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Mouse Ultrasonic Vocalizations 

Background and Significance 

FOXP2 encodes a transcription factor in the Fox (Forkhead) gene family, and it has been 

identified as a crucial gene that is associated with speech and language. The association was 

first discovered by genetic mapping in the KE family, in which half of the members carry a 

heterozygous point mutation and have disorders in verbal communication. Human and zebra 

finch have similar FOXP2 expression in specific areas of the brain (the striatum and thalamus), 

and additional evidence for the relationship between FOXP2 and language has been provided 

by studies of bird singing. FoxP2 expression within some striatum nuclei is of particular interest 

because of its correlation with active learning. FoxP2 is expressed in vocal learner species but 

not in non-learner species, and its expression is elevated during particular learning stages. 

Another factor involved in vocal learning in songbirds is Egr-1. Egr-1 is upregulated during 

undirected singing, in which males sing by themselves for practice, but not in directed singing, in 

which males sing to females. In contrast, FoxP2 expression is downregulated during undirected 

singing and is stable during directed singing. Moreover, Egr-1 might be a potential regulator for 

FOXP2 because a previous study described three predicted Egr-1 binding sites in the 5’ region 

of human FOXP2. However, more studies are needed to establish the precise relationship 

between FOXP2 and Egr-1. 

Our understanding of the role of FOXP2 in brain development and vocal communication has 

also been enlightened by the use of mice as a model system. During brain development, 

FOXP2 expression is highly conserved between human and mouse, and Foxp2 knockout mice 

display motor impairment and premature death. Vocal communication has been reported in 

several rodent species, and ultrasounds produced by mouse pups have been identified as 

important for infant-mother communication. In contrast to normal pups who release isolation 

calls in response to social isolation, Foxp2 knockout mice vocalize less in the sonic range, and 

both homozygous and heterozygous mutant mice utter fewer whistles in ultrasonic range. 

    Murine vocal communication is not limited to newborns. Adult male mice also emit ultrasonic 

vocalization when they detect cues from females. Notably, these ultrasounds display many 

characteristics of bird songs, including several distinct syllable types, nonrandom temporal 

sequences, and reproducible individuality. The complexity of mouse songs implies the 

possibility that, similar to humans and songbirds, a distinct learning process is required for the 

animals to produce them. Whether Foxp2 affects the ability of adult mice to produce ultrasonic 

songs and/or limits their ability to learn them remains to be determined. 
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Hypotheses to be Tested 

We hypothesize that mouse ultrasonic vocalization is regulated by Foxp2 expression, which 

could be modulated by Egr-1. Specifically, we predict that the individuality of mouse song is 

established through learning processes, which are also affected by Foxp2. Studies of the 

relationship between Foxp2 and vocal communication in the mouse model would provide 

significant insight into our understanding of the genetic mechanisms of human speech and 

language. 

Specific Aims 

Aim 1: Characterize Foxp2 function in adult mouse vocalization. Because homozygous 

Foxp2 knockout mice die by postnatal day 21, we will analyze ultrasounds from heterozygous 

mice to test whether Foxp2 is important for male ultrasonic vocalization. We will also use 

conditional-knockout mice to disrupt both copies of Foxp2 in the striatum to determine its 

function in vocalization. Subsequently, immunostaining will be applied to identify any 

neuropathology in the striatum. The function of Foxp2 will be further confirmed by rescue 

experiments, in which we will use viral vector gene transfer to transgenically rescue mutant 

vocalization phenotypes. 

Aim 2: Identify the relationship between Egr-1 and Foxp2. In vitro gene reporter assays will 

be used to test whether Egr-1 regulates Foxp2. Direct interactions between Egr-1 and the 

promoter region of Foxp2 in the striatum will be investigated by ChIP. Finally, we will compare 

wild type mice and existing Egr-1 knockout mice using in situ hybridization and real time PCR to 

further assess where and when Egr-1 regulates Foxp2.   

Aim 3: Test the hypothesis that mouse vocal learning behavior is controlled by Foxp2 

expression. Ultrasonic patterns produced by mice bred with or without adult males will be 

compared to uncover whether mice are able to produce ultrasound patterns close to paternal 

songs through learning. Subsequently, Foxp2 conditional knockout mice will be examined to test 

whether Foxp2 is involved in this learning process. In situ hybridization will be performed to 

detect the alteration of the Foxp2 expression patterns during this learning process.  
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Monogamous Rodents 

Background and Significance 

Prairie vole, a monogamous rodent, has been widely studied to understand the neurobiology 

of monogamous pair-bonding behavior. Various hormones and neurotransmitters have been 

associated with the formation of partner preference in this species. Among them, vasopressin in 

the ventral pallidum has been well studied by neuroanatomical and pharmacological 

approaches. Recent genetic manipulation further supports the critical role of vasopressin in the 

ventral pallidum by enhancing pair-bonding behavior in the promiscuous montane vole through 

overexpression of prairie vole vasopressin receptor gene (V1aR) via viral infection.  

The distinct differences in expression levels in the ventral pallidum between prairie and 

montane voles provided the motivation to study the regulatory mechanism of V1aR. Previous 

studies have shown that a short tandem repeat (STR) sequence, approximately 600 bp long 

and rich in repetitive di- and tetra- nucleotide sequences, is in the 5’ regulatory region of V1aR 

in two socially monogamous vole species, but it is absent from two promiscuous species. 

Transgenic mice that carried prairie vole V1aR along with its 5’ flanking region and STRs 

exhibited increased pair-bonding behaviors after vasopressin injection. A polymorphism study in 

prairie vole also showed that the length of STRs positively correlated with the receptor 

distribution in the brain as well as the behavioral traits.  

The role of STRs was recently challenged by a study that surveyed 25 different rodent 

species. This particular study demonstrated that the STRs are actually present in most rodent 

species, including mouse and other non-monogamous rodents. Thus, the presence of STRs 

may not be sufficient for monogamous behavior. However, these findings do not preclude the 

possibilities that genetic variation in the STRs or that other aspects of the 5’ regulatory region 

might contribute to the behavioral diversity. More studies are needed to confirm the contribution 

of 5’ regulatory region to the pair-bonding formation. 

In contrast to the 5’ regulatory region, there have been few studies that focus on upstream 

regulators of V1aR. Previous report has shown that glucocorticoid can regulate V1aR 

expression in the rat forebrain through glucocorticoid receptor (GR). Coincidentally, 

glucocorticoid has also been identified as one of the hormones responsible for male affiliative 

behavior, while exposure to glucocorticoid treatment could enhance pair-bonding formation in 

males. Although both vasopressin and glucocorticoid are important for monogamous behavior in 

the male prairie vole, the interaction between these two hormones remains unclear and awaits 

further investigation.  

Hypotheses to be Tested 
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We hypothesize that V1aR expression in the ventral pallidum is regulated by STR sequences as 

well as by glucocorticoid and leads to different social behavioral displays. Studies focused on 

how regulatory mechanisms impact monogamous pair formation behavior would enhance our 

understanding of the relationship between gene regulation and complex social behavior. 

Specific Aims 

Aim 1: Test the hypothesis that STRs, through the modulation of V1aR expression, 

determine pair-bonding formation in the montane vole. Multiple transgenic constructs 

containing STRs from either prairie vole or mouse along with the montane vole V1aR’s 5’ 

regulatory region and a GFP reporter sequence will be generated. The constructs will then be 

injected into montane vole’s ventral pallidum using a viral vector to confirm expression change 

caused by STRs. Subsequently, the GFP reporter will be replaced by montane vole V1aR 

coding sequences, and the new constructs will be also introduced into montane vole’s ventral 

pallidum to determine whether STRs change V1aR expression and social behavior by in situ 

hybridization and partner preference test, respectively.  

Aim 2: Verify the high expression of V1aR in ventral pallidum among other monogamous 

species. A central blockade of vasopressin by V1aR antagonist in different monogamous 

species would provide a test for whether vasopressin function is critical for pair-bonding 

behavior in these species. Subsequently, comparative studies by in situ hybridization between 

monogamous and promiscuous species will be used to confirm whether high expression of 

V1aR in ventral pallidum is consistent among other monogamous species. Systematic analysis 

of 5’ region sequence variation between monogamous and promiscuous species will be also 

applied to uncover the conserved regulatory sequences correlating with behavior formation.  

Aim 3: Test the hypothesis that glucocorticoid affects male prairie vole monogamy 

behavior through regulation of V1aR expression. We will apply genetic epistasis techiniques 

to pharmacological manipulations to reveal the interaction between vasopressin and 

glucocorticoid. Based on our hypothesis, V1aR antagonist will block glucocorticoid induced pair-

bonding while GR antagonist is predicted to exhibit no effect on vasopressin induced behavior. 

Subsequently, whether glucocorticoid regulates V1aR will be verified in vitro by gene reporter 

assay and further confirmed in vivo by real-time PCR after glucocorticoid injection. ChIP will be 

also applied to test whether GR binds to V1aR promoter directly within the ventral pallidum.   
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