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Chrna7 deficient mice manifest no 
consistent neuropsychiatric and 
behavioral phenotypes
Jiani Yin1,2, Wu Chen3,4, Hongxing Yang5, Mingshan Xue3,4 & Christian P. Schaaf1,2

The alpha7 nicotinic acetylcholine receptor, encoded by the CHRNA7 gene, has been implicated in 
various psychiatric and behavioral disorders, including schizophrenia, bipolar disorder, epilepsy, autism, 
Alzheimer’s disease, and Parkinson’s disease, and is considered a potential target for therapeutic 
intervention. 15q13.3 microdeletion syndrome is a rare genetic disorder, caused by submicroscopic 
deletions on chromosome 15q. CHRNA7 is the only gene in this locus that has been deleted entirely in 
cases involving the smallest microdeletions. Affected individuals manifest variable neurological and 
behavioral phenotypes, which commonly include developmental delay/intellectual disability, epilepsy, 
and autism spectrum disorder. Subsets of patients have short attention spans, aggressive behaviors, 
mood disorders, or schizophrenia. Previous behavioral studies suggested that Chrna7 deficient mice 
had attention deficits, but were normal in baseline behavioral responses, learning, memory, and 
sensorimotor gating. Given a growing interest in CHRNA7-related diseases and a better appreciation 
of its associated human phenotypes, an in-depth behavioral characterization of the Chrna7 deficient 
mouse model appeared prudent. This study was designed to investigate whether Chrna7 deficient 
mice manifest phenotypes related to those seen in human individuals, using an array of 12 behavioral 
assessments and electroencephalogram (EEG) recordings on freely-moving mice. Examined phenotypes 
included social interaction, compulsive behaviors, aggression, hyperactivity, anxiety, depression, and 
somatosensory gating. Our data suggests that mouse behavior and EEG recordings are not sensitive to 
decreased Chrna7 copy number.

The alpha7 nicotinic acetylcholine receptor (α 7 nAChR) is widely expressed in the peripheral and central nervous 
systems, immune system, and other peripheral tissues1–4. It has been implicated in various psychiatric and behav-
ioral disorders, including schizophrenia, bipolar disorder, epilepsy, autism, Alzheimer’s disease, and Parkinson’s 
disease5–11. In addition, individuals with genomic copy number changes involving the CHRNA7 gene have been 
described12–15. Those with 15q13.3 microdeletion syndrome, caused by heterozygous deletions involving the 
CHRNA7 gene, manifest variable neurological and behavioral symptoms, such as cognitive impairments, epi-
lepsy, deficits in social interaction, decreased attention spans, and aggressive behaviors. Subsets of patients carry 
psychiatric diagnoses, such as autism spectrum disorder, mood disorders, and schizophrenia. It is important to 
understand the significance of alpha7 nAChR in the context of normal brain function, behavior, and disease.

Animal models have been proposed as powerful tools in assessing the causal relationship between genetic 
components and disease phenotypes. The α 7 nAChR has been knocked out in mice by deleting exons 8–10, which 
encode the bulk of its transmembrane domains16. Initial physiological and behavioral characterizations of these 
mice found that they were grossly normal, with no deficits in sensorimotor reflexes, anxiety levels, locomotor 
activity, motor function, learning and memory, or auditory sensory gating17. Yet subsequent studies reported that 
Chrna7 knockout mice did have impaired working memory, attention, and visual acuity18–22. To our knowledge, 
no existing report addresses the effect of Chrna7 deficiency on autism-like features, depression-like behaviors, 
aggression, or spontaneous electroencephalogram (EEG) activity in animal models. Furthermore, reports on 
anxiety levels and auditory sensory gating of Chrna7 deficient mice have been largely inconsistent17,21,23.
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To evaluate the putative role of Chrna7 in a variety of neuropsychiatric and behavioral phenotypes, we com-
pared Chrna7 deficient mice of each sex with wildtype littermates, using a battery of 12 behavioral assays and 
EEG/EMG recordings. We show that Chrna7 deficient mice demonstrate subtle phenotypes, if any, in a variety 
of behavioral assays, suggesting that Chrna7 is not essential for social interaction, or control over emotions and 
behavior in mice.

Methods
Animals. Mice were maintained on a 14 hr light/10 hr dark cycle, with access to regular mouse chow and water 
ad libitum. For behavioral assessments, homozygous mutants (C57BL/6 J background, B6.129S7-Chrna7tm1Bay/J, 
number 003232) were purchased from The Jackson Laboratory and then bred to wildtype mice (C57BL/6 J) to 
obtain heterozygous mice for breeding pairs. All of the Chrna7 homozygous (KO) and heterozygous (HET) 
mutant mice, and wildtype (WT) mice used in our experiments were derived from HET breeding pairs. Mice 
were randomly assigned and group-housed, with two to five animals per cage, immediately after weaning. Cohort 
one, consisting of 14 WT (♂ ), 13 HET (♂ ), 15 KO (♂ ), 12 WT (♀ ), 15 HET (♀ ), 12 KO (♀ ), went through a series 
of assays, including: elevated plus maze, open field, self-grooming, holeboard exploration, marble burying, 
three-chamber test, partition test, reciprocal social interaction, and prepulse inhibition, all of which started at 10 
weeks of age. Cohort two, consisting of 15 WT (♂ ), 21 HET (♂ ), 13 KO (♂ ), 13 WT (♀ ), 19 HET (♀ ), 18 KO (♀ ), 
were tested in tail suspension, forced swimming, and tube tests, which began at 11.5 weeks of age. Experiments 
were performed during the light cycle, and in between each test, mice were given inter-test intervals of 2–3 days. 
All behavioral tests were performed at 700–750 lux illumination and background white noise at approximately 
60 dB, with the exception of the partition test, in which there was no background white noise.

For EEG/EMG recording, Chrna7 deficient mice were backcrossed locally to sighted FVB mice purchased 
from The Jackson Laboratory (FVB.129P2-Pde6b+ Tyrc-ch/AntJ, Jackson Laboratory stock number 004828), 
which provided a phenotype-sensitizing background based on the experience of Dr. Jianrong Tang from the 
Baylor College of Medicine Intellectual and Developmental Disabilities Research Center Neuroconnectivity Core. 
To speed up the backcrossing process, we sent snap frozen tails of mice from each generation to The Jackson 
Laboratory and seleted the breeder based on scores from the speed congenic service (Jackson Laboratory). After 4 
generations, we obtained mice 94–97% congenic to FVB background. The WT and KO mice used in experiments 
were obtained from heterozygote breedings of this generation.

For all assays, the experimenter remained blind to the genotypes. All research and animal care procedures 
were approved by the Baylor College of Medicine Animal Care and Use Committee, and were performed in 
accordance with the relevant guidelines and regulations.

Genotyping. The last 1–2 mm of mouse tails were cut into a 1.5 ml Eppendoff tube containing 135 μ l 50 mM 
NaOH and were incubated overnight on a 55 °C shaker. DNAs were extracted by adding 15 μ l Tris-HCL pH 6.8 
and centrifuging at 20,000 ×  g for 1 min.

1 μ l of DNA was used for each PCR reaction using Platinum taq DNA polymerase (Thermo Fisher 
Scientific) and a combination of forward primer with one of two reverse primers: forward primer 5′ - 
TTCCTGGTCCTGCTGTGTTA, reverse primer for wildtype 5′ - ATCAGATGTTGCTGGCATGA, reverse 
primer for mutant 5′ - TAGCCGAATAGCCTCTCCAC.

Elevated plus maze. Anxiety was assessed using the elevated plus maze, as described previously24, with a 
few modifications. Mice at 10–11 weeks of age were put at the cross area of the maze in white, facing the open 
arm. The maze was elevated 50 cm above the floor. Activity data was collected over a 10 min period, using the 
Fusion software (AccuScan Instruments, Columbus, OH, USA) version 4.75.

Open field assay. Locomotor activity and anxiety level were assessed at 11.5 weeks of age, using the open field 
assay, as described previously25, with the following modifications: activity in a clear acrylic (40 cm ×  40 cm ×  30 cm) 
open field arena was recorded over a 30 min period, using the Fusion software version 3.7.

Self-grooming. The self-grooming test was used to evaluate compulsive grooming behaviors, as described 
previously26. Each mouse was placed individually into a standard mouse cage with a thin layer of bedding, habit-
uated for at least 30 min, and was then videotaped for 10 min. Time spent on spontaneous grooming of any part 
of its face, body, limbs, or tail was quantified and subsequently analyzed.

Holeboard exploration. The holeboard exploration test was used to evaluate repetitive nose-poke behavior. 
Mice at 12.5 weeks of age were placed into a clear acrylic (40 cm ×  40 cm ×  30 cm) chamber with a black 16-hole 
floorboard. Holeboard exploration data was collected, using the Fusion software version 7.7. The number of total 
and sequential nose-pokes in a 10 min period was quantified.

Marble burying. The marble burying test was used to evaluate repetitive digging behavior at 13 weeks of age, 
as described previously27, with the following modifications: corncob bedding was used, and a 30 min exploration 
period was allowed before mice were carefully removed from the cage and the number of marbles that were more 
than 50% buried were counted.

Three-chamber test. Sociability was assessed at 15 weeks of age, using the three-chamber test, as described 
previously28, with a few modifications. After a 10 min habituation period, a sex- and age-matched C57BL/6 J 
mouse was placed under one wire cup, and a lego object of similar size and color was placed under the wire cup in 
the opposite compartment. Test mice were then allowed to explore freely for another 10 min. Data of time spent 
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in each compartment, and the amount of time in close contact with each wire cup in the two phases were deter-
mined, using ANY-Maze version 4.75 and manual scoring.

Partition test. Interest in social novelty was assessed, using the partition test, as described previously29, with 
a few modifications. At 16 weeks of age, each test mouse was housed overnight with an age- and sex-matched 
C57BL/6 J partner mouse in the two separate compartments of a partition cage. The next day, activity at the par-
tition board was measured, first with the familiar overnight partner, followed by an unfamiliar partner, and then 
back to the original familiar partner, for 5 min each. This was manually scored using a Psion Handheld Computer 
and Observer XT (Noldus Information Technology, Netherlands).

Reciprocal social interaction. After the partition test, mice continued to be housed in the partitioned 
cages. The next day, the partition was removed, and the filter-top lid was replaced by a clear perforated board. 
Direct interactions between the test and partner mice were videotaped from above for 10 min. Non-social, active, 
and passive social behaviors were scored later, as described previously30. Non-social behaviors include walk-
ing, sitting, sleeping, grooming, digging, etc. Passive social behaviors include escaping, freezing, and displaying 
defensive behaviors when approached by a partner mouse. Active social behaviors include face/body sniffing, 
anogenital sniffing, non-aggressive contact, and aggressive contact. Durations of each behavior were manually 
scored using Psion Observer XT.

Prepulse inhibition. The prepulse inhibition (PPI) test was used to evaluate schizophrenia-associated 
behavior at 16.5 weeks of age, as described previously25. But instead of five prepulse sounds of different intensity, 
only three (74, 78, 82 dB) were presented, using the SR-LAB Startle Response System (San Diego Instruments, San 
Diego, CA, USA) version 5. Percent prepulse inhibition of the startle response was calculated for each acoustic 
prepulse intensity as 100 −  [(startle response on the prepulse plus startle stimulus/startle response alone) ×  100].

Tail suspension test. Depression-related behavior was assessed at 11.5 weeks of age, using the tail suspen-
sion test, as previously described25. Mouse tails were stuck to a shelf-overhang, which was elevated 30 cm from 
the table beneath it. The time spent immobile was automatically determined by the ANY-Maze Video Tracking 
System version 4.75 (Stoelting Co., Wood Dale, IL, USA).

Forced swimming test. Depression-related behavior was assessed using the forced swimming test. Mice 
at 12 weeks of age were placed into a 22 cm diameter circular tank with 17 cm deep water at room temperature 
(25 °C) for 6 min. Immobility time was defined as the duration in which the percentage of immobility was greater 
than 88% during any 500 msec period. This was automatically determined using the ANY-Maze Video Tracking 
System version 4.75 (Stoelting Co., Wood Dale, IL, USA).

Tube test. Aggression and social dominance were assessed using the tube test. Test mice at 12.5 weeks of 
age and sex- and age-matched C57BL/6 J wildtype partner mice were placed headfirst, at opposite ends of a clear 
plastic tube (3.1 cm inner diameter for males, 2.6 cm inner diameter for females, 30.5 cm in length) and released 
simultaneously. The match ended when one mouse completely retreated from the tube. The mouse remaining 
in the tube was designated as the winner (score =  1), and the one that retreated from the tube was designated 
as the loser (score =  0). Each test and partner mouse were subjected to three matches, each time with a different 
opponent.

Behavioral data analysis and statistics. Statistical analysis of sex and genotype effects on all behavioral 
studies were performed using Two-Way ANOVA analysis of variance (ANOVA), linear mixed mode, or the Wald 
Chi-square test, where appropriate (R package). We used aligned rank transform (ART) as a procedure to pre-
process data when it did not meet the assumptions of ANOVA. This occurred when the residuals did not follow 
a normal distribution. The Aligned Rank Transform (ART) method is suitable for nonparametric factorial data 
analysis, including the evaluations of the interaction effects31–33. The preprocessing step “aligns” data for each 
factor and interaction before applying averaged ranks. After this process, common ANOVA procedures can be 
used. We recruited methods implemented in the R package ARTool for ART (R package version 0.10.2). If an 
ANOVA was significant, a Tukey’s HSD post hoc test or post hoc interaction analysis (phia) was performed for 
between-group comparisons or interaction analysis. P values of < 0.05 were considered to be statistically signifi-
cant. All data was presented as mean ±  SEM (GraphPad Prism 6.0e, La Jolla, CA, USA).

Surgery and EEG recordings. Video-EEG and EMG were acquired from 1 WT (♂ ), 2 KO (♂ ), 4 WT (♀ ), 
5 KO (♀ ) animals at 3 months of age by the Neuroconnectivity Core at Baylor College of Medicine. The meth-
ods were modified from previous publications35. Adult mice at 10 weeks were anesthetized with 1–2% isoflu-
rane. Under aseptic conditions, each mouse was surgically implanted with the cortical EEG recording electrodes 
(Teflon-coated silver wire, 127 μ m diameter) in the subdural space of the left frontal cortex and the right parietal 
cortex, respectively, with the reference electrode positioned in the occipital region of the skull. The third record-
ing electrode (Teflon-coated tungsten wire, 50 μ m diameter) was aimed at the dentate gyrus (P2.0R1.8H1.8), 
with the reference electrode at the corpus callosum. In addition, the fourth recording electrode (silver wire) was 
inserted into the neck muscles, to monitor the electromyogram (EMG) as an indicator of animal activity level. All 
electrode wires were attached to a miniature connector (Harwin Connector) and secured on the skull by dental 
cement. After 2 weeks of post-surgical recovery, simultaneous EEG activity, EMG activity (filtered between 0.1 Hz 
and 1 kHz, sampled at 2 kHz), and behavior were recorded in freely moving mice for 2 hours per day over 4 days.
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EEG data analysis. Video-EEG and EMG were visually inspected to identify electrographic seizures. For 
power spectral density (PSD) analysis, EEG signals were divided into segments (10 minutes per segment) and any 
segment containing artifacts was excluded. The results were obtained from 406 ±  30 and 317 ±  22 (mean ±  SEM) 
minutes of EEG data for WT and KO mice, respectively. Each segment of the EEG data was first detrended by 
computing the least-squares fit of a line, and subtracting the line from the EEG data. EEG signals were then 
filtered by a high-pass filter at 0.5 Hz and a notch filter at 60 Hz. The PSD was calculated using Fast Fourier 
Transform (FFT) from each segment in the frequency domain, and was then averaged across all segments for each 
mouse. The PSD was then averaged within each of the following frequency bands: 1–4 Hz, 4.5–8.5 Hz, 9–14 Hz, 
14.5–30 Hz, 30.5–70 Hz, 70.5–250 Hz, and 250.5–500 Hz, which correspond to the delta, theta, sigma, beta, 
gamma, ripple, and fast ripple ranges, respectively. The electrode in the parietal cortex of 1 WT mice was defec-
tive, hence the data of the parietal cortex were from 4 KO mice. All computations were performed in MATLAB 
R2013b and Repeated Measures Two-Way ANOVA with Sidak’s multiple comparison tests were used for statisti-
cal analysis in Graphpad Prism 6.

Results
In an attempt to address whether CHRNA7 has an effect on repetitive behaviors and restricted interests, two of the 
core phenotypes of individuals with autism spectrum disorder, we tested homozygous and heterozygous Chrna7 
deficient mice and their wildtype littermates in self-grooming, holeboard nose-poking, and marble burying tests. 
As can be seen in Fig. 1a, there was no significant difference in self-grooming time among gentoypes (Two-WAY 
ANOVA, F [2,75] =  0.11, P =  0.90), or between males and females (F [1,75] =  0.17, P =  0.68). The genotype x sex 
interaction was not significant (F [2,75] =  0.76, P =  0.47). In the marble burying test (Fig. 1b), there was a signif-
icant effect from genotype x sex interaction, which came from the difference between KO and WT between the 
two sexes (Aligned rank transformation followed by Two-Way ANOVA, genotype effect F [2,75] =  0.26, P =  0.77; 
sex effect F [1,75] =  0.10, P =  0.33; sex x genotype F [2,75] =  4.32, *P =  0.02, post-hoc interaction analysis revealed 

Figure 1. Repetitive behaviors in Chrna7 deficient and wildtype mice. N = 12–15. (a) Self-grooming, 
assessed over a 10 min period. (b) Marble burying. Number of marbles buried during a 30 min period. (c,d) 
Holeboard assay. Number of total nose pokes and total sequential nose pokes in each hole. Each point represents 
the mean ±   SEM (*P <  0.05).
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difference between male: (KO-WT) and female: (KO-WT) F [1,11] =  8.48, multiple-test corrected *P =  0.01). 
In the holeboard nose-poking assay, Chrna7 deficient mice were not significantly different from wildtype mice 
(Fig. 1c,d, Two-Way ANOVA on total number of nose-pokes, genotype effect F [2,75] =  2.01, P =  0.14; sex effect  
F [1,75] =  0.66, P =  0.41; genotype x sex interaction F [2,75] =  0.04, P =  0.96; Aligned rank transformation fol-
lowed by Two-Way ANOVA on number of sequential nose-pokes, genotype effect F [2,75] =  0.72, P =  0.82; sex 
effect F [1,75] =  0.53, P =  0.45; genotype x sex interaction F [2,75] =  2.41, P =  0.10). Taken together, results of the 
three repetitive behavior assays suggest that Chrna7 deficiency does not cause impulsive behaviors in general, 
even though we reach significance with a genotype by sex effect in the marble burying test.

Impairment in social interaction is another core phenotype of individuals with autism spectrum disorder. 
To address whether loss of CHRNA7 has an effect on social behaviors, we tested homozygous and heterozygous 
Chrna7 deficient mice and their wildtype littermates in four different assays, each having a slightly different pur-
pose. Figure 2a shows that Chrna7 deficient mice maintain preference of social versus nonsocial objects (Linear 
mixed mode followed by evaluation of significance by ANOVA, genotype effect F [2,75] =  0.44, P =  0.64; sex effect 
F [1,75] =  0.24, P =  0.63; object effect F [1,75] =  58.18, *P =  6.09e-11; genotype x sex interaction F [2,75] =  3.31, 
*P =  0.04; genotype x object effect F [2,75] =  0.77, P =  0.47; sex x object effect F [2,75] =  0.003, P =  0.96; genotype 
x sex x object effect F [2,75] =  0.36, P =  0.70). There was also no difference in appreciation of social novelty, as 
can be seen in Fig. 2b (Linear mixed mode followed by evaluation of significance by ANOVA, genotype effect 
F [2,75] =  0.42, P =  0.66; sex effect F [1,75] =  1.60, P =  0.21; genotype x sex F [2,75] =  0.20, P =  0.82; partner or 
time effect F [2,160] =  46.47, *P <  0.0001). Given that a number of male 15q13.3 microdeletion patients manifest 
aggressive behaviors, we also tested the Chrna7 deficient mice for social dominance and aggression, using the 
tube test. We found that Chrna7 null mice did not manifest increased levels of aggression (Fig. 2c, Logistic regres-
sion followed by Wald Chi-square test, genotype effect X2(2) =  2.4, P =  0.30; sex effect X2(1) =  0.07, P =  0.80; 
genotype x sex X2(2) =  1.2, P =  0.54). Lastly, we wanted to expand our behavioral observations by using a less 
structured assessment, so we allowed the subject mice to interact freely with a partner mouse, and videotaped 
their behaviors for a period of 10 min. We then determined the time that the subject mice spent on a range of 
non-social and social behaviors (Fig. 2d, and data not shown). Results from this reciprocal social interaction 
test did not display abnormalities in social behaviors of the mice assessed (Three-Way ANOVA, genotype effect  

Figure 2. Social behaviors in Chrna7 deficient and wildtype mice. (a) Time in close contact with the mouse 
or the object in three-chamber test, as an indication of sociability. N =  12–15. (b) Time in close contact with 
the partition board with familiar or novel partner mice on the other side in partition test, as an indication of 
appreciation of social novelty. N =  12–15. (c) Percent wins in the tube test, as an indication of social dominance 
or aggression. N =  13–21. (d) Time spent on non-social behaviors, passive social and active social behaviors in 
the reciprocal social interaction test. N =  12–15. Each point represents the mean  ±   SEM.
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F [2,225] =  0.05, P =  0.95; sex effect F [1,225] =  0.06, P =  0.80; all P values for effect of between-factor interactions 
were above 0.1). In conclusion, we found that Chrna7 deficient mice display grossly normal social interactions.

We also assessed some phenotypes related to human behavioral and psychiatric disease, such as hyperactivity, 
anxiety, depression, and schizophrenia-like phenotypes in Chrna7 deficient mice. The locomotor activity in the 
open field assay was similar between Chrna7 deficient and wildtype mice (shown in Fig. 3a, Two-WAY ANOVA 
on total distance, genotype effect F [2,75] =  1.95, P =  0.15). However, male mice ran a significantly longer distance 
than females (Two-WAY ANOVA, sex effect F [1,75] =  8.32, *P =  0.01). Interaction between genotype and sex 
was not significant (F [2,75] =  0.20, P =  0.82). The deficient mice were indistinguishable from wildtype in anxiety 
level, as tested in the elevated plus maze (Fig. 3c, Two-Way ANOVA on percent time in open arms, genotype effect 
F [2,75] =  0.85, P =  0.43; sex effect F [1,75] =  1.44, P =  0.23; genotype x sex interaction F [2,75] =  0.99, P =  0.38) 
and open field assay (Fig. 3b, Two-Way ANOVA on center/total distance, genotype effect F [2,75] =  0.77, P =  0.47; 
genotype x sex interaction F [2,75] =  0.50, P =  0.61). However, male mice ran a significantly longer distance in the 

Figure 3. Phenotypes related to human neuropsychiatric disease, assessed in Chrna7 deficient and 
wildtype mice. (a,b) Total distance and center-to-total distance ratio in the open field assay, as an indication of 
locomotor activity and anxiety level, respectively. N =  12–15. (c) Percent time in the open arms in the elevated 
plus maze, as an indication of anxiety. N =  12–15. (d,e) Time spent immobile in the tail suspension test and 
the forced swimming test, as an indication of depression-like phenotypes. N =  13–21. (f) Percent inhibition of 
acoustic startle at 74, 78, and 82 dB prepulse intensities, as an indication of sensory gating function. N =  12–15. 
Each point represents the mean  ±   SEM (*P <  0.05).



www.nature.com/scientificreports/

7Scientific RepoRts | 7:39941 | DOI: 10.1038/srep39941

center of the field than females (Two-WAY ANOVA, sex effect F [1,75] =  4.12, *P =  0.05). As seen in Fig. 3d and e, 
Chrna7 null mice demonstrated no remarkable differences in duration of time being immobile, assessed in the tail 
suspension test and the forced swimming test (Two-Way ANOVA on time immobile in tail suspension test, gen-
otype effect F [2,93] =  2.71, P =  0.07; sex effect F [1,93] =  0.02, P =  0.88; genotype x sex F [2,93] =  0.45, P =  0.64. 
Two-Way ANOVA on time immobile in forced swimming test, genotype effect F [2,93] =  3.54, *P =  0.03, followed 
by post hoc HET vs. KO, *P <  0.05; sex effect F [1,93] =  1.62, P =  0.21; genotype x sex F [2,93] =  1.19, P =  0.31). In 
addition, we found no sex or genotype effect on sensory gating (Fig. 3f, linear mixed mode followed by evaluation 
of significance by ANOVA, genotype effect F [2,75] =  0.42, P =  0.66; sex effect F [1,75] =  0.91, P =  0.34; geno-
type x sex interaction F [2,75] =  1.80, P =  0.17; prepulse intensity effect F [2,160] =  239.58, P <  0.0001). Previous 
reports on PPI that show inconsistent findings17,21,23 may be due to the small effect of Chrna7 on prepulse inhi-
bition, the different sex composition, and/or the small number of animals used in their study. Taken together, 
results from these assays suggest that Chrna7 deficient mice have no phenotypic differences in hyperactivity, 
anxiety, depression-like behaviors, or sensory-gating.

To characterize the brain activity of the Chrna7 KO mice, we performed video-electroencephalography 
(EEG) and electromyography (EMG) recordings in freely-moving mice. We did not observe abnormal cortical 
discharges or electrographic seizures in KO mice. We further analyzed the power spectral density (PSD) of the 
EEG signals from the parietal cortex, frontal cortex, and hippocampal dentate gyrus. PSD within the frequency 
range of 0–500 Hz did not show a significant difference between WT and KO mice (Fig. 4), indicating that Chrna7 
deficiency did not alter the EEG. Given that we only recorded EEGs from one wildtype and two Chrna7 knockout 
male mice, our result is female-biased. However, data mining of previous literature suggests a lack of gender dif-
ference in patients with 15q13.3 microdeletion syndrome, with collective seizure occurrences of 30/79 and 33/63 
in male and female patients respectively12,13,36–56.

Discussion
CHRNA7 has been associated with several neuropsychiatric and behavioral disorders, such as schizophrenia, 
bipolar disorder, autism, Alzheimer’s disease, Parkinson’s disease, and 15q13.3 microdeletion and duplication 
syndromes5–15. Previous studies showed that null mutations of Chrna7 predominantly affect working memory 
and attention span in mice19–21. However, there was little investigation of the phenotypes related to human neu-
ropsychiatric conditions and social behaviors in those mice. We assessed the effect of Chrna7 deficiency in mice 
using a variety of behavioral tests relevant to autism spectrum disorder, aggression, depression, etc. The principal 
finding reported here is that loss of function in Chrna7 is not sufficient to cause statistically significant social 
behavioral or neuropsychiatric-like alterations in mice. Furthermore, we looked beyond behavioral phenotypes, 
and did not find any evidence for electrophysiological phenotypical difference.

Compared to human phenotypes associated with 15q13.3 microdeletion syndrome, Chrna7 null mice show 
fewer and subtler phenotypical differences, if they manifest any neurobehavioral abnormalities at all (Table 1). 

Figure 4. Normal EEG in Chrna7 deficient mice. N = 5–7. (a) Representative EEG and EMG traces from a 
WT and a KO mouse. (b) Average power spectral density of EEG signals from the parietal cortex, frontal cortex, 
and dentate gyrus of WT and KO mice (P =  0.55, 0.73, and 0.41, respectively).
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The reason for the discrepancy between human individuals and mouse models is unknown at this time. Several 
possibilities for this discrepancy include: 1) Possible compensation by other nAChR subunits, which may be more 
pronounced in mice than in humans. 2) Strain-related effects, with some genetic modifiers necessary for pheno-
typic expression of Chrna7 deletion not being present in the C57BL/6 J mice. 3) Functions of CHRNA7, or the 
neural circuits affected by CHRNA7 not being equivalent in mice and humans. For example, the human-specific 
gene CHRFAM7A, which consists of a partial duplication of CHRNA7 and FAM7A, may play an important role 
in cognition and behavior. 4) Other genes in the genomic locus may account for the phenotypes associated with 
15q13.3 microdeletion syndrome. Small deletion cases have been described with similar clinical manifesta-
tions, but these cases involved CHRNA7 deletion, as well as the partial deletion of an immediately adjacent gene, 
OTUD7A. The consequences of OTUD7A loss of function have not been studied, and individuals with mutations 
of only OTUD7A have not been reported in the literature.

In summary, Chrna7 knockout in mice does not recapitulate the spectrum of neurobehavioral phenotypes 
observed in human individuals with 15q13.3 microdeletion syndrome. Further work is required to investigate 
which other genes at the 15q13.3 chromosomal locus may contribute to disease phenotypes, or whether there are 
critical differences in the relevance of the alpha7 nicotinic receptor in humans compared with mice.

References
1. Seguela, P., Wadiche, J., Dineley-Miller, K., Dani, J. A. & Patrick, J. W. Molecular cloning, functional properties, and distribution of 

rat brain alpha 7: a nicotinic cation channel highly permeable to calcium. The Journal of neuroscience: the official journal of the 
Society for Neuroscience 13, 596–604 (1993).

2. Dominguez del Toro, E., Juiz, J. M., Peng, X., Lindstrom, J. & Criado, M. Immunocytochemical localization of the alpha 7 subunit of 
the nicotinic acetylcholine receptor in the rat central nervous system. The Journal of comparative neurology 349, 325–342 (1994).

3. Rubboli, F. et al. Distribution of nicotinic receptors in the human hippocampus and thalamus. The European journal of neuroscience 
6, 1596–1604 (1994).

4. Drago, J., McColl, C. D., Horne, M. K., Finkelstein, D. I. & Ross, S. A. Neuronal nicotinic receptors: insights gained from gene 
knockout and knockin mutant mice. Cellular and molecular life sciences: CMLS 60, 1267–1280 (2003).

5. Carson, R. et al. Genetic variation in the alpha 7 nicotinic acetylcholine receptor is associated with delusional symptoms in 
Alzheimer’s disease. Neuromolecular medicine 10, 377–384 (2008).

6. Carson, R. et al. Alpha7 nicotinic acetylcholine receptor gene and reduced risk of Alzheimer’s disease. J Med Genet 45, 244–248 
(2008).

7. Court, J. et al. Neuronal nicotinic receptors in dementia with Lewy bodies and schizophrenia: alpha-bungarotoxin and nicotine 
binding in the thalamus. Journal of neurochemistry 73, 1590–1597 (1999).

8. Freedman, R., Hall, M., Adler, L. E. & Leonard, S. Evidence in postmortem brain tissue for decreased numbers of hippocampal 
nicotinic receptors in schizophrenia. Biological psychiatry 38, 22–33 (1995).

9. Ancin, I. et al. CHRNA7 haplotypes are associated with impaired attention in euthymic bipolar disorder. J Affect Disord 133, 
340–345 (2011).

10. Sinkus, M. L. et al. The human CHRNA7 and CHRFAM7A genes: A review of the genetics, regulation, and function. 
Neuropharmacology 96, Part B, 274–288 (2015).

11. Stephens, S. H. et al. Association of the 5′ -upstream regulatory region of the alpha7 nicotinic acetylcholine receptor subunit gene 
(CHRNA7) with schizophrenia. Schizophr Res 109, 102–112 (2009).

12. Sharp, A. J. et al. A recurrent 15q13.3 microdeletion syndrome associated with mental retardation and seizures. Nat Genet 40, 
322–328 (2008).

13. Shinawi, M. et al. A small recurrent deletion within 15q13.3 is associated with a range of neurodevelopmental phenotypes. Nat 
Genet 41, 1269–1271 (2009).

14. Szafranski, P. et al. Structures and molecular mechanisms for common 15q13.3 microduplications involving CHRNA7: benign or 
pathological? Human mutation 31, 840–850 (2010).

15. Soler-Alfonso, C. et al. CHRNA7 triplication associated with cognitive impairment and neuropsychiatric phenotypes in a three-
generation pedigree. European journal of human genetics: EJHG 22, 1071–1076 (2014).

16. Orr-Urtreger, A. et al. Mice deficient in the alpha7 neuronal nicotinic acetylcholine receptor lack alpha-bungarotoxin binding sites 
and hippocampal fast nicotinic currents. The Journal of neuroscience: the official journal of the Society for Neuroscience 17, 9165–9171 
(1997).

17. Paylor, R. et al. α 7 Nicotinic Receptor Subunits Are Not Necessary for Hippocampal-Dependent Learning or Sensorimotor Gating: 
A Behavioral Characterization of Acra7-Deficient Mice. Learning & Memory 5, 302–316 (1998).

Phenotypes of 15q13.3 microdeletion patients
Prevalence in patients based 
on 79 males and 63 females* Phenotypes of Chrna7 deficient mice

Developmental delay or intellectual disability 87% in male, 83% in female No phenotypic difference

Epilepsy/History of seizures 38% in male, 52% in female No phenotypic difference

Mood disorder 

21% in male, 14% in female No phenotypic difference
 Anxiety

 Depression 

 Aggression (predominantly affects males)

Hyperactivity or attention deficit 22% in male, 10% in female Attention deficit, only male mice tested**

Autism 23% in male, 3% in female No gross phenotypic difference***

Schizophrenia Unknown No phenotypic difference

Table 1.  Phenotype comparison between 15q13.3 microdeletion patients and Chrna7 deficient mice. *Data 
obtained based on the following references12,13,36–38,40–42,44–47,49–59. **Based on18,20,21,60. ***The only significant 
difference seen is genotype by sex effect in the marble burying test (this study).



www.nature.com/scientificreports/

9Scientific RepoRts | 7:39941 | DOI: 10.1038/srep39941

18. Fernandes, C., Hoyle, E., Dempster, E., Schalkwyk, L. C. & Collier, D. A. Performance deficit of alpha7 nicotinic receptor knockout 
mice in a delayed matching-to-place task suggests a mild impairment of working/episodic-like memory. Genes, brain, and behavior 
5, 433–440 (2006).

19. Hoyle, E., Genn, R. F., Fernandes, C. & Stolerman, I. P. Impaired performance of alpha7 nicotinic receptor knockout mice in the 
five-choice serial reaction time task. Psychopharmacology 189, 211–223 (2006).

20. Young, J. W. et al. Impaired attention is central to the cognitive deficits observed in alpha7 deficient mice. European 
neuropsychopharmacology: the journal of the European College of Neuropsychopharmacology 17, 145–155 (2007).

21. Young, J. W., Meves, J. M., Tarantino, I. S., Caldwell, S. & Geyer, M. A. Delayed procedural learning in alpha7-nicotinic acetylcholine 
receptor knockout mice. Genes, brain, and behavior 10, 720–733 (2011).

22. Origlia, N., Valenzano, D. R., Moretti, M., Gotti, C. & Domenici, L. Visual acuity is reduced in alpha7 nicotinic receptor knockout 
mice. Investigative ophthalmology & visual science 53, 1211–1218 (2012).

23. Azzopardi, E., Typlt, M., Jenkins, B. & Schmid, S. Sensorimotor gating and spatial learning in alpha7-nicotinic receptor knockout 
mice. Genes, brain, and behavior 12, 414–423 (2013).

24. Komada, M., Takao, K. & Miyakawa, T. Elevated Plus Maze for Mice. Journal of Visualized Experiments: JoVE 1088 (2008).
25. Spencer, C. M. et al. Modifying Behavioral Phenotypes in Fmr1 KO Mice: Genetic Background Differences Reveal Autistic-Like 

Responses. Autism research: official journal of the International Society for Autism Research 4, 40–56 (2011).
26. Silverman, J. L., Tolu, S. S., Barkan, C. L. & Crawley, J. N. Repetitive Self-Grooming Behavior in the BTBR Mouse Model of Autism 

is Blocked by the mGluR5 Antagonist MPEP. Neuropsychopharmacology 35, 976–989 (2010).
27. Thomas, A. et al. Marble burying reflects a repetitive and perseverative behavior more than novelty-induced anxiety. 

Psychopharmacology 204, 361–373 (2009).
28. Crawley, J. N. Designing mouse behavioral tasks relevant to autistic-like behaviors. Mental Retardation and Developmental 

Disabilities Research Reviews 10, 248–258 (2004).
29. Spencer, C. M., Alekseyenko, O., Serysheva, E., Yuva-Paylor, L. A. & Paylor, R. Altered anxiety-related and social behaviors in the 

Fmr1 knockout mouse model of fragile X syndrome. Genes, brain, and behavior 4, 420–430 (2005).
30. Spencer, C. M., Alekseyenko, O., Serysheva, E., Yuva-Paylor, L. A. & Paylor, R. Altered anxiety-related and social behaviors in the 

Fmr1 knockout mouse model of fragile X syndrome. Genes, Brain and Behavior 4, 420–430 (2005).
31. Salter, K. C. & Fawcett, R. F. The ART test of interaction: a robust and powerful rank test of interaction in factorial models. 

Communications in Statistics-Simulation and Computation 22, 137–153 (1993).
32. Higgins, J. J. & Tashtoush, S. An aligned rank transform test for interaction. Nonlinear World 1, 201–211 (1994).
33. Wobbrock, J. O., Findlater, L., Gergle, D. & Higgins, J. J. The Aligned Rank Transform for Nonparametric Factorial Analyses Using 

Only ANOVA Procedures. Proceedings of the SIGCHI Conference on Human Factors in Computing Systems 143–146 (2011).
34. Kay, M. & Wobbrock, J. ARTool: aligned rank transform for nonparametric factorial ANOVAs. R package version 0.10.2 (2016).
35. Hao, S. et al. Forniceal deep brain stimulation rescues hippocampal memory in Rett syndrome mice. Nature 526, 430–434 (2015).
36. Ben-Shachar, S. et al. Microdeletion 15q13.3: a locus with incomplete penetrance for autism, mental retardation, and psychiatric 

disorders. Journal of Medical Genetics 46, 382–388 (2009).
37. Coppola, A. et al. Different electroclinical picture of generalized epilepsy in two families with 15q13.3 microdeletion. Epilepsia 54, 

e69–e73 (2013).
38. Cubells, J. F. et al. Pharmaco-genetically guided treatment of recurrent rage outbursts in an adult male with 15q13.3 deletion 

syndrome. American Journal of Medical Genetics Part A 155, 805–810 (2011).
39. Endris, V. et al. Homozygous loss of CHRNA7 on chromosome 15q13.3 causes severe encephalopathy with seizures and hypotonia. 

American Journal of Medical Genetics Part A 152A, 2908–2911 (2010).
40. Guilmatre, A., Dubourg, C., Mosca, A. et al. REcurrent rearrangements in synaptic and neurodevelopmental genes and shared 

biologic pathways in schizophrenia, autism, and mental retardation. Archives of General Psychiatry 66, 947–956 (2009).
41. Hoppman-Chaney, N., Wain, K., Seger, P. R., Superneau, D. W. & Hodge, J. C. Identification of single gene deletions at 15q13.3: 

further evidence that CHRNA7 causes the 15q13.3 microdeletion syndrome phenotype. Clinical genetics 83, 345–351 (2013).
42. Helbig, I. et al. 15q13.3 microdeletions increase risk of idiopathic generalized epilepsy. Nat Genet 41, 160–162 (2009).
43. Lowther, C. et al. Delineating the 15q13.3 microdeletion phenotype: a case series and comprehensive review of the literature. 

Genetics in medicine: official journal of the American College of Medical Genetics 17, 149–157 (2015).
44. Liao, J., DeWard, S. J., Madan-Khetarpal, S., Surti, U. & Hu, J. A small homozygous microdeletion of 15q13.3 including the CHRNA7 

gene in a girl with a spectrum of severe neurodevelopmental features. American journal of medical genetics. Part A 155A, 2795–2800 
(2011).

45. Lepichon, J. B., Bittel, D. C., Graf, W. D. & Yu, S. A 15q13.3 homozygous microdeletion associated with a severe neurodevelopmental 
disorder suggests putative functions of the TRPM1, CHRNA7, and other homozygously deleted genes. American journal of medical 
genetics. Part A 152A, 1300–1304 (2010).

46. Lacaze, E. et al. De novo 15q13.3 microdeletion with cryptogenic west syndrome. American Journal of Medical Genetics Part A 161, 
2582–2587 (2013).

47. Miller, D. T. et al. Microdeletion/duplication at 15q13.2q13.3 among individuals with features of autism and other neuropsychiatric 
disorders. Journal of Medical Genetics 46, 242–248 (2009).

48. McMahon, J. M. et al. Detection of microchromosomal aberrations in refractory epilepsy: a pilot study. (2010).
49. Masurel-Paulet, A. et al. Further delineation of eye manifestations in homozygous 15q13.3 microdeletions including TRPM1: A 

differential diagnosis of ceroid lipofuscinosis. American Journal of Medical Genetics Part A 164, 1537–1544 (2014).
50. Masurel-Paulet, A. et al. Delineation of 15q13.3 microdeletions. Clinical genetics 78, 149–161 (2010).
51. Rosenfeld, J. A. et al. Deletions flanked by breakpoints 3 and 4 on 15q13 may contribute to abnormal phenotypes. European journal 

of human genetics: EJHG 19, 547–554 (2011).
52. Pagnamenta, A. T. et al. A 15q13.3 microdeletion segregating with autism. European journal of human genetics: EJHG 17, 687–692 (2009).
53. Nicholl, J. et al. Epilepsy with cognitive deficit and autism spectrum disorders: Prospective diagnosis by array CGH. American 

Journal of Medical Genetics Part B: Neuropsychiatric Genetics 162, 24–35 (2013).
54. van Bon, B. W. M. et al. Further delineation of the 15q13 microdeletion and duplication syndromes: a clinical spectrum varying 

from non-pathogenic to a severe outcome. Journal of Medical Genetics 46, 511–523 (2009).
55. Valbonesi, S. et al. Copy number variants in attention-deficit hyperactive disorder: identification of the 15q13 deletion and its 

functional role. Psychiatr Genet 25, 59–70 (2015).
56. Spielmann, M. et al. Homozygous deletion of chromosome 15q13.3 including CHRNA7 causes severe mental retardation, seizures, 

muscular hypotonia, and the loss of KLF13 and TRPM1 potentially cause macrocytosis and congenital retinal dysfunction in 
siblings. European journal of medical genetics 54, e441–445 (2011).

57. Popovici, C. et al. Mosaic 15q13.3 deletion including CHRNA7 gene in monozygotic twins. European journal of medical genetics 56, 
274–277 (2013).

58. Endris, V. et al. Homozygous loss of CHRNA7 on chromosome 15q13.3 causes severe encephalopathy with seizures and hypotonia. 
American journal of medical genetics. Part A 152A, 2908–2911 (2010).

59. Consortium, I. S. Rare chromosomal deletions and duplications increase risk of schizophrenia. Nature 455, 237–241 (2008).
60. Hoyle, E., Genn Rf Fau - Fernandes, C., Fernandes C Fau - Stolerman, I. P. & Stolerman, I. P. Impaired performance of alpha7 

nicotinic receptor knockout mice in the five-choice serial reaction time task.



www.nature.com/scientificreports/

1 0Scientific RepoRts | 7:39941 | DOI: 10.1038/srep39941

Acknowledgements
The work was supported in part by the Eunice Kennedy Shriver National Institute of Child Health & Human 
Development [grant number U54 HD083092]. Cores: Animal Behavioral Core, Neuroconnectivity Core at Baylor 
College of Medicine. Dr. Schaaf ’s work was generously supported by the Joan and Stanford Alexander Family. 
Dr. Xue’s work was supported by a Whitehall Foundation Research [Grant number 2015-05-54] and the Curtis 
Hankamer Basic Research Fund at Baylor College of Medicine. M.X. is a Caroline DeLuca Scholar. We thank Dr. 
Allen Genevera and Dr. Danielle Guffey for statistics consultation. We thank Mr. John McCarthy for proofreading 
of this manuscript.

Author Contributions
Jiani Yin planned the experiments, conducted all behavioral experiments, wrote the manuscript, and prepared 
Figures 1–3 and Table 1. Wu Chen wrote the EEG methods and prepared Figure 4. Hongxing Yang performed 
linear mixed mode analysis for related datasets. Mingshan Xue provided funding and guidance. Christian Schaaf 
planned the experiments, supervised data interpretation, edited the manuscript, and provided funding. All 
authors reviewed the manuscript.

Additional Information
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Yin, J. et al. Chrna7 deficient mice manifest no consistent neuropsychiatric and 
behavioral phenotypes. Sci. Rep. 7, 39941; doi: 10.1038/srep39941 (2017).
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

This work is licensed under a Creative Commons Attribution 4.0 International License. The images 
or other third party material in this article are included in the article’s Creative Commons license, 

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, 
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this 
license, visit http://creativecommons.org/licenses/by/4.0/
 
© The Author(s) 2017

http://creativecommons.org/licenses/by/4.0/

	Chrna7 deficient mice manifest no consistent neuropsychiatric and behavioral phenotypes
	Introduction
	Methods
	Animals
	Genotyping
	Elevated plus maze
	Open field assay
	Self-grooming
	Holeboard exploration
	Marble burying
	Three-chamber test
	Partition test
	Reciprocal social interaction
	Prepulse inhibition
	Tail suspension test
	Forced swimming test
	Tube test
	Behavioral data analysis and statistics
	Surgery and EEG recordings
	EEG data analysis

	Results
	Discussion
	Additional Information
	Acknowledgements
	References



 
    
       
          application/pdf
          
             
                Chrna7 deficient mice manifest no consistent neuropsychiatric and behavioral phenotypes
            
         
          
             
                srep ,  (2016). doi:10.1038/srep39941
            
         
          
             
                Jiani Yin
                Wu Chen
                Hongxing Yang
                Mingshan Xue
                Christian P. Schaaf
            
         
          doi:10.1038/srep39941
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 The Author(s)
          10.1038/srep39941
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep39941
            
         
      
       
          
          
          
             
                doi:10.1038/srep39941
            
         
          
             
                srep ,  (2016). doi:10.1038/srep39941
            
         
          
          
      
       
       
          True
      
   




