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Abstract

Receptor protein tyrosine phosphatase rho (RPTPρ, gene symbol PTPRT) is a transmembrane 

protein expressed at high levels in the developing hippocampus, olfactory bulb, cortex, and 

cerebellum. It has an extracellular domain that interacts with other cell adhesion molecules, and 

it has two intracellular phosphatase domains, one of which is catalytically active. In a recent 

genome-wide association study, PTPRT was identified as a potential candidate gene for autism 

spectrum disorder (ASD) susceptibility. Mutation of a critical aspartate to alanine (D1046A) in the 

PTPRT catalytic domain inactivates phosphatase function but retains substrate binding. We have 

generated a knockin mouse line carrying the PTPRT D1046A mutation. The D1046A mutation 

in homozygous knockin mice did not significantly change locomotor activities or anxiety-related 

behaviors. In contrast, male homozygous mice had significantly higher social approach scores 

than wild-type animals. Our results suggest that PTPRT phosphatase function is important in 

modulating neural pathways involved in mouse social behaviors relevant to the symptoms in 

human ASD patients.
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Introduction

Receptor protein tyrosine phosphatase rho (RPTPρ; gene symbol PTPRT) is a 

transmembrane molecule expressed at high levels in the mouse brain during development 

[McAndrew et al., 1998a, 1998b]. Over the past decade, PTPRT gene structure has been 

characterized [Besco et al., 2001, 2004], its expression pattern in developing mouse brain 

determined [McAndrew et al., 1998a, 1998b], and several substrates identified [Besco et 

al., 2006;Park et al., 2012; Zhang et al., 2007; Zhao et al., 2010]. The PTPRT gene was 

mapped to human chromosome 20q12-13.1 and to a syntenic region on mouse chromosome 

2 [McAndrew et al., 1998b]. It is classified as a receptor protein tyrosine phosphatase 

(RPTP) of the type 2B subfamily, together with RPTPκ, RPTPμ, and PCP-2 [Gebbink 

et al., 1991; Tonks, 2006; Wang et al., 1996; Yang et al., 1997]. The RPTPρ protein 

contains an extracellular segment, featuring a meprin/A5-protein/PTPmu (MAM) domain, 

an immunoglobulin-like domain, four fibronectin type II repeats, a transmembrane domain, 

and an intracellular segment. The intracellular segment contains two highly conserved 

phosphatase domains, only the first of which is catalytically active [Fischer et al., 1992]. 

Motifs in the extracellular ectodomain interact with identical conserved segments on other 

molecules, whereas the intracellular segment facilitates signal transduction through protein 

dephosphorylation via the catalytic phosphatase domain [Besco et al., 2006; Brady-Kalnay, 

Flint, & Tonks, 1993; Johnson & Van Vactor, 2003].

A recent analysis of a large, extended autism pedigree identified PTPRT/RPTPρ as a 

potential candidate for autism susceptibility [Allen-Brady et al., 2009]. Autism spectrum 

disorder (ASD) is a complex, heterogeneous disorder with variations in multiple genes 

likely contributing to its etiology [Kumar & Christian, 2009]. Numerous genes identified 

as risk factors for ASD are involved in maintaining synaptic function, indicating that 

altered synaptic homeostasis is an important underlying factor in ASD pathogenesis 

[Betancur, Sakurai, & Buxbaum, 2009; Huguet, Ey, & Bourgeron, 2013]. In vitro studies 

in hippocampal neurons have shown that altering PTPRT expression affects dendritic 

arborization [Park et al., 2012] and the number of spines and synapses [Lim et al., 2009]. 

It is possible that PTPRT may regulate neuronal pathways involved in animal behaviors 

relevant to ASD by modulating proteins important in synapse formation and synaptic 

transmission. In order to test this, we generated a knockin mouse model of the PTPRT gene. 

Zhang et al. previously demonstrated that a mutation in the phosphatase domain of PTPRT 

inactivates the phosphatase activity of the protein but retains substrate binding [Zhang et al., 

2007]. The mutated protein has also been used as a substrate trap to identify substrates of 

PTPRT [Zhao et al., 2010]. We introduced the same mutation in mouse PTPRT in our animal 

model. We have conducted behavioral analyses of these mice to determine if inactivation 

of PTPRT phosphatase function has an impact on mouse behaviors relevant to behavioral 

symptoms seen in ASD patients.

Materials and Methods

Generation of the RPTPρ Knockin Mouse

A ptprtD1046A knockin mouse line was generated using procedures similar to those 

employed previously in our laboratories [Chen, Han, & Gu, 2005; Chen et al., 2006a, 2006b; 
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Gu, Wu, & Han, 2006; Wu & Gu, 2003]. Briefly, a targeting construct was assembled by 

joining the long and short homology arms, a positive selection marker (neomycin resistant 

gene) flanked by two loxP sites, and a negative selection marker (thymidine kinase gene) 

(Fig. 1). The homology arms were polymerase chain reaction (PCR) amplified using a 

bacterial artificial chromosome (BAC) clone of C57BL6J mouse genomic DNA as the 

template (RP23-466K24, Children’s Hospital, Oakland). The short arm was 1.3 kb, and the 

long arm was a 5.5 kb fragment of the PTPRT gene containing exons 21 and 22. Three 

point mutations were introduced in Exon 22 (ENSMUSE00000551815), one introduced 

the D1046A mutation, and the other two were synonymous introducing a Spe1 restriction 

site nearby for construct assembly and diagnosis. The linearized targeting construct was 

electroporated into mouse embryonic stem (ES) cells (129 SvJ). G418-resistant ES cell 

clones were analyzed by PCR. A clone displaying the desired homologous recombination 

was microinjected into blastocysts of C57BL6J mice and implanted into pseudopregnant 

C57BL6J foster female mice at the Ohio State University (OSU) Genetically Engineered 

Mouse Modeling Core. Chimeric mice were bred with C57BL6J mice, and germ line-

transmitting mice were identified by PCR.

Wild-type (+/+), heterozygous (+/m), and homozygous (m/m) knockin mice used in the 

experiments were genotyped by PCR using primers that amplify the regions around the Neo 

cassette insertion site. Tissue from the cerebellum (from each genotype) was dissected and 

disrupted using a polytron tissue homogenizer and mRNA was isolated using an mRNA 

isolation kit (Qiagen Corp., Valencia, CA, USA). The cDNAs were synthesized, and the 

mutated region in the PTPRT cDNA was PCR amplified for all three genotypes. The PCR 

products were sequenced by the OSU Comprehensive Cancer Center Nucleic Acid Shared 

Resource.

Behavioral Assays

Wild-type (+/+), heterozygous (+/m), and homozygous (m/m) PTPRT knockin mice were 

used in the following behavioral experiments. Data from heterozygotes were, in general, 

similar to that of wild-type and is not shown.

Open field locomotion.—Spontaneous locomotor activity was measured in a 40 × 40 

cm acrylic box placed in a sound-attenuating chamber for 20 min [Brielmaier et al., 2012; 

Fonken et al., 2011]. Total distance travelled was measured using a video tracking software 

(ANYmaze, Stoelting Co., Wood Dale, IL, USA).

Elevated plus maze.—The elevated plus maze apparatus consisted of an elevated cross, 

placed 24 cm above the floor, with two open arms (35 × 6 cm) and two closed arms (35 × 

6 × 22 cm), at right angles to each other. Mice were placed at the intersection of the two 

arms and allowed to explore the maze for 5 min [Holmes & Rodgers, 2003]. Time spent in 

the open vs. closed arms and the number of entries into each arm was recorded and analyzed 

using the ANYmaze video tracking system. Arm entry was defined as the placement of all 

fours limbs into the arm.
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Social interaction task.—Social approach was measured in a three-chambered apparatus 

using a procedure as previously described [Thirtamara Rajamani et al., 2013] and similar to 

the procedure developed by Crawley et al. [Crawley, 2004]. Briefly, the test was divided into 

three 10-min stages. During the first 10 min, mice were allowed to explore the apparatus. 

This was followed by another 10-min stage, wherein an unfamiliar mouse (stranger 1) was 

placed under a wire cage in one of the side chambers, along with an empty wire cage in the 

opposing chamber. The third stage involved the introduction of a second unfamiliar mouse 

(stranger 2), which was placed under wire cage in the opposite side chamber. Movement 

was recorded with the video tracking system; time spent in each chamber during all three 

stages was measured. Cylindrical wire cages (Galaxy Cup, Spectrum Diversified Designs, 

Streetsboro, OH, USA) were used to hold the stranger mice. The placement of the stranger 

mice in the side chambers was counterbalanced among test animals to minimize any initial 

preference of the side chambers. Age- and sex-matched C57BL/6J mice were used as 

unfamiliar (stranger) mice and were habituated to the wire cages for 15 min/day for 3 days 

prior to the test.

Results

Confirmation of RPTPρ Knockin Mouse

The D1046A mutation was introduced into the mouse RPTPρ gene by standard homologous 

recombination in mouse ES cells. The general targeting strategy is described in Figure 1. 

Briefly, after G418 selection, ES cell colonies were picked in areas of culture dishes having 

very sparse colonies to avoid the possibility that the picked colonies are from two clones 

fused together. PCR were performed using pairs of primers that anneal to the Neo cassette 

and to the RPTPρ gene sequence outside of the targeting short arm (P2f/P2r, Fig. 1A). Only 

the ES cell clones with correct recombination of the targeting construct will produce a PCR 

band of correct size. The correct ES cell clones were further confirmed with PCR using pairs 

of primers that anneal to the Neo cassette and to the PRPRT gene sequence outside of the 

long arm of the targeting construct (P1f/P1r, Fig. 1A). The results (data not shown) indicate 

that the Neo cassette and the mutations were inserted correctly into the PTPRT gene in the 

ES cells as designed. We then generated the knockin mice by micro-injection of the ES 

cells into blastocysts of C57BL6J mice and implanting into pseudopregnant C57BL6J foster 

female mice. Chimeric mice were bred with C57BL6J mice, and germ line-transmitting 

mice were identified by PCR using primers P2f + P2r and with mouse genomic DNA as 

template. Figure 1B shows that five of the eight tested mice had a strong 1.35-kb band 

indicating the presence of the mutated allele. The correct recombination on the long arm side 

was also verified by PCR using primers P1f and P1r (Fig. 1A). Figure 1C shows the image 

of a preparation gel of the long arm PCR producing a 5.7-kb band from two mice. The DNA 

bands were purified and sequenced, which confirms the correct mutations in mouse genomic 

DNA. To further confirm the correct targeting and desired mutations, mRNAs were isolated 

from the cerebellum of adult wild-type, heterozygous, and homozygous knockin mice, and 

cDNA was synthesized. A region of the RPTPρ cDNA containing exon 22 was amplified by 

PCR and sequenced. As expected, the sequence of the mutation region from wild-type mice 

matches perfectly with the known wild-type reference sequence (Fig. 1D). The sequence 

from the heterozygous mice also matches the reference sequence except at the three mutated 
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sites. At these three sites, double peaks were observed in the sequencing chromatogram 

reflecting the presence of both the wild-type and the mutant alleles (Fig. 1E). The double 

peaks have comparable heights with differences within the variations of sequencing peaks. 

This is consistent with the expected 1:1 ratio in heterozygous mice. The sequencing was 

repeated with another heterozygous mouse, and the results were confirmed. These results 

indicate that the mutations and presence of the Neo cassette in the intron between exons 

22 and 23 in the mutant allele did not change the mutant RPTPρ mRNA expression level; 

therefore, we did not go further as planned to remove the Neo cassette (Fig. 1A). Finally, 

the mRNA sequence from the homozygous mice has single peaks at all three mutation sites 

matching the expected mutated sequence (Fig. 1F). This is solid evidence that the targeting 

construct was introduced into the mouse genome by correct homologous recombination 

because the wild-type RPTPρ sequence will be detected in mice if the targeting construct 

was inserted at random.

Open Field Locomotor Activity

Wild-type (+/+) and homozygous (m/m) mutant PTPRT KI mice were placed in an open 

field box, and their locomotor activity was recorded. Total distance traveled by male and 

female mice, and the distance traveled in 5-min bins throughout the 20 min were measured. 

A one-way analysis of variance (ANOVA) revealed no differences in total distance traveled 

in male (Fig. 2A, F1,18 = 2.354, P = 0.143; +/+ n = 8, m/m n = 11) and female (Fig. 2C, 

F1,29 = 0.036, P = 0.85; +/+ n = 13, m/m n = 17) PTPRT knockin mice. A repeated-measures 

ANOVA revealed a significant decrease in distance traveled over time for both genotypes, 

suggesting habituation to the open field apparatus (males, Fig. 2B, F3,18 = 6.534, P < 0.05; 

females, Fig. 2D, F3,29 = 35.114, P < 0.05). Male m/m knockin mice were slightly, but 

not significantly, less active than wild-type controls at each 5-min data point throughout the 

20-min period.

Elevated Plus Maze

Animals were placed in the center of an elevated plus maze with two open arms and two 

closed arms. Mice were monitored for 5 min, and the number of entries and time spent on 

the open arm of the maze was measured. No statistically significant difference between the 

two genotypes was observed in the number of entries into the open arms in males (Fig. 

3A, Kruskal–Wallis test, P = 0.706, unequal variances observed using Levene’s statistic, 

P = 0.027) or females (Fig. 3C, One-way ANOVA, F1,29 = 0.833, P = 0.369). This result 

suggests that exploratory behavior does not differ between the two groups. Time spent in the 

open arms of the maze also did not differ significantly between +/+ and m/m mice in both 

males (Fig. 3B, F1,18 = 0.053, P = 0.822) and females (Fig. 3D, F1,29 = 0.006, P = 0.938), 

suggesting that homozygous knockin mice did not display an anxiogenic phenotype.

Social Interaction Tests

Social interaction was tested using a three-chambered apparatus. In the first 10-min period 

of this three-part test, mice were allowed to explore the apparatus with empty cages in both 

side chambers; each group showed no preference for either of the two side chambers (data 

not shown).
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Social Approach

In the second period, a stranger mouse (stranger 1) was placed under a cage in one of 

the side chambers; the alternate side chamber contained an empty wire cage. Test mice 

were allowed to explore for 10 min. Both male (Fig. 4A) and female (Fig. 4B) PTPRT 

+/+ and m/m mice spent more time in the chamber containing stranger 1 than with the 

empty wire cage (male +/+, one-way ANOVA, F1,44 = 12.818, P < 0.05; male m/m, F1,44 

= 37.867, P < 0.05; female +/+, F1,44 = 6.658, P < 0.05; female m/m, F1,44 = 6.282, P < 

0.05), demonstrating the tendency for social interaction. Social approach scores, defined as 

the difference in time spent between the chamber containing stranger 1 and the chamber 

containing the empty wire cage, were also analyzed. Male PTPRT m/m (Fig. 4C, n = 8) mice 

had a significantly higher social approach scores than +/+ (n = 16) mice (Student’s t-test, t 
= 2.157, P < 0.05), suggesting that male PTPRT m/m mice are significantly more socially 

inclined than their wild-type counterparts. However, no difference in social approach scores 

was observed between female +/+ (n = 13) and m/m (n = 11) PTPRT mice (Fig. 4D) 

(Student’s t-test, t = 0.07025, P = 0.9446).

Social Novelty

In the third stage of the social interaction test, social novelty, a novel stranger mouse 

(stranger 2) was placed under the previously empty wire cage in the side chamber, while 

the stranger 1 mouse remained in the alternate compartment. Test mice were allowed to 

explore for 10 min, and time spent in each of the three chambers was recorded. In general, 

male (Fig. 5A) and female (Fig. 5B) mice of both genotypes preferred to spend more time 

in the chamber containing stranger 2 than with stranger 1 (male +/+, one-way ANOVA, 

F1,44 = 18.287, P < 0.05; male m/m, one-way F1,44 = 12.220, P < 0.05; female +/+, F1,44 = 

12.43, P < 0.05; female m/m, F1,44 = 0.693, P = 0.41). The social novelty scores (defined 

as difference between times spent in the chambers containing stranger 2 and stranger 1, 

respectively) were also measured. The male wild-type and m/m mice had similar social 

novelty scores (Fig. 5C; F1,23 = 0.085, P = 0.773), while female m/m mice showed a lower 

social novelty score than the wild-type group. However, the difference was not significant 

(Fig. 5D; F1,23 = 1.653, P = 0.212).

Discussion

Protein tyrosine phosphatase rho (RPTPρ/PTPRT) is a transmembrane protein expressed 

predominantly in the central nervous system [CNS; Paul & Lombroso, 2003], where it 

plays a role in signal transduction [Xu & Fisher, 2012], cell adhesion [Sallee, Wittchen, & 

Burridge, 2006], and synaptogenesis [Lim et al., 2009]. Improper synapse formation can 

contribute to neurodevelopmental disorders, and many genes identified in the pathogenesis 

of ASD are associated with synaptogenesis [Zoghbi & Bear, 2012]. We have generated a 

knockin mouse line carrying a mutated PTPRT with the phosphatase function inactivated. 

We speculate that this could lead to increased phosphorylation states of PTPRT substrate 

proteins, thus affecting neural pathways mediating certain animal behaviors. We have found 

that inactivating the phosphatase function of PTPRT in the homozygous knockin mice 

significantly increased the social approach score compared with the wild-type mice. The 

performances of homozygous knockin mice on locomotor tests and anxiety-related tests 
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were generally unchanged compared with wild-type mice, ruling out the possibility that 

altered locomotor activity could significantly impact the outcome of the social interaction 

tasks.

Although PTPRT has been shown to play a critical role as a colorectal tumor suppressor 

[Wang et al., 2004], its functional role in the CNS is only now emerging. Unlike 

other RPTPs, PTPRT gene expression is almost exclusively restricted to the CNS. High 

levels of PTPRT expression have been reported during early embryonic development 

in the olfactory bulb and cortex. Gene expression was also observed in hippocampal 

formation, anterior cerebellar cortex, and spinal cord [McAndrew et al., 1998a, 1998b]. 

A similar expression profile of the PTPRT gene was also shown in the Allen Mouse 

Brain Atlas [Hawrylycz et al., 2012; Allen Institute for Brain Science, Allen Mouse Brain 

Atlas]. Recent in vitro studies in hippocampal neurons have shown that upregulation of 

PTPRT expression results in increased dendritic spine density, and number of excitatory 

and inhibitory synapses [Lim et al., 2009]. When PTPRT was knocked down, dendritic 

arborization and number of spines were reduced [Park et al., 2012]. Recent evidence 

also suggests PTPRT may regulate proteins involved in process of synaptic vesicle fusion. 

Syntaxin-binding protein 1, a component of the protein complex involved in synaptic vesicle 

fusion, was identified as an endogenous target of PTPRT. It has been demonstrated that 

PTPRT dephosphorylates tyrosine 145 of Syntaxin-binding protein 1, thereby regulating its 

interaction with Syntaxin-1 [Lim et al., 2013], a member of the SNARE complex, which is 

necessary for fusion of synaptic vesicles with the presynaptic membrane [Jahn & Sudhof, 

1999]. RPTPρ is also known to interact with neuroligins and protein tyrosine kinase, Fyn, 

to regulate synapse formation [Lim et al., 2009]. Mutations in both neurogulins (NL-3 and 

NL-4) and neurexin-1 have been reported in a subset of patients with ASD [Kim et al., 

2008;Yan et al., 2005]. Together, the above studies strongly suggest that PTPRT may play a 

regulatory role in synaptogenesis.

ASDs are complex polygenic disorders. Genome-wide analysis studies have identified 

multiple genes associated with ASD, many of which are involved in synapse formation 

and synaptic transmission [Durand et al., 2007; Jamain et al., 2003]. Using linkage 

analysis, genetic variants within chromosomal region 20q11.21-q13.12 were identified in 

a large pedigree of autistic individuals [Allen-Brady et al., 2009]. These variants are single-

nucleotide polymorphisms (SNPs) in the chromosomal loci containing the PTPRT gene, and 

they exhibit significantly high linkage to ASD. However, it is not known which of these 

SNPs are functional variants that may change PTPRT expression or function. In this study, 

we introduced a loss-of-function missense mutation in the catalytically active phosphatase 

domain of PTPRT gene. This mutation inactivates the phosphatase while retaining the ability 

of the protein to bind to other substrate proteins [Zhang et al., 2007]. Interestingly, a number 

of functional SNPs have been identified in the phosphatase domain of the PTPRT gene 

in colorectal and lung cancer populations [Wang et al., 2004]. The three core diagnostic 

symptoms of ASD [impaired sociability, deficits in social communication and repetitive, 

and restrictive behaviors; American Psychiatric Association, 2013] have been modeled in 

animals [Crawley, 2007; Ricceri, Moles, & Crawley, 2007]. We tested PTPRT mutant mice 

for deficits in social behaviors using the three-chambered social interaction test. This test 

has been extensively studied and employed for screening social deficits in various mouse 
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models of autism [McFarlane et al., 2008; Moy et al., 2007, 2008; Silverman et al., 2011]. 

Animal models of autism have been reported with deficits in social approach [DeLorey et 

al., 2008;Jamain et al., 2008; Molina et al., 2008; Moy et al., 2009; Nakatani et al., 2009]. 

We hypothesized that inactivating phosphatase function of PTPRT might shift the balance of 

phosphorylation/dephosphorylation states of proteins critical for synapse formation resulting 

in altered neural pathways and animal behaviors relevant to ASD. Indeed, male homozygous 

PTPRT m/m knockin mice initiated more contact with the stranger 1 (social approach) 

mice than their wild-type controls, suggesting increased, rather than decreased, social 

interaction. Interestingly, increases in social behaviors have been reported in two other 

mutant mouse strains. Animals with targeted mutation in the Mecp2 gene are considered a 

mouse model for Rett syndrome [Pearson et al., 2012]. The other mutant mouse line has a 

deficient phosphodiesterase 10A [Sano, Nagai, Miyakawa, Shigemoto, & Yokoi, 2008]. In 

either model, the mechanism by which the mutation promotes social behaviors is not fully 

understood, although it has been hypothesized that an increase in cAMP signaling within 

striatal medium spiny neurons may facilitate social interaction in the PDE10A2-deficient 

mice.

Although the precise neuronal pathways underlying these findings are unknown, it is 

well understood that tyrosine phosphatases serve as signal-transducing agents for proteins 

involved in synaptic development [Dabrowski & Umemori, 2011]. Reduced PTPRT 

phosphatase function is likely to result in higher phosphorylation states of substrate 

proteins, disrupting the balance of phosphorylation/dephosphorylation in critical pathways 

and potentially modifying behaviors. Our results indicate a possible role for PTPRT/RPTPρ 
in shaping neural pathways important for specific social behaviors. Further studies are 

required to better understand RPTPρ’s involvement in mouse behaviors relevant to ASD.
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Figure 1. 
Targeting strategy for generating PTPRT knockin mouse and confirmation of correct 

homologous recombination. (A) Targeting strategy. Thin lines represent wild-type mouse 

genomic DNA between exons 20 and 23; thick lines represent sequences included in the 

targeting construct. Open boxes represent exons; the large box represents exon 22, which 

contains a line representing the mutation in exon 22. Open arrows represent the positive 

selection marker (Neo cassette) and the negative selection marker (thymidine kinase gene). 

Triangles represent LoxP sites. Small arrows represent polymerase chain reaction (PCR) 

primers. (B) Agarose gel image of PCR screening for mice with correct homologous 

recombination using primers P2f annealing to the Neo gene and P2r annealing to the cell 

genomic sequence just outside of the short arm (see panel A). The presence of a 1.35-kb 

band indicates positive mice. (C) Image of a preparative agarose gel of PCR using primers 

P1r annealing to the Neo gene and P1f annealing to the mouse genomic sequence just 

outside of the long arm. The presence of a 5.7-kb band confirms that the two mice have 

correct recombination at the long arm side. (D, E, F) portions of chromatograms of the 

sequencing results of the PTPRT mRNAs (cDNAs) from wild-type (+/+), heterozygous 

(+/m), and homozygous (m/m) knockin mice. The three mutation sites are highlighted.
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Figure 2. 
Open field Locomotor activity. The total distance traveled in 20 min by male and female 

wild-type (+/+) and homozygous PTPRT mutant mice (m/m) are shown. No significant 

difference in the total locomotor activity was observed between +/+ and m/m mice (Fig. 2A 

and C). Distance traveled over time is shown for males (Fig. 2B) and females (Fig. 2D); a 

significant effect of time but no effect of genotype was observed. Data are presented as mean 

± standard error of the mean (SEM).
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Figure 3. 
Elevated plus maze. The number of entries into the open arms are shown for male (Fig. 3A) 

and female (Fig. 3C) wild-type (+/+) and homozygous PTPRT mutant mice (m/m). Time 

spent on the open arms for males and females is shown in Figure 3B and 3D. Data are 

presented as mean ± standard error of the mean (SEM).
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Figure 4. 
Social approach. Time spent in the center chamber, the side chamber containing an 

unfamiliar mouse (Sstranger 1), or the side chamber containing an empty wire cage for 

male (Fig. 4A) and female (Fig. 4B) wild-type (+/+) and homozygous PTPRT mutant mice 

(m/m). In males, both genotypes spent significantly more time in the chamber containing 

stranger 1 than the chamber containing the wire cage (*P < 0.05). Social approach scores 

(Fig. 4C) were significantly higher in male m/m mice (n = 8) compared wth +/+ (n = 

16) mice (*P < 0.05). Both +/+ and m/m female mice showed preference for the chamber 

containing stranger 1 over wire cage (*P < 0.05). No differences in social approach scores 

were observed between female +/+ (n = 13) and m/m (n = 11) mice (Fig. 4D). Data are 

presented as mean ± standard error of the mean (SEM).
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Figure 5. 
Social novelty. Time spent with stranger 1 and 2 for male (Fig. 5A) and female (Fig. 5B) 

wild-type (+/+) and homozygous PTPRT mutant mice (m/m). In males, both +/+ and m/m 

mutant mice spent significantly more time with stranger 2 than stranger 1 (*P < 0.05). In 

females, only +/+ and not m/m mutant mice showed a significant preference for the chamber 

containing stranger 2 over stranger 1 (*P < 0.05). Figure 5C and 5D show the difference in 

time spent with stranger 2 vs. stranger 1 (social novelty score) by (C) male and (D) female 

+/+ and m/m mice. Data are presented as mean ± standard error of the mean (SEM).
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