
[image: ../../../../Downloads/Flag_of_Afghanistan_(1880–1901).svg.png]Sterre Koops 
S2365618, supervisor: prof. dr. J.C. Billeter, may 2016 
[image: ]Faculty of Mathematics & Natural Sciences
University of Groningen












FOXP2
 The language gene?


AN ANALYSIS OF THE ROLE THE FOXP2 GENE PLAYS IN THE DEVELOPMENT OF LANGUAGE IN HUMANS


B A C H E L O R   T H E S I S


F O X P 2
The language gene?

An analysis of the role the
FOXP2 gene plays in the development
of language in humans













Sterre Koops
S2365618
May, 2016
Supervisor: Prof. Dr. J.C. Billeter
Faculty of Mathematics & Natural Sciences
University of Groningen
Source front page image: PyMOL, created by Emw, 2009

Word count: 6191


[bookmark: _Toc452463515][bookmark: _Toc452491751][bookmark: _Toc456536636]Table of Content

Inhoudsopgave
Table of Content	3
Abstract	4
Introduction	5
The evolution of mankind	5
The evolution of language	6
The Gossip Theory of Language	6
What is language?	8
Communication versus language	8
The biology of language	9
Grammar & complex syntax	10
FOXP2	11
Results	11
FOXP2, the gene	11
Evolutionary story of FOXP2	12
Mechanisms through which FOXP2 affects language	13
Comparison of the above with the biological mechanisms of language	15
Other genes involved in language	16
Childhood Apraxia of Speech (CAS)	16
Stuttering	17
Specific Language Impairment (SLI) and Dyslexia	17
Epilepsy-Aphasia Spectrum Disorders (EAS)	18
Conclusion	18
Acknowledgements	22
Further reading tips	22
Sources	23














[bookmark: _Toc452295671]


[bookmark: _Toc456536637]Abstract

[bookmark: _GoBack]Language played a remarkable role in the evolution of humans and our culture, but to what extent does genetics relate to language? A gene, FOXP2, was found to have influence on the development of language and was soon named ‘the language gene’ among the more popular reports about FOXP2. If FOXP2 genuinely affects the development of language, it must play a role in the components that distinguish language from other forms of communication. Those components are grammar and complex syntax. Grammar most probably evolved due to the increase in group size in which humans lived, an idea grasped by the gossip theory of language. The human form of FOXP2, however, evolved before the group sizes were thusly big that grammar was needed. It therefore seems to play a role in communication as a whole, and not specifically to language. After examining the evolutionary story of FOXP2, the mechanisms through which FOXP2 affects language and other genes that seem to be involved in language, we can conclude that the evolution of the human form of FOXP2 was a necessary spark to ignite the origin of language, but there is much, much more to language. FOXP2 is a necessary gene for language, but cannot be presumed more important than certain other – cultural, biological, genetic – factors that contributed to the origin of language.









[bookmark: _Toc456536638]Introduction
Any reader of this paper has a vocabulary of his or her primary language containing around  50 000 words. We have the knowledge to understand the meaning of those words, and possess the ability to combine the words in a correct, understandable sentence. About a fourth of our vocabulary is already in our possession at the age of six. (Hurford, 2011) Language is a remarkable, often presumed uniquely human, quality. It can be viewed as a phenotype, which indicates that there is also a genetic architecture at the base of the quality. Unravelling this genetic architecture would allow us to understand the origin and evolution of language. And rather recently a gene was found that seems to play a role in speech production, opening up our view of that genetic architecture. That gene is FOXP2. This thesis will take a closer look at the genetic architecture and evolution of language in general and at the influence of FOXP2 in particular. To what extent does genetics relate to language? But first, we must define language, what makes it different from other forms of communication and why we consider language uniquely human. (Nowak, 2000) To do so, we will begin by taking a step back and look at how language evolved. After all, the light of evolution is needed to illuminate the context in which language came about, and traits – especially as complex as language – don’t suddenly arise out of nothing. Our closest relatives must have had access to – perhaps other, perhaps similar – forms of language. 

[bookmark: _Toc452295672][bookmark: _Toc456536639]The evolution of mankind
[image: ../../../../Downloads/392-004-440E9DE6.jpg]The species homo diverged from the apes somewhere between 7 to 13 million years ago, and branched into several species, including erectus, habilis, neanderthalensis and sapiens, as displayed in figure 1. But out of all those species, only one appears to have developed the ability to communicate in a very refined way, namely via language as we know it today: Homo sapiens. (Harari, 2012)Figure 1: An illustration of the trunk on the tree of life that displays the lineage from which homo sapiens arose.

[bookmark: _Toc452295673]
[bookmark: _Toc456536640]The evolution of language
The origin of language is a topic that initiated many discussions over many centuries, but no consensus has yet been reached. (Dunbar, 1996; Fitch, 2004; Goodall, 1986; Muller, 1885; Paget, 1930; Premack & Premack, 1984; Rappaport, 1999; Trivers, 1971) As Steels (2012) puts it: “Language and language processing is extraordinary complex and as we probe deeper into its origins we find more complexity than anyone ever imagined.” The main problem making the origin of language such a difficult topic, is the lack of direct evidence about its origin. (Steels, 2012) We can merely speculate about the forms of language that were used by our relatives, since no forms of physical records or evidence survived (if they ever existed). All arguments are based on inferences. (Tallerman & Gibson, 2011) Still, many theories try to unravel the emergence of this unique feature of mankind. (Dunbar, 1996; Fitch, 2004; Goodall, 1986; Muller, 1885; Paget, 1930; Premack & Premack, 1984; Rappaport, 1999; Trivers, 1971) Out of those theories, there is one which attracted my attention because it combines an evolutionary approach with the fact that humans are amongst the most social of animals. This theory is the gossip theory of language. (Dunbar, 1996)

[bookmark: _Toc452295674][bookmark: _Toc456536641]The Gossip Theory of Language
Language is used to transfer information, whether this concerns the whereabouts of a predator, or creative ideas. The gossip theory of language argues that the most relevant information to transfer specifically  via language is information about other people. This theory states that language evolved as a medium for gossip. Homo sapiens are very social animals and our social abilities helped us survive, thrive and climb up the food chain. Knowledge about other individuals and their social relationships (with yourself and others) is very important for creating a stable, coherent society. As individuals, we will never be stronger than a lion, but as a group, our combined intellect and strength can outsmart any animal. (Dunbar, 1996; Harari, 2012)

As shown in figure 2, group size has increased exponentially since the evolution of Homo erectus, a phenomenon that put a tremendous amount of pressure on the coherency of groups of Homo. This rapid increase in group size might have created an evolutionary pressure to develop a more efficient way for social interaction. Up until then, social grooming was probably the way used to bond social groups, but research has found that the maximum amount of time primates spend on this activity is 20% of waking hours. The time spent on social grooming would need to increase to 43% of the day for the group size typical to modern humans (figure 3).  





[image: ../Desktop/Schermafbeelding%202016-04-15%20om%2011.57.32.png]
Figure 2: How average group size probably increased during the evolution of Homo. AMH = Anatomically Modern Humans.
[image: ../Desktop/Schermafbeelding%202016-04-15%20om%2012.01.43.png]





Figure 3: The predicted grooming time per Homo species, in percentage per day. The x-axis displays the millions of years ago that the named species lived. AMH = anatomically modern humans

“In the course of our human evolution, as we’ve been trying to evolve bigger and bigger groups to cope with the challenges that the world has thrown at us, we needed some additional mechanism to allow us to breakthrough what was effectively a glass ceiling”
Robin Dunbar
Dunbar is stating here that language probably evolved to bridge that gap in bonding time requirement, because it allowed time to be used more efficiently, because of three key features of language (Dunbar, 1996):
1. Several individuals can be ‘groomed’ at once
2. It is possible to timeshare with speech in a way that is not possible with grooming
3. Language allows exchanging information about events within our social network that happened during our absence. 
Sapiens most probably developed the best form of language, compared to their relatives, allowing them to extent their smaller groups the most and develop a closer and more refined collaboration. Because even though Neanderthals possessed the same version of FOXP2 as modern humans, and might have already possessed the physiological requirements for speech, it is likely that it was not at the same level as that of modern humans. Their maximum group size, as shown in figure 2, was still lower than the maximum group size of modern humans. (Dediu & Levinson, 2013; Harari, 2012)

[bookmark: _Toc452295675][bookmark: _Toc456536642][image: ../../../../Desktop/Schermafbeelding%202016-04-05%20om%2012.25.26.png]What is language?
All animals have some sort of communication, and some of them – like bees and ants – are even capable of very refined communication. (Harari, 2012) What is the difference between the language we speak, and the communication forms that other animals use? 

[bookmark: _Toc452295676][bookmark: _Toc456536643]Communication versus language
The grivet, or African green monkey, uses different types of alarm calls to alert the others for a specific type of predator. Grivets know whether they are being warned for lions (they would all hastily climb trees), or for eagles (and they would look fearful to the skies). (Harari, 2012) But even though grivets can be rather specific concerning the type of predator that is coming, we do not consider that to be language. We consider that to be communication. Language specifies the method of human communication in which words are phrased that are used in a structured and conventional way. It is one of many systems within the spectrum of communication, as shown in figure 4. But what is the key module that represents the beginning of language among this spectrum? Figure 4: The basic design of communication. Most animals only communicate according to the red box, some animals’ communication also fits the description in the orange box, whereas the blue box is only represented in human’s main form of communication: language. (Berwick, 2013)


A person needs to master several components, before he or she has a proper native tongue. There is the biological aspect, making someone biologically capable of producing and hearing language, and there is the linguistic component, allowing someone to comprehend what the other is saying and producing correct sentences that others can understand. The latter involves components like vocabulary, pronunciation and grammar. 

[bookmark: _Toc452295677][bookmark: _Toc456536644]The biology of language
Several anatomical changes appeared in early Homo, in between the time period of 2.5 to 0.8 million years ago (see figure 1). Changes needed for the biological ability to acquire speech arose since the australopithecines, who developed a more L-shaped vocal tract necessary for speech-like vocalization. Other developments among other Homo-species were a smaller trachea, lowered larynx and finer muscle control of our face, all necessary for many of the sounds that modern humans can produce. The Neanderthal was most likely already anatomically able to speak. (Dediu & Levinson, 2013; Fitch, 2000; Krause et al., 2007b) Even the auditory system of modern humans evolved to create our improved perception of sounds within the 2-4 kHz range, which is the range in which the human voice lies. Besides these anatomical changes, our brain is also refined to deal with the complexity that is language. (Aronoff & Rees-Miller, 2001; Graham, Deriziotis, & Fisher, 2015; Johansson, 2006; Nowak, 2000)

Two brain areas are mostly associated with language, namely Broca’s area and Wernicke’s area (Figure 5). Broca’s area is concerned with the production of speech, while Wernicke’s area is involved with the comprehension of speech, and using the proper words to express our thoughts. Together they allow us to truly communicate with others, because we could not speak without Broca’s area, and we could not understand speech without Wernicke’s area. It is debatable whether these areas are uniquely human. Similar brain structures have been found in other animals, mainly mammals including primates, but since those animals are not capable of producing language, the question remains whether those areas are functional and not only anatomically similar between species, or whether they serve a completely different purpose. (Kean, 2016)

Although these biological aspects contribute to our ability to produce speech, this ability is useless if we don’t understand what the other is saying, or if one is misunderstood. This is why grammar is so important for language.
[image: ] 



Figure 5: The location of broca’s area and wernicke’s area in the human brain. both areas are most often located in the left hemisphere. broca’s area is situated in the left inferior frontal gyrus, and wernicke’s area lies in the left posterior superior temporal gyrus. Source: carta.antrhopogeny.org, 2016. 

[bookmark: _Toc452295678][bookmark: _Toc456536645]Grammar & complex syntax
Syntax are the rules needed to construct a proper sentence, while grammar involves syntax among other sets of rules. Grammar is the overall term that involves all sets of rules in any given language. (Literary devices, 2016) Grammar, and then especially complex syntax, are the most valuable features of language. Without grammar, it does not matter whether we understand the words, because we might not understand the sentence. Grammar is therefore an important feature that separates human language from the broad spectrum of animal communication. 

[image: ../../../../Desktop/Schermafbeelding%202016-04-04%20om%2015.32.27.png]Grammar has been essential in the development of coherent, large societies. According to the gossip theory, language evolved to help us live in larger groups. But for gossip to work, it is important that information conveyed through language is truthful. Otherwise, gossip would never help us increase group coherence, because we would still not know who to trust and who not. Dishonest language is not an evolutionary stable strategy and would thus be expected to quickly be selected against, while it would not be beneficial for the increased group sizes in which humans live. Grammar is required for the information to be transferred truthfully. Many false conclusions can be drawn if someone cannot make up from a gossip whom is doing something to or with whom. The significance of grammar can become clear if we look at the assessment of grammatical ability among patients who suffer from Broca’s aphasia. Patients who suffer from Broca’s aphasia experience difficulty with producing fluent speech and also face trouble understanding complex grammatical constructs. (Carlson, 2014) When shown the picture in figure 6 and ask which one depicts a horse kicking a cow, patients with Broca’s aphasia often fail to show the picture in which ‘the horse kicks the cow’. (Berwick, Friederici, Chomsky, & Bolhuis, 2013; Carlson, 2014; Dunbar, 1996)Figure 6: Assessment of grammatical ability. A person needs to show the picture in which ‘the horse kicks the cow’. source: Carlson, 2014


[bookmark: _Toc452295679][bookmark: _Toc456536646]FOXP2
Even though there is still much debate concerning the origin of language, by now it is widely accepted that speech is an innate capacity of the human brain, and this innate capacity allows us to learn a language. 

Genetic changes may underpin the reason why humans evolved language, but our relatives did not. (Matsuzawa, 2013) Despite other apes also being rather social animals, humans seem to be unique in the extent of their social drive, which increased the benefit-to-cost ratio of developing this complex and demanding communication system. A search for the genetic underpinning of language has therefore been of high interest. And in 1998 the genetic basis of this capability was thought to be found. (Vargha-Khadem, Gadian, Copp, & Mishkin, 2005) Half of the KE family suffered from a severe speech disorder, called developmental verbal dyspraxia, indicating that this speech disorder has a genetic basis following a dominant mode of inheritance. Geneticists from the University of Oxford identified the gene responsible for their condition, and named the gene FOXP2. Although we do not yet fully understand how the disruption of one copy of FOXP2 could induce such a severe speech and language disorder, it has become clear that FOXP2 plays a significant role in the most complex mechanical motion that the human body can execute: the fine muscle movements needed to produce speech. Most probably, FOXP2 has influences in our brain’s basic learning circuitry, allowing us to learn these fine muscle movements but exactly how remains an unanswered question. (Schreiweis et al., 2014)



[bookmark: _Toc456536647]Results
[bookmark: _Toc456536648]FOXP2, the gene
FoxP2 is located on chromosome 7 (see figure 7) and belongs to a gene family that produces proteins containing forkhead-box domains (Carlsson & Mahlapuu, 2002), known to have transcription factors function and hence to regulate gene expression. Indeed, FOXP2 controls the expression of target genes resulting in expression of other proteins in a temporally and spatially regulated manner. ‘FOXP2’s therefore function to regulate a cascade (or cascades) of other genes’. (Marcus & Fisher, 2003) 

FOXP2 is not unique to Homo Sapiens. Mice and chimpanzees also have a version of FOXP2. That of mice is 93.5% identical to the human version. (Enard, Fisher, et al., 2002) However, a mouse squeaks, and – except maybe Mickey Mouse– no mouse ever spoke in words. So how did FOXP2 evolve to the similar yet significantly different versions between mice, apes and humans? 
[image: FOXP2-gene.dms]
[bookmark: _Toc456536649]Evolutionary story of FOXP2
Due to the increasing availability of genome sequences, we can compare the human FOXP2 to versions of the gene found in other vertebrate species, including primates and two extinct hominid species, which are contemporary of early Homo sapiens, namely the Neanderthals and the Denisovans. (Gaya-Vidal and Alba 2014). The mouse lineages diverged from chimpanzee, gorilla and rhesus monkeys 75 million years ago, yet these two lineages have just one altered amino acid in the protein encoded by FOXP2, as seen in figure 8. The human FOXP2 differs in two amino acids from the chimpanzee’s, gorilla’s and rhesus monkey’s. (Enard, Fisher, et al., 2002) Research suggests that FOXP2 was already of significance in the development of the common ancestor of the humans and mice’s brain, probably for the development of certain aspects of motor control. (Krause et al., 2007) 
Figure 7: The red line in the cytogenetic band displays the location of FOXP2, located at 7q31.1. Source: genecards.org

[image: ../../../../Desktop/Schermafbeelding%202016-04-11%20om%2018.11.44.png]Figure 8: The lighter blue bars represent amino acid changes. One bar euqals one amino acid change. Source: Nature, vol. 418, P.869


The next step is the two mutations that took place at the time of the divergence of humans and chimpanzees, some 7 million years ago.

It is now thought that probably only one of these two changes is evident for speech development, while the second mutation may do nothing. This is evidenced by the observation that other mammals, mainly carnivores such as dogs and wolves, independently evolved this other “human” FOXP2 mutation, yet they do not show the necessary (neuro-)anatomical changes needed to produce speech. (Callaway, 2011)

Neanderthals might have been chattier than we initially realised, since both mutations that occurred in Homo sapiens have also been found in Neanderthals, indicating that the mutations arose before both hominid populations diverged, 500,000 years ago. (Krause et al., 2007b) Neanderthals were therefore probably also able to make the finer muscle movements needed to produce language.

Even though the fine muscle movements partially resulted in FOXP2 to be labelled as a language gene, the gene is expressed in several more parts of the human body, such as the brain, heart, lung, gut (Lai, Fisher, Hurst, Vargha-Khadem, & Monaco, 2001; Marcus & Fisher, 2003; Shu, Yang, Zhang, Lu, & Morrisey, 2001; Vargha-Khadem et al., 2005) and several tissues. (Lai et al., 2001) Yet, we will concern ourselves with those parts that are of influence on language. 

[bookmark: _Toc456536650]Mechanisms through which FOXP2 affects language 
The exact role of FOXP2 in regulating certain genes, and thus certain pathways in the brain, remains unknown. Yet, research has been able to identify some genes that are most probably regulated by FOXP2. (Vernes et al., 2011)

Vernes (2011) and her team have used genome-wide techniques to identify FOXP2’s major targets. All the target genes have been categorised, as shown in figure 9. Their main finding was that FOXP2 effects mostly genes – directly and indirectly – that are involved with modulating the wiring of neural connections, by altering the length and branching of neuronal projections. Because of this, FOXP2 can be linked to specific pathways within the brain and therefore might take a cardinal place in the language and speech network of the brain. Indeed,  FOxP2 seems to regulate the genes that are responsible for the wiring of neural connections between different language-related regions in the brain. (Vernes et al., 2011)

[image: ../Desktop/Schermafbeelding%202016-04-25%20om%2019.40.55.png]
Figure 9: Gene ontology categories in which FOXP2 is most probably involved. Beneath the category is stated how many genes were found per category, and the P-value, respectively.


Despite the fact that the exact role of FOXP2 in language development is still unknown, implications have been made for its role in developing and modulating pathways. (Lai et al., 2001) A closer look into the differences between affected and unaffected family members of the KE-family helped determine probable neuronal circuits in which FOXP2 almost certainly plays a role. (Vargha-Khadem et al., 2005) A broad voxel-based morphometry (VBM) analyses displayed bilateral abnormalities in several motor-related regions, such as the caudate nucleus, which was reduced in volume. (Vargha-Khadem et al., 1998; Watkins et al., 2002) The results from the analyses implied a relationship between the unusual development of the caudate nucleus and the deterioration of oromotor control and articulation among the affected KE-family members. Abnormally low levels of grey matter in Broca’s area, the precentral gyrus, the temporal pole, the head of the caudate nucleus and the ventral cerebellum were observed, along with a high level of grey matter in Wernicke’s area, the angular gyrus and the putamen. (Salmond, Ashburner, Vargha-Khadem, Gadian, & Friston, 2000)

Functional neuroimaging studies during human speech revealed a typical left-dominant pattern of activation involving Broca’s area and a more bilateral distribution were found in the unaffected KE-family members, whereas the affected family members displayed a more posterior and more extensively bilateral pattern of activation. The affected family members also showed significantly less activation in Broca’s area and in the putamen, compared to unaffected family members. Finally, the affected family members displayed overactivation in regions that normally are not involved in language, such as the postcentral, posterior parietal and occipital regions, implying a possible form of compensation by other neuronal circuits, or extra cognitive effort that was required by the affected family members to perform the tasks. 

All these findings suggested that a point mutation in the FOXP2 gene affects the development of two main neural circuits, namely the fronto-striatal and fronto-cerebellar circuits, which are shown in figure 10. The fronto-striatal circuit lets the frontal cortex interplay with the accumbens nucleus. The fronto-cerebellar circuit is a one-way lap, beginning and ending in the frontal cortex, and going via the cerebellum and the thalamus. Both networks engage with learning and performing manual and other motor sequences. The language related processes they are evidential for are learning, planning and the execution of orofacial and speech motor sequences. (Li, Weidenfeld, & Morrisey, 2004; Shu et al., 2001)



[image: ../../../../Downloads/pr9201196f1.jpg]








Figure 10: The fronto-cerebellar network connects the frontal cortex to the cerebellum and the cerebellum via the thalamus back to the frontal cortex (see the red arrows). The fronto-striatal network connects the frontal cortex to the accumbens nucleus (see the yellow arrows). Source: Pediatric research (2011) 69, 69R-76R.

So, even though the way in which FOXP2 affects those circuits is still not determined, a mutation of the gene does have a great effect on those many different regions within the brain. (Lai et al., 2001) “I’m not a person who necessarily believes that one gene is going to tell us everything, but this was really quite remarkable and does place FOXP2 in a relatively central position,” says Geschwind. He talks about how FOXP2 is partially responsible for quite some networks previously associated with language. Especially since those networks seem to cover rather a lot about our understanding of language. But how influential does FOXP2 remain if we take a closer look at the weight of those networks for the development of language? (Konopka et al., 2009a)

[bookmark: _Toc456536651]Comparison of the above with the biological mechanisms of language
We just looked at the neural processes in which FOXP2 is involved. The most prominent processes being the fronto-striatal and fronto-cerebellar networks, and networks evidential for the learning, planning and execution of orofacial and speech motor sequences. Now we will place those processes on the scale to get a better understanding of just how important they are for the development of speech and language.  

Fronto-striatal circuits are involved in motor, cognitive and behavioural functions within the brain. If one looks at the executive functions of this circuit – selection and perception of important information, manipulation of information in working memory, planning and organization, behavioural control and decision making (Vargha-Khadem et al., 2005) – it sounds logical that it would also involve language, even though language is probably just one point within the broad spectrum of tasks that can be partially defined by this circuit. All those executive functions can be related to language and speech in one way or another. 

The same goes for the fronto-cerebellar networks. The left hemisphere version of this circuit is responsible for activating responses to stimuli, while the right version searches for the response that is given for certain stimuli. Again, this might be involved with language – considering responses that need to be given and received in a conversation – but probably among many other tasks. Even though the pathways of both networks are partially similar, they do mainly touch upon different parts of the human brain, as shown in figure 10. 

Next, FOXP2 was also involved with the networks that are evidential for learning, planning and the execution of orofacial and speech motor sequences. Learning and planning are both, once more, very relevant for language, but are also essential for other characteristics. And even though most functions are often applicable for multiple features, it also makes for not being able to exclude other options in defending the purpose or main target of a gene.

The influence of FOXP2 on the execution of orofacial and speech motor sequences marks for a more framed argument. The fine muscle movement is of high significance for our ability to produce speech, and most other functions that are executed by these movements, could probably still be executed even if the muscle were less refined. This is not the case for language. For language, those muscle movements need to be extremely refined in order for us to pronounce all the words correctly and make ourselves understandable.  (Vargha-Khadem et al., 2005) 

[bookmark: _Toc456536652]Other genes involved in language
FOXP2 is the first gene to be discovered that has to do with language and speech, but our abilities for language and speech most probably have a complex genetic architecture. And just like the situation that lead to the discovery of the FOXP2 gene, most genes underpinning human speech and language were found via studies of developmental communication disorders. (Graham et al., 2015) What will follow is a brief overview of the genes found or presumed to be associated with certain disorders that can be placed in the collective developmental communication disorders.   

[bookmark: _Toc456536653]Childhood Apraxia of Speech (CAS)
CAS is a motor speech disorder, that gives children trouble pronouncing words, due to the fact that their brain has difficulty planning the movements of body parts that are necessary for speech, such as the lips, jaw and tongue. However, it is not a muscle weakness. This is also the disorder that the affected half of the KE family has been diagnosed with. (Fisher, Vargha-Khadem, Watkins, Monaco, & Pembrey, 1998)

Even though a small amount of people suffering from CAS also have a mutation in their FOXP2 gene, the BCL11A gene is probably of higher importance. BCL11A is a transcription factor which plays a role in regulating the expression of hemoglobine. (Kuo, Hong, & Hsueh, 2009; Sankaran, Xu, & Orkin, 2010) 

The ERC1 gene seems also related to language, and a deletion of it was found in patients who suffered from delayed speech development, and who had been therefore diagnosed with CAS. (Thevenon et al., 2013) Unbalanced 4q;16q translocation and microdeletions in 16p11.2 have also been found to probably increase the risk of CAS. (Newbury et al., 2013; Raca et al., 2013)

It is difficult to state how many cases of CAS are caused by a mutation in the FOXP2 gene, since most published studies are looking into a rather small amount of cases. (MacDermot et al., 2005) This also results in an uncertainty on whether other genes might play a bigger role in the development of CAS than FOXP2, even though it is thought that the BCL11A gene is probably of higher importance. Fact remains that also in the research of the BCL11A gene, the sample size consisted of a handful of cases. (Kuo et al., 2009; Sankaran et al., 2010)

[bookmark: _Toc456536654]Stuttering
Stuttering is a disease that affects the fluency of someone’s speech, often by repeating the first sound of words. However, most of the time affected individuals have no further issues concerning their language, cognition or motor function. (Barnes et al., 2016)

The GNPTAB, GNPTG and NAGPA genes are affected in patients who stutter. Linkage studies in several populations have been performed, implicating multiple genomic loci and different modes of inheritance. (Domingues et al., 2014; Kang & Drayna, 2011; Hashim Raza et al., 2013; Hashim Raza, Amjad, Riazuddin, & Drayna, 2012) After a linkage peak was found on chromosome 12, sequencing of all the genes in that specific region resulted in identifying a missense mutation in the GNPTAB gene. (Kang et al., 2010) Further targeted sequencing found even more missense variants in GNPTAB, and in the related genes GNPTG and NAGPA. Yet the mechanisms that lie behind these mutations and how they result in stuttering remain unclear. (Barnes et al., 2016; Kang et al., 2010)

They are all involved with enciphering enzymes that affect the mannose-6-phospate pathway for lysosomal enzyme targeting. (Coutinho, Prata, & Alves, 2012)

More current research by the same team as Kang et al found an excess of rare coding variants in GNPTAB and NAGPA. (Han et al., 2014) Another team, Barnes et al (2016), showed that mice with a human GNPTAB stuttering mutation let out fewer vocalizations and had longer pauses between the vocalizations. 

However, most research is still conducted by the same research group, and more independent replication research should be done concerning this theme. Currently, we cannot yet determine what the overall contribution to stuttering is of the mutations in the GNPTAB, GNPTG and NAGPA genes.  

[bookmark: _Toc456536655]Specific Language Impairment (SLI) and Dyslexia
SLI is a disorder in which a child is unable to develop language normally, while not suffering from a general slow development, physical abnormality of the speech apparatus or other disorders and diseases which otherwise could have caused it. 

Someone with dyslexia has trouble reading which is, just like with SLI, not related to slow development or general problems with overall intelligence. Because SLI and dyslexia have high levels of comorbidity, it is thought that the nature of the flaws in the genetic architecture might be similar. (Pennington & Bishop, 2009)

Over a decade ago, the first leads to the genetic architecture underpinning these disorders were identified via linkage studies. Via association screening of polymorphic markers within the target interval, KIAA0319, DCDC2, and MRPL19/C2ORF3 were identified as involved genes with dyslexia and for SLI CMIP and ATP2C2 were found. (Anthoni et al., 2007; Francks et al., 2004; Meng et al., 2005; Newbury et al., 2009)

These genes seem to be mostly located in non-coding regions of the genome, which makes any further research difficult since the biological role of much non-coding DNA is poorly understood. This is mainly an issue in designing appropriate assays to further test these genes. (Graham et al., 2015)

But many studies have tried to test these candidate genes and the results are varied. (Carrion-Castillo, Franke, & Fisher, 2013; Paracchini, 2011; Paracchini et al., 2008; Scerri et al., 2011) Some studies support the claim of association of the candidate genes with either dyslexia or SLI, while others disagree. It has been implied that this might be partially due to arbitrary statistical thresholds or that the first studies that looked at the genetic architecture of these disorders presented false-positives. (Carrion-Castillo et al., 2013; Newbury, Monaco, & Paracchini, 2014)



[bookmark: _Toc456536656]Epilepsy-Aphasia Spectrum Disorders (EAS)
EAS disorders is the collective name for patients suffering from epilepsy that affiliated with language impairments. 

It is not yet quite clear what the genetic foundations are for EAS disorders, but in 10 – 20 % of the cases in which patients suffered from EAS, heterozygous disruptions of GRIN2A have been found (Carvill et al., 2013; DeVries & Patel, 2013; Lemke et al., 2013; Lesca et al., 2013), a gene that – when mutations have occurred – disrupts the ability of the ion channel to open and close. This channel is central to synaptic plasticity. (Fan, Jin, & Wang, 2014; Lesca et al., 2013)

All in all, these studies that often contradict mostly show the place in which the research to the genetic architecture of language disorders is – still in its infancy. But one way to progress might be via larger sample sizes with the use of GWAS studies – genome-wide association studies to examine the common genetic variations among different individuals. 



[bookmark: _Toc456536657]Conclusion
We now have tried to grasp a small part of the immense and complex evolution of language, especially its origins, by examining the role of a specific gene, FOXP2, in the development of language. How did this gene come about, and how does this relate to the evolution of language? 

After examining the current research on the approximate dates of the development of the human version of FOXP2 and grammar, I created a timeline, shown in figure 11. The evolution of the human FOXP2 was probably critical for the development of speech, and to a further extent for the development of fully human society and cognition. (Enard, Przeworski, et al., 2002) FOXP2 lay down the basis for language, and allowed it to grow, but it remains part of communication as a whole, and specifically to language.
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Figure 11: The figure above displays a rough timeline of the history of the evolution of language. FOXP2 developed to its human form before the divergence of Neanderthals and Homo sapiens. However, grammar did not evolve until after that divergence, proposing that FOXP2 has not been directly involved with the evolving of grammar with the homo sapiens society.

Most of the neuronal circuits regulated by FOXP2 are not only (or mainly) language-specific. The fronto-striatal and the fronto-cerebellar networks support functions such as decision making or planning and organization. And while this is a common feature of circuits within the brain, in the case of FOXP2, a gene of which its function is the heart of this debate, it marks only the difficulty of framing the function of FOXP2, without actually progressing the debate. 

FOXP2’s role in the fronto-cerebellar network does not automatically causally link with its role in the development of language. The fronto-cerebellar network is also found in non-human primates (Krienen & Buckner, 2009), despite their inability to produce language. This network controls many motor functions among the non-human primates. Due to the rather broad function of the fronto-cerebellar network, this is not disturbing for its role in language and speech, but depicts once more the trouble of giving FOXP2 the partial responsibility for language. FOXP2 does seem to play an evidential role in in the networks involved with learning, planning and executing orofacial movements and speech motor sequences. But we defined language as speech that involves grammar, so this is still not a clear argument to build the case for FOXP2 as ‘the gene for language’.

FOXP2 has an overarching function and possibly regulates thousands of genes, and those genes might include the other genes involved with language or communication. But the research into the function of these other genes is still in its infancy, and therefore the debate on the true function of these genes remains unresolved. To add to this insecurity, it remains difficult to know to what extent these genes act upon their own, or whether they are directly or indirectly governed by FOXP2. This might imply that for now FOXP2 does remain the most significant language related gene, due to its overarching function, but they all remain parts of the greater whole that is language. In the end it seems that FOXP2 is not responsible for language, but for communication. (Konopka et al., 2009b; Spiteri et al., 2007; Vernes et al., 2007)

Language was made possible by the invention of grammar. But ‘how much grammar does it take to sail a boat?’ asks David Gil (2005): ‘Virtually none’ is the answer. Those practical tasks such as building a boat might have been made easier thanks to grammar, but we would not have needed it. And the ability to built ships is not what made the Homo sapiens thrive the way they did – It is very likely that Homo erectus already built seaworthy rafts. (Gil, 2005) Grammar would, however, be evolutionary favoured if the group in which the species lives grows ‘too’ big. That is what happened with the Homo sapiens. And by the time that grammar became favourable within our species’ society, we already gained the ability to produce words thanks to the fine motor skills developed due to the (probably one of the) final two mutations in the FOXP2 gene. But even though FOXP2 handed us the ability to talk, it probably did not induce language. Our genetic evolution created the necessities to acquire and produce language, but it has been a cultural change that allowed for language to truly develop.

The connection between the human-specific FOXP2 and speech or language remains tricky. What we can learn from the KE-family is that FOXP2 is definitely necessary for speech development. But the crux of the problem remains: FOXP2 is a multifunctional gene, and it should not rigidly be matched to such a complex, high level phenotype as language. Language encompasses so many pathways and demands support from macro to micro levels, from muscles to cells. According to Preuss (2013) ‘it is not even realistic to think that the development of such systems has simple genetic triggers’. Language is just too complex, and too many systems are involved in allowing a person to produce normal language, and get involved in conversations with others, that it seems highly unlikely that one gene could be held responsible for all that. It is more likely that a genetic architecture that underpins language is as complex as language itself. (Preuss, 2013) 

In the end, we are left with many theories about the role of FOXP2, and also about the origin of language, but scarce evidence to support them. However, looking at the direct and indirect evidence I gathered in this thesis, I would like to conclude with a final metaphor, one that is also displayed in figure 12. Imagine language being the house we surround ourselves with, it is our home which door allows us to invite people into our lives and socialize. Before we could build that house, we took hold of all the materials needed. Some of those materials will be used to create the foundation of the house. Other material will be used to build the rest of the house – stones, glass for the windows, tiles for the roof. Other genes, and other biological adaptations might have been the stones necessary to build the walls, and FOXP2 might have been the foundation on which the rest could be built. But not until we had enough manpower could and did we truly built the house.
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Figure 12: Language is displayed as a house, that is created from several building blocks (language genes other than FOXP2, biological adaptations and other smaller cultural changes), which we gained throughout time. And the house needed foundations (the human-specific FOXP2). But those foundations and building blocks never became a house, if it weren’t for the manpower needed to truly build it.








Not until we, humans, were with enough people did we develop language, even though we already had all the building blocks long before that moment arrived. But that does not diminish the value of FOXP2, hence why it is viewed as the foundation of the house. It might not have been responsible for our development of language, but it was of great necessity.
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