelcortex-dependent. Behav Brain Res 48:145–
152.

Hazen EP, Reichert EL, Piacentini JC, Miguel EC, do Rosario MC,
Pauls D, Geller DA (2008) Case series: sensory intolerance as a pri-
mary symptom of pediatric OCD. Ann Clin Psychiatry 20:199–203.

Kellaher DC (2015) Sexual behavior and autism spectrum disorders:
an update and discussion. Curr Psychiatry Rep 17:25.

Lipp HP, Van der Loos H (1991) A computer-controlled Y-maze
for the analysis of vibrissotactile discrimination learning in mice.
Behav Brain Res 45:135–145.

Maenner MJ, et al. (2021) Prevalence and characteristics of autism
spectrum disorder among children aged 8 years - autism and de-
velopmental disabilities monitoring network, 11 sites, United
States, 2018. MMWR Surveill Summ 70:1–16.

Research Article: Methods/New Tools 6 of 7

August 2023, 10(8) ENEURO.0478-22.2023 eNeuro.org

https://www.ncbi.nlm.nih.gov/pubmed/31496942
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1176/appi.books.9780890425596
https://www.ncbi.nlm.nih.gov/pubmed/22056750
https://www.ncbi.nlm.nih.gov/pubmed/32047448
https://www.ncbi.nlm.nih.gov/pubmed/18512135
https://www.ncbi.nlm.nih.gov/pubmed/26273832
https://www.ncbi.nlm.nih.gov/pubmed/22127855
https://www.ncbi.nlm.nih.gov/pubmed/30868365
https://www.ncbi.nlm.nih.gov/pubmed/18641667
https://www.ncbi.nlm.nih.gov/pubmed/22059092
https://www.ncbi.nlm.nih.gov/pubmed/1616604
https://www.ncbi.nlm.nih.gov/pubmed/19034751
https://www.ncbi.nlm.nih.gov/pubmed/1789922
https://www.ncbi.nlm.nih.gov/pubmed/34855725


Marco EJ, Hinkley LB, Hill SS, Nagarajan SS (2011) Sensory proc-
essing in autism: a review of neurophysiologic findings. Pediatr
Res 69:48R–54R.

McFarlane HG, Kusek GK, Yang M, Phoenix JL, Bolivar VJ, Crawley
JN (2008) Autism-like behavioral phenotypes in BTBR T1tf/J
mice. Genes Brain Behav 7:152–163.

McTighe SM, Neal SJ, Lin Q, Hughes ZA, Smith DG (2013) The
BTBR mouse model of autism spectrum disorders has learn-
ing and attentional impairments and alterations in acetylcho-
line and kynurenic acid in prefrontal cortex. PLoS One 8:
e62189.

Mikkelsen M, Wodka EL, Mostofsky SH, Puts NAJ (2018) Autism
spectrum disorder in the scope of tactile processing. Dev Cogn
Neurosci 29:140–150.

O’Connor DH, Clack NG, Huber D, Komiyama T, Myers EW,
Svoboda K (2010) Vibrissa-based object localization in head-fixed
mice. J Neurosci 30:1947–1967.

Orefice LL, Zimmerman AL, Chirila AM, Sleboda SJ, Head JP, Ginty
DD (2016) Peripheral mechanosensory neuron dysfunction under-
lies tactile and behavioral deficits in mouse models of ASDs. Cell
166:299–313.

Peñagarikano O, Abrahams BS, Herman EI, Winden KD,
Gdalyahu A, Dong H, Sonnenblick LI, Gruver R, Almajano J,
Bragin A, Golshani P, Trachtenberg JT, Peles E, Geschwind
DH (2011) Absence of CNTNAP2 leads to epilepsy, neuronal
migration abnormalities, and core autism-related deficits. Cell
147:235–246.

Pobbe RL, Defensor EB, Pearson BL, Bolivar VJ, Blanchard DC,
Blanchard RJ (2011) General and social anxiety in the BTBR T1 tf/
J mouse strain. Behav Brain Res 216:446–451.

Robertson CE, Baron-Cohen S (2017) Sensory perception in autism.
Nat Rev Neurosci 18:671–684.

Sacai H, Sakoori K, Konno K, Nagahama K, Suzuki H, Watanabe T,
WatanabeM, Uesaka N, KanoM (2020) Autism spectrum disorder-like
behavior caused by reduced excitatory synaptic transmission in py-
ramidal neurons of mouse prefrontal cortex. Nat Commun 11:5140.

Scattoni ML, Gandhy SU, Ricceri L, Crawley JN (2008) Unusual rep-
ertoire of vocalizations in the BTBR T1tf/J mouse model of autism.
PLoS One 3:e3067.

Silverman JL, Tolu SS, Barkan CL, Crawley JN (2010) Repetitive self-
grooming behavior in the BTBR mouse model of autism is blocked
by the mGluR5 antagonist MPEP. Neuropsychopharmacology
35:976–989.

Warren RA, Zhang Q, Hoffman JR, Li EY, Hong YK, Bruno RM,
Sawtell NB (2021) A rapid whisker-based decision underlying
skilled locomotion in mice. Elife 10:e63596.

Wu HPP, Ioffe JC, Iverson MM, Boon JM, Dyck RH (2013) Short
communication novel, whisker-dependent texture discrimination
task for mice. Behav Brain Res 237:238–242.

Xing X, Zhang J, Wu K, Cao B, Li X, Jiang F, Hu Z, Xia K, Li J-D
(2019) Suppression of Akt-mTOR pathway rescued the social be-
havior in Cntnap2-deficient mice. Sci Rep 9:3041.

Research Article: Methods/New Tools 7 of 7

August 2023, 10(8) ENEURO.0478-22.2023 eNeuro.org

https://www.ncbi.nlm.nih.gov/pubmed/21289533
https://www.ncbi.nlm.nih.gov/pubmed/17559418
https://www.ncbi.nlm.nih.gov/pubmed/23638000
https://www.ncbi.nlm.nih.gov/pubmed/28089657
https://www.ncbi.nlm.nih.gov/pubmed/20130203
https://www.ncbi.nlm.nih.gov/pubmed/27293187
https://www.ncbi.nlm.nih.gov/pubmed/21962519
https://www.ncbi.nlm.nih.gov/pubmed/20816701
https://www.ncbi.nlm.nih.gov/pubmed/28951611
https://www.ncbi.nlm.nih.gov/pubmed/18728777
https://www.ncbi.nlm.nih.gov/pubmed/20032969
https://www.ncbi.nlm.nih.gov/pubmed/23026377

	The Novel Somatosensory Nose-Poke Adapted Paradigm (SNAP) Is an Effective Tool to Assess Differences in Tactile Sensory Preferences in Autistic-Like Mice
	Introduction
	Materials and Methods
	Subjects
	Experimental design for SNAP
	Statistical analysis

	Results
	Behavioral sensory preference
	Stereotypy assessment
	Duration in the center of chamber
	Distance traveled

	Discussion
	References


