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ABSTRACT 

 
 

FOXP2 was characterized as “the language gene” after it was discovered in looking for the 

hereditary cause of a severe disability (not loss) affecting the speech/language of a 30-member London 

family. Disrupting one of a person’s two copies of FOXP2 causes the disability.   

FOXP2 protein has two amino acid changes which distinguish humans from chimpanzees. There 

were no other changes in FOXP2 protein going back to the common ancestor of human and mouse. 

Speculation that those “language gene” mutations were key to the evolution of human language 50,000 

years ago, however, is not tenable. 

Genomic evidence presented here dates the human mutations in FOXP2 to 1.8 or 1.9 million years 

ago, about the time of the emergence of the genus Homo, consistent with the later finding that Neanderthals 

had these same two mutations.  

Evidence from birdsong and from mice with “humanized” Foxp2 point to involvement of FOXP2 

and its human mutations with the basal ganglia. The function of the basal ganglia is primarily the 

facilitation of learning, however, and not specifically vocalization. The origin of language requires major 

changes in the connectivity of the language areas of the cortex, which then provide inputs to cortio-basal 

ganglia circuits. It is these special connective structures, not brain size, that enable language. 

Language is a defining characteristic of the biological species Homo sapiens, dating back some 

200,000 years. But Chomskian Universal Grammar is not what is innate about language. No simple recent 

mutation enabled recursion in language after all the other structures enabling higher cognition, speech, and 

language were in place. Human language co-evolved with the expanding Homo brain during its two million 

years of evolution.  

FOXP2 protein is a transcription factor, regulating the expression of several hundred genes in 

complex networks. It is essential for non-language related neurodevelopment in all vertebrate species. 

While a disabled FOXP2 gene interferes with language, many genetic processes which interfere with brain 

function and with normal language use are not related to the origin or evolution of language in any direct 

way.  

The human mutations in FOXP2  had only an indirect effect on the evolution of language. 
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Chapter 1 

FOXP2 and hypotheses for the origin of language 
 
 

1.1 Introduction 
1.2 Hypotheses about FOXP2 and the origin of language 
1.3 The KE family and the discovery of FOXP2 
1.4 The forkhead box family of genes 
1.5 Human FOXP2 

1.5.1    Proposed Structure of FOXP2 protein 
1.5.2    Chimpanzee vs. Human FOXP2 

1.6 FoxP2 expression patterns  
1.7 Phenotypic correlates of FoxP2 expression 

 
 
1.1 Introduction 

In 1990 an extended family in London was described as having a “dominantly 

inherited speech disorder” (Hurst et al. 1990). Most cases of normal children having 

specific difficulties acquiring expressive or receptive language (said to be about 2% to 

5% of children) have complex inheritance patterns (Fisher et al. 1998), so it was 

surprising and important to find this case of a family with a severe speech/language 

disability showing a clear Mendelian pattern, confirmed by Fisher et al. to be 

“autosomal dominant inheritance with full penetrance,” that is to say the mutation was 

not on a sex chromosome, and takes full effect with only one affected parent (Fisher et 

al. 1998). After linguistic testing, this disability had been described as an underlying 

grammatical disorder relating to morphological features of language (Gopnik 1990a, 

1990b; Gopnik and Crago 1991). It was thought that the presumed gene might be a 

“grammar gene,” corroborating Chomsky’s position that language was an innate 
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species-specific human trait (Chomsky 1966a)•. It soon became clear, however, that the 

linguistic problems of this family, the “KE family,” were broader than morphological 

linguistic features, and that a more general orofacial dyspraxia was involved as well as 

non-linguistic cognitive problems including a lower nonverbal IQ. Section 1.3, below, 

discusses the KE family and how the genetic cause of the speech/language disorder was 

traced to a mutation in FOXP2, a previously undescribed forkhead box gene, a gene that 

had been partially characterized previously as CAGH44, a gene with a long 

polyglutamine tract (Margolis et al. 1997). Sections 1.4 through 1.7, below, discuss the 

molecular genetics of FOXP2 in more detail. 

 

1.2 Hypotheses about FOXP2 and the origin of language 

At the time that a mutation in FOXP2 was found to co-segregate with the 

language disorder in the KE family, the simple hypothesis was that FOXP2 is involved 

in the developmental process that culminates in speech and language (C. Lai et al. 

2001). The hypothesis that FOXP2 was specifically a grammar gene was not valid. 

When it was discovered that there were two amino acid changing mutations in human 

FOXP2 that distinguish it from chimpanzee FoxP2 (Enard et al. 2002; J. Zhang et al. 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
• For non-linguists, in talking about the origin of language it is important to distinguish 
how human language differs from animal communication. The non-linguistic cries and 
grunts of animals (including humans) are expressive of emotion and largely not 
voluntary. Human babies can communicate with their mothers without language. Human 
language, however, e.g. English, is voluntary, involves socially agreed upon words and 
expressions and has grammars that allow us to construct sentences that have never been 
uttered before but are immediately understood by those who share our language. 
Although written languages and sign languages for the deaf are common, speech is 
fundamental to language and to the origin of language. A presupposition of this 
dissertation is that the biological capacity for language and speech are defining 
characteristics of the human species: language is universal in the human species, there is 
no history of language being invented (as there is with writing), and there are specific 
neuroanatomical correlates of language. Therefore the evolution of the biological 
capacity for language took place in the ancestors of Homo sapiens,  e.g. in Homo erectus 
when there was great expansion in the size of the brain and many changes in brain 
structure and connectivity. Language presumably co-evolved with the capacity for 
language at that time. 
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2002), various hypotheses arose that these mutations in human FOXP2 might be 

involved in the evolutionary origin of language. 

In the chapters which follow, I provide evidence against the following 

hypotheses regarding FOXP2 and the evolution of language:  

1. that FOXP2  is a grammar gene (Chapter 1); 

2. that two human mutations in FOXP2  caused 

a. a revolution in language and 

b. a revolution in culture 

c. 50,000 years ago, or at least subsequent to or concomitant with the 

emergence of modern humans (chapter 2 (Diller and Cann 2006, 2009)); 

3. that FOXP2 expression in the basal ganglia is key to the evolution of 

a. speech and/or 

b. language (Chapter 5); 

4. that Chomskian universal grammar is  

a. established in the brain through genetic mutation, and 

b. that these mutations might be the mutations in FOXP2 (Chapter 4 (Diller 

and Cann 2013)). 

 

Evidence is also presented against any effect of the genes microcephalin and 

ASPM on the evolution of language (Chapter 3 (Diller and Cann 2012)): 

 

5. that microcephalin and ASPM control, regulate, or determine brain size; 

6. that recently emerging gene variants in microcephalin and ASPM cause a bias 

against tone languages in Eurasia;  

7. that the spread of these gene variants in microcephalin  and ASPM are due to 

natural selection; and 

8. that language is a natural emergent feature of large brain size. 

 

We are left with the alternative hypothesis which may be valid, from Lai (2001), 

that FOXP2 is involved in the developmental process that culminates in speech and 
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language; that is, that through its interactions with other genes, FOXP2 contributes to 

the building of the brain structures necessary for language. A variation on that 

hypothesis suggesting a more indirect role of FOXP2 might be that FOXP2 contributes 

to the building of mammalian brain structures, homologous in mouse and human, that 

when modified in human development by the action of other genes, culminates in speech 

and language. 

The remaining question is the effect of the two human mutations in FOXP2 on 

neurodevelopment relating to the structures necessary for language. Laboratory 

experiments and experiments with mice suggest that the two human mutations do make 

a difference in the molecular activity of FOXP2. But since our evidence dates the 

mutations in FOXP2 to 1.8 or 1.9 million years ago, our hypothesis is that the human 

mutations in FOXP2 are involved only indirectly in the origin and evolution of 

language. 

 

 

1.3    The KE family and the discovery of FOXP2 
 

In a large three generation family in London, about half of the members had a 

severe language disability (see the pedigree below).  
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Fig. 1.1 Pedigree of the KE Family.  Affected individuals are indicated by filled symbols. Asterisks 
indicate those individuals who were unavailable for genetic analyses. Squares are males, circles are 
females, and a line through a symbol indicates that the person is deceased.  From (C. Lai et al. 2001) 

 

The affected members of this family were sociable and had functional language 

but their speech was described as frequently unintelligible and sometimes agrammatical; 

speech appeared effortful, word endings were unclear, and there were frequent problems 

with word order (Watkins et al. 2002a). Of the twenty-seven children of an affected 

parent, fourteen were affected and thirteen unaffected. This disorder was hypothesized 

to be an autosomal dominant monogenic trait (Hurst et al. 1990), and was confirmed to 

be so by a genetic linkage study that mapped the disorder to a locus of 5.6 cM, 

designated SPCH1, at chromosome 7q31 (Fisher et al. 1998).  

The original large SPCH1 locus was shown to contain 152 sequence tagged sites 

(STSs), and 20 known genes, although they were able to reduce this area by several Mb 

by the generation of novel polymorphic markers (C. Lai et al. 2000). The breakthrough 

in identifying the SPCH1 gene (which was to be renamed FOXP2), was the presentation 

of an unrelated five-year old boy (CS) with a diagnosis of oral dyspraxia similar to that 

of the KE family. He had a chromosomal break in 7q31 -- a reciprocal translocation 

t(5;7)(q22;q31.2) -- identified by amniocentesis before birth (C. Lai et al. 2000). 
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The chromosomal break in CS came in a partially characterized gene CAGH44, a 

gene with a long polyglutamine tract. In search for genes causing neuropsychiatric 

disease because of polyglutamine expansion mutations, Margolis et al. (1997) screened 

cDNAs from fetal and adult brains for long CAG repeats. CAGH44 contained the 

longest polyglutamine repeat found, with 40 consecutive glutamines, but because this 

polyglutamine region is coded by a mixture of CAG and CAA codons, it was found to 

be highly stable in humans (Margolis et al. 1997). The Margolis et al. study had 

determined only the first 869 base pairs of the gene, reaching no stop codon. In this part 

of the gene, no variants were found to co-segregate with the affected members of the KE 

family (C. Lai et al. 2000).  Lai et al. isolated the complete coding region of CAGH44, 

determined its structure, and found a forkhead/winged helix DNA binding domain. The 

gene, SPCH1/CAGH44, was then named FOXP2 (C. Lai et al. 2001), in accordance with 

the standard nomenclature proposed by Kastner et al.∗ (Kaestner et al. 2000).   

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
∗ Kaestner et al. do not recommend a standardized typography for the names of genes 
and proteins of human, mouse, and other species. Their recommendations keep 
traditional usages: human genes and proteins are capitalized (FOXP2); for mouse only 
the first letter is capitalized (Foxp2); for all other chordates, the first and subclass letters 
are capitalized (FoxP2). Gene names are italicized (FOXP2); corresponding protein 
names are in regular type (FOXP2). Those guidelines are followed here except for 
zebrafish, where the spelling of Bonkowsky and Chien (2005) is used (foxP2). 
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The structure of the FOXP2 locus outlined by Lai et al. (2001) is seen below:	  	  

	  

 
 

Fig. 1.2 The human FOXP2 gene. A, Representation of human FOXP2 gene structure.  The scale applies 
only to exons (shown as boxes); the entire region spans more than 267 kb of genomic DNA. Exons 
encoding the polyglutamine tracts (PolyQ) and the forkhead domain (FOX) are indicated. B., alternative 
splicing of exons 3a and 3b.  C, Amino-acid sequence encoded by human FOXP2 (transcript I), aligned 
with human FOXP1.  From (C. Lai et al. 2001). 

 
In the newly defined forkhead binding region, in exon 14, a G to A transition 

was found that co-segregated perfectly with the language disorder of the KE family. 
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This mutation resulted in an argenine to histidine change (R551H) at a point in the 

forkhead DNA binding region that was invariant in all species described at that time, 

from yeast to human, suggesting that this mutation would disrupt the DNA binding 

properties of the FOXP2 encoded protein (C. Lai et al. 2001). 

At this point, seeing that the mutation in affected members of the KE family was 

in a transcription factor that was involved in numerous developmental processes in the 

brain as well as in other tissues, and not knowing yet that there were two mutations in 

FOXP2 distinguishing all humans from chimpanzees, the conservative conclusion was 

not that FOXP2 was specifically a language gene, but simply, as quoted above, “that 

FOXP2 is involved in the developmental process that culminates in speech and 

language” (C. Lai et al. 2001).  
 

1.4     The forkhead box family of genes 
The Fox genes are identified by a sequence encoding an approximately 100-

amino-acid, monomeric winged-helix DNA-binding domain, the “forkhead box,” from 

which we get the abbreviation “Fox.”  The first Fox gene described was the fruit fly D. 

melanogaster  “forkhead gene” (Weigel and Jäckle 1990), followed quickly by the 

description of rat hepatocyte nuclear factors (HNF3, later named FoxA3) (E. Lai et al. 

1990; E. Lai et al. 1991). By the time ten years later that a committee recommended a 

“Unified nomenclature for the winged-helix/forkhead transcription factors” (Kaestner et 

al. 2000), more than 100 Fox genes had been identified in species ranging from yeast to 

human. Fox genes have now been found in all animals and indeed in all opisthokonts, a 

eukaryotic lineage including animals, fungi, and a small number of unicellular 

organisms closely related to animals and fungi. Fox genes have not been found in plants 

or slime molds (Shimeld 2010). There are 24 families of orthologous Fox genes, FoxA  

through FoxS,  with a new family FoxAB, and with subdivisions into two families each 

of FoxL, J, N, and Q. As FoxR and S are found only in vertebrates, that leaves 22 

definitive families of Fox genes in bilaterians, with at least one member of each family 

going back to the common ancestor of protostomes and deuterostomes (Shimeld 2010). 

Not all extant animals have members of all 22 ancient families of Fox genes, but 

Shimeld makes a convincing case that it was loss of those genes (rather than gains in 
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other animals) that explains the discrepancy (Shimeld 2010).  The evolution of the Fox 

family of genes, driven by gene duplication and divergence of function by gene copies, 

results in a remarkable feature of diversity in potential to affect and modulate gene 

expression across a variety of cellular targets. 

The structure of the forkhead box DNA binding domain was solved for HNF3γ 

(FoxA3) in 1993 (K. Clark et al. 1993). The binding domain of Fox A3 protein folds 

into 3 alpha helixes and two characteristic large loops or “wings.” For FOXP2, this 

structure has significant variations, and is illustrated below in the next section. Fox 

genes rarely have more than one forkhead box domain, but vary widely in other parts of 

the gene. 

As transcription factors, Fox genes have a role in numerous processes. 

Kaufmann and Knöchel’s early review showed that Fox genes are involved in all aspects 

of embryogenesis as well as regulation in differentiated tissues in adult organisms 

(Kaufmann and Knochel 1996). Tuteja and Kastner outline what was known in 2007 of 

the extreme variety of cellular and developmental roles of the various Fox gene products 

as well as their role in cancer and human disease (Tuteja and Kaestner 2007a; Tuteja and 

Kaestner 2007b).  

Many of the diseases associated with Fox genes are caused by mutations that 

interfere with DNA binding in the forkhead box domain. A comparative chart of the 

binding domain of several Fox genes by (C. Lai et al. 2001) shows disease-causing 

mutations in FOXC1, E1, and P3 in relation to the KE family mutation: 

 
Fig. 1.3  Forkhead domains of three FOXP proteins aligned with representative proteins from several 
branches of the FOX family. Asterisks show sites of the substitution mutations in FOXC1, FOXE1 and 
FOXP3 that have been previously implicated in human disease states. From (C. Lai et al. 2001). 
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Note also the wing 2 differences between the FoxP proteins and the other Fox 

proteins. The range of diseases or developmental disorders related to FOX mutations can 

be illustrated by those of FOXC1, E1, and P3, above: Axenfeld-Rieger syndrome and 

glaucoma iris hypoplasia (C1), thyroid agenesis and cleft palate (E1), and neonatal 

diabetes (P3) (Tuteja and Kaestner 2007a; Tuteja and Kaestner 2007b). Mutations in 

FOX genes sometimes have positive results: SNPs in FOXO3A have been associated 

with human longevity (Willcox et al. 2008). 

Mechanisms other than mutations in the forkhead box can also alter the 

expression of Fox genes. For example, in the mouse syndrome scurfy, a frame shift 

mutation in Foxp3 (a 2 base pair insertion) leads to a premature stop codon before 

reaching the forkhead domain, disabling the protein (Schubert et al. 2001). This same 

mechanism has been documented with FOXP2, causing a language syndrome similar to 

that of the KE family (MacDermot et al. 2005). There is also a case of a small deletion 

that includes FOXP2 (Lennon et al. 2007). The blocking of FOXA1 expression has been 

implicated in breast cancer. A recent study of breast cancer associated SNPs in non-

coding regions shows how mutations in the cis-acting DNA target of the trans-acting 

FOXA1 transcription factor can block the action of a FOX gene; FOXA1 is associated 

with several breast cancer related SNPs but FOXA1 itself is not mutated in these cases 

(Cowper-Sal Lari et al. 2012).  

 

1.5 Human FOXP2 
1.5.1 Proposed Structure of FOXP2 protein 

FOXP2, and the FOXP subfamily in general, are distinguished by having a 

polyglutamine tract, a zinc finger, a leucine zipper, and certain changes in the forkhead 

domain. The function the polyglutamine tract is not clear. The human polyglutamine 

tract is shorter by one amino acid than that of the chimpanzee FoxP2 homologue. As 

pointed out above it is the longest human polyglutamine tract found in a search for 

unstable polyuglutamine tracts that might be implicated in neuropsychiatric disease, but 

this human polyglutamine tract is coded by a mixture of CAG and CAA codons and is 

stable, and therefore not implicated in neuropsychiatric disease (Margolis et al. 1997). 

The zinc finger/leucine zipper motifs are important for the formation of FOXP2 
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protein’s characteristic domain swapping dimers (Stroud et al. 2006). Domain swapping 

dimers are a structural feature unique to the FOXP binding domain, facilitated by an 

alanine in FOXP where other FOX proteins have a conserved proline (domain swapping 

can be disrupted by reverting the alanine to proline) (Stroud et al. 2006). 

FOXP2/FOXP1 dimers are also common, as are FOXP2 monomers. The structure of 

FOXP2 protein bound to DNA is shown below in ribbon drawings from Stroud et al. 

2006, showing both the domain swapping dimers and monomers in the asymmetric unit, 

and a detail of the monomeric FOXP2 bound to DNA: 



	   12	  

 

 

 
Fig. 1.4  Overall Structure of FOXP2 bound to DNA:  (A) The asymmetric unit. FOXP2 molecules are 
shown as ribbon drawings. Molecules within the swapped dimers are both orange (3 and 5) and cyan (4 
and 6). Monomers (1 and 2) are orange. The DNA phosphate backbone is shown as a coil in magenta.(B) 
Ribbon drawing of FOXP2 in the monomeric form bound to DNA. The sequence of the region of DNA 
pictured is below the complex. DNA is shown as wire frame. From (Stroud et al. 2006) 

 

The wings of the FOXP protein’s winged helix domains are quite different from 

the wings of other FOX domains. In most FOX proteins, wing 1 is a 5-7 amino acid 

insert between strands S2 and S3; in FOXP2 this insert is truncated, yielding a simple 

type I turn joining S2 and S3.  Wing 2 in most FOX domains is an extended loop that 
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contacts DNA extensively; in FOXP2 this region forms a helix, H5, that, as seen in the 

figure above, runs atop H1 and terminates at the phosphate backbone. Refer back to the 

amino acid alignment chart from (C. Lai et al. 2001) in section 1.3, above, to see the 

striking amino acid differences in the wing 2 domains between FOXP and other FOX 

proteins. Stroud et al. suggest that the wings, as differentiated in various FOX families, 

may have specialized functions within each family (Stroud et al. 2006).  

Stroud et al. propose “that a unique function of the FOXP family of proteins is to 

loop DNA and/or mediate interchromosomal associations” because the DNA binding 

surfaces on the two H3 helixes of the swapped dimer are separated by a rigid protein 

domain and the binding sites would thus have to be widely separated or on different 

strands (Stroud et al. 2006). Below is their cartoon of this interaction: 

 

 
Fig. 1.5  Proposed roles of the FOXP dimer in DNA looping (left) and interchromosomal interaction 
(right). From (Stroud et al. 2006) 

 
 

Gene regulation at a distance along multiple chromosomes is therefore a distinct 

prediction of these models. If you expect to see coordinate regulation of hundreds of 

genes on 23 chromosomes, this is exactly the kind of protein you would look for. 
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A ribbon drawing of the swapped dimer attached to separate strands of DNA 

shows the role of the leucine zipper in forming the dimer. 

 

 
Fig. 1.6 Role of leucine zipper in FOXP2 dimer. From (Stroud et al. 2006) 

 

By mediating interchromosomal associations, the implication is that the swapped 

dimers of FOXP2 protein have an important role in establishing higher order 

protein/DNA complexes.  

 

1.5.2 Chimpanzee vs. Human FOXP2 

FoxP2 protein is one of the 5% most conserved proteins as determined by 

human-rodent pairs (Makalowski and Boguski 1998) and appears to be even more 

conserved if one ignores changes in the two polyglutamine tracts. As seen in figure 1.7 

below, from Enard et al. (2002), comparing human with chimpanzee, orangutang, 

gorilla, rhesus, and mouse, there are minor differences in the two polyglutamine tracts 

for each of these species, but never more than three amino acid insertions or deletions 

out of fifty-one positions. The long tract is 41 positions in chimpanzees, 40 in humans, 

and the short tract is 10. A similar chart in (J. Zhang et al. 2002) includes the sequence 

of the “Pygmy Chimp” (bonobo), which is identical to chimpanzee except for two 

deletions in the long polyglutamine tract.  
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__________________________________________________________________________ 

 
Fig. 1.7  Alignment of the amino-acid sequences inferred from the FOXP2 cDNA sequences. The 
polyglutamine stretches and the forkhead domain are shaded. Sites that differ from the human sequence are 
boxed.  From (Enard et al. 2002) 
__________________________________________________________________________________ 
 

 

In a FOXP2 genetic screen of 169 families with autism and 43 with language 

impairment (1067 individuals total), one family was found that had a CAGCAG insert in 

the second polyglutamine tract in three of the five family members (Newbury et al. 

2002). This CAGCAG insert was not correlated either with autism or language 

impairment as seen in the pedigree (Fig. 1.8) below: 
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Fig. 1.8  CAGCAG repeat in a family affected by Specific Language Impairment. From (Newbury et al. 

2002)  
 

On the basis of this family, Enard et al. (2002) suggest that it is safe to disregard 

the small changes in the polyglutamine tracts. Ommiting this region, mouse and 

orangutan each have one amino acid change from the common ancestor of ape and 

rodent, and humans have two. Chimpanzee, Bonobo, Gorilla, and Rhesus have no 

changes from the ancestor with mouse.  

If we have special interest in the two human changes in FOXP2 protein, we 

should presumably also find the changes in orangutan and mouse of interest. Enard et al. 

(2002) compared the predicted protein structure of FoxP2 in humans, chimpanzee, 

orangutan, and mouse. Chimpanzee and mouse were almost identical, and orangutan had 

only a minor difference in secondary structure. Humans also had a minor difference in 

secondary structure. In addition, the change at position 325 in humans created a new 

phosphorylation site, phosphorylation being a known mechanism for transcriptional 

regulation for Fox proteins (Brunet et al. 1999). Unfortunately the Asn325Ser change is 

not unique to humans. Zhang et al. (2002) sequenced FoxP2 for chickens and 28 

mammals of 12 orders, and although the Thr303Asp change was unique to humans, the 

Asn325Ser change was present in all carnivora tested (cat, dog, wolf, wolverine, bear, 

fox, seal, sea lion).  

From structure alone, it is not clear whether any of these changes in FoxP2 have 

any relevance to phenotypic changes in any of these species. Experimental evidence 

suggests, however, that the two amino acid changes in human FOXP2 do have 

functional importance, discussed in section 1.6 below. 
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1.6 FoxP2 expression patterns 
 

Although there are changes in how human FOXP2 upregulates or downregulates  

certain target genes, as we shall see in section 1.7, the anatomical location of FoxP2 

expression appears to be highly conserved across mammals, especially in the brain (C. 

Lai et al. 2003). Subtle differences, however, are observed even in comparing four 

different species of mouse (Campbell et al. 2009).  Even the non-mammals zebra fish 

and zebra finch express FoxP2 importantly in the development of the central nervous 

system (Bonkowsky and Chien 2005; Haesler et al. 2004; Shah et al. 2006). 

FoxP2 protein is expressed in many tissues of the body during development, 

including lung, esophagus, intestine, cardiovascular tissues, spleen, kidney, and skeletal 

muscle. In lung development in particular, FoxP1 and FoxP2 have been shown to play a 

crucial role in alveolarization, a reiterative process of branching morphogenesis (W Shu 

et al. 2007). Because of the functional importance of FOXP2 for the language disorder 

of the KE family, however, most studies of FoxP2 expression have focused on the 

expression patterns in the brain.  

In zebra fish development, Bonkowsky and Chien (2005) trace the spatial and 

temporal expression of foxP2 from 10 to 72 hours post fertilization (hpf). At 10 hpf, 

foxP2 is diffusely expressed over the whole organism, with higher concentration at the 

head region. Gradually the concentration of foxP2 changes to various parts of the 

developing brain and spinal chord at various times. FoxP2 is also expressed in such 

white matter tracts as the anterior and post-optic commissures. By 36 hpf expression is 

seen in the zebra fish heart. 

Human and mouse FOXP2/Foxp2 follow very similar expression patterns in 

embryonic development, both spatially and temporally, as seen in the comparative study 

of (C. Lai et al. 2003). There was no evidence of uniquely human regions of FOXP2 

protein expression in embryonic development. FOXP2 is not uniformly expressed in the 

brain, but is limited to certain structures at certain times. For example, they say that 

early diffuse expression in the medulla becomes confined to the inferior olives, while in 

the cerebellum, expression becomes restricted to the piriform layer by the time of birth. 

In many brain regions, including, for example, the hippocampus, FOXP2 expression was 
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not detected. Comparing FOXP2 expression with areas of pathology found in affected 

members of the KE family, Lai et al. (2003) found correlations in the caudate nucleus, 

thalamus, inferior olives and cerebellum between FOXP2 expression and the 

FOXP2-associated speech and language disorder. 

A major limitation of the Lai et al. (2003) study was that they had human tissue 

samples only for the embryonic stage of development, corresponding to the first 8 

weeks, and human brain development is distinguished from mouse in that it continues 

well beyond birth. Yet the similarity of human and mouse expression patterns of FOXP2 

in early development suggested to Lai et al. (2003) that any positive selection for 

changes in FOXP2 protein in recent human history probably did not involve the 

acquisition of novel brain systems, but were likely modifications to pre-existing brain 

systems. 

 

1.7 Phenotypic correlates of FoxP2 expression. 
It was the phenotypic correlate of FOXP2 disruption – the severe genetic 

speech/language disorder of half of the members of the KE family -- that led to the 

discovery of this gene.  And once discovered, it has been thought, as Vernes et al. (2007) 

put it, that FOXP2 provides “a unique window” into the genetic processes of speech and 

language.	  

We discuss elsewhere the behavioral analysis (Watkins et al. 2002a) of the 

affected members of the KE family. An MRI analysis (Watkins et al. 2002b) used a 

voxel-based morphometric method to compare changes in gray matter in various 

structures of the brain of affected family members, compared with unaffected family 

members and age-matched controls. In some structures gray matter was decreased, in 

others it was increased. Of special interest was the superior portion of the caudate 

nucleus. The finding of interest was that the volume of the caudate nucleus was 

correlated significantly with the performance of affected family members on a test of 

non-word repetition and on the coding subtest of the Wechsler Intelligence Scale” 

(Watkins et al. 2002b). 

Since transcription factors generally work in networks with other genes, there 

were two large studies to discover the targets of FOXP2 and associated networks 
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(Spiteri et al. 2007; Vernes et al. 2007). Half of the authors of each paper were coauthors 

of the other one. Spiteri et al. identified the targets of FOXP2 protein in fetal basal 

ganglia and inferior frontal cortex using ChIP-chip, identifying 285 targets of FOXP2. 

Most of these targets were region-specific, only 34 genes were found in both regions. 

For comparison, they used ChIP-chip to identify the FOXP2 targets in fetal lung tissue, 

with overlap seen in the diagram below: 

 
Fig. 1.9 Distribution of FOXP2 targets among tissues of the basal ganglia, the inferior frontal cortex, and 
the lung.  From Spiteri et al. (2007). 

 

Vernes et al. state that in their cell-based models they would expect a minimum 

of 1.5% of promoters in the human genome involving several hundred genes to be 

occupied by FOXP2 (Vernes et al. 2007). The targets in their study involve a number of 

important developmental and neural functions, as seen in their table 3 of the 100 most 

enriched genes, Fig. 1.10 below: 
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Fig. 1.10  Gene Ontology Characterization (using a set of standardized terms for gene product properties) 
of the 100 Most Significantly Enriched Genes in FOXP2 High-Throughput Location Analysis. From 
Vernes et al. (2007) 
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An in silico analysis of direct and indirect targets of FOXP2 revealed a number 

of interesting networks. The example below (figure 1.11) focuses on the Wnt/b-catenin 

and IGF-1 signaling pathways, crucial for organismal patterning throughout the animal 

kingdom, and important for development and growth, repectively. This provides an 

example of the extreme complexity of FOXP2 gene product interactions.  

 
 Fig 1.11  Network analysis of target genes. Interaction networks were generated using Ingenuity pathway 
analysis. The figure shows one example of an important functional pathway identified via this approach, 
which centers on Wnt/β-catenin and IGF-1 signaling pathways. Genes shaded in gray were identified as 
significantly (p<.05) enriched in ChIP-chip analyses; others were brought into the pathway on the basis of 
relationships within the Ingenuity knowledge database. Solid and dotted lines represent direct and indirect 
interactions, respectively. Node shapes represent the class of molecule—vertical, diamonds represent 
enzymes, horizontal diamonds represent peptidases, ovals represent transcription factors, squares represent 
cytokines, triangles represent kinases, hexagons represent translation factors, and circles represent other 
classes.  Further information can be found at the Ingenuity Systems Web site.  From Vernes et al. (2007). 

 

The Vernes et al. (2007) and Spiteri et al. (2007) studies do not directly test 

whether the two human-specific mutations in FOXP2 are functionally and evolutionarily 

important.  Konopka et al. (2009) tested this by expressing either human FOXP2 or a 

construct, FOXP2chimp, into human neuronal cells (cultured SH-SY5Y neuron-like cells) 

that had no endogenous FOXP2 protein. FOXP2chimp was human FOXP2 mutated at the 
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two sites to produce the chimpanzee amino acid sequence. In vitro, they found 61 genes 

significantly upregulated and 55 significantly downregulated by human FOXP2 as 

opposed to FOXP2chimp. This differential regulation of targets was then confirmed by 

microarray analysis of differentially expressed genes in human and chimpanzee tissue 

from caudate nucleus, frontal pole and hippocampus, giving 8 comparisons including the 

combined regions.  In 7 of the 8 comparisons there was overlap with the SH-SY5Y 

experiments, confirming the in vitro results (Konopka et al. 2009). It seems clear, at the 

molecular level, that the two human-specific mutations in FOXP2 make a difference in 

neural tissue. 

A Foxp2 knockout model was constructed for mouse to compare with a 

“humanized” Foxp2 mouse model in which the two human specific mutations of exon 7 

were inserted into the mouse Foxp2 gene (Enard et al. 2009). A comprehensive 

phenotypic screen of almost 300 physiological and behavioral tests was performed on 

these mice. The Foxp2hum/hum mice were healthy and fertile. No differences were found 

between these mice and their wild type littermates on the phenotypic screen except for a 

small reduction in exploratory behavior in a novel environment – behavior suggesting a 

difference in brain function. The results on the phenotypic screen with the Foxp2wt/ko 

mice, on the other hand, showed significant effects on multiple organs other than the 

brain (Enard et al. 2009). Notably the Foxp2wt/ko mice showed increased exploratory 

behavior.  

In further tests of the effects of Foxp2hum/hum on brain systems, expression 

patterns of Foxp2hum/hum were similar to that of wild type mice, and no differences in 

gross anatomy were found. There were four significant results for Foxp2hum/hum mice, 

however: 1) There was a reduction of dopamine levels in all five areas of the brain 

tested, and no changes in three other neurotransmitters (glutamate, serotonin, GABA); 2) 

In medium spiny neurons, there were increases in the lengths of dendritic trees both in 

vitro (80%) and in vivo (22%); 3) Long term synaptic depression was nearly doubled in 

FoxP2hum/hum neurons compared with wild type, indicating increased synaptic plasticity; 

4) In the striatum, Foxp2hum/hum has a significant effect on the expression of other genes, 

although, as they point out, the expression of relatively few genes were significantly 

affected by Foxp2hum and the difference in expression of those genes is modest, no more 
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than 30% from wild-type levels (Enard et al. 2009). A further claim was that ultrasonic 

vocalization was qualitatively different for Foxp2hum/hum mice, but there was a disclaimer 

that this difference was subtle and within the range of normal variation among mice 

(Enard et al. 2009).  

In another study of gene expression relating to FOXP2, genes expressed in 

Broca’s and Wernicke’s areas were compared (Lambert et al. 2011). There were 

hundreds of genes differentially expressed between these two regions, but no significant 

differences between the left and right hemispheres. The genes differentially expressed 

were enriched for transcriptional targets of FOXP2 protein. Those FOXP2 targets were 

significantly associated with fast evolving non-coding sequences.   FOXP2 itself did not 

have significant differences of expression between the two areas.  

These gene expression studies in Broca’s and Wernicke’s areas give us 

numerous leads to follow up in trying to understand the evolutionary genetics of 

language, a large set of candidate genes that are involved in the genetic networks 

underlying human cortex evolution in areas important for higher neural functions 

including language (Lambert et al. 2011). But what do these variations in gene 

expression mean in terms of function? 

To put these findings into context, Vallender points out in his recent review of 

Genetic correlates of the evolving primate brain (Vallender 2012) that putative selective 

mutations mean little until they can be associated unambiguously with functionality. 

Regarding FOXP2 he notes that functional concerns – the link with a speech/language 

disability – make it stand out among genes implicated in primate brain evolution, yet, he 

notes, that among these genes, the evidence at the genetic level for FOXP2 is the 

weakest.  
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Chapter 2  

Evidence against a genetic-based revolution in language 

50,000 years ago 
(Based on a presentation to the Cradle of Language Conference, Stellenbosch, South Africa (2006), 
originally published as Diller, Karl C. and Cann, Rebecca L. (2009), 'Evidence against a genetic-based 
revolution in language 50,000 years ago', in Rudolf Botha and Chris Knight (eds.), The Cradle of 
Language (Oxford: Oxford University Press), 135-49.) 

 

2.1  Introduction 
2.2  A revolution in language? 
2.3 What is so special about FOXP2? 
2.4 Did the mutations of FOXP2 become fixed zero years ago? 
2.5 A digression on mutations, SNPs, and selective sweeps 
2.6 The selective sweep at FOXP2 
2.7  Direct DNA evidence 
2.8 Conclusion 
 
 
2.1 Introduction 
 

 Africa was more than just the “cradle” of language, a place of nurture for 

language and for the anatomically modern humans who have had full capacity for 

language for more than 200,000 years.  From an evolutionary viewpoint we would think  

of Africa also as something of a “womb” for language, nurturing the embryonic 

beginnings of language as it emerged in archaic species of Homo, and fostering the 

gradual co-evolution of language and the complex brain structures necessary for speech 

and fully modern language. Form and function usually evolve together. We would 

expect the beginnings of speech and language to undergo positive natural selection. 

Brain structures which improved speech and language would thereby be selected for. 

Control of the vocal apparatus is highly complex, involving tongue, lips, vocal cords, 
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breathing, etc.; gaining the neural ability to exercise conscious control of all this was not 

likely the result of a single mutation. But many people speculate or argue that there was 

a revolution in language, one important genetic mutation for language, about 50,000 

years ago, that brought about a revolution in culture and allowed modern humans to 

leave Africa for Europe and the rest of the world. 

Revolution in language vs. co-evolution of language and brain – this has been a 

serious issue in linguistics and anthropology, especially since 2002 when an argument 

from genetics supported the revolution point of view (Enard et al. 2002), while recent 

fossil evidence is more consistent with co-evolution. We argue here for the long-range 

co-evolution scenario, and we present genetic evidence that the mutations in FOXP2, the 

gene at issue, may actually have occurred some 1.8 or 1.9 million years ago, when 

Homo habilis, and Homo ergaster, were appearing in the fossil record, and as the human 

brain began gradually to triple in size from the 450cc of Chimpanzee and 

australopithecine brains to the 1350cc of modern human brains. 

One year after presenting this argument at the Cradle of Language conference in 

November, 2006, dramatic support for our point of view has come in evidence that 

Neanderthals shared the modern human mutations in FOXP2 (Krause et al. 2007), 

evidence that we discuss below in section 6. Our argument would have predicted this 

result. 

 

2.2 A revolution in language? 

The case for a revolution in language causing a revolution in culture has been 

made most forcefully by Richard Klein (1989,1999). It is a position that Klein maintains 

even though the FOXP2 evidence no longer supports him (Wade 2007). In Europe there 

was a big discontinuity between the minimal culture of the Neanderthals and the modern 

culture of the Cro-magnon immigrants. Looking at Africa Klein argued that around 

50,000 years ago there was a similar revolution in modern behavior as seen in a dramatic 

increase in the number of cultural artifacts that required symbolic thinking, and by the 

migration of modern humans into Europe where they produced their spectacular cave 

paintings. Then Klein posited a biological cause for this behavioral change. In a lecture 
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posted on the internet he says, “I imagine that what happened 50,000 years ago was a 

highly advantageous mutation that produced a brain in which these things, these 

different parts were now very much better wired together, something of that sort. And 

then we have language as we understand it and this rapid spread from Africa and all the 

cultural innovations that obviously depended upon language and that allowed this spread 

from Africa” (Klein 1997).   

Spreading from Africa was not, in fact, quite that difficult. Neanderthals went to 

Europe well before modern humans did, and Homo erectus had reached Dmanisi in 

Eurasia between the Black and Caspian seas ~1.7 million years before Homo sapiens left 

Africa. 

Migration of modern humans out of Africa to South Asia and Australia was also 

earlier than 50,000 years ago, and much earlier than migration to Europe. The Andaman 

Islands in the Indian Ocean were settled some 65,000 years ago (Macaulay et al. 2005), 

and Australia may well have been settled by 62,000 years ago (Thorne et al. 1999). The 

Andaman Islanders have been genetically isolated for 65,000 years, and have full 

capacity for language. Any mutations important for modern language must have spread 

through the human population before the migrations to Asia and Australia and before the 

genetic isolation of the Andaman Islanders. 

There is strong evidence from archaeology and physical anthropology that there 

was no sudden revolution in symbolic culture 50,000 years ago. McBrearty and Brooks 

exhaustively documented this fact in their article “The revolution that wasn’t” 

(McBrearty and Brooks 2000). Artifacts that imply symbolic culture, such as engraved 

pieces of ochre (Henshilwood et al. 2002) and shell beads (d'Errico et al. 2005) are 

found as far back as 77,000 years ago at Blombos cave in South Africa along with bone 

tools showing formal production techniques, fine bifacial points crafted well beyond 

mere utilitarian needs, and evidence of sophisticated subsistence strategies 

(Henshilwood et al. 2001).  Similar shell beads in a similar cultural context are found at 

the other end of Africa, in Morocco, dating to 82,000 years ago (Bouzouggar et al. 

2007), showing that humans and symbolic human culture were widespread in Africa at 

that time. Use of pigments in a human cultural context goes back some 270,000 years 

(McBrearty and Brooks 2000).  
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Two skulls of anatomically modern humans, Homo sapiens, have been dated to 

195,000 ± 5,000 years ago (MacDougal et al. 2005). It seems unlikely that 150,000 years 

after the emergence of anatomically modern humans we would have a major change in 

neuroanatomy that is undetectable in the fossil record. The most recent female common 

ancestor of all living humans is also dated to about 200,000 years ago as calculated 

through comparison of mitochondrial DNA (Cann et al. 1987). It also seems unlikely 

that a major mutation for language would come after the date of our most recent 

common ancestor in the female line.  

Language, after all, is a defining characteristic of Homo sapiens. An evolutionary 

point of view would argue that the capacity for language was fully developed in the first 

anatomically modern humans at least 200,000 years ago. And if the capacity for 

language co-evolved with languages themselves, then we would expect to have fully 

modern languages at least 200,000 years ago.  

The archaeological evidence may push the beginnings of modern humans and 

human culture back even further. As McBrearty and Brooks sum it up, “The appearance 

of Middle Stone Age technology and the first signs of modern behavior coincide with 

the appearance of fossils that have been attributed to H. helmei, suggesting the behavior 

of H. helmei is distinct from that of earlier hominid species and quite similar to that of 

modern people. If on anatomical and behavioral grounds H. helmei is sunk into H. 

sapiens, the origin of our species is linked with the appearance of Middle Stone Age 

technology at 250–300 ka” (McBrearty and Brooks 2000). 

The genetic evidence purporting to support Klein’s date of 50,000 years ago 

comes from an article by Enard et al. (Enard et al. 2002), “Molecular evolution of 

FOXP2, a gene involved in speech and language.”  Interestingly, science writers have 

used this paper to support both the dates of 50,000 years ago and 200,000 years ago. 

Nicholas Wade in the New York Times writes that  “The finding [of Enard et al.] 

supports a novel theory advanced by Dr. Richard Klein, an archaeologist at Stanford 

University, who argues that the emergence of behaviorally modern humans about 50,000 

years ago was set off by a major genetic change, most probably the acquisition of 

language” (Wade 2002). But Richard Dawkins, in The Ancestor’s Tale (2004) says, 

“And the answer for FOXP2 is less than 200,000 years ago. A naturally selected change 
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to the human version of FOXP2 seems roughly to coincide with the change from archaic 

Homo sapiens to anatomically modern Homo sapiens. The margin of error in this sort of 

calculation is wide, but this ingenious genetic evidence counts as a vote against the 

theory that Homo ergaster could talk” (Dawkins 2004).  

What, then, was the date that Enard et al. calculated as most likely for the human 

mutations in FOXP2? The most likely date, they say, is zero years ago. Zero years ago 

with a 95% confidence interval stretching back to 120,000 years ago.  

If the date of zero years ago doesn’t raise some eyebrows, then the suggestion 

that the date of zero supports any date we choose between now and 200,000 years ago 

should. It is clear that we need to look at the fine print. And we need to start by asking 

what is special about FOXP2. 

 

2.3 What is so special about FOXP2? 

In three generations of the KE family in London, about half of the family 

members had a severe speech and language defect (Hurst et al. 1990). The pattern of 

inheritance suggested that it was caused by a dominant autosomal allele form of a gene 

some called the grammar gene, though it quickly became apparent that the speech and 

language defect was not primarily one of grammar, but of control of the oro-facial 

muscles necessary for the articulation of speech. (Watkins et al. 2002a). It is not 

surprising to find the association of speech production problems and grammar; that’s 

what we find in Broca’s aphasia. In the KE family, however, much more was involved.  

An MRI study found changes (positive and negative) in a variety of brain structures 

including subcortical structures and the cerebellum (Watkins et al. 2002b). The gene was 

identified as FOXP2, because of its similarity to a family of the forkhead box 

transcription factors that are involved in turning on and off the expression of other 

genes. FOXP2 is expressed in a variety of adult and fetal tissues in addition to the 

developing brain. The one mutation in that gene found in the KE family essentially 

prevented that copy of the gene from functioning. Since we each have two copies of 

every gene, one from our mother and one from our father, the affected members of the 

KE family had only half the usual amount of the FOXP2 protein expressed. 
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The link of FOXP2 to vocalization is found also in birds, mice, and in 

echolocating bats as well as in the KE family. The expression of FOXP2 is upregulated 

during the post-hatch learning of birdsong (zebra finch) or during singing season 

(canary) (Haesler et al. 2004). Ultrasonic vocalization in infant mice is significantly 

decreased if one copy of FOXP2 is deleted; if both copies are deleted, there is no 

vocalization and premature death (W. Shu et al. 2005). Echolocating bats (as opposed to 

non-echolocating bats) have an unusually high number of non-synonymous mutations in 

FOXP2 (Li et al. 2007). 

It turns out that FOXP2 is a highly conserved gene with no amino acid changes 

in the chimpanzee line going back some 90 million years to the common ancestor with 

mouse. This resistance to change suggests that FOXP2 is extraordinarily important for 

vertebrate development and survival. But there are two mutations that change amino 

acids in FOXP2 in the 6 million years of the human line since the common ancestor with 

the chimpanzee (Enard et al. 2002). Does this suggest that these two mutations might 

have something to do with the development of the capacity for speech and language in 

humans? One of the human-specific mutations is shared with wolves, tigers, and all 

members of the order Carnivora (Zhang et al. 2002). Of the two mutations, this is the 

one which Enard et al. suggest might make the most difference in protein function by 

providing a potential site for phosphorylation. Phosphorlation is a post-translational 

modification of a protein and is often associated with functional activation.  

But in spite of the counter example of wolves and tigers, it could still be 

reasonable speculation that the human mutations in FOXP2 may have been important in 

the evolution of the human capacity for language because of the link of FOXP2 to 

vocalization in birds, mice, and in the KE family. Still, this is speculation, and we have 

to recognize that FOXP2 has important vital functions in all vertebrates—non-linguistic 

functions so vital that there have been no amino acid changes in FOXP2 in the last 90 

million years of the chimpanzee line. 

All humans, even the members of the KE family, share the two mutations in 

FOXP2 that distinguish us from chimpanzees. And whether there is any connection or 

not, we can’t help noticing that we are also distinguished from chimpanzees in the 

ability to speak. A chimpanzee infant, Vicki, was raised in diapers in the household of 
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two psychologists and subjected to rigorous behaviorist training to get her to speak 

(Hayes and Hayes 1952). After months of training, Vicki succeeded not in speaking but 

in being able to whisper only four words, mama, papa, cup, and up, using her hand to 

close her lips for the labial sounds and making gyrations with her body showing great 

effort. It seems clear that chimpanzees do not have the neuromuscular control to speak 

human languages or even to imitate human speech. 

 If we accept the speculation that the human version of FOXP2 might be 

important for the development of the capacity for speech, then an interesting question is 

when these mutations occurred and whether these mutations might have been 

responsible for a revolution in culture 50,000 years ago.  

 

2.4 Did the mutations of FOXP2 become fixed zero years ago? 

If humans and chimpanzees are distinguished by the two mutations in FOXP2, 

did these mutations occur zero years ago as Enard et al. suggested?  Or was it 6 million 

years ago at the time of the split between the human and chimpanzee lines?  Or some 

time in between, such as the 1.8 or 1.9 million years ago that we suggest below? 

Enard and Svante Pääbo were among the authors of the paper (Krause et al. 

2007) which announced that Neanderthals share the human mutations in FOXP2, 

pushing the dates of these mutations back to some time before the common ancestor of 

humans and Neanderthals who lived some 660,000 years ago (R. Green et al. 2008). 

Nobody supports a recent date for the human mutations in FOXP2 any more. It is 

important, however, for us to reiterate the arguments we presented at the Cradle of 

Language Conference to understand how Enard et al. got such a wrong answer. 

The date of zero years ago as the most likely time when everyone in the world 

was finally able to speak a fully modern language cannot be literally true, as there are no 

credible reports of widespread inability to speak human languages in the historical 

period. But this date is associated with a 95% confidence interval of zero and 120,000 

years (on a chi square distribution). At first glance one might think that 50,000 years ago 

would be well within this confidence interval, and that this date would be compatible 
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with Klein’s theory of a language and culture revolution. The evidence for this is very 

weak.  

If one could simply arrange the dates of zero and 120,000 years ago on a chi 

square distribution with 120kya at the point of the 95% confidence interval, one would 

see that 50,000 years ago was at the 79% confidence interval – meaning that there would 

be a 79% chance that the mutations were between zero years ago and 50,000 years ago, 

not in time to cause Klein’s revolution. The 99% confidence interval would coincide 

with 200,000 years ago, meaning that there was only a 1% chance of these mutations 

occurring by that date. The statistics, however, are not that simple as we are dealing with 

the likelihood of simulated data.  

There is no strong statistical evidence in the Enard et al. paper for any date 

associated with the unique human mutations in FOXP2.  Using a summary likelihood 

method to find the most likely date of zero years ago, their first confidence interval was 

zero to 4,000 generations (80,000 years) ago. Concerned that this approximation was not 

accurate in that context, they ran 100 additional simulations to examine the distribution 

of the estimated time (T-hat) when the true time T is equal to their maximum likelihood 

estimate of T = 0. In this case the confidence interval was zero to 120,000 years. Then 

noting that their model did not include population expansion, they suggest that if they 

took population growth into account their estimate would be pushed back maybe 10,000 

to 100,000 years. Then they say,  “In any case, our method suggests that the fixation 

occurred during the last 200,000 years of human history, that is, concomitant with or 

subsequent to the emergence of anatomically modern humans” (Enard et al. 2002, 871). 

This does not generate great confidence in the estimate of zero years ago with a 95% 

confidence interval stretching back 120,000 years. 

What does it mean, then, to say that the most likely date for the human mutations 

in FOXP2 is zero years ago? It means that there is almost no likelihood that the two 

amino acid changing mutations would have appeared at all in the human line – not 

surprising when there have been none in the chimpanzee or gorilla lines in the last 90 

million years, and only one in mouse. Saying zero years ago is pretty close to saying that 

it hasn’t happened yet. 
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Statistical models in general are problematic when dealing with small numbers 

like one or two. Can we really talk about “accelerated evolution” when there is an 

increase of only one or two changes? Since there are no amino-acid changing mutations 

in the chimpanzee line in the last 90 million years, we can say that there are infinitely 

many more such mutations in the human line even though there are only two. Likewise 

there are infinitely many more amino-acid changing mutations in mouse than in 

chimpanzee, though there is only one in mouse. With two mutations in the human line 

and one in mouse, we have a 100% increase in the number mutations in the human line 

compared with mouse, even though there is only one more. Zhang et al.’s statistical 

model allowed them to figure that there was a 6340% increase in the rate of increase in 

the recent human line compared to a line from our common ancestor with chimpanzee to 

mouse (Zhang et al. 2002). Enard et al. also combine ~85 million years of evolution 

along the human line (going back from the common ancestor of chimpanzee and human) 

and ~90 million years on the mouse line for comparison with ~5 million years of recent 

human evolution. It makes a huge difference if we compare two changes in 5 million 

years with one change in 175 million years, as opposed to two changes in 90 million 

years (human line) with one change in 90 million years (mouse); it’s a 35-fold increase 

versus a 2-fold increase.  

In addition to the serious problem of small numbers in a statistical calculation, 

and the choice of a domain for comparison, one has to make many assumptions about 

matters that are not really known in building a likelihood model like the one of Enard et 

al. For example, Enard et al. state that “several additional parameters are in this selective 

sweep model: the distance to the selected site, the effective population size of humans, 

the strength of selection, the mutation rate, and the recombination rate. It is not 

computationally feasible to co-estimate all these parameters, and we proceeded by 

assuming that the values of most nuisance parameters are known exactly.” To designate 

these important parameters of their model as “nuisances” suggests to us extremely low 

confidence in reality regarding their simulations. 

Another frequent assumption in population genetics, and one used in this model, 

is the assumption of random mating. Random mating sometimes works in a model, for 

example if it is impossible to determine a particular genotype based on a phenotype.  It 
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is clear, however, that random mating does not apply to humans even in small 

communities. Assortative mating would tend to retard the spread of favorable alleles for 

language acquisition across the globe, since women do not generally choose a different 

mate for each pregnancy. In fact the element of choice implies assortative mating. On a 

worldwide level there has been a certain amount of ethnic mixing, but no chance for 

random mating, especially if we can say that the Andaman Islanders were genetically 

isolated for 65,000 years. The model to calculate the date of the FOXP2 mutations may 

use sophisticated algorithms, but built into these calculations are assumptions that are 

highly questionable. The reliability of what goes into the model affects the reliability 

what comes out. If one does not assume random mating, the estimated time for the 

origin of mutations fostering language acquisition and their spread throughout the 

species must be even older than anticipated. The likelihood model of Enard et al. got the 

wrong answer because it has fundamental flaws and was clearly inappropriate for dating 

the human mutations in FOXP2. 

  

2.5 A digression on mutations, SNPs and selective sweeps 

We have been talking of mutations as if we were talking of SNPs, single 

nucleotide polymorphisms or changes in one particular letter of the genetic code. Strictly 

speaking, SNPs are only one kind of mutation. There can be insertions, deletions, 

duplications, and rearrangements in the genetic code as well.  When one of the four 

nucleotides, or letters, of  the genetic code is mutated into another one, as substitutions 

of one nucleotide for another, we have variation in the human species, because this 

mutation happens in only one person and is carried on by the descendents of that person. 

This variation is a single nucleotide polymorphism (SNP, pronounced snip) – a place 

where a single nucleotide, or letter of the code, differs in different groups of people.  

When we talk of disease genes, we are really talking about disease-causing or 

disease-linked variants of a gene. A particular variant in a single SNP can cause a 

disease, such as the mutation of a single nucleotide of FOXP2 in the KE family or the 

mutation that causes hemophilia in some of Queen Victoria’s descendents. The human 

genome, as we call it, is a generalized version of the genetic code shared by all people, 
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but all individuals have their own individual variations on the genome. No two 

individuals are genetically identical except for identical twins. 

Although there is strong evidence of selection at FOXP2 (A. G. Clark et al. 

2003), we can find no evidence to corroborate a date for a recent selective sweep in the 

last 100,000 or 200,000 years. A robust method for finding recent selective sweeps in 

the human genome—selective sweeps that occurred in the last ~200,000 years—failed to 

find a recent selective sweep in or near FOXP2 (Williamson et al. 2007). So what is a 

selective sweep? 

A recent selective sweep is defined by what Maynard-Smith and Haigh called 

“genetic hitchhiking” (Maynard-Smith and Haigh 1974). When a favorable mutation is 

passed on to the next generation, the adjacent area of the chromosome hitchhikes along 

with it, so everyone who has the new mutation also has an identical area of chromosome 

surrounding it. Any individual variations in this area are caused by new mutations that 

arose after the mutation causing the selective sweep.  A selective sweep is characterized, 

then, by an area of chromosome with a small amount of variation. For rapid genotyping, 

this equates to an area with very few SNPs. When a favorable mutation is passed on 

from parent to child, the whole chromosome actually goes along with it. But then when 

the children mature and form eggs or sperm their maternal and paternal chromosomes 

crossover and recombine to form a new variation of the chromosome to be passed on. In 

this process of crossing over and recombining, the hitchhiking area of the original 

chromosome gets shorter and shorter as the generations go by, so the length of the area 

of the selective sweep depends on the strength of selection, the length of time since the 

mutation occurred, and the rate of crossing over in this part of the chromosome.  

 

2.6 The selective sweep at FOXP2. 

At FOXP2 there is too much variation in the adjacent area of chromosome 7 to 

be consistent with a recent selective sweep in the last 200,000 years (Williamson et al. 

2007). Enard et al. (2002) note this lack of the sign of a classic selective sweep, and 

suggest that this may be caused by an elevated rate of crossing over and recombination 

at FOXP2. They calculate that the crossover rate might be five times the average at 
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FOXP2. But the 2006 human genome assembly shows that the crossover rate at FOXP2 

is actually half the average rate. ✸ 

Dramatic acceleration of genomic changes due to selection does not necessarily 

correlate with recent selection. For example, Pollard et al. (2006) found that the genomic 

region with the most dramatic acceleration of selection, Har 1, had characteristics that 

suggested that the changes in the human line took place more than a million years ago. 

In their study FOXP2 was not among the 49 genomic areas with the most significant 

acceleration of selection (Pollard et al. 2006). 

In an article accompanying the publication of the draft of the human genome 

(Sachidanandam et al. 2001), the International SNP Map Working Group prepared maps 

of sequence variation for each human chromosome, mapping the number of SNPs per 

10,000 bases in each consecutive bin of 200,000 base pairs. It has been argued that the 

bins with the lowest SNP density are likely places to look for selective sweeps and for 

genes which differ between modern humans and chimpanzees (Diller et al. 2002). 

FOXP2 is not in one of those areas.  

The SNP density map for chromosome 7 does show a very interesting pattern for 

the area around FOXP2 (see Figure 2.1). There is a long stretch of about 4 million bases 

in which there is a relatively even amount of variation compared with similar stretches 

in the rest of the chromosome. There are no bins of extra low SNP density and no bins 

of high SNP density in this section of chromosome 7. The section as a whole has a SNP 

density somewhat below average, approximately 70% of average. This may be the sign 

of an unusually strong ancient selective sweep. 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
✸ Enard et al. also calculate Fay and Wu’s H statistic to predict strong selection at FOXP2. But the H 
statistic measures an excess of high frequency SNPs hitchhiking with the mutation under selection and in 
the presence of recombination J. C. Fay and C. I. Wu, 'Hitchhiking under Positive Darwinian Selection', 
Genetics, 155/3 (Jul 2000), 1405-13. It does not apply when the selected mutation has gone to fixation – a 
case in which there are no longer any high frequency SNPs in the area of the selective sweep. 
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Figure 2.1 SNP frequency map for chromosome 7 adapted from The International SNP Consortium 
(Sachidanandam et al. 2001). Each dot represents a bin of 200,000 bases, 95% of which lie between the 
two horizontal lines. The dots below the lower line are bins with the fewest SNPs, bins where we might 
expect to find recent selective sweeps. The remarkably cohesive area around FOXP2 does not show 
extremes of variation, either high or low, and may be the signature of an ancient selective sweep. 

 

 

Over time, new mutations and the continual turnover of neutral variation 

obliterate the sign of a selective sweep. The random and neutral generation of mutations 

will bring an area devoid of SNPs up to 50% of normal variation in about one million 

years, assuming that the average time for a new neutral mutation to become fixed in the 

genome, if it is going to be fixed, is 4N generations (Hartl and Clark 2007) and taking 

the rule of thumb that the effective population size, N, is 10,000, and the generation time 

to be 25 years. In two million years, this process would bring this area up to 75% of 

normal variation.  If our ancient selective sweep around FOXP2 as seen in figure 2.1 is 

70% of normal variation on average, then 70/75 of two million years brings the date of 

this selective sweep to about 1.8 or 1.9 million years ago, the time of the Plio-

Pleistocene boundary, corresponding to the approximate time when Homo habilis, H. 
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ergaster, and H. erectus emerged in the fossil record. Along with the appearance of the 

oldest Acheulian tools and the oldest H. erectus fossils outside Africa, it also 

corresponds to a point in human evolution when the brain size of early Homo began to 

expand (eventually to triple) from the 450cc of Chimpanzee and Australopithecine 

brains. 

The beauty of this evidence is its simplicity and transparency. The pattern is so 

strong that it can be seen by the naked eye. The calculations are so simple that they can 

be done by hand. There are no error prone algorithms or arcane calculations hidden 

inside a computer. The parameters in the calculation are transparent and can easily be 

adjusted. For example, one might argue that 20 years would be more appropriate for the 

generation time in archaic humans, even if 25 years, the midpoint in the prime 

childbearing years of 15 to 35, may be an appropriate generation time for modern 

people. Changing the generation time to 20 years would bring the date closer to 1.5 or 

1.6 million years ago, still a very interesting time for the evolution of the brain in archaic 

Homo. 

That is the other beauty of this result. If the change in FOXP2 really was 

involved in an important way in the evolution of the neuromuscular control of the 

speech organs, then it is more likely that this change occurred toward the beginning of 

this evolutionary process rather than at the end. The date of 1.8 or 1.9 million years ago 

puts the mutations in FOXP2 near the beginnings of the adaptive radiation within genus 

Homo, at the time of explosive evolutionary experimentation, and provides a satisfying 

correlation between the genetic evidence and the archaeological record. 

 

2.7 Direct DNA Evidence 

If we could obtain and sequence DNA from ancient fossils we would have direct 

evidence of when the human mutations occurred. Evidence from Neanderthal DNA 

published in November, 2007 (Krause et al. 2007), supports our arguments, above, that 

we presented a year earlier.  

Unfortunately, under normal environmental conditions DNA degrades rather 

easily, and one would have to be extremely lucky to find good DNA from fossils as old 

as Homo erectus from the period between one and two million years ago. Neanderthals, 
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however, were still alive in Europe 28,000 years ago, and in 2006 two teams succeeded 

in sequencing small amounts of Neanderthal nuclear DNA. A mostly American team 

sequenced 65,250 bases (Noonan et al. 2006), and a mostly European team claimed to 

have sequenced a million bases (R. E. Green et al. 2006). The sequences were mostly 

from non-coding DNA and did not include any interesting genes. The two studies were 

inconsistent, however. The European study seemed to show that Neanderthal and 

modern humans were much more similar in their DNA.  One of the most serious 

problems in sequencing ancient DNA is to avoid contamination by modern DNA, and it 

turned out that on close analysis, about 78% of the DNA from the European group was 

contamination from modern humans (Wall and Kim 2007). Teams studying Neanderthal 

DNA instituted stricter procedures and tests and began to focus on specific genes, and in 

October/November 2007 sequences were published for FOXP2 (which showed that 

Neanderthals had the modern human mutations at FOXP2) (Krause et al. 2007) and for a 

melanocortin receptor gene MC1R (which showed a mutation unique to Neanderthal but 

which would have caused red hair and light skin) (Lalueza-Fox et al. 2007). We can 

have confidence in the red hair result because the Neanderthal DNA differed from 

modern human. For the FOXP2 result, the new safeguards and the sequencing of the 

DNA in two separate labs gives us confidence that the result is probably valid, but since 

the Neanderthal and modern human DNA were identical we cannot entirely rule out 

contamination. Finding one gene in a degraded genome of more than 3 billion 

nucleotides is like finding a needle in a haystack. Previous validated Neanderthal 

sequences were largely repetitive sequences. This consideration also calls for skepticism 

until the results are corroborated by more evidence. If valid, however, this direct 

evidence from Neanderthal DNA supports our arguments. 

 

2.8 Conclusion: Was there a gene for speech and language? 
 

If a phenomenon such as a cultural revolution occurred 50,000 years ago based 

on a genetic mutation for language, then the evidence must be consistent across all the 

relevant fields – especially archaeology, anthropology, neurolinguistics, and genetics. 

The archaeological and anthropological evidence accumulating in the last decade and a 
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half does not support the claim that there was a revolutionary behavioral change in 

humans 50,000 years ago. It was “The revolution that wasn’t,” as McBrearty and Brooks 

(2000) demonstrate.  

The evidence from genetics and neurolinguistics is more complex. There is the 

intriguing but still speculative possibility that the two human mutations in FOXP2 may 

have been important for the evolution of the capacity for speech. The study by Enard et 

al. (2002), gave only very weak support to the date of 50,000 years ago for the mutations 

in FOXP2. The most likely date by their model was zero years ago. Beyond that, the 

model used to derive that date is flawed and inappropriate. If it is true that while there 

was selection at FOXP2 (A. G. Clark et al. 2003), there was no recent selective sweep at 

or near FOXP2 in the last 200,000 years (Diller et al. 2002; Williamson et al. 2007), 

then Enard et al. (2002) clearly got the wrong answer. The evidence from that genetic 

model does not support the hypothesis of a mutation for language occurring 50,000 

years ago. The direct evidence from Neanderthal DNA is also inconsistent with the 

Enard et al. (2002) model, and suggests that the human mutations in FOXP2 occurred 

some time before the split between Neanderthals and modern humans. That is, these 

mutations occurred some time before ~660,000 years ago. 

From a neurolingustic point of view, if FOXP2 really is fundamentally important 

for the evolution of language by helping to establish neuromuscular control of the 

organs of speech, then we would expect the human mutations in FOXP2 to have been at 

or near the beginning of the process of dramatic brain growth, so that spoken language 

and the biological capacity for language could evolve together reinforcing each other. 

We would expect that the million and a half years of brain growth in the genus Homo 

would have coincided with this coevolution of language and the biological structures 

required for language. Language is immensely complex as are the neural and anatomical 

structures which serve language. We cannot expect that there was only one mutation 

which served language. The capacity for modern language needed a long time to evolve 

before anatomically modern humans emerged some 200,000 years ago.  

The date we present of l.8 or l.9 million years ago for the selective sweep at 

FOXP2 supports this neurolinguistic scenario of the coevolution of speech and language 

with the neural and anatomical substrates of language. This date is also consistent with 
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the archaeological and anthropological evidence, and now, with the direct genetic 

evidence. 
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Chapter 3 
 

Genetic influences on language evolution: an evaluation of the 
evidence 

  
(Originally published as Diller, Karl C. and Cann, Rebecca L. (2012), 'Genetic influences on language 
evolution: an evaluation of the evidence', in Maggie Tallerman and Kathleen Gibson (eds.), Handbook of 
Language Evolution (New York: Oxford University Press), 168-75.) (Diller and Cann 2012). 
 
3.1 FOXP2 
3.2 Tone Languages, Microcephalin, and ASPM 
3.3 Gene networks relating to the capacity for language: FOXP2 and 

CNTNAP2 
 
It is commonly accepted by biologists that language is a defining characteristic 

of Homo sapiens and that the biological capacity for language was present in the earliest 

anatomically modern humans. Chimpanzees and bonobos, on the other hand – the 

species most closely related to us -- have only limited linguistic capabilities using 

manual, visual, and auditory modalities, and they have minimal conscious 

neuromuscular control of the vocal tract, not being able to speak or even mimic words. 

Now that both the human and the chimpanzee genomes have been sequenced, we can 

begin to ask seriously what the genetic changes were that gave humans the ability to 

speak and to use our grammatically elaborated languages. We are seeing that the answer 

is much more complicated than such simplifications as ‘the grammar gene’ or ‘a 

mutation for language.’  

We concentrate in this chapter on the three genes of recent interest in the 

literature on language origins: two genes that cause microcephaly when disabled 

(microcephalin and ASPM), and on FOXP2 which, among other things, causes a severe 

speech and language disability when disrupted.  
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In evaluating the evidence, two important principles should be kept in mind: 1) 

many genetic processes which may interfere with normal language use are not related to 

the origin or evolution of language in any major way; and 2) the presence or absence of 

a large brain does not guarantee the presence or absence of language.  

For an example of the first principle, the fragile X syndrome in humans can lead 

to a syndrome including delays in speech acquisition, repetitive speech, or problems 

with vocabulary, syntax, and labeling. In addition to communication difficulties, the 

children can show varying levels of mental retardation, distinctively large ears and 

testicles, and long faces, and they may suffer from excessive shyness, tremors, or 

seizures. In the disease state, the FMR-1 gene cannot produce the FMRP protein that is 

necessary for proper development of neural connections in the developing brain. The 

mouse model of fragile X syndrome shows that this syndrome does not primarily target 

language, but targets underlying processes of neurodevelopment at a very basic level. 

An example of the second principle, concerning large brains, is that 

microcephalics with a chimpanzee-size human brain can learn language at least to the 

kindergarten level by the time they are 12, showing that the organization of the brain, 

not its size, is crucial for language. Note also that a human mutation in the CMAH gene 

about 2.7 million years ago stopped production of an enzyme that apparently inhibits 

brain cell growth (Chou et al. 2002). Releasing this brake on brain cell growth may have 

been a major factor in tripling the size of the human brain since that time. This growth 

may have been a prerequisite for the reorganization of the brain to give it the capabilities 

of language, but it does not in itself explain this reorganization or the origin of language 

capabilities. 

With regard to FOXP2 and the microcephaly genes, discoveries have sometimes 

led to false hopes as well as premature and erroneous conclusions, but evidence is 

building up and is giving us leads for further study. Let us review this evidence. 

 

3.1  FOXP2 
In 1990 there was much excitement that the ‘grammar gene’ might have been 

found. Half of the members of  a three generation family in London, the KE family, had 

a severe speech and language disorder which showed the inheritance pattern consistent 
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with a dominant autosomal gene (Hurst et al. 1990). Gopnik and Crago did a linguistic 

study on this family and found special difficulty with paradigmatic grammar (Gopnik 

and Crago 1991). In the popular mind this translated to the notion of a ‘grammar gene.’ 

Noam Chomsky had been arguing for more than three decades that universal grammar 

was innate in humans, and here, finally, was possible genetic evidence. 

Further studies of the KE family demonstrated that grammar was not the central 

issue; the core deficit was one involving sequential articulation and orofacial praxis 

(Watkins et al. 2002a). In affected members of the KE family we see disruption of 

normal brain development in increases and decreases of a wide range of brain structures 

including subcortical structures and the cerebellum (Watkins et al. 2002b).  

By 2001 the gene was isolated, sequenced, classified as a member of the 

forkhead box family, and named FOXP2 (C. Lai et al. 2001). The protein product of 

forkhead genes have forkhead DNA binding domains, which bind to specified regulatory 

sequences in other genes, and regulate the expression of these other genes. More often 

than not FOXP2 turns other genes off  (Spiteri et al. 2007). Foxp2 is expressed in the 

mouse brain during development, but is also expressed in a wide variety of mouse 

tissues; it has many essential roles in mammalian development and function that are 

totally unrelated to language. 

 Enard et al., in their study of the ‘Molecular evolution of FOXP2, a gene 

involved in speech and language’ (Enard et al. 2002), found that there are three amino 

acid changes in human FOXP2 protein compared with mouse, and that two of these 

changes come in the human line in the 6 million years since our common ancestor with 

chimpanzees. Later work showed that the one difference between chimpanzee and 

mouse occurred on the mouse line. FOXP2 is one of the most conserved mammalian 

genes, with no FOXP2 protein amino acid changes in chimpanzee, gorilla, or macaque 

going back some 90 million years since the common ancestor of primates and rodents. 

Yet there are two changes between humans and our common ancestor with 

chimpanzees. Enard et al. speculated that these relatively recent changes in the human 

line may have affected  ‘a person’s ability to control orofacial movements and thus to 

develop proficient spoken language.’ Then using computer simulation with a likelihood 

model they concluded that the most likely date for the fixation of these human mutations 
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was zero years ago, that is, so unlikely, by their model, as to almost not have happened.  

They calculated  a 95% confidence interval going back 120,000 years on a chi-square 

distribution highly skewed toward zero years ago. This, they said,  was consistent with 

Klein’s speculation that a mutation for language caused a cultural revolution 50,000 kya 

that led to art and to human migration out of Africa (Klein 1989,1999). 

McBrearty and Brooks in their article ‘The revolution that wasn’t’ (McBrearty 

and Brooks 2000) effectively refuted Klein’s hypothesis of a cultural revolution. In a 

paper presented at the Cradle of Language Conference in 2006 Diller and Cann showed 

that the date of zero years ago was based on a flawed and inappropriate model. Using 

genomic evidence, we proposed a date of 1.8 or 1.9 mya for the mutations in FOXP2, 

approximately the time when the genus Homo (Homo habilis, H. ergaster, H. erectus) 

emerged (Diller and Cann 2009). A year later, in 2007, a team including Enard 

sequenced the Neanderthal FOXP2 gene and announced that Neanderthals have the 

same mutations in FOXP2 that modern humans have (Krause et al. 2007). The date for 

the Neanderthal/modern human common ancestor is some 660-500 kya, so the mutations 

in FOXP2 occurred some time before that split, consistent with our date of 1.8 or 1.9 

mya. Hardly anybody believes anymore that the human mutations in FOXP2 occurred in 

the last 200,000 years since the emergence of anatomically modern humans.  

In several species FOXP2 is related to vocalization (see references in Diller and 

Cann 2009): it is upregulated in neurodevelopment during seasonal periods of song 

circuit growth for canaries, and during the time when zebra finches learn their song in 

infancy. In adult zebra finches, FOXP2 protein is downregulated during singing. In mice 

with only one copy of Foxp2, ultrasonic vocalization of infants is greatly decreased. In 

echolocating bats there is an unusually large number of mutations in FoxP2. Thus it 

would seem likely that FoxP2 is more important for developmental circuits for vocalized 

speech than for something as complex as grammar.  

Speech and certain aspects of grammar, however, are closely related to each 

other from the standpoint of human neural function. The KE family with its disruptive 

FOXP2 mutation has both a disruption of speech and certain aspects of grammar in the 

wider context of  orofacial dyspraxia. Broca’s aphasia, stemming from lesions in the 

motor association cortex for the vocal tract, involves both effortful, distorted speech and 
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“agrammatism.” Grammar may have been dependent on speech for its neural origin, the 

neural mechanisms for grammar in Broca’s area being elaborated on the motor 

association cortex for vocalization.  

The date of 1.8 or 1.9 mya for the human FOXP2 mutations is just at the time 

when the human brain began to triple in size, from the 450cc of australopithecine and 

chimpanzee brains to the 1350cc of modern human brains. If the elements of vocal 

speech began early in this evolution, then symbolic speech, grammatical language, and 

the spectacular brain growth would have evolved together, the type of coevolution a 

biologist would expect. 

Mutations in a single gene can cause disease and great disruption of function, as 

in the KE family, but biologists do not expect single mutations to cause complex 

innovations such as the origin of language; they expect long periods of coevolution with 

many genetic changes.  

 
3.2 Tone Languages, Microcephalin, and ASPM 

  
In 2005 it was announced that two genes that are essential for proper brain 

growth, microcephalin and ASPM, are currently undergoing a change in which new 

variants of these genes have been gaining frequency in the last ~37,000 years (for 

microcephalin) or  ~5,800 years (for ASPM) (Evans et al. 2005; Mekel-Bobrov et al. 

2005). Dediu and Ladd noticed a negative correlation between these new gene variants 

and tone languages (Dediu and Ladd 2007). They argued that tonality is 

phylogenetically older, and that these new gene variants give populations a bias towards 

nontonality in language. Although Dediu and Ladd present statistically significant 

correlations, this is almost certainly a statistical artifact with speculation that goes far 

beyond the evidence, as discussed below. 

We need some background on these two genes because of the controversies in 

the press about intelligence and race when it was announced in 2005 that the brain is still 

evolving, and that certain favorable new mutations are common in Eurasia but not in 

Africa. Bruce Lahn and the University of Chicago wanted to patent these genes for a 

potential intelligence test in case it could be shown that there was a cognitive advantage 

to these mutations (Balter 2005). No cognitive advantages have been found and the 
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patent process was stopped.  People with these mutations have no advantages on tests 

for general or social intelligence, and have no differences in brain size or head 

circumference. If Dediu and Ladd were right that these new mutations caused a bias 

against tone languages, this could actually be seen as a cognitive disadvantage. 

The question of whether there was recent selection at the microcephalin and 

ASPM loci is a serious one. The original evidence came with comparison to simulated 

data. A Harvard group, noting wryly that ‘detection of selection solely by comparison 

with simulated data has had a mixed record,’ compared ASPM with a number of other 

loci empirically, and found no evidence of selection (Yu et al. 2007).  Population genetic 

models with population structure combined with population growth could also produce 

the patterns found at ASPM and microcephalin (Currat et al. 2006).  That is to say that 

genetic drift without selection could explain the spread of these genes. If there is no 

selection at the ASPM or the microcephalin loci, arguments based on selection would no 

longer be viable. 

Defective versions of microcephalin and ASPM result in Microcephaly, a genetic 

disorder in which people have small heads and small brains—brains the size of 

chimpanzee brains. With primary microcephaly, or microcephaly vera, there are no other 

physical signs except for the small brain and head and its attendant mental retardation. 

The structure of the small brain is grossly similar to the normal human brain, but there 

are subtle differences and the cerebral cortex is somewhat smaller than in a perfectly 

scaled down brain. Microcephalics can learn language (at least to the six-year-old level) 

in spite of a chimpanzee-size brain, showing that it is the organization of the brain, not 

its size, that is important for language. 

When it was discovered that mutations in microcephalin and ASPM caused 

microcephaly, the immediate speculation was that these genes might ‘control’ (Evans et 

al. 2004), ‘regulate’, (Evans et al. 2005), or even ‘determine’ (Jackson et al. 2002) brain 

size, and thus be key to the evolution of the large brain in modern humans. 

This trap of reverse thinking was present in the first major work on 

microcephaly, Charles Vogt’s 1867 monograph Memoire sur les Microcéphales ou 

Homme-Singes (homme-singes = ape men) which examined almost 200 known 

European cases (Vogt 1867). Vogt proposed that microcephaly involved an ‘atavistic 
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formation,’ or a winding backwards of evolution. Given modern genetic knowledge this 

argument is untenable. Nevertheless it is a common-sense trap that is easy to fall into 

even in the 21st century.  

Microcephalin and ASPM protein are crucial for proper brain development: 

microcephalin is involved in regulating the cell-cycle especially in relation to DNA 

repair before cell division. ASPM helps to align the mitotic spindles in the cell so that it 

divides symmetrically. It is not clear that these genes ‘regulate,’ ‘control,’ or ‘determine’ 

brain size any more than air pressure in a tire regulates, controls, or determines speed – a 

flat tire causes speed to plummet, but more air than normal doesn’t do much, and if air 

pressure remains normal, something else determines speed. 

The data on the global frequency of the ASPM and microcephalin variants 

(ASPM-D and MCPH-D, respectively), as presented in the maps of Evans et al. (2005) 

and Mekel-Bobrov et al. (2005), show that both mutations arose in Eurasia, with ASPM-

D much more recent and not spreading as much to East Asia. 

Dediu and Ladd (2007) present a figure which shows that in populations where 

there is a low frequency of both MCPH-D and ASPM-D, the ten languages sampled are 

all tone languages. This represents the reality of Sub-Saharan Africa. In places with an 

ASPM-D frequency of at least 30% (western Eurasia) there are no tone languages. 

Elsewhere there are approximately equal numbers of tone and non-tone languages. The 

statistical algorithms used by Dediu and Ladd ruled out geography as a significant factor 

in the relationship between tone languages and these gene variants. But the mutations 

arose outside of Africa, and it is clear by inspection that if one eliminated Africa from 

the analysis the results would be quite different. 

Dediu and Ladd exclude the Americas from their analysis because they were ‘too 

poorly sampled for their genetic and linguistic diversity.’ Of 1002 native American 

languages (Gordon 2005), there is genetic data for ASPM-D and MCPH-D for only 5 

population groups. But Africa has an estimated 2092 indigenous languages (Gordon 

2005) and there are only 11 in Dediu and Ladd’s analysis – almost exactly the same low 

sample ratio as in the Americas. Australia and India have no representative languages in 

the analysis. Besides the low sampling of languages, the genetic sampling of each 

language population is very low. The typical language group analyzed had only 19 
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people giving genetic information; a third of the groups had between 7 and 10 people in 

the sample. This statistical base is not adequate to test Dediu and Ladd’s hypothesis. 

An additional statistical problem is that the ASPM-D mutation originated so 

recently, an estimated 5,800 years ago, that two thirds of the samples in this analysis 

have a frequency of this variant less than 30%, and only one sample is significantly over 

50%. Is that small proportion of the population large enough to bias language change so 

strongly as to drive out tone languages in 5,800 years? The frequency of ASPM-D 5,800 

years ago would have been 0%, and presumably it has been increasing at an exponential 

rate. This means that most of the increase has been in recent centuries in the historical 

period. Is there evidence that there has been widespread loss of tone systems in tonal 

languages during the historical period in populations where we find the ASPM-D 

haplotype? 

Dediu and Ladd claim that the correlation of the distribution of tone languages 

with the distribution of ASPM-D and MCPH-D is not ‘spurious,’ but the statistical base 

is not convincing. They do not present linguistic evidence that ASPM-D and MCPH-D 

have driven out tone systems in the historical period, and they do not specify any genetic 

or biological mechanism of causality. 

 
3.3     Gene networks relating to the capacity for language: FOXP2 and 

CNTNAP2 
 

Although FOXP2 does not have a simple direct causal role in the evolution of 

language, there is suggestive evidence of a role in vocalization and control of speech 

organs both in humans and other animals in addition to a role in neurodevelopment. 

Since FOXP2 is a transcription factor regulating the expression of other genes, two 

groups have looked for other genes important for speech and/or language by 

investigating the downstream targets of FOXP2, that is, the genes regulated in some way 

by FOXP2 (Spiteri et al. 2007; Vernes et al. 2007). Vernes et al. (2007) suggest that they 

“would expect a minimum of 1.5% of promoters in the human genome (i.e., at least 

several hundred genes) to be occupied by FOXP2” in their cell-based models. In turn, 

these genes would affect several hundred more genes downstream in  various 

biochemical pathways. 
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One intriguing target of FOXP2 is CNTNAP2, a gene involved in cortical 

development and axonal function (Vernes et al. 2008). High levels of CNTNAP2 have 

been found in language related circuits. Polymorphisms in CNTNAP2 have been 

associated with specific language impairment (as tested by nonsense word repetition), 

and with language delays in children with autism (see references in OMIM *604569). 

Vernes et al. (2008) found that FOXP2 protein binds to and directly 

downregulates CNTNAP2, so that in the developing human cortex, the lamina that 

contain the most FOXP2 protein have the lowest levels of CNTNAP2 (Vernes et al. 

2008). But if FOXP2 and CNTNAP2 are negatively correlated, how can high levels of 

both be important for language? This simple finding demonstrates the complexity of the 

gene networks regulated by FOXP2.  

It is not likely that there was any single mutation causing the origin of language, 

or even speech, as seen by the complex relationship between FOXP2 and CNTNAP2, 

and by the fact that FOXP2 regulates several hundred genes including many that have 

non-language related functions which are so important that there were no amino acid 

changing mutations in FOXP2 for 90 million years from chimpanzee back to its 

common ancestor with rodents. We are only at the beginning of understanding the role 

of genetic processes in building the neuroanatomical structures necessary for human 

language. 
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Chapter 4 
 

Genetics, evolution, and the innateness of language 
 

(Based on an invited lecture to the 8th Int’l Conference on the Origin of Language (Utrecht, 2010), 
published as Diller, Karl C. and Cann, Rebecca L. (2013), 'Genetics, Evolution, and the Innateness of 
Language', in Rudie Botha and Martin Everaert (eds.), The Evolutionary Emergence of Language: 
evidence and inference (Oxford: Oxford University Press) (Diller and Cann 2013). 
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Language is a defining characteristic of the biological species Homo sapiens. But 

Chomskian Universal Grammar is not what is innate about language; Universal 

Grammar requires magical thinking about genes and genetics.  Constraints of Universal 

Grammar are better explained in an evolutionary context by processes inherent in 

symbols, and by such processes as syntactic carpentry, metaphor, and 

grammaticalization. We present an evolutionary timeline for language, with biological 

evidence for the long-term evolution of the human capacity for speech and language, 

and for the co-evolution of language and the brain.  

 
4.1. Introduction: Darwin and Broca 

4.1.1 Darwin and Broca 

We keep hearing that in 1866 the Linguistic Society of Paris stopped accepting 

papers on the origin of language because those papers were speculatively silly. But why 

1866? And why Paris?  In 1866 intellectuals in Paris were talking about Paul Broca and 

Charles Darwin. Broca, a neurologist, had just discovered an area of the brain essential 

for speech, and Clémence Royer’s controversial French translation of Darwin’s Origin 

of Species had recently come out. By 1866 it seemed clear to scientists that one could no 

longer talk about the origin of language without considering the biological substrates of 

language and biological evolution. In reaction, the Linguistic Society of Paris was 

founded in 1866 as a conservative Catholic-monarchist organization specifically to 

counter positivist and evolutionary thought in linguistics (see the website of the Sociéte 

de Linguistique de Paris: (SLP) http://www.slp-paris.com/index.html). In particular, it 

was to counteract the Anthropological Society of Paris, founded by Broca in 1859.   

The ban on discussions of the origin of language was one of the original by-laws 

of the Linguistic Society. Its motivation was ideological, in order to avoid discussions of 

language in the context of science, and it can’t be taken seriously. Darwin and Broca 

together countered this ban by providing the power to stimulate new questions about 

how, among all the remaining apes, only we communicate by talking.  For Broca and 

Darwin, any speculation about the origin of language outside the framework of 

biological evolution would be regarded as magical thinking.  
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4.1.2 Magical thinking about genetic mutations for language 

	  

From a biological point of view, one sees a surprising amount of magical 

thinking among linguists and paleoanthropologists, even 150 years after Darwin and 

Broca -- only now the magical thinking is couched in the vocabulary of genes and 

genetics.  For example, Berwick and Chomsky (2011) envision a scenario in which  “in 

the very recent past, maybe about 75,000 years ago,” [i.e. some 125,000 years after 

fossil human brains had reached their modern size and proportion], “an 

individual...underwent a minor mutation that provided the operation Merge,” which 

allowed for recursive structured thought. “At some later stage,” they say, “the internal 

language of thought was connected to the sensorimotor system,” that is, to the “external” 

modalities of speech and hearing and sign language, “quite possibly a task that involves 

no evolution at all” (Berwick and Chomsky 2011) 

Likewise the paleoanthropologist Richard Klein has argued that there must have 

been a recent mutation for language about 50,000 years ago to explain an increase in 

cultural artifacts appearing at that time (Klein 1997). The implication for him is that if 

you don’t have sophisticated preserved cultural artifacts as evidence, you don’t have 

language. This recent date for a mutation for language runs up against the problem that it 

takes many generations for even a highly selected mutation to spread throughout a 

community, much less to the whole world wide population (and by 50,000 years ago 

language-capable humans had spread to the corners of Africa, to the Andaman Islands, 

Papua New Guinea, and Australia). Thangaraj et al. argue that the people of the 

Andaman Islands were genetically isolated since 50 to 70 thousand years ago (Thangaraj 

et al. 2005). The cultural traits of humans in the Papua New Guinea highlands 49,000 

years ago were already quite advanced (Summerhayes et al. 2010).    

Although single mutations can have devastating results for disease or disability, 

it is magical thinking to believe that a single recent mutation could cause something as 

complex as the origin of the biological capacity for language or for recursive thought – 

especially if  “these [thought] processes might be computationally perfect, or close to 

it,” to use Berwick and Chomsky’s (2011) phrase. 
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We will present a long timeline for the coevolution of language and the brain 

since the emergence of the genus Homo some two million years ago, and even earlier, 

arguing that the full capacity for language was present in the earliest anatomically 

modern Homo sapiens some 200,000 years ago. By the same token, fully modern 

language was present in the first modern humans: language is a defining characteristic of 

Homo sapiens. But first, to clear the way for a biological perspective on the evolution of 

language, the Chomskian approach to Universal Grammar must be rejected. Universal 

Grammar is not what is innate for language. 

4.2     Chomskian Universal Grammar is not what is innate for language 

4.2.1 Chomskian Universal Grammar and natural selection 

In critiquing behaviorism, Chomsky did us a great favor by emphasizing the 

biological species-specific nature of language. But then the first conceptual shift of 

generative grammar was to turn away from considering species behavior to focusing on 

the internal individual language of an ideal speaker -- ‘I-language.’ Almost by definition 

I-language is primarily for thought, not communication. External languages (‘E-

language’), e.g. English and Dutch, were regarded as secondary or derived 

epiphenomena. For purposes of the theory, the ideal speaker-hearer was placed in a pure 

ideal speech community with no variation. To solve the logical problem of language 

acquisition, language acquisition was posited to be instantaneous. In that fixed and static 

context, the theory demanded Universal Grammar to be innate so that children could 

universally learn language in impoverished language environments without teaching. It 

is no wonder that Chomsky was skeptical whether evolution by natural selection could 

account for or be compatible with the Universal Grammar derived from this idealized, 

static model.  

In their classic paper, ‘Natural Language and Natural Selection’ (Pinker and 

Bloom 1990), Pinker and Bloom tried to reconcile the generative linguistics of twenty 

years ago with the theory of evolution by natural selection. Both Chomsky and the 

paleontologist Stephen J. Gould had been questioning whether language could be 

explained by natural selection. Pinker and Bloom say, “Since we are impressed both by 
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the synthetic theory of evolution and by the theory of generative grammar, we hope that 

we will not have to choose between the two” (p. 708). To reconcile the two, however, 

they had to recast the theory of generative grammar. Their argument is based on two 

“facts,” one of which was that “language shows signs of complex design for the 

communication of propositional structures” (p. 726).  Communication is basic to their 

view of language, as it is to most people, but Berwick and Chomsky are still arguing that 

communication is a secondary phenomenon which came well after a minor mutation for 

Merge that allowed structured thought. Even allowing for a genetic mutation, Berwick 

and Chomsky are reluctant to put it in the context of natural selection, preferring to 

recast evolution in terms of physical constraints and other processes with much of the 

language faculty evolving as a spandrel, as accidents, or for purposes other than 

language.  

We do have to choose between generative linguistics and the theory of natural 

selection for language, but if we reject generative linguistics, we still have to account for 

the phenomena explained by Universal Grammar.  

4.2.2  There is no need for a minor mutation for Merge or recursion 

A mutation for Merge or for linguistic recursion is not necessary if we recognize that 

recursion is common in the natural world and implicit in symbolic systems. 

4.2.2.1 Recursion in the natural world.  

Chomsky and his collaborators have argued that while the human faculty of 

language, broadly speaking (FLB), may have homologs or analogs in other animals; the 

only thing which makes human language unique (the Faculty of Language Narrow 

Sense, FLN) is recursion. Hauser, Chomsky, and Fitch (2002) proposed that the “FLN 

comprises only the core computational mechanisms of recursion as they appear in 

narrow syntax and the mappings to the interfaces” (Hauser et al. 2002).  

It is not at all clear, however, that recursion is so unique in the natural world or 

in mammalian cognition. In living systems biochemical processes are used over and 

over again in hierarchical structures. For example, FOXP2 is a transcription factor that 

regulates several hundred genes in hierarchical structures at different places and 
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different times in the life cycle. In cognition, Jackendoff and colleagues “show that 

recursion is in fact a component of visual cognition” (Jackendoff 2010). 

 

4.2.2.2 Recursion and Universal Grammar for free.  

Terence Deacon (2003) argues that recursion is implicit as a semiotic universal 

in symbolic reference.  Symbols, as predicates, are free and variable in reference and 

require an indexical argument to refer the predicate to a specific context. “Table” can 

refer to many things and we need modifiers and the like (indexical arguments) to let us 

know which table or even which kind of table we are referring to. In English, the 

transitive verb “carry” inherently requires subject and object arguments: we want to 

know who carried what.  Deacon argues that “the kinds of thing that can be substituted 

for argument variables can themselves be predicates (with their own argument 

variables), exemplifying the possibility for recursion implicit in symbols.” This, he 

maintains, is a semiotic universal not tied to human language or neural systems. In sum, 

he argues that “major universals of grammar may come for free, so to speak, required by 

the nature of symbolic communication itself” (Deacon 2003). 

William O'Grady in his book Syntactic Carpentry (2005) goes a step further by 

working out how the effects associated with Universal Grammar can come for free in the 

process of building sentences. Universal Grammar requires an ‘interface’ with a mostly 

unspecified processing system. O'Grady shows how a processing system with the right 

characteristics can compute and build sentences of the appropriate sort without the need 

for Universal Grammar. Adopting the metaphor of a carpenter building without 

architectural blueprints, he shows that the properties of a broad range of phenomena 

associated with Universal Grammar (agreement, control, binding, that trace effects, and 

others) follow from the manner in which sentences are built by a processor whose 

primary concern is simply to minimize the burden on working memory (O'Grady 2005). 

4.3     A biological perspective on the evolution of language 

4.3.1 Language is a defining characteristic of Homo sapiens. 

Biologists	  would	  agree	  that	  language	  is	  a	  defining	  characteristic	  of	  Homo	  

sapiens.	  In	  that	  sense,	  as	  Lenneberg	  used	  to	  argue,	  language	  is	  more	  like	  bipedal	  
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gait,	  which	  has	  no	  history	  in	  the	  species,	  than	  like	  writing,	  which	  has	  a	  clear	  history	  

and	  is	  not	  universal	  among	  humans.	  Besides	  universality	  and	  no	  history	  within	  the	  

species,	  language	  has	  the	  “presumption	  of	  organic	  correlates”	  (Lenneberg	  1960,	  

1964).	  The	  human	  brain	  is	  clearly	  designed	  for	  speech	  and	  language	  processing,	  

and	  the	  chief	  evidence	  of	  the	  evolution	  of	  the	  capacity	  for	  language	  is	  the	  evidence	  

of	  the	  evolving	  brain.	  The	  anatomically	  modern	  brain	  goes	  back	  some	  200,000	  

years.	  Thus	  the	  biologists	  would	  expect	  language	  to	  have	  been	  fully	  present	  at	  least	  

as	  far	  back	  as	  200,000	  years	  ago,	  with	  “Mitochondrial	  Eve”	  (Cann	  et	  al.	  1987)	  and	  

with	  the	  first	  anatomically	  modern	  Homo	  sapiens	  fossil	  skulls	  (MacDougal	  et	  al.	  

2005).	  	  

Species-specific behavior does not necessarily mean species exclusive. Bipedal 

gait is a defining characteristic of Homo sapiens, but also of Homo erectus, Homo 

habilis, the australopithecines, and even, in a more primitive way, the 4.4 million year 

old Ardipithecus ramidus. The presumption of evolutionary biology is that the capacity 

for language and language itself also have a long history, and were co-evolving in the 

genus Homo with the quadrupling in brain size beginning more than 3 million years ago. 

4.3.2 Speech is a defining characteristic of Homo sapiens. 

In experiments trying to teach human languages to chimpanzees, the most salient 

deficit among chimpanzees is their almost total inability to speak or even mimic English 

words. Even when raised as a child in diapers in a human home, and even after extensive 

behaviorist training, ability to mimic speech is almost nonexistent. The Hayes’ 

chimpanzee, Vicki, was able after six years of behaviorist training to repeat, after a 

fashion, the four words mama, papa, cup, and up, but only with great contortions of the 

face and body, and only in a whisper (no vocalization). She had to use her hand to close 

her lips for the bilabial ‘m’ in mama. (Hayes and Hayes 1952). Yet chimpanzees and 

bonobos are able within limits to understand spoken English words and communicate 

using basic signs of American Sign Language and special ideographs on computer touch 

screens. Except for speech, the cognitive abilities of the great apes would provide a good 

starting place for the evolution of language.  
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A	  question	  arose,	  did	  manual	  sign	  language	  serve	  as	  a	  transitional	  system	  

leading	  to	  spoken	  language?	  The	  reverse	  is	  more	  likely,	  that	  modern	  sign	  languages	  

are	  enabled	  by	  cognitive	  mechanisms	  evolved	  for	  spoken	  language.	  Those	  who	  

favor	  sign	  language	  as	  a	  steppingstone	  to	  speech	  have	  sometimes	  pointed	  out	  that	  

the	  motor	  association	  cortex	  for	  hand	  control	  is	  adjacent	  to	  the	  motor	  association	  

cortex	  for	  speech	  (Broca’s	  area).	  Perhaps,	  they	  suggest,	  the	  active	  hand	  area	  

stimulated	  the	  adjacent	  speech	  area	  to	  be	  more	  active	  as	  well.	  There	  is,	  however,	  no	  

biological	  motivation	  or	  mechanism	  for	  that	  to	  happen.	  If	  American	  Sign	  Language	  

is	  just	  as	  good	  a	  language	  as	  spoken	  languages	  are,	  then	  it	  is	  unlikely	  that	  humans	  

would	  have	  undergone	  the	  difficult	  evolutionary	  task	  of	  developing	  neuromuscular	  

control	  of	  the	  vocal	  tract.	  Except	  among	  deaf	  people,	  speech	  is	  a	  universal	  feature	  of	  

human	  language.	  

Speech is a defining characteristic of human beings. 

 

4.4  How did control of speech get started? 
Almost all scenarios for the origin of language since the 19th century have 

assumed that humans have always had voluntary control of the speech organs and that it 

was just a matter of discovering that sound could be arbitrarily linked to meaning.  Max 

Müller famously argued against what he called the “pooh-pooh” theory (onomatopoeia) 

and the “bow wow” theory (interjections) of language origins (Müller 1861). Several 

other similar suggestions were put forward for how humans could have accidentally 

discovered spoken language. As we have seen above, Berwick and Chomsky (2011) 

believe that linking speech to the internal language of thought was “quite possibly a task 

that involves no evolution at all.” But on the contrary, one of the biggest biological 

differences between humans and the great apes is the voluntary control of the organs of 

speech. Tomasello points out that “In contrast to this picture of flexible comprehension, 

monkeys and apes do not learn to produce their vocal calls at all, and they have very 

little voluntary control over them” (Tomasello 2008).  Each species has its own fixed 
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repertoire of calls, and individuals raised in isolation or with other species still use the 

calls of their species. These are emotional, not symbolic calls. 

One should not underestimate the evolutionary problem of how humans gained 

neuromuscular control of speech. Although the lips, tongue, soft palate, vocal cords, 

breathing mechanisms, etc., are homologous between humans and apes, it was not a 

straightforward evolutionary task in the human line to gain voluntary neuromuscular 

control to coordinate these organs for speech. Breathing in particular is completely 

automatic in most primates, but can be controlled by humans for speech, song, wind 

instruments, and diving under water. In addition to the control and coordination 

problem, there were changes in shape of the vocal tract to accommodate efficient 

speech. When one looks at the extensive areas of the human brain dedicated to control of 

the vocal tract and to the processing of speech--far greater than other animals need for 

feeding  behavior--one sees evidence of natural selection for speech function. 

MacNielage in his book on the Origin of Speech (MacNielage 2008) recognizes 

the great complexity of the neuromuscular coordination of speech. He says “In ordinary 

conversation, the typical number of different consonants and vowels that we produce per 

second is at least an order of magnitude greater than the unit output rate of any other 

behavior, or ‘output complex,’ either our own or that of any other living form” (p. 3). 

More specifically, he estimates that “The number of different muscles in the speech 

apparatus—the chest, larynx, throat, mouth, and face—totals about forty. Not all these 

muscles work for all sounds, of course, but even assuming that just fifteen have to 

change what they are doing for each successive sound, this would mean that about 225 

different muscle activations would occur in each second of speech” (p.4).  

MacNielage argues strongly: “Don’t take the movement patterns of speech for 

granted. They are the key to our understanding the evolution of speech, including the 

mental patterns that eventually came to underlie its production” (p.8). It is disappointing, 

then, that MacNielage follows Merlin Donald in saying that a precondition for the 

evolution of protolanguages was a generalized capacity for refining action, or in other 

words, an advance in procedural learning (Donald 1999). This is a very top-down 

change of cognition, not typical of evolution. Donald even uses the metaphor of a 

parachute: “By ‘parachuting’ a domain-general device of this power on top of the 
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primate motor hierarchy, previously stereotyped emotional expressions would have 

become rehearsable, refinable, and employable in intentional communication” (p 147).  

For speech we need specific control and coordination of the vocal tract, not a 

domain general device. In fact, we clearly do not have a domain general device: humans 

can control breathing for speech, but none of the other functions of the autonomic 

nervous system (e.g. perspiration, heart rate, blood pressure) are easily controlled by the 

conscious mind. And contrary to Donald, the great apes are pretty good at procedural 

learning in the visual-manual realm (Tomasello 2008; Whiten et al. 2009). What is 

lacking in chimpanzees and other apes is conscious control of the vocal tract. 

 

4.4.1  When did the beginnings of speech control occur? 

 

The origin of many features that distinguish humans from chimpanzees has been 

pushed back to at least 4.4 million years ago, the date of the Ardipithecus ramidus 

fossils (White et al. 2009).  Ardipithecus ramidus was able to walk upright, although the 

opposable big toe is evidence for a residual skill at climbing trees. White and colleagues 

found no evidence that Ardipithecus ramidus ever went through a knuckle walking 

stage, suggesting a less chimpanzee-like common ancestor.  

The teeth of Ardipithecus ramidus suggest an omnivorous diet. The reduced 

canines and lack of sexual dimorphism suggest that “fundamental reproductive and 

social behavioral changes probably occurred in hominids long before they had enlarged 

brains and began to use stone tools” (Suwa et al. 2009).  Or as Lovejoy summarizes it, 

“Even our species-defining cooperative mutualism can now be seen to extend well 

beyond the deepest Pliocene” (Lovejoy 2009). There is no good evidence that the 

beginnings of speech occurred at the same time, though circumstantial evidence suggests 

that it is a possibility, but at the very least the stage was set with the social behavioral 

changes and the cooperative mutualism for the beginnings of language and the 

coevolution of  language and the expanding brain. 
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 4.4.2 Coevolution of language and the brain 

 

Human brain size quadrupled in the last 4.4 million years from Ardipithecus 

ramidus (300 to 350cc), to 415cc in Australopithecines, 600cc in Homo habilis, to the 

900cc of Homo erectus and the 1350cc of modern Homo sapiens. Some of this increase 

is required by increased body size, but the extra increase in brain power is impressive. 

Berwick and Chomsky (2011) quote a suggestion by Striedter that human 

language may have emerged automatically from increased brain size. This suggestion 

does not work. Microcephalics, human beings with chimpanzee-sized brains (but with 

brain structure similar to that of other humans), can learn language to the kindergarten 

level by the time they are twelve, so it is clear that it is not the absolute size of the brain 

that matters but the structure and connectedness of the brain.  

Not all parts of the brain increased at the same rate: Broca’s area and other 

language processing areas are among the areas that increased proportionately more than 

average. In biology we expect form and function to evolve together. When we see fossil 

dinosaur skeletons we confidently say which ones could fly. Likewise when we see 

increases in motor cortex controlling the vocal tract and increases in motor association 

cortex serving the vocal tract (Broca’s area), we can be pretty confident that we are 

seeing the evolution of the ability to speak. The first symbols of language were spoken 

words 

 

4.5  FOXP2 and other genes and mutations relating to language. 
 

4.5.1 FOXP2 

The editors of Nature still refer to FOXP2 as a “‘Language gene’” (Callaway 

2011), and despite immense complexities and doubts that have come with more study, 

FOXP2 has held up as a gene of interest for the evolution of language. It is not a simple 

“grammar gene” as the popular talk was in 1990 after the “KE family” was described, 

half of whose members had a hereditary speech and language disorder (Gopnik and 

Crago 1991; Hurst et al. 1990). By the time, a decade later, that FOXP2 was isolated, 
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sequenced, and named (C. Lai et al. 2001), it was clear that this was a transcription 

factor with many functions. Vernes et al. argue that several hundred genes may be 

directly turned on or off by FOXP2, with many other genes affected in the downstream 

networks (Vernes et al. 2007).  Everyone has two copies of each autosomal gene, and 

one copy of FOXP2 was disrupted in the affected members of the KE family. Even here, 

the primary deficit was orofacial dyspraxia, and not specifically language (Watkins et al. 

2002a). An MRI study of the affected KE family members showed that many structures 

in the brain increased or decreased in size, including several that are not usually 

associated with language (Watkins et al. 2002b). The action of FOXP2 is essential in 

many parts of the body and there were no changes in FOXP2 protein from chimpanzee 

back to the common ancestor with mouse. But there were two amino acid changes in the 

human line since the common ancestor with chimpanzee. Were these related to the 

origin of speech and language as Enard et al. argued (Enard et al. 2002)? Circumstantial 

evidence suggests that maybe this is so, beginning with the KE family whose hereditary 

speech and language disability led to the discovery of FOXP2. FoxP2 is implicated in 

bird song (Haesler et al. 2004), ultrasonic vocalization of mice (W. Shu et al. 2005), and 

echolocation of bats (Li et al. 2007), though the exact mechanisms and phenotypic 

results are different in each case, and this could even be a misleading correlation since 

FoxP2 is so widely expressed. However, this evidence might point to a role in 

vocalization, or a possible role for speech.  

A model constructed by Enard et al. (2002) gave the most likely date of the 

human mutations in FOXP2 as zero years ago, arguing for an implausibly recent 

emergence of language. This result was superseded by the sequencing of the 

Neanderthal version of FOXP2 by the same group of researchers: Neanderthals had the 

modern mutations, pushing the date of these mutations to some time before the 

divergence of Neanderthals and modern humans more than half a million years ago 

(Krause et al. 2007). Using genomic evidence, we dated the human mutations in FOXP2 

to 1.8 or 1.9 million years ago (Diller and Cann 2009). This date would coincide with 

the emergence of archaic Homo and the dramatic expansion of the areas involved in 

speech and language processing in the human brain.  
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The complexities of the action of FOXP2 are seen in the example of CNTNAP2, 

which is downregulated or inhibited by FOXP2. CNTNAP2 is involved in cortical 

development and axonal function. High levels are found in language related areas. Yet 

in the developing human cortex, lamina with the most FOXP2 have the lowest levels of 

CNTNAP2. So we have the complexity that although expression of both FOXP2 and 

CNTNAP2 in language related areas seem to be positively correlated with speech, they 

are also negatively correlated with each other. This is not necessarily a contradiction, but 

it certainly is a complexity.  Recent new advances in our ability to study the chemical 

methylation state of genes expressed in different brain structures as well as different 

stages of neuronal maturation suggest that future work will include not just the 

discovery of interacting gene networks, but alterations to expression of genes within 

those networks.   

There is additional evidence that the human mutations in FOXP2 are not 

sufficient to account for voluntary control of vocalization. What do these mutations do? 

One of the human mutations provides a potential site for phosphorylation, a post-

translational modification of a protein often associated with functional activation (Enard 

et al. 2002). It turns out that all the members of the order Carnivora (wolves, tigers, etc.) 

have this same mutation (Asn-325-Ser) independent of humans, but don’t have speech 

(J. Zhang et al. 2002). The howling of wolves at night may qualify as “song” by some 

definitions, but it does not vary much and does not seem to be learned.  

 

4.5.2   Regulatory networks and other genes affecting language. 

 

FOXP2 is not the only gene that effects language development. And not all genes 

which cause language difficulties when mutated are relevant to the evolution of 

language. For example, the fragile X syndrome, caused by a mutation in the FMR-1 

gene, shows language development problems in humans, but in both humans and in the 

mouse model we also see the accompanying mental retardation, tremors and seizures, 

along with characteristically large ears and testicles and long faces. This gene works at a 
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very basic level for proper development of neural connections in the developing brain 

and does not specifically target language. 

Changes in generalized brain-size genes also say little for language evolution. A 

human mutation in the CMAH gene about 2.7 million years ago stopped production of 

an enzyme that inhibits brain cell growth (Chou et al. 2002). Release of this brake on 

growth may have been a prerequisite for reorganizing the brain for speech and language, 

but it does not explain the reorganization. Likewise for genes that when disabled cause 

microcephaly, e.g. microcephalin and ASPM.  Since microcephalic brains are language 

capable, these genes did not likely have any effect on language evolution. 

From an evolutionary perspective, mutations in individual genes are most likely 

less important than changes in the regulation of genes. King and Wilson argued that 

individual proteins are much too similar between humans and chimpanzees to account 

for the great phenotypic differences between these two species, and that gene regulation 

must be what makes the difference (King and Wilson 1975). In the genomic era, we see 

that this dichotomy between mutations in individual genes and gene regulation is too 

simplistic. For example, with FOXP2, we have a mutation in an individual gene which 

happens to be a regulatory gene. But gene regulation goes far beyond regulatory genes 

affecting the expression of other genes. Recent discoveries in gene regulation have 

included small regulatory RNAs, DNA sequences transcribed into RNA but never 

translated into protein. Many of these are human specific and promise to explain much 

of what makes humans different.  

New genes also arise as species evolve, and a study by Y. Zhang et al. looks at 

the role of these novel genes in human brain development (Y. Zhang et al. 2011). They 

found 1,241 primate specific genes, and 280 that are human specific. Human specific 

and primate specific genes are much more likely than old genes to be expressed in fetal 

and infant human brains, as opposed to adult brains, and are more likely to be 

upregulated in the neocortex than older genes are. Within the neocortex, 54 of the 280 

human specific genes are upregulated in the prefrontal cortex, an area associated with 

complex human cognition. Following up this technique with Broca’s area might be of 

interest. 
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One remarkable feature of the new genes is that as a class they are much more 

likely to be involved in gene regulation. The picture is that a lot of genes are regulating 

each other, working together to compute a final result. Or as Chakravarty has put it, 

“The lessons from genome biology are quite clear. Genes and their products almost 

never act alone, but in networks with other genes and proteins and in context of the 

environment” (Chakravarti 2011). This complexity is why it is so unrealistic to think 

that “a minor mutation for merge” (Berwick and Chomsky 2011) might have occurred in 

recent evolutionary history to allow for the emergence of language without any further 

need for evolution. 

Linguists who focus too much on design are likely to be disappointed in 

biological evolution, which is more like tinkering than like design. Instead of evolution, 

Chomsky, for example, would like to envisage the “sudden emergence” of language, 

“which would lead one to expect something more like a snowflake than the outcome of 

Jacobian tinkering over a long period” (Chomsky 2010). Single mutations often cause 

disease, disability, and dramatic disruption of systems. It usually takes many 

adjustments for a system to adapt positively. 

 

4.6     An Evolutionary timeline for language 

On the basis of evidence from neuroanatomy and genetics, we argue that the first 

spoken words were used at least by the time of the emergence of genus Homo more than 

2 million years ago. The time line may go back considerably further. The most recent 

estimated date for the human/chimpanzee common ancestor is 8.3 million years ago, an 

estimate based on analysis of 8 million bases of DNA in each of 183 species of primates 

(Perelman et al. 2011). This would mean that Ardipithecus ramidus (4.4 mya) represents 

something of a half-way point in the evolution of humans from the human/chimpanzee 

common ancestor. The first steps for speech may well have occurred by the time of 

Ardipithecus ramidus or soon thereafter.  Given the symbolic capabilities of apes in the 

manual/visual sphere, the first symbolic spoken words may well have been in that early 

period as well. The first speakers were probably not very articulate at first, and literal 
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pointing with the index finger probably provided the first indexical arguments to provide 

reference for these spoken symbolic words. 

Homo erectus, with its great increase in brain size, was on the way to building up 

a decent language through processes of syntactic carpentry, metaphor, and 

grammaticalization. Those processes do not require a major break between a 

“protolanguage” and full language. At the beginning, Homo erectus was probably not 

very good at language, but brain evolution would enable improvement. 

Tool use was also not that sophisticated at first. Chopper tools look like river 

cobbles broken and chipped on one end.  Hand axes flaked only on one side were 

adequate until after Homo erectus had colonized Asia and Europe. 

Homo erectus also controlled fire. Wrangham argues that the improved nutrition 

enabled by cooking was important for neurodevelopment as well as for the major 

changes in the digestive tract seen in modern humans (and reflected in the rib structure 

of Homo erectus) (Wrangham 2009). At first, however, Homo erectus was probably 

awkward at controlling fire. The first organized hearths appear in China 800,000 years 

ago. 

After nearly 2 million years of coevolution of language and the brain in the 

genus Homo, not to mention the preceding 6 million years of evolution since the 

common ancestor of humans and chimpanzees, the biological evidence indicates that we 

had full language capabilities, fully modern languages, and a brain capable of higher 

cognition by the time of Mitochondrial Eve and the first fully modern Homo sapiens 

skulls 200,000 years ago. 
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Chapter 5 

Evolutionary genetics of language:  FOXP2 vs. other factors 

 
   

5.1   Introduction: FOXP2 -- a window into the genetics of language? 
5.2 Circumstantial chain of evidence from FOXP2 to the basal ganglia as 

important for language 
5.2.1 The KE family speech disorder, the two mutations shared by all humans      

(but not chimpanzees), and speech/language origins. 
5.2.2 Evidence from ‘Humanized’ Foxp2 in mice 
5.2.3 Birdsong and FOXP2 

5.3 Basal ganglia as important for learning 
5.4 Cortical inputs to basal ganglia and human-chimp differences in 

neurodevelopment 
 5.4.1 Expansion of various structures in the human cortex 
 5.4.2 Connectivity within the cortex, and the arcuate fasciculus 
5.5  In summary, does the human-chimpanzee difference in FOXP2 have 

any implications for the origin of language? 
 
 
 
5.1  Introduction: FOXP2 -- a window into the evolutionary genetics of 

language? 
 

Because the KE family’s severe speech/language disability is caused by a 

mutation that disables one copy of a person’s two copies of FOXP2, FOXP2 has been 

called a unique window into the genetics of language (Fisher 2007; Fitch 2010; Vernes 

et al. 2007). But the wider we open the window, the less clear the picture becomes, 

especially with regard to how or even whether the two mutations in FOXP2 that 

distinguish humans from chimpanzees might have been related to the evolution of 

language.  
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As we have seen in chapter 2, the speculation of Enard et al. (2002) is not 

tenable that these human mutations evolved recently in human evolution, in a way that 

would have been consistent with Klein’s hypothesis that a mutation for language caused 

a revolution in culture 50,000 years ago (Klein 1989,1999). The mutations in FOXP2 

were already present in Neanderthals (Krause et al. 2007) and their sister species the 

Denisovans, and our dating of these mutations was 1.8 or 1.9 million years ago.  As we 

have seen in chapter 4, the whole idea of a single mutation for language is problematic.  

The picture is complicated by the fact that many downstream targets of FOXP2 

protein have also undergone changes in the human line since the common ancestor with 

chimpanzee (Lambert et al. 2011). It is not clear whether these changes in downstream 

targets relate in any way to the two human mutations in FOXP2. Additionally, a 

regulatory element in intron 8 of FOXP2 has changes that are fixed in humans, but 

absent or polymorphic in Neanderthals, presumably affecting the gene expression of 

human FOXP2 protein in a way as yet to be elucidated (Maricic et al. 2012). 

There can be no direct evidence in humans that either the mutations in human 

FOXP2 or the changes in the regulatory binding site in intron 8 of FOXP2 have any 

relevance to the origin of language, as all humans have these changes. We have to make 

inferences with comparisons to other species. Mice engineered to disrupt one copy of 

FOXP2, analogous to the mutation in the KE family, have neuroanatomical changes 

parallel to those of the KE family. Certain areas of the mouse brain affected by 

insufficiency of FOXP2 turn out in humans to be areas utilized in speech and language.  

It may be that these neuroanatomical effects shared by mice and humans disrupt 

language in humans without the human changes in FOXP2 having any relevance to the 

origin of language.   FOXP2 is important for neural development in all vertebrate 

species, and clearly provides a window into brain development. Whether it is a window 

into language is less certain and relies on circumstantial evidence. 
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5.2 Circumstantial chain of evidence from FOXP2 to the basal ganglia as 
important for language 
 

Several lines of evidence point to a possible link between human FOXP2 and 

the basal ganglia as being important for the evolution of language (Enard 2011). First we 

have the speech/language disability in the KE family caused by a deficiency in FOXP2. 

This is correlated with changes in the basal ganglia in the affected members of the KE 

family (correlated also with many other changes in neuroanatomy). Second, there are 

two mutations in human FOXP2 that distinguish humans from chimpanzees, correlated 

with the fact that humans have language but chimpanzees do not. Third, when these 

human mutations are inserted in mice, there are specific changes in the basal ganglia. 

And fourth, there are changes in the basal ganglia (Area X) in songbirds during the 

developmental stages when they are learning their song. I argue here that the links 

between these lines of evidence are mostly circumstantial, and that the links between 

these lines of evidence and the origin of language are mostly circumstantial. The basal 

ganglia, however, are very important for human cognition -- not specifically for 

language, but more generally for learning, as we will see in section 5.3. 

 

5.2.1 The KE family speech disorder, the two mutations shared by all humans 

(but not chimpanzees), and speech/language origins. 

 

The gene causing the KE family syndrome, FOXP2, is clearly a gene important 

for the brain structures underlying the function of speech and language. Disruptions in 

FOXP2 cause disruptions of speech and language function. Yet FOXP2 is a highly 

preserved protein, with many essential non-language functions in all vertebrates. Mice 

with disruptions of Foxp2 analogous to that of the KE family show analogous alterations 

in neurodevelopment. The situation may be like that of microcephalin, discussed in 

chapter 3. Humans with mutations in microcephalin have chimpanzee-size brains. As we 

saw, microcephalin is involved in regulating the cell cycle especially in relation to DNA 

repair before cell division. It is crucial for proper brain development, but it did not play a 

role in the evolution of large brains in humans. The analogy was a flat tire in a racing 

car, which causes speed to plummet. But normal air pressure in a tire, though very 
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important, is not the major determinant of speed. FOXP2 may play a role in brain 

development that is more basic than language, a role homologous to that in mouse and 

chimpanzee. FOXP2 is essential for language, but may not be specific to it. 

Do the two human mutations in FOXP2 that distinguish humans from 

chimpanzees somehow make human FOXP2 specific for language? We have a three-

way correlation: the speech/language disorder caused by a defect in FOXP2, two amino 

acid changing mutations in human FOXP2 distinguishing humans from chimpanzees, 

and the fact that humans have language and chimpanzees do not. When this correlation 

was was first pointed out, it was amplified by a purported fourth correlation: the 

computer model of Enard et al. (2002) suggested a very recent date for the human 

mutations, compatible with Klein’s suggestion (Klein 1989,1999) that a mutation for 

language caused a revolution in culture 50,000 years ago. Now that the date of the 

human mutations has been pushed back to the time before the Neanderthal split from the 

modern human line, to 1.8 or 1.9 million years ago by our estimate (chapter 2), there is 

no connection between the human mutations in FOXP2 and a purported cultural 

revolution caused by language. There is no archeological evidence linking the origin of 

language to the FOXP2 mutations distinguishing humans from chimpanzees. 

Additional evidence that the mutations in FOXP2 are not linked to speech or 

language comes from the fact that all carnivora (wolves, tigers, etc,) have the amino acid 

substitution at position 325 (Asn/325/Ser). In (Enard et al. 2002), this seemed to be the 

more promising substitution to have a molecular effect because this substitution 

provided a phosphorylation site, phosphorylation being a known mechanism for 

modifying the expression of forkhead genes (they cite (Brunet et al. 1999; Kops et al. 

2002)). By 2011, Enard acknowledged that the other amino acid substitution 

(Thr303Asn) might be the more relevant for the evolution of vocal learning in humans 

(Enard 2011). There is no direct evidence for either substitution having a specific effect 

on speech/language or vocal learning, but laboratory experiments and experiments with 

mice show that human FOXP2 reacts differently from chimpanzee FoxP2. 

 



	   70	  

5.2.2 Evidence from ‘Humanized’ Foxp2 in mice 

 

The one mammalian species in which it is both technologically easy and 

ethically acceptable to introduce transgenic changes is mouse.  Lines of mice were 

formed in which the two human mutations were introduced into the mouse Foxp2 gene. 

Parents heterozygous for humanized Foxp2 (Foxp2wt/hum) produced litters in mendelian 

ratios that included both mice homozygous for humanized Foxp2 (Foxp2hum/hum) and 

wild-type littermates (Foxp2wt/wt) that could be used as controls for comparison. 

 Enard and fifty five coauthors conducted this study of mice with humanized 

Foxp2, and reported it in Cell as “A Humanized Version of Foxp2 Affects Cortico-Basal 

Ganglia Circuits in Mice” (Enard et al. 2009). The focus was on language, however. The 

summary begins with the hypothesis that the two amino acid substitutions in FOXP2 

have been positively selected during human evolution due to effects on aspects of 

speech and language. Their further hypothesis is that the evolution of human speech and 

language might have been affected in an important way by alterations in cortico-basal 

ganglia circuits. They report that the mice with humanized Foxp2 have qualitatively 

different ultrasonic vocalizations – a claim that is weakened considerably by the fine 

print later on which states that “The fact that Foxp2hum influences ultrasonic vocalization 

of pups in a specific and reproducible way is of obvious interest. However, it is 

important to note that this influence is subtle and within the range of normal variation 

among mice” (p. 968). How significant, how real, are these qualitatively different 

ultrasonic vocalizations in these “humanized” mice if they are within the normal range 

of variation among wild type mice? 

 It is worth noting in passing that Foxp2 is not needed at all for the innate 

ultrasonic vocalizations in mice. Mice whose expression of Foxp2 protein is completely 

blocked are weak and die early. But on day 4, the vocalization of mice without any 

Foxp2 was largely normal in its acoustic properties, differing only in being somewhat 

weakened in these mice who die early. Therefore, Foxp2 is not essential for the innate 

emotional vocalizations of mice (Gaub et al. 2010). This study corrects an earlier finding 

by (W. Shu et al. 2005).  
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 In general, the health and reproductive ability of the mice with humanized Foxp2 

were indistinguishable from wild type mice.  They were put through an extensive 

standard phenotypic screen with almost 300 physiological tests, almost all showing no 

significant differences. There was, however, reduced exploratory behavior on the 

modified hole board, and reduced forward locomotion on the neurology screen.  

 On a closer study of the brain, expression patterns of Foxp2 were similar 

between wild type and humanized Foxp2 mice.  They analyzed the tissue concentrations 

of four neurotransmitters (glutamate, serotonin, dopamine and GABA) in the frontal 

cortex, the cerebellum, and three areas of the basal ganglia (caudate-putamen, nucleus 

accumbens and globus pallidus), and found decreased dopamine concentration in all 

tissues, but no differences in the other neurotransmitters. The decreased dopamine may 

be related to the reduced exploratory activity. They point out that since Foxp2 is not 

expressed in dopaminergic neurons (Wijchers et al., 2006) any mechanism is probably 

indirect. In this regard, it is interesting that Foxp2 is expressed in many medium spiny 

neurons (Ferland et al., 2003; Lai et al., 2003; Scharff and Haesler, 2005; Takahashi et 

al., 2003), which are the major targets of dopaminergic neurons, and make up over 90% 

of neurons in the striatum” (Enard et al. 2009).	  	   

 A study of the medium spiny neurons in the striatum found that humanized 

Foxp2 increased the length of dendrites both in vitro (80%) and in vivo  (22%) whereas 

the size of the cell bodies remained equal to that of wild type mice. Humanized Foxp2 

also increase synaptic plasticity in medium spiny neurons as seen by the fact that long 

term synaptic depression (LTD) was almost twice as strong in humanized Foxp2 

compared with wild type.  

 The two major subtypes of medium spiny neurons in the striatum are 

distinguished by the type of dopamine receptor expressed. Foxp2 is preferentially 

expressed in the subtype with D1 dopamine receptors, as opposed to those with D2 

receptors. Humanized Foxp2 was shown to have a significant effect on gene expression 

in the medium spiny neurons, though they note that the expression of relatively few 

genes were found to be significantly affected by Foxp2hum and the difference in 

expression levels did not exceed 30%. 
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 Both cortico-basal ganglia circuits and cortico-cerebellar circuits are affected in 

the KE family and in mice heterozygous for a non-functional version of Foxp2, but the 

humanized Foxp2 has no effect on synaptic plasticity or dendrite length in the Purkinje 

cells of the cerebellum. Hence the effects of humanized Foxp2 in mice seem to be 

specific for cortico-basal ganglia circuits (Enard 2011). 

 Most of our knowledge of FOXP2 has no direct bearing on whether the two 

human mutations in FOXP2 have any functional relevance for language – the KE 

family, for example tells us only what happens when one copy of the FOXP2 gene is 

knocked out. The analogous mouse model, Foxp2wt/ko, considered in detail in (Enard et 

al. 2009), largely corroborates that effect at an anatomic level. The best evidence that the 

human mutations in FOXP2 may have an important effect comes from the mice with 

humanized Foxp2. Humanized Foxp2, within the mouse setting, is associated with a 

decrease in dopamine levels in the brain, and with a decrease in exploratory behavior. It 

is associated with an increase in dendritic structure and function in the striatum. These 

are important effects, and we will examine below in section 5.3 the function of cortical-

basal ganglia circuits in humans.    

The implications articulated by Enard et al. are less certain: they conclude that 

the changes in the cortico-basal ganglia circuits found in mice with humanized Foxp2 

may model aspects of human speech and language evolution (Enard et al. 2009). On the 

contrary, there is only the weakest direct evidence in the mouse model that these 

changes in the cortico-basal ganglia circuits have any connection with language or even 

with vocalization: the “qualitatively different ultrasonic vocalizations” are within the 

normal range of mouse vocalizations, not strong evidence at all of a connection between 

vocalization and humanized Foxp2. There remains only circumstantial evidence – 

haploinsufficiency of FOXP2 causes a speech/language deficit in the KE family, and it 

causes changes in the basal ganglia (among changes in many other structures relevant to 

language). There is also the example of birdsong, invoked by (Enard et al. 2009), where 

the learning of birdsong is related to FoxP2 and to cortico-basal ganglia circuits. 

 



	   73	  

5.2.3  Birdsong and FOXP2 

 

 Going way back before antiquity, we can guess, people have noticed the 

superficial parallels between birdsong and human speech. In the last half century, these 

parallels have been examined in a scientific context (e.g. (Marler 1970)), going beyond 

the superficial to suggest “deep homology” between speech and birdsong, with special 

reference to FoxP2 (Scharff and Petri 2011). There was a special issue on language and 

birdsong in the journal Brain and Language (Brenowitz 2010). 

 Birdsong has been a particularly productive model system for vertebrate 

neuroscience, demonstrating adult neurogenesis and the plasticity of the adult brain (the 

brain actually growing and shrinking seasonally in canaries), with a striking example of 

the difference between male and female brains and how circuits can be affected by 

hormones such as testosterone (Nottebohm 2005). 

 The neuroanatomy of vocal learning circuits in Canary and Zebra Finch has been 

well studied. Males of those species are the singers, and comparing differences between 

the male and female brains provided the clues to the neural circuits involved 

(Nottebohm and Arnold 1976). An area of the striatum, Area X, is found only in vocal 

learning males, except when females are administered testosterone and develop that area 

and learn to sing a typically male song (Nottebohm 1980). Most vertebrates have innate 

vocal calls and grunts that are not learned. Vocal learning is found in three different and 

distantly related groups of birds (songbirds, parrots, and hummingbirds) as well as in 

three distantly related groups of mammals (humans, bats, cetaceans), leading Jarvis to 

postulate that the independent evolution of vocal learning among birds and humans must 

have been under strong genetic constraints of a pre-existing basic neural network of the 

vertebrate brain (Jarvis 2004). That is the “deep homology” between birdsong and 

speech.  

 There are huge differences between birdsong and language; they are almost 

incomparable, like comparing a child’s tricycle to a Boeing 777, both vehicles for 

transportation. This is not to mention the differences between human language and the 

vocalization of bats and cetaceans and the differences between songbirds, parrots, and  
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hummingbirds. Nevertheless, study of any one of those systems may provide heuristics 

for studying the others at least at the neuroanatomical and molecular level.  

 Human FOXP2, as “the first gene linked to human speech and…the target of 

positive selection during recent primate evolution,” provided the clue to study FoxP2 in 

songbirds (Haesler et al. 2004). To Haesler et al.’s question of whether FoxP2 “is 

differentially expressed in the brains of avian vocal learners and non-learners,” the 

answer was “partly yes, partly no.” FoxP2 is upregulated in Area X, compared with 

surrounding striatum, when in early development zebra finches are learning their song. 

In canaries, there is seasonal variation in their song – it is more stable during breeding 

season, and it is remodeled, with syllables being added, for example, between breeding 

seasons. FoxP2 is upregulated in canaries during the season when song is remodeled. 

Similar consistent results were found in six other song-learning species tested. Lesion 

studies suggest that Area X is involved in stabilizing birdsong, so Haesler et al.’s 

hypothesis is that FOXP2 works to downregulate genes involved in neural stability in 

Area X. 

 The answer to the question of whether FoxP2 is differentially expressed in the 

brains of learners and non-learners is “partly no” because FoxP2 is expressed in non-

vocal areas of the striatum other than Area X in all 11 species of bird tested, regardless 

of whether they were song learners or not. FoxP2 also had expression for all 11 species 

in nuclei of the dorsal thalamus and mid- brain, the inferior olive, and the Purkinje cells 

of the cerebellum. The striatal pattern of expression was also found in the crocodile 

tested. Published data on FoxP2 expression in mammals was also comparable.  

 The conclusion of Haesler et al. (2004) was that FoxP2 has a more general role 

than to enable vocal learning. Their suggestion is that FoxP2 “could create a permissive 

environment on which vocal learning can evolve if other factors come into play” 

(Haesler et al. 2004). 

 The fact that FoxP2 is expressed in the equivalent of a cortical basal ganglia 

circuit necessary for vocal learning in songbirds is of obvious interest and suggests 

“deep homology” with humans; the fact that a central part of this circuit arises only 

under the influence of testosterone suggest something not homologous; the fact that 

FoxP2 is also expressed generally in the basal ganglia of other vertebrates ranging from 



	   75	  

crocodile to human raises questions about the function of the basal ganglia more 

specifically. 

 

5.3 Basal ganglia as important for learning 
 

 Nottebohm’s article “The neural basis of birdsong” (Nottebohm 2005) 

demonstrates that songbirds are an excellent model system for understanding the neural 

mechanisms underlying learning. Learning in general, not specifically vocalization, 

though vocal learning is the model system of songbirds. This is what we see when we 

look at the basal ganglia more broadly.  

The basal ganglia are involved with learning particularly in the automatization of 

neural patterns and the formation of habits through “chunking” (Graybiel 2008), in a 

highly complex and varied way, interconnected with other systems.  

The concept of “chunking” stems from studies of memory and from George 

Miller’s classic paper “The Magical Number Seven, Plus or Minus Two: Some Limits 

on our Capacity for Processing Information” (Miller 1956), a paper often regarded as 

inaugurating the field of cognitive psychology. If the limit for short term memory of 

random letters of the alphabet is about 7, it turns out that the limit for remembering 

random words is also about seven. Chunking letters into words increases our memory 

span 500% if the words average 5 letters. Chunking the words into phrases and 

sentences further extends the memory. As Miller puts it, in the context of information 

theory, “The span of immediate memory seems to be almost independent of the number 

of bits per chunk, at least over the range that has been examined to date” (Miller 1956).  

Grabiel (2008) reviews evidence that chunking also occurs in the formation of 

neural patterns, greatly increasing the information processing of the brain. Many 

repetitive behaviors – both cognitive and motor – show involvement of basal ganglia-

based neural circuits. These circuits iteratively evaluate contexts, select actions, and 

form chunked representations of action sequences, affecting both cortical and 

subcortical structures (Graybiel 2008).	  	  

These chunked representations can be very large chunks of chunks. For example, 

using both PET and fMRI scans, the head of the left caudate was seen to be activated 
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when German-English and Japanese-English bilinguals switched from one language to 

the other (Crinion et al. 2006). The chunks in this case were the entire languages, 

German, Japanese, and English, each with their complex networks of semantic, 

syntactic, and phonological patterns. The languages themselves were not distinguishable 

on the scans in their pattern of activation in the cortical areas, a common set of frontal, 

temporal, and parietal regions being activated in each language. Crinion et al. also refer 

to lesion studies that corroborate the role of the head of the caudate in controlling the 

switch from one language to another, referring to the case of a trilingual woman with a 

lesion in the white matter surrounding the left caudate who retained her comprehension 

ability in all three languages, but who switched spontaneously and involuntarily among 

her languages when speaking.  

Working with the trained saccadic eye movements of monkeys, Grabiel and 

colleagues have shown that the beginnings and ends of action sequences are marked by 

accentuated neural responses. These boundary markers can be seen both in relation to 

the task-related activity of the neurons and also the temporal resolution of the neural 

activity. That is to say that these boundaries mark both action and time (Graybiel 2008).  

It is important to note that the boundary markers in this case were seen not just in the 

basal ganglia (striatum), but also in the dorsolateral prefrontal cortex. This is concordant 

with the bilingual language situation where German, Japanese, and English are all 

represented in the cortex, while the chunking and switching between two languages is 

mediated by the head of the left caudate. In a cortico-basal ganglia circuit, both the 

cortex and the basal ganglia are essential. 

 Although the various nuclei of the basal ganglia work as a functional unit, each 

of these nuclei and subnuclei have their own specialized connections and functions and 

they participate in different cortico-basal ganglia circuits. One must be careful, 

therefore, in making generalizations about basal ganglia function. In the process of 

learning, these cortio-basal ganglia circuits are not static, and both within the cortex and 

the striatum there is a shift in areas activated during early and late learning. These shifts 

are the result of practice (Graybiel 2008).  

Cortico-cerebellar circuits on the other hand, are necessary for a different kind of 

motor learning, especially motor adaptation learning where one has to adapt to 
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perturbations in the environment, whereas the cortico-striatal circuits are activated for 

motor sequence learning (Doyon et al. 2003).  Other circuits, too, are involved with 

specialized types of learning: the medial temporal lobe is seen on imaging studies to be 

active during “declarative learning” of facts and episodes, but both medial temporal lobe 

and striatum are involved in “probabilistic” learning tasks, with the medial temporal 

lobe more active when the probabilistic learning is more explicit, and the striatum when 

it is more implicit. When there is dysfunction of the striatum, however, the medial 

temporal lobe can compensate for some of the loss (Graybiel 2008). The 

interconnections between different learning networks allow for a variety of learning 

mechanisms, strategies, and styles. 

 For language learning and use in humans, we need to point out that although the 

striatum and other components of the basal ganglia are essential for the learning and use 

of complex motor and cognitive patterns including those for language and speech, the 

striatum gets its inputs from the cortex. The cortex provides the primary associations 

that have to be automatized and chunked and released by the basal ganglia. 

 

5.4 Cortical inputs to basal ganglia and human-chimp differences in 
neurodevelopment 

 

 5.4.1 Expansion of various structures in the human cortex. 

 

 Obvious to the naked eye, the human brain at about 1350cc is three times larger 

than the 450cc chimpanzee brain. Most notable is the expansion of various structures of 

the neocortex. This includes the classic language areas of the cortex, Broca’s area and 

Wernicke’s area, as well as others areas crucial for processing meaning. Undergraduates 

studying developmental biology know that there are major differences in human brain 

development compared with chimpanzee:  in humans, the fetal neuronal growth rate 

continues after birth; there is high activity of gene transcription; brain maturation 

continues into adulthood; there are human-specific RNA genes and human-specific 

alleles of developmental regulatory genes (Gilbert 2010).    

 Comparing the human and chimpanzee genomes, the human area with the most 

accelerated evolution (HAR1, Human accelerated area 1) is part of an RNA gene 
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(HAR1F) that is expressed in the developing brain at a crucial time for cortical neuron 

specification and migration, at 7 to 19 gestational weeks. It is expressed specifically in 

the Cajal-Retzius neurons, co-expressed with reelin, a product of the Cajal-Retzius 

neurons that is involved in specifying the six-layer structure of the cortex (Pollard et al. 

2006). The 18 changes in this region occurred more than one million years ago, 

emphasizing once again the long and complex process of human brain evolution, 

involving both structural and molecular differentiation. 

 As noted in chapter 2, the 49 areas of the human genome with the most 

accelerated evolution do not include FOXP2. FoxP2 is expressed during the 

development of many areas of the vertebrate cortex, and it is possible that the two 

human mutations in FOXP2 are important for evolutionary changes in the human cortex, 

but we have no good evidence of this yet, not even from the experiments with mice 

having humanized Foxp2. In any case, the cortical contributions to the cortico-basal 

ganglia circuits are sizable in humans, compared with chimpanzees, and sizable 

compared with presumed changes in the basal ganglia.  Even more important for the 

evolution of language, however, are the new interconnections between cortical areas 

necessary for language. 

 

 5.4.2  Connectivity within the cortex, and the arcuate fasciculus 

 

Cortical language areas have been well mapped out over the last century and a 

half beginning with Broca’s and Wernicke’s post mortem studies of aphasic patients, 

and refined in recent decades with scans of living people. Chimpanzees share parts of at 

least some of these language areas, and they have certain basic capacities for language: 

to some extent they can understand spoken commands and questions in human language, 

and they can communicate with an elementary set of words using computer symbols and 

signs of American sign language. They can make signed responses to spoken commands 

or questions. What they cannot do, as seen by the home-raised and behaviorist-trained 

chimpanzee Vicki, is mimic or pronounce English words. Vicki managed only four 

whispered and almost unintelligible words (Hayes and Hayes 1952). 
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Wernicke presented the first basic model of the language system in the brain 

(Wernicke 1874, 1994), with the arcuate fasciculus connecting posterior language areas 

(auditory association cortex) to the frontal language areas (motor association cortex for 

the vocal tract). The posterior and frontal language areas are now referred to as 

Wernicke’s area and  Broca’s area, respectively. Wernicke predicted that if the arcuate 

fasciculus were cut by a lesion, there would be an aphasic symptom characterized by an 

inability to repeat words or sentences while spontaneous speech and comprehension of 

language would be near normal. A decade or so later, the first cases of Conduction 

Aphasia were described, confirming the model. 

Connectivity is key to higher cognitive functioning, including language, as seen 

in Norman Geschwind’s classic paper “Disconection syndromes in animals and man” 

(Geschwind 1965b, 1965a) and in recent models of consciousness, mind, and self 

(Damasio 2010). The brain/mind is not primarily a computer, calculating with a logical, 

mathematical way of thinking – that was “Descartes Error” (Damasio 1994). 

Evolutionarily speaking, and especially in humans, the brain is primarily about sensing 

the world through the body and correlating the information of the senses into a coherent 

image – it is about the “Feeling of what Happens” (Damasio 1999). The sense images 

are not just passive sensations, but include the proprioceptive senses of the muscles and 

body moving in space and interacting with the world. Mirror neurons, part of this 

process, form circuits that connect visual images of movements to motor representations 

of analogous movements. These images of bodily feeling are highly interconnected and 

are mapped upon each other in a way that produces a mind that can act in the world and 

interact with it. Finally, “Self Comes to Mind,” (Damasio 2010).  

It is this interconnectedness of sensory and motor images and maps that gives 

rise to higher cognition and higher consciousness. The increased interconnectedness in 

humans is reflected in anatomical studies which document large increases in frontal and 

temporal white matter (Rilling and Seligman 2002; Schoenemann et al. 2005). As 

Shoenemann et al. put it, “This suggests that connectional elaboration (as gauged by 

white matter volume) played a key role in human brain evolution” (Schoenemann et al. 

2005). 
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Chimpanzees seem to lack a good connection between the auditory images of 

speech and the patterns of the motor cortex that could produce mimicry of that sound 

pattern. What, then, is the status of the arcuate fasciculus in chimpanzees, compared 

with humans? Comparing the frontal lobe connectivity of macaques and humans using 

Spherical Deconvolution (SD) imaging, major differences were found in the arcuate 

fasciculus and the inferior fronto-occipital fasciculus (Thiebaut de Schottena et al. 

2012). In their image below, fig. 5.1, red shows the anatomical features of the arcuate 

fasciculus common to human and macaque, and the blue shows the human differences. 

 

 

 
Fig. 5.1 The arcuate fasciculus in human and macaque. Red, common to human and macaque; blue, the 

human differences. From (Thiebaut de Schottena et al. 2012) 

 

A study comparing human, chimpanzee, and macaque using diffusion tensor 

imaging showed the progression in the evolution of the arcuate fasciculus (Rilling et al. 

2008), as seen the image below. 

 



	   81	  

 
 

Fig. 5.2 Evolution of the arcuate fasciculus: human, chimpanzee, macaque. From (Rilling et al. 2008) 

 

Rilling et al. conclude that the evolution of language required modifications of cortical 

areas and pathways that mediate specific linguistic functions. Language was not an 

incidental byproduct of selection for general brain-size enlargement (Rilling et al. 2008). 

 The spherical deconvolution and diffusion tensor images of the arcuate 

fasciculus do not tell us which fibers are important for mimicry of vocal sounds – clearly 

much more is going on. These dramatic changes in the human cortex and in the 

interconnectivity of the cortical areas important for language overshadow the changes in 

the basal ganglia seen in the Foxp2hum mouse, however important the basal ganglia might 

be for the learning of motor and cognitive patterns. The cortical patterns give input to 

the basal ganglia. 

 

5.5   In summary, does the human-chimpanzee difference in FOXP2 have 

any implications for the origin of language? 
  

 The strongest link of FOXP2 with language is the speech/language disorder of 

the KE family caused by a haploinsufficiency of FOXP2. Since the affected members of 

the KE family all have the two human substitutions in FOXP2, the KE family gives us 

no evidence on whether the two human substitutions are at all related to language. The 

mouse model of the KE family disorder results in neuroanatomical changes that parallel 

those of the affected KE family members, suggesting that the the KE family disorder is 

based on underlying neuroanatomical structures shared with mouse, and not specific to 

speech or language. 
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 Only the weakest genetic evidence suggests that the human changes in FOXP2 

are specifically related to speech or language.  Human FOXP2 does make a difference in 

laboratory experiments of gene expression (Konopka et al. 2009), but as yet there is no 

strong evidence linking this difference in gene expression to the building of neural 

structures specific for language. 

 Experiments with mice having the two human changes in their Foxp2, suggests 

that these changes are specific to effects in the basal ganglia – increased length of 

medium spiny neurons, and an increase in the strength of long term synaptic depression 

(Enard et al. 2009). This would have an important effect enhancing the processes of 

learning mediated by the basal ganglia, including but not limited to the learning of the 

cognitive and motor patterns of language and speech. First, though, there has to be 

something to learn – cortical associations that are the input to the basal ganglia. 

Language is not a simple add-on to a large brain. There was no sudden mutation 

for language 50,000 years ago to explain increasing evidence of material culture as 

Klein proposed (Klein 1997). There was no mutation for language 75,000 years ago to 

explain recursion in grammar as Berwick and Chomsky suggested (Berwick and 

Chomsky 2011). FOXP2 is not a gene for grammar, as many hoped after the KE 

family’s language deficit was described incompletely by Gopnik (Gopnik 1990a).  

Language did not arise “subsequent to” or even “concomitant with” the emergence of 

modern humans as Enard et al. proposed (Enard et al. 2002), an idea that even the 

skeptical Richard Dawkins bought into (Dawkins 2004). FOXP2 could not have been 

involved in an add-on for language concomitant with or subsequent to the emergence of 

modern humans, as the common ancestor with modern humans and Neanderthals shared 

the modern mutations (Krause et al. 2007). These mutations may well have been in place 

1.8 or 1.9 million years ago near the emergence of the genus Homo  (Diller and Cann 

2006, 2009). The highly interconnected structures for language in the brain were built up 

as the brain itself increased in size during the 2 million or so years before the first good 

evidence of anatomically modern humans. The process was almost certainly one of 

language and the brain coevolving. 

The celebrated physicist Stephen Hawking was quoted in the year 2000 as saying 

that "I think the next century will be the century of complexity" (Hawking 2000). This is 
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probably the case for biology and genetics even more so than for physics. Genes work in 

networks, and in networks of networks. A mutation in a single gene can often be worked 

around by the system, as the systems are robust, but sometimes a single mutation can 

cause serious disruption and disease. It is untenable, now, to think that a single mutation 

could be the key to a sudden building of something as elaborate and complex as the 

neural structures underlying language.  
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