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Introduction 
The etiology of autism, or the more broadly defined Autism Spectrum 

Disorders (ASD), is multifaceted and is likely due to a combination of 
genetic and environmental interactions [1,2]. Genetically modified 
animal models are amenable for studying these interactions, and 
for testing biochemical therapeutics in a high-throughput manner. 
Nevertheless, it is imperative for any proposed animal model of autism 
to recapitulate the basic fundamental core features of the disorder, as 
those observed in humans and for these “symptoms” to be reversed 
by the same drugs used to treat patients [3]. This definition of a valid 
animal model is complicated in the development of ASD animal models 
because disrupted communication is a core feature of ASD, and language 
is perceived to be a human-specific feature. Thus, here we present 
animal models for genes implicated in language, Foxp2 and Foxp1, and 
discuss their relevancy to understanding the pathophysiology of ASD.

FOXP Family

ancestor sequence with chimpanzees, as evidenced by two human-
specific amino acids in its sequence [11]. This rapid change in the 
molecular evolution of FOXP2 occurred around the same time as the 
emergence of language in the human lineage, and these changes have 
also been shown to be important for a unique transcriptional program 
for the human form of FOXP2 [12]. FOXP2 transcriptionally regulates 
genes involved in neuronal development, neurite outgrowth, dendritic 
branching, and axonal morphology [12-14]. Therefore, the evidence for 
FOXP2 involvement in language, its expression pattern in the brain, 
and its transcriptional regulation of important neurodevelopmental 
genes has led to the hypothesis that FOXP2 may have a role in 
neurodevelopmental disorders, such as ASD.

Several studies have investigated whether genetic variations in 
FOXP2 itself are associated with ASD; however, since there have been 
both positive and negative results reported in the literature, these studies 
are inconclusive [15-23]. In addition, recent genome-wide surveys 
of Copy Number Variation (CNV) in ASD samples have not found 
variation in FOXP2 associated with the disorder [24-26]. Nevertheless, 
strong support for FOXP2 playing a role in ASD can be found in its 
regulation of downstream signaling pathways. For example, candidate 
gene approaches have found that FOXP2 regulates the expression 
of CNTNAP2, MET, and SRPX2, all ASD related genes [27-29]. In 
addition, genome-wide DNA binding and gene expression studies have 
identified numerous target genes of FOXP2 in either human or mouse 
tissue that are associated with ASD [14,30-32]. Together, these studies 
suggest that signaling pathways downstream of FOXP2 regulation of 
gene expression are particularly vulnerable in ASD.

FOXP1 is highly homologous to FOXP2, and is also expressed 
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Abstract
Autism is a neurodevelopmental disorder with a multifaceted association between genes and the environment. 

Currently, in the majority of patients, the etiology of autism is not known and coupled with increasing prevalence 
rates, along with the high degree of heritability of autism, the development of animal models is crucial for studying 
and developing therapies for autism. A key characteristic of autism is marked abnormalities in the acquisition and 
use of language. Thus, to understand and ultimately treat autism is an especially difficult task because no animal 
produces language, as it is defined in humans. In this review, we will discuss the FOXP family of genes, which are 
a group of transcription factors that have been linked to both autism, as well as language in humans. Due to the 
association of language/communication and the Foxp family of transcription factors, animal models with targeted 
disruptions of Foxp functioning are powerful tools for understanding the developmental signaling pathways that may 
be vulnerable in autism.

The FOXP family of transcription factors consists of three genes 
expressed in the brain: FOXP1, FOXP2, and FOXP4. Of these three 
genes, more is known about FOXP2 due to the identification of a 
mutation in FOXP2 over a decade ago, in a large intergenerational 
family termed the KE family [4]. Affected members of the KE family 
were found to have a mutation in the DNA-binding domain of FOXP2, 
which resulted in these individuals exhibiting verbal dyspraxia, a below 
average IQ, and syntactic impairments in language [5,6]. Subsequent 
studies have shown that this heterozygous mutation of an arginine to 
histadine (R553H) in the forkhead DNA binding domain of FOXP2, 
prevents the FOXP2 protein from binding to DNA [7], and thus likely 
inhibits its ability to directly regulate transcriptional events. Additional 
types of mutations including a premature stop mutation, leading 
to protein truncation have been identified in other individuals and 
families with similar speech and language phenotypes (for a detailed 
review of these mutations [8,9]). FOXP2 has a highly conserved amino 
acid sequence, as well as a conserved distribution in brain regions 
that are involved in vocal communication, such as the neocortex, 
basal ganglia and cerebellum [8]. This conservation across species in 
areas of the brain implicated in diseases such as ASD [10], makes the 
study of FOXP2 animal models relevant to understanding the normal 
neurodevelopmental mechanisms of these brain regions and circuits. 
In humans, FOXP2 has had accelerated divergence from a common 
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Rodent Ultrasonic Vocalizations
The most challenging aspect of ASD biology to model in rodent 

systems is the disruption to language and communication. However, 
it has been well established that rodents communicate through the 
use of Ultrasonic Vocalizations (USVs) [46,47], and numerous studies 
have identified alterations in USVs in mice, with genetic modifications 
in genes associated with ASD [48-52]. USVs are produced by many 
species of rodents in the context of social encounters, and function as 
a short-distance communication method since USVs attenuate rapidly 
in space [53,54]. Moreover, many predators have limited hearing 
capacity for ultrasonic tones, thus providing rodents an ideal method 
for communicating with intended receivers, while minimizing the 
threat of predation [46,54]. USVs emerge early in infancy in many 
rodent species, (i.e. within the first few days of life for mice and rats) 
[47,55]. Pup distress USVs are triggered by aversive events, such 
as maternal separation and hypothermia [56,57]. These maternal 
separation calls are the most widely used method for eliciting and 
analyzing vocalizations in young rodents [58-60]. Maternal separation 
calls are effective stimuli because these infant vocalizations readily 
elicit maternal retrieval behavior in many strains of rats and mice [61-
64]. The most parsimonious interpretation of these data is that pups’ 
ultrasonic calls communicate an aversive emotional state to their 
mothers, resulting in pup retrieval. Changes in USVs may thus, alter 
the behavioral feedback circuit between pup and mother leading to 
potential changes in other behavioral responses during development, 
such as anxiety-related behaviors [65,66]. Pups cease producing 
separation-induced distress calls around the time when their eyes and 
ear canals open at approximately 14 days of age [67], further suggesting 
that these particular vocalizations are not intended for non-maternal 
conspecifics [55]. The study of pup USVs, within the context of ASD 
is therefore, not only important for understanding mechanisms of 
vocalizations, but also how alterations in biobehavior feedback at an 
early age may impact later development.

Animal Models and the Foxp Family
Since disrupted communication ability is a core feature of ASD, 

and this particular facet of ASD is particularly challenging to address 
in animal models. The association between language/communication 
and the Foxp family of transcription factors makes animal models 
with disruption to Foxp functioning, potentially informative for 
understanding the molecular biology of this phenotype in ASD, as well 
as vocalizations in general. A number of Foxp2 mutant mice have been 
developed, and the study of these animals have provided insight into 
the contribution of Foxp2 to vocalizations and other behaviours, that 
may be relevant to the study of ASD, such as learning and memory (see 
table 1 for a complete summary of these lines). 

Shu et al. [68] generated the first Foxp2 Knockout (KO) mouse. Shu 
et al. [68] found that homozygous loss of Foxp2 (Foxp2-/-) in mice leads 
to severe motor defects, and the mice typically die by postnatal day 
21. The subsequent generation of an additional line of Foxp2-/- mice, 
using a conditional null allele approach has supported this finding 
[69]. In addition, the Foxp2-/- mice also have reduced postnatal weight 
gains, although the underlying etiology of this is unknown, and could 
be tied to non-nervous system requirements for Foxp2 function [68-
70]. Moreover, heterozygous loss of Foxp2 (Foxp2-/+) also leads to a 
reduction in postnatal weight gain in one strain of mice [68], but unlike 
the Foxp2-/- mice, the Foxp2-/+ mice are viable [68,69]. In addition to 
the development of Foxp2 null allele mice, other Foxp2 mutants have 
been developed. Mice have been engineered with a specific mutation 
in Foxp2, analogous to the mutation in the affected members of the KE, 
mice family (R552H), or with a nonsense mutation in Foxp2 analogous 
to the mutation in an additional family with disruptions in speech and 
language (S321X) [9,70]. Finally, mice with a “humanized” form of 
Foxp2 have been generated by substituting the exon that yields the two 
human-unique amino acids of FOXP2 into the orthologous exon of the 
mouse Foxp2 gene [71]. The resultant Foxp2hum/hum mice are viable, and 
do not have any growth issues. 

Anatomically, major developmental abnormalities in the cerebellum 
have been reported in both homozygous null and point mutation Foxp2 
mutants. These mice were found to have atypical cerebellar growth, 
e.g. nonconforming alignment of Purkinje cells and incomplete 
migration of granular cells [68-70,72]. In addition, one report has 
found heterozygous null Foxp2 mutants to have slight differences in 
cerebellar development, as compared to wild type mice [68], while the 
other studies have not reported differences in heterozygotes [69,70]. 
Alterations in the cerebellum are relevant to the study of ASD, as there 
is increasing evidence that cerebellar deficits are associated with ASD 
[10]. Moreover, Foxp2R552H/+ mice were found to have impaired Long-
term Depression (LTD) in the striatum, but a more rapid induction of 
LTD in the cerebellum [70]. These same mice were also tested using 
in vivo multielectrode recordings and displayed negative modulation 
of striatal neuron firing rates, which is in contrast to the positive 
modulation exhibited by wild type mice [73]. Additionally, these 
Foxp2R552H/+ mice also demonstrate abnormally high continuous striatal 
activity [73]. This pattern of activation in the striatum is irregular, 
because the majority of neurons in the striatum typically show low in 
vivo firing rates [74]. In contrast to the impaired LTD of Foxp2R552H/+ 
mice, Foxp2hum/hum mice have increased LTD in the striatum [71]. These 
changes in excitation/inhibition, and/or plasticity may also be relevant 
to many of the biological changes ascertained in patients with ASD [2].

In addition to anatomical abnormalities, homozygous Foxp2 
mutants have discernible motor deficiencies as measured by righting 
reflex, negative geotaxis, and rotarod testing [68-70,72]. In contrast, 

in the developing human brain, in both neocortex and basal ganglia 
[33]. For a more detailed review on expression patterns of FOXP 
family members, see [32,34]. The conservation of functional domains 
and overlapping expression in certain brain regions among FOXP 
family members suggests the potential for functional redundancy, 
and/or synergistic activities. In fact, FOXP1, FOXP2, and FOXP4 
not only form homodimers, but they also have the capacity to form 
heterodimers with each other, to regulate transcription [35]. Thus, 
through this heterodimerization mechanism, both FOXP1 and FOXP4 
may participate in FOXP2-mediated signaling pathways, important for 
speech and language. Unlike FOXP2, a more direct association between 
FOXP1 and ASD has been discovered recently. Several studies have 
uncovered mutations, deletions, or copy number variations of FOXP1 
in individuals with ASD, or other neurodevelopmental disorders such 
as intellectual disability [36-42]. In addition, some affected individuals 
with FOXP1 mutations have abnormally enlarged ventricles, as assessed 
by MRI [37]. The discovery of increased brain volume in patients with 
a FOXP1 mutation is consistent with previous reports of ASD patients 
[43-45]. Similar to FOXP2, FOXP1 can also repress expression of 
CNTNAP2, suggesting convergent signaling pathways of ASD genes by 
FOXP family members [39]. Moreover, these results again highlight a 
potential mechanism for FOXP2 participation in signaling pathways 
vulnerable in ASD, through its heterodimerization with FOXP1. 
Additional studies of FOXP1 targets will be required to fully assess the 
involvement of FOXP1-regulated signaling pathways in ASD. Taken 
together, these data support a role for both FOXP1 and FOXP2 in the 
regulation of signaling pathways involved in ASD.
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Gene Reference Mutation	 USV Other behavior Anatomy
Foxp2 Shu (2005) Null Allele PN 6; PN 10

Foxp2-/- 1) Reduced total number
2) Duration, frequency, 
bandwidth comparable to WT

1) Severe motor defects
2) Die by PN 21

1) Atypical cerebellar growth
2) Reduced postnatal weight gain

Foxp2-/+ 1) Reduced total number 
duration, peak frequency, 
bandwidth comparable to WT

1) Similar to WT
on Morris water maze

1) Minor changes in cerebellum
2) Reduced postnatal weight gain

French (2007) Null Allele cKO
Foxp2-/- 1) Severe motor defects

2) Die by PN 21
1) Atypical cerebellar growth
2) Reduced postnatal weight gain

Foxp2-/+ 1) No gross motor defects 1) Normal cerebellar growth
2) Normal postnatal weight gain

Fujita (2008) KE family mutation PN 8

Foxp2R552H/R552H 1) Reduced total number 
and produced mainly 
“clicks”

1) Severe motor defects
2) Die by PN 21

1) Atypical cerebellar growth
2) Reduced postnatal weight gain

Foxp2R552H/+ 1) Decrease in total number
2) Able to produce a variety
of calls but with reduced 
duration

1) Slight motor defects 1) Normal postnatal weight gain

Groszer (2008) KE family mutation PN4

Foxp2R552H/R552H
1) No reduction in total 
number

1) Severe motor defects
 2) Die by PN 21

1) Atypical cerebellar growth
 2) Reduced postnatal weight gain

Foxp2R552H/+ 1) No differences 1) No gross motor defects
2) Slight reduction in motor     
skill learning

1) Impaired LTD in striatum
2) Climbing fiber and parallel fiber input on to Purkinje 
cells were normal but faster induction of LTD
3) Normal postnatal weight gain
4) Normal cerebellar growth

Enard (2009) Humanized Foxp2 PN 4, PN 7, PN 10, PN 13

Foxp2hum/hum 1) No differences in
total number of calls or duration
2) Lower start frequency and
lower min and max frequency

1) No gross motor defects
2) Reduced exploratory
activity in a novel environment

1) Reduction in dopamine brain that express Foxp2
2) Longer neurite outgrowth
3) Stronger LTD
4) Changes in gene expression patterns in the striatum

Foxp2WT/KO 1) Slightly impaired motor
learning on the rotarod

1) Increase in dopamine concentrations in all regions of
brain that express Foxp2
2) Increases in serotonin levels in nucleus accumbens
3) Shorter neurite outgrowth
4) Gene expression showed opposite patterns than
observed in Foxp2hum/hum

Gaub (2010); 
French (2011); 
Kurt (2012)

KE family mutation PN 4

Foxp2R552H/R552H 1) No reduction in total 
number
2) More low acoustic USVs  
with similar duration as WT

1) Reduced postnatal weight gain

Foxp2R552H/+ 1) No reduction in total 
number
and similar duration as WT

1) Learned auditory-motor
association task slowly
but reached  WT levels

1) Normal postnatal weight gain
2) Striatal neurons showed more negative modulation 
than the characteristic positive modulation
3) Higher than normal ongoing firing rates for medium 
spiny neurons

Foxp2S321X/S321X 1) Small reduction in total 
number
2) More low acoustic USVs
similar duration, and fewer
frequency jumps as WT

1) Reduced postnatal weight gain

Foxp2S321X/+ 1) No reduction in total 
number
2) More high acoustic USVs
but longer duration than WT

1) Did not learn auditory mo-
tor association task

1) Normal postnatal weight gain

Foxp1 Rousso (2008) Null Allele
Foxp1-/- 1) Foxp1 involved in motor

neuron formation in spinal cord
Surmeli (2011) Motor neuron cKO

Olig2: Cre;
Foxp1flox/flox

1) Foxp1 involved in sensory-motor connectivity of
neurons in spinal cord

Foxp4 Rousso (2012) Null Allele

  Foxp4-/- 1) Increased neural tube defects, lack   of lateral ventricles, 
and holoprosencephaly 

PN=postnatal day; WT= wild type; cKO=conditional knockout. 
Table 1: Summary of Foxp family mouse models including data for USVs, other behaviors, and anatomy.
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Foxp2-/+ mutants, Foxp2R552H/+, and Foxp2hum/hum mice, either did not 
exhibit motor deficits, or displayed minor deficits in motor skill 
acquisition [68,70,72]. A recent study examining the Foxp2R552H/+, and 
Foxp2S321X/+ mice has found that these two different point mutations affect 
the ability of these mice to learn how to associate auditory stimuli with 
a motor output behavior [75]. In this study, two different acoustic tones 
were played. The mice were conditioned to jump a hurdle separating 
two chambers, in response to one tone, but abstain from jumping the 
hurdle, in association with a different tone. Foxp2R552H/+ mice learned the 
task, but at a slower rate than wild type mice, whereas Foxp2S321X/+ mice 
exhibited a slow, flat learning curve that never reached wild type levels 
[75]. These data suggest an important distinctive behavioral outcome, 
as a consequence of two different human-based mutations of the Foxp2 
gene on learning behavior. These studies also highlight the involvement 
of Foxp2 in brain circuitry, underlying different types of learning that 
may be vulnerable in neurodevelopmental disorders, such as ASD.

FoxP2 is also expressed in zebra finch brain, in areas comparable to 
the mammalian expression pattern [33]. In addition, FoxP2 expression 
changes during song acquisition, pointing to an important role for 

FoxP2 in learned song, which is in contrast to its potential role in 
inherent USVs in mice [33,78-80]. Furthermore, reduction of FoxP2 in 
the zebra finch brain leads to a decrease in spine formation, as well as a 
disruption to song learning [13,81]. Changes in neurite outgrowth have 
also been found in mouse models of Foxp2, [14,71], thereby suggesting 
a conserved cellular function for FoxP2, that may have a functional 
impact on vocalization circuitry. Together, these data from rodent and 
songbird emphasize a critical role for FoxP2 in the motor circuitry 
underlying vocalizations. What these data do not address is the function 
of human FOXP2 in the cognitive aspects of language. However, gene 
expression studies comparing human and chimpanzee FOXP2 support 
the idea that human FOXP2 has a unique transcriptional program that 
may be contributing to higher cognition and language [12]. Further 
studies of Foxp2 animal models, such as conditional knockout of Foxp2 
in specific brain regions will facilitate understanding the role of Foxp2 
in brain development. Such experiments, together with gene expression 
studies in human and non-human primate cells and tissues, should 
assist in parsing out the conserved function of FOXP2 in vocalizations, 
as well as potential human-specific functions of FOXP2 in language 
signaling pathways.

Recent work in genetically modified rodents has also implicated 
Foxp1 in Central Nervous System (CNS) motor function. Homozygous 
Foxp1 knockout mice are embryonic lethal at E14.5 due to defects 
in the cardiovascular system [82], making the study of the role of 
Foxp1 in behavior impossible to ascertain in these mice. However, 
examination of the developing spinal cord in these mice has shown that 
Foxp1 is required for motor neuron specification [83,84]. In addition, 
a conditional knockout of Foxp1 in motor neurons leads to profound 
impairments in limb coordination during motor movements [85]. 
Additional mice with selective reduction of Foxp1 in other areas of the 
CNS should be informative as to a potential role for Foxp1 in USVs, 
social behavior, or repetitive behaviors. Furthermore, the targets of 
Foxp1 in the developing mammalian brain have yet to be determined, 
and should provide insight into whether Foxp1 also transcriptionally 
regulates signaling pathways containing ASD genes similar to Foxp2. 
Thus, animal models of both Foxp2 and Foxp1 that recapitulate key 
aspects of the behaviors affected in humans with ASD (i.e., vocalizations 
and complex social behaviors) have the potential for modeling key 
neurodevelopmental phenotypes, for which functional interventions 
and therapeutics can be tested.

Future Directions
Future studies utilizing whole genome sequencing in even larger 

patient cohorts than has been conducted for exome sequencing should 
more thoroughly address the contribution of both FOXP2 and FOXP1 in 
ASD. Since, there is a greater appreciation that the genetic architecture 
of ASD in most cases is due to polygenic contributions, rather than 
dominant single gene mutations [2], it will be even more important 
to understand the function and the gene targets of these transcription 
factors in the developing brain. In addition, the high homology, ability 
to heterodimerize, and overlapping expression patterns of FOXP4 to the 
other FOXP family members in the brain, make FOXP4 another prime 
candidate for study in animal models. However, since homozygous 
loss of Foxp4 is embryonic lethal due to cardiovascular and neural 
tube deficits [86,87], CNS-specific conditional alleles of Foxp4 will be 
warranted.

Since the development of reliable animal models is a critical step 
towards understanding and ultimately treating ASD, this task has been 
particularly daunting due to the inherently human-specific cognitive 

Examination of USVs in Foxp2 mouse models has found that both 
heterozygous and homozygous Foxp2 mutant mice show differences 
in the total number of vocalizations emitted, compared to wild type 
litter mates [68,72]. In contrast, Groszer et al. [70] report finding no 
reduction in the total number of USVs emitted by Foxp2 mutants, 
compared to controls [76]. An analysis of the acoustic properties of 
the vocalizations produced by both homozygous and heterozygous 
Foxp2 mutants yielded no differences in the call duration, frequency, 
or bandwidth [68,70,72]. Interestingly, studies using humanized Foxp2 
mice have found that the vocalizations of these mice have a lower 
frequency onset, and lower minimum and maximum frequency means [71]. 
An extension of previous work by Gaub et al. [76] found Foxp2R552H/R552H mice 
produced: 1) the same total number of USVs and 2) these USVs were the 
same duration as the USVs produced by wild type mice, with the only 
distinction being that the USVs were produced at a lower frequency. 
In contrast, Foxp2S321X/S321X mice produced fewer total numbers of 
USVs, and those USVs were produced at a lower frequency, with no 
significant difference in the duration of the calls, as compared to wild 
type mice. Moreover, Foxp2R552H/+ and Foxp2S321X/+ mice showed no 
difference in the total number and duration of the USVs, as compared 
to wild type mice, however, these two mutant lines tended to produce 
USVs, at a higher frequency than those calls produced by Foxp2R552H/

R552H and Foxp2S321X/S321X mice [76]. Because much of the neural circuitry 
underlying USVs still remains unknown, it is unclear which aspects 
of Foxp2 function and expression are driving this altered behavior. 
Moreover, it is currently believed that mouse vocalizations are innate, 
and are not learned in a manner that is similar to language in humans, 
although there is some recent evidence that adult vocalizations in the 
male mouse may have features reminiscent of vocal learning [77]. Thus, 
it is plausible that maternal separation USVs only recapitulate motor 
aspects of language, and may not serve as appropriate models for the 
cognitive aspects of language. However, as discussed above, there are 
other social and communicative aspects of USVs that occur between 
pup and mother, making them an appropriate model for the study 
of autistic-like behaviors in rodents. In addition, the gene expression 
studies that have been carried out in both Foxp2 knockout mice [14] 
and Foxp2 humanized mice [71], have identified several ASD genes 
as potential Foxp2 targets in these animal models. Therefore, it is 
possible that evolutionary conserved Foxp2 targets are important for 
the coordination of motor movements responsible for both USVs and 
language.
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nature of language, that is characteristically disrupted in ASD. As such, 
the use of animal models for understanding ASD has some inherent 
limitations. However, the majority of signaling pathways and circuitry 
used in language most certainly has been built upon existing pathways, 
and circuitry utilized for vocalizations and working memory in other 
species. Thus, understanding these neurobiological features using 
animal models can provide important insights into developmental 
mechanisms at risk in ASD. In addition, animal models other than 
mice may provide novel insight. For example, rat pups have more 
complex vocalizations, including a phenomenon termed “maternal 
potentiation”, that may be useful in modeling ASD-like behaviors 
[65]. Since genetically modified rats (and potentially other organisms, 
such as non-human primates) can be rapidly generated using new 
technologies, such as zinc finger nucleases [88], both USVs and other 
cognitive behaviors may be better suited for study in other species, such 
as the rat. Due to the relationship of the FOXP family of transcription 
factors with vocalizations, language and cognitive diseases, these genes 
have the potential to bring unique insight into the pathophysiology of 
ASD. Although the uncovering of genes important for ASD and other 
neurodevelopmental disorders is still ongoing, the brain-expressed 
FOXP family members are rare examples of transcription factors 
important for brain development, language, and ASD.

Acknowledgements

Genevieve Konopka is a Jon Heighten Scholar in Autism Research. Genevieve 
Konopka and J. Michael Bowers are also supported by the NIMH (R00MH090238 
and F32MH086258).

References

1.	 Sheng L, Ding X, Ferguson M, McCallister M, Rhoades R, et al. (2010) Prenatal 
polycyclic aromatic hydrocarbon exposure leads to behavioral deficits and 
downregulation of receptor tyrosine kinase, MET. Toxicol Sci 118: 625-634.

2.	 Berg JM, Geschwind DH (2012) Autism genetics: searching for specificity and 
convergence. Genome Biol 13: 247.

3.	 McFarlane HG, Kusek GK, Yang M, Phoenix JL, Bolivar VJ, et al. (2008) 
Autism-like behavioral phenotypes in BTBR T+tf/J mice. Genes Brain Behav 
7: 152-163.

4.	 Lai CS, Fisher SE, Hurst JA, Vargha-Khadem F, Monaco AP (2001) A 
forkhead-domain gene is mutated in a severe speech and language disorder. 
Nature 413: 519-523.

5.	 Vargha-Khadem F, Watkins K, Alcock K, Fletcher P, Passingham R (1995) 
Praxic and nonverbal cognitive deficits in a large family with a genetically 
transmitted speech and language disorder. Proc Natl Acad Sci U S A 92: 930-
933.

6.	 Watkins KE, Dronkers NF, Vargha-Khadem F (2002) Behavioural analysis 
of an inherited speech and language disorder: comparison with acquired 
aphasia. Brain 125: 452-464.

7.	 Vernes SC, Nicod J, Elahi FM, Coventry JA, Kenny N, et al. (2006) Functional 
genetic analysis of mutations implicated in a human speech and language 
disorder. Hum Mol Genet 15: 3154-3167.

8.	 Fisher SE, Scharff C (2009) FOXP2 as a molecular window into speech and 
language. Trends Genet 25: 166-177.

9.	 MacDermot KD, Bonora E, Sykes N, Coupe AM, Lai CS, et al. (2005) 
Identification of FOXP2 truncation as a novel cause of developmental speech 
and language deficits. Am J Hum Genet 76: 1074-1080.

10.	 Amaral DG, Schumann CM, Nordahl CW (2008) Neuroanatomy of autism. 
Trends Neurosci 31: 137-145.

11.	 Enard W, Przeworski M, Fisher SE, Lai CS, Wiebe V, et al. (2002) Molecular 
evolution of FOXP2, a gene involved in speech and language. Nature 418: 
869-872.

12.	 Konopka G, Bomar JM, Winden K, Coppola G, Jonsson ZO, et al. (2009) 
Human-specific transcriptional regulation of CNS development genes by 
FOXP2. Nature 462: 213-217.

13.	 Schulz SB, Haesler S, Scharff C, Rochefort C (2010) Knockdown of FoxP2 
alters spine density in Area X of the zebra finch. Genes Brain Behav 9: 732-
740.

14.	 Vernes SC, Oliver PL, Spiteri E, Lockstone HE, Puliyadi R, et al. (2011) Foxp2 
regulates gene networks implicated in neurite outgrowth in the developing 
brain. PLoS Genet 7: e1002145.

15.	 Gauthier J, Joober R, Mottron L, Laurent S, Fuchs M, et al. (2003) Mutation 
screening of FOXP2 in individuals diagnosed with autistic disorder. Am J Med 
Genet A 118A: 172-175.

16.	 Newbury DF, Bonora E, Lamb JA, Fisher SE, Lai CSL, et al. (2002) FOXP2 Is 
Not a Major Susceptibility Gene for Autism or Specific Language Impairment. 
Am J Hum Genet 70: 1318-1327.

17.	 Wassink TH, Piven J, Vieland VJ, Pietila J, Goedken RJ, et al. (2002) 
Evaluation of FOXP2 as an autism susceptibility gene. Am J Med Genet 114: 
566-569.

18.	 Gong X, Jia M, Ruan Y, Shuang M, Liu J, et al. (2004) Association between the 
FOXP2 gene and autistic disorder in Chinese population. Am J Med Genet B 
Neuropsychiatr Genet 127B: 113-116.

19.	 Li H, Yamagata T, Mori M, Momoi MY (2005) Absence of causative mutations 
and presence of autism-related allele in FOXP2 in Japanese autistic patients. 
Brain Dev 27: 207-210.

20.	 Marui T, Koishi S, Funatogawa I, Yamamoto K, Matsumoto H, et al. (2005) No 
association of FOXP2 and PTPRZ1 on 7q31 with autism from the Japanese 
population. Neurosci Res 53: 91-94.

21.	 Laroche F, Ramoz N, Leroy S, Fortin C, Rousselot-Paillet B, et al. 
(2008) Polymorphisms of coding trinucleotide repeats of homeogenes in 
neurodevelopmental psychiatric disorders. Psychiatr Genet 18: 295-301.

22.	 Feuk L, Kalervo A, Lipsanen-Nyman M, Skaug J, Nakabayashi K, et al. (2006) 
Absence of a paternally inherited FOXP2 gene in developmental verbal 
dyspraxia. Am J Hum Genet 79: 965-972.

23.	 Lin PI, Chien YL, Wu YY, Chen CH, Gau SS, et al. (2012) The WNT2 gene 
polymorphism associated with speech delay inherent to autism. Res Dev 
Disabil 33: 1533-1540.

24.	 Sanders SJ, Murtha MT, Gupta AR, Murdoch JD, Raubeson MJ, et al. (2012) 
De novo mutations revealed by whole-exome sequencing are strongly 
associated with autism. Nature 485: 237-241.

25.	 O’Roak BJ, Vives L, Girirajan S, Karakoc E, Krumm N, et al. (2012) Sporadic 
autism exomes reveal a highly interconnected protein network of de novo 
mutations. Nature 485: 246-250.

26.	 Neale BM, Kou Y, Liu L, Ma’ayan A, Samocha KE, et al. (2012) Patterns and 
rates of exonic de novo mutations in autism spectrum disorders. Nature 485: 
242-245.

27.	 Mukamel Z, Konopka G, Wexler E, Osborn GE, Dong H, et al. (2011) 
Regulation of MET by FOXP2, genes implicated in higher cognitive dysfunction 
and autism risk. J Neurosci 31: 11437-11442.

28.	 Vernes SC, Newbury DF, Abrahams BS, Winchester L, Nicod J, et al. (2008) A 
functional genetic link between distinct developmental language disorders. N 
Engl J Med 359: 2337-2345.

29.	 Roll P, Vernes SC, Bruneau N, Cillario J, Ponsole-Lenfant M, et al. (2010) 
Molecular networks implicated in speech-related disorders: FOXP2 regulates 
the SRPX2/uPAR complex. Hum Mol Genet 19: 4848-4860.

30.	 Spiteri E, Konopka G, Coppola G, Bomar J, Oldham M, et al. (2007) 
Identification of the transcriptional targets of FOXP2, a gene linked to speech 
and language, in developing human brain. Am J Hum Genet 81: 1144-1157.

31.	 Vernes SC, Spiteri E, Nicod J, Groszer M, Taylor JM, et al. (2007) High-
throughput analysis of promoter occupancy reveals direct neural targets of 
FOXP2, a gene mutated in speech and language disorders. Am J Hum Genet 
81: 1232-1250.

32.	 Bowers JM, Konopka G (2012) The role of the FOXP family of transcription 
factors in ASD. Dis Markers.

33.	 Teramitsu I, Kudo LC, London SE, Geschwind DH, White SA (2004) Parallel 
FoxP1 and FoxP2 expression in songbird and human brain predicts functional 
interaction. J Neurosci 24: 3152-3163.

34.	 Vargha-Khadem F, Gadian DG, Copp A, Mishkin M (2005) FOXP2 and the 

http://www.ncbi.nlm.nih.gov/pubmed/20889680
http://www.ncbi.nlm.nih.gov/pubmed/22849751
http://www.ncbi.nlm.nih.gov/pubmed/17559418
http://www.ncbi.nlm.nih.gov/pubmed/11586359
http://www.ncbi.nlm.nih.gov/pubmed/7846081
http://www.ncbi.nlm.nih.gov/pubmed/11872604
http://www.ncbi.nlm.nih.gov/pubmed/16984964
http://www.ncbi.nlm.nih.gov/pubmed/19304338
http://www.ncbi.nlm.nih.gov/pubmed/15877281
http://www.ncbi.nlm.nih.gov/pubmed/18258309
http://www.ncbi.nlm.nih.gov/pubmed/12192408
http://www.ncbi.nlm.nih.gov/pubmed/19907493
http://www.ncbi.nlm.nih.gov/pubmed/20528955
http://www.ncbi.nlm.nih.gov/pubmed/21765815
http://www.ncbi.nlm.nih.gov/pubmed/12655497
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC447606/
http://www.ncbi.nlm.nih.gov/pubmed/12116195
http://www.ncbi.nlm.nih.gov/pubmed/15108192
http://www.ncbi.nlm.nih.gov/pubmed/15737702
http://www.ncbi.nlm.nih.gov/pubmed/15998549
http://www.ncbi.nlm.nih.gov/pubmed/19018235
http://www.ncbi.nlm.nih.gov/pubmed/17033973
http://www.ncbi.nlm.nih.gov/pubmed/22522212
http://www.ncbi.nlm.nih.gov/pubmed/22495306
http://www.ncbi.nlm.nih.gov/pubmed/22495309
http://www.ncbi.nlm.nih.gov/pubmed/22495311
http://www.ncbi.nlm.nih.gov/pubmed/21832174
http://www.ncbi.nlm.nih.gov/pubmed/18987363
http://www.ncbi.nlm.nih.gov/pubmed/20858596
http://www.ncbi.nlm.nih.gov/pubmed/17999357
http://www.ncbi.nlm.nih.gov/pubmed/17999362
http://www.ncbi.nlm.nih.gov/pubmed/22960337
http://www.ncbi.nlm.nih.gov/pubmed/15056695
http://www.ncbi.nlm.nih.gov/pubmed/15685218


Citation: Michael Bowers J, Konopka G (2012) ASD-relevant Animal Models of the Foxp Family of Transcription Factors. Autism S1:010. 
doi:10.4172/2165-7890.S1-010

Page 6 of 7

 Autism                 Animal Models in Autism                                   ISSN: 2165-7890  Autism an open access journal 

neuroanatomy of speech and language. Nat Rev Neurosci 6: 131-138.

35. Li S, Weidenfeld J, Morrisey EE (2004) Transcriptional and DNA binding 
activity of the Foxp1/2/4 family is modulated by heterotypic and homotypic 
protein interactions. Mol Cell Biol 24: 809-822.

36. Hamdan FF, Daoud H, Rochefort D, Piton A, Gauthier J, et al. (2010) De novo 
mutations in FOXP1 in cases with intellectual disability, autism, and language 
impairment. Am J Hum Genet 87: 671-678.

37. Pariani MJ, Spencer A, Graham JM Jr, Rimoin DL (2009) A 785kb deletion 
of 3p14.1p13, including the FOXP1 gene, associated with speech delay, 
contractures, hypertonia and blepharophimosis. Eur J Med Genet 52: 123-
127.

38. Horn D, Kapeller J, Rivera-Brugués N, Moog U, Lorenz-Depiereux B, et al. 
(2010) Identification of FOXP1 deletions in three unrelated patients with 
mental retardation and significant speech and language deficits. Hum Mutat 
31: E1851-E1860.

39. O’Roak BJ, Deriziotis P, Lee C, Vives L, Schwartz JJ, et al. (2011) Exome 
sequencing in sporadic autism spectrum disorders identifies severe de novo 
mutations. Nat Genet 43: 585-589.

40. Carr CW, Moreno-De-Luca D, Parker C, Zimmerman HH, Ledbetter N, et al. 
(2010) Chiari I malformation, delayed gross motor skills, severe speech delay, 
and epileptiform discharges in a child with FOXP1 haploinsufficiency. Eur J 
Hum Genet 18: 1216-1220.

41. Talkowski ME, Rosenfeld JA, Blumenthal I, Pillalamarri V, Chiang C, et al. 
(2012) Sequencing chromosomal abnormalities reveals neurodevelopmental 
loci that confer risk across diagnostic boundaries. Cell 149: 525-537.

42. Girirajan S, Brkanac Z, Coe BP, Baker C, Vives L, et al. (2011) Relative burden 
of large CNVs on a range of neurodevelopmental phenotypes. PLoS Genet 
7: e1002334.

43. Piven J, Arndt S, Bailey J, Havercamp S, Andreasen NC, et al. (1995) An MRI 
study of brain size in autism. Am J Psychiatry 152: 1145-1149.

44. Hardan AY, Minshew NJ, Mallikarjuhn M, Keshavan MS (2001) Brain volume 
in autism. J Child Neurol 16: 421-424.

45. Hazlett HC, Poe M, Gerig G, Smith RG, Provenzale J, et al. (2005) Arch Gen 
Psychiatry 62: 1366-1376.

46. Nyby J, Whitney G (1978) Ultrasonic communication of adult myomorph 
rodents. Neurosci Biobehav Rev 2: 1-14.

47. Sales G, Pye D (1974) Ultrasonic communication by animals, Chapman and 
Hall, London, UK.

48. Tsai PT, Hull C, Chu Y, Greene-Colozzi E, Sadowski AR, et al. (2012) Autistic-
like behaviour and cerebellar dysfunction in Purkinje cell Tsc1 mutant mice. 
Nature 488: 647-651.

49. Schmeisser MJ, Ey E, Wegener S, Bockmann J, Stempel AV, et al. (2012) 
Autistic-like behaviours and hyperactivity in mice lacking ProSAP1/Shank2. 
Nature 486: 256-260.

50. Won H, Lee HR, Gee HY, Mah W, Kim JI, et al. (2012) Autistic-like social 
behaviour in Shank2-mutant mice improved by restoring NMDA receptor 
function. Nature 486: 261-265.

51. Peñagarikano O, Abrahams BS, Herman EI, Winden KD, Gdalyahu A, 
et al. (2011) Absence of CNTNAP2 leads to epilepsy, neuronal migration 
abnormalities, and core autism-related deficits. Cell 147: 235-246.

52. Bangash MA, Park JM, Melnikova T, Wang D, Jeon SK, et al. (2011) Enhanced 
polyubiquitination of Shank3 and NMDA receptor in a mouse model of autism. 
Cell 145: 758-772.

53. Whishaw IQ, Metz GA, Kolb B, Pellis SM (2001) Accelerated nervous system 
development contributes to behavioral efficiency in the laboratory mouse: a 
behavioral review and theoretical proposal. Dev Psychobiol 39: 151-170.

54. Costantini F, D’Amato FR (2006) Ultrasonic vocalizations in mice and rats: 
social contexts and functions. Acta Zoologica Sinica 52: 619-633.

55. Noirot E (1968) Ultrasounds in young rodents: II. Changes in age with albino 
rats. Anim Behav 16: 129-134.

56. Blumberg MS, Sokoloff G (2001) Do infant rats cry? Psychol Rev 108: 83-95.

57. Hofer MA (1996) Multiple regulators of ultrasonic vocalization in the infant rat. 
Psychoneuroendocrinology 21: 203-217.

58. Branchi I, Santucci D, Alleva E (2001) Ultrasonic vocalisation emitted by infant 
rodents: a tool for assessment of neurobehavioural development. Behav Brain 
Res 125: 49-56.

59. Ehret G (2005) Infant rodent ultrasounds-a gate to the understanding of sound 
communication. Behav Genet 35: 19-29.

60. Brudzynski SM, Kehoe P, Callahan M (1999) Sonographic structure of 
isolation-induced ultrasonic calls of rat pups. Dev Psychobiol 34: 195-204.

61. Brunelli SA, Shair HN, Hofer MA (1994) Hypothermic vocalizations of rat 
pups (Rattus norvegicus) elicit and direct maternal search behavior. J Comp 
Psychol 108: 298-303.

62. Cohen-Salmon C, Carlier M, Roubertoux P, Jouhaneau J, Semal C, et al. 
(1985) Differences in patterns of pup care in mice. V-Pup ultrasonic emissions 
and pup care behavior. Physiol Behav 35: 167-174.

63. Hahn ME, Lavooy MJ (2005) A review of the methods of studies on infant 
ultrasound production and maternal retrieval in small rodents. Behav Genet 
35: 31-52.

64. White NR, Adox R, Reddy A, Barfield RJ (1992) Regulation of rat maternal 
behavior by broadband pup vocalizations. Behav Neural Biol 58: 131-137.

65. Scattoni ML, Crawley J, Ricceri L (2009) Ultrasonic vocalizations: a tool for 
behavioural phenotyping of mouse models of neurodevelopmental disorders. 
Neurosci Biobehav Rev 33: 508-515.

66. Dichter GS, Brunelli SA, Hofer MA (1996) Elevated plus-maze behavior in 
adult offspring of selectively bred rats. Physiol Behav 60: 299-304.

67. Hofer MA, Shair HN, Masmela JR, Brunelli SA (2001).Dev Psychobiol 39: 231-
246.

68. Shu W, Cho JY, Jiang Y, Zhang M, Weisz D, et al. (2005) Altered ultrasonic 
vocalization in mice with a disruption in the Foxp2 gene. Proc Natl Acad Sci U 
S A 102: 9643-9648.

69. French CA, Groszer M, Preece C, Coupe AM, Rajewsky K, et al. (2007) 
Generation of mice with a conditional Foxp2 null allele. Genesis 45: 440-446.

70. Groszer M, Keays DA, Deacon RM, de Bono JP, Prasad-Mulcare S, et al. 
(2008) Impaired synaptic plasticity and motor learning in mice with a point 
mutation implicated in human speech deficits. Curr Biol 18: 354-362.

71. Enard W, Gehre S, Hammerschmidt K, Hölter SM, Blass T, et al. (2009) A 
humanized version of Foxp2 affects cortico-basal ganglia circuits in mice. Cell 
137: 961-971.

72. Fujita E, Tanabe Y, Shiota A, Ueda M, Suwa K, et al. (2008) Ultrasonic 
vocalization impairment of Foxp2 (R552H) knockin mice related to speech-
language disorder and abnormality of Purkinje cells. Proc Natl Acad Sci U S 
A 105: 3117-3122.

73. French CA, Jin X, Campbell TG, Gerfen E, Groszer M, et al. (2012) An 
aetiological Foxp2 mutation causes aberrant striatal activity and alters 
plasticity during skill learning. Mol Psychiatry 17: 1077-1085.

74. Kreitzer AC, Malenka RC (2008) Striatal plasticity and basal ganglia circuit 
function. Neuron 60: 543-554.

75. Kurt S, Fisher SE, Ehret G (2012) Foxp2 mutations impair auditory-motor 
association learning. PLoS One 7: e33130.

76. Gaub S, Groszer M, Fisher SE, Ehret G (2010) The structure of innate 
vocalizations in Foxp2-deficient mouse pups. Genes Brain Behav 9: 390-401.

77. Arriaga G, Zhou EP, Jarvis ED (2012) Of mice, birds, and men: the mouse 
ultrasonic song system has some features similar to humans and song-
learning birds. PLoS One 7: e46610.

78. Haesler S, Wada K, Nshdejan A, Morrisey EE, Lints T, et al. (2004) FoxP2 
expression in avian vocal learners and non-learners. J Neurosci 24: 3164-
3175.

79. Teramitsu I, White SA (2006) FoxP2 regulation during undirected singing in 
adult songbirds. J Neurosci 26: 7390-7394.

80. Miller JE, Spiteri E, Condro MC, Dosumu-Johnson RT, Geschwind DH, et al. 
(2008) Birdsong decreases protein levels of FoxP2, a molecule required for 
human speech. J Neurophysiol 100: 2015-2025.

81. Haesler S, Rochefort C, Georgi B, Licznerski P, Osten P, et al. (2007) 
Incomplete and inaccurate vocal imitation after knockdown of FoxP2 in 
songbird basal ganglia nucleus Area X. PLoS Biol 5: e321.

http://www.ncbi.nlm.nih.gov/pubmed/15685218
http://www.ncbi.nlm.nih.gov/pubmed/14701752
http://www.ncbi.nlm.nih.gov/pubmed/20950788
http://www.ncbi.nlm.nih.gov/pubmed/19332160
http://www.ncbi.nlm.nih.gov/pubmed/20848658
http://www.ncbi.nlm.nih.gov/pubmed/21572417
http://www.ncbi.nlm.nih.gov/pubmed/20571508
http://www.ncbi.nlm.nih.gov/pubmed/22521361
http://www.ncbi.nlm.nih.gov/pubmed/22102821
http://www.ncbi.nlm.nih.gov/pubmed/7625461
http://www.ncbi.nlm.nih.gov/pubmed/11417608
http://www.ncbi.nlm.nih.gov/pubmed/16330725
http://www.sciencedirect.com/science/article/pii/0149763478900039
http://books.google.co.in/books?id=cqb9GeQlGDMC&q=Ultrasonic+communication+by+animals
http://www.ncbi.nlm.nih.gov/pubmed/22763451
http://www.ncbi.nlm.nih.gov/pubmed/22699619
http://www.ncbi.nlm.nih.gov/pubmed/22699620
http://www.ncbi.nlm.nih.gov/pubmed/21962519
http://www.ncbi.nlm.nih.gov/pubmed/21565394
http://www.ncbi.nlm.nih.gov/pubmed/11745309
http://www.actazool.org/paperdetail.asp?bgpage=619&endpage=633&id=4905&month=8&number=4&volume=52&year=2006
http://www.ncbi.nlm.nih.gov/pubmed/5639891
http://www.ncbi.nlm.nih.gov/pubmed/11212634
http://www.ncbi.nlm.nih.gov/pubmed/8774063
http://www.ncbi.nlm.nih.gov/pubmed/11682093
http://www.ncbi.nlm.nih.gov/pubmed/15674530
http://www.ncbi.nlm.nih.gov/pubmed/10204095
http://www.ncbi.nlm.nih.gov/pubmed/7924260
http://www.ncbi.nlm.nih.gov/pubmed/4070379
http://www.ncbi.nlm.nih.gov/pubmed/15674531
http://www.ncbi.nlm.nih.gov/pubmed/1456932
http://www.ncbi.nlm.nih.gov/pubmed/18771687
http://www.ncbi.nlm.nih.gov/pubmed/8804680
http://www.ncbi.nlm.nih.gov/pubmed/11745318
http://www.ncbi.nlm.nih.gov/pubmed/15983371
http://www.ncbi.nlm.nih.gov/pubmed/17619227
http://www.ncbi.nlm.nih.gov/pubmed/18328704
http://www.ncbi.nlm.nih.gov/pubmed/19490899
http://www.ncbi.nlm.nih.gov/pubmed/18287060
http://www.ncbi.nlm.nih.gov/pubmed/21876543
http://www.ncbi.nlm.nih.gov/pubmed/19038213
http://www.ncbi.nlm.nih.gov/pubmed/22412993
http://www.ncbi.nlm.nih.gov/pubmed/20132318
http://www.ncbi.nlm.nih.gov/pubmed/23071596
http://www.ncbi.nlm.nih.gov/pubmed/15056696
http://www.ncbi.nlm.nih.gov/pubmed/16837586
http://www.ncbi.nlm.nih.gov/pubmed/18701760
http://www.ncbi.nlm.nih.gov/pubmed/18052609


Citation: Michael Bowers J, Konopka G (2012) ASD-relevant Animal Models of the Foxp Family of Transcription Factors. Autism S1:010. 
doi:10.4172/2165-7890.S1-010

Page 7 of 7

 Autism Animal Models in Autism ISSN: 2165-7890  Autism an open access journal 

82. Wang B, Weidenfeld J, Lu MM, Maika S, Kuziel WA, et al. (2004) Foxp1 
regulates cardiac outflow tract, endocardial cushion morphogenesis and 
myocyte proliferation and maturation. Development 131: 4477-4487.

83. Dasen JS, De Camilli A, Wang B, Tucker PW, Jessell TM (2008) Hox repertoires 
for motor neuron diversity and connectivity gated by a single accessory factor, 
FoxP1. Cell 134: 304-316.

84. Rousso DL, Gaber ZB, Wellik D, Morrisey EE, Novitch BG (2008) Coordinated 
actions of the forkhead protein Foxp1 and Hox proteins in the columnar 
organization of spinal motor neurons. Neuron 59: 226-240.

85. Sürmeli G, Akay T, Ippolito GC, Tucker PW, Jessell TM (2011) Patterns of 

spinal sensory-motor connectivity prescribed by a dorsoventral positional 
template. Cell 147: 653-665.

86. Li S, Zhou D, Lu MM, Morrisey EE (2004) Advanced cardiac morphogenesis 
does not require heart tube fusion. Science 305: 1619-1622.

87. Rousso DL, Pearson CA, Gaber ZB, Miquelajauregui A, Li S, et al. (2012) 
Foxp-mediated suppression of N-cadherin regulates neuroepithelial character 
and progenitor maintenance in the CNS. Neuron 74: 314-330.

88. Geurts AM, Cost GJ, Freyvert Y, Zeitler B, Miller JC, et al. (2009) Knockout rats 
via embryo microinjection of zinc-finger nucleases. Science 325: 433.

This article was originally published in a special issue, Animal Models in 
Autism handled by Editor(s). Dr. Craig M. Powell, The University of Texas 
Southwestern Medical Center Dallas, USA

http://www.ncbi.nlm.nih.gov/pubmed/15342473
http://www.ncbi.nlm.nih.gov/pubmed/18662545
http://www.ncbi.nlm.nih.gov/pubmed/18667151
http://www.ncbi.nlm.nih.gov/pubmed/22036571
http://www.ncbi.nlm.nih.gov/pubmed/22036571
http://www.ncbi.nlm.nih.gov/pubmed/15361625
http://www.ncbi.nlm.nih.gov/pubmed/22542185
http://www.ncbi.nlm.nih.gov/pubmed/19628861

	Title

	Abstract
	Corresponding author
	Keywords
	Introduction
	FOXP Family
	Rodent Ultrasonic Vocalizations
	Animal Models and the Foxp Family
	Future Directions
	Acknowledgements
	Table 1

	References



