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specific linguistic disorders. At a higher level of 
biological complexity, it is also usually assumed 
that such genes will be univocally and specifically 
involved in the regulation of the development (and 
function) of the so-called brain ‘language areas’, i.e., 
neural structures exclusively devoted to processing 
linguistic stimuli. Although these are controversial 
issues, which will be briefly but critically discussed 
in this paper, it also seems clear that clinical practice 
should benefit to some extent from the identification 
and functional characterization of genes that, when 
mutated, contribute to the emergence of this kind 
of conditions. 

On the other hand, the possibility that there might 
be genes that, when mutated, will impair linguistic 
competence is of major interest for linguists and for 
linguistic theory. Since Chomsky’s work (Chomsky, 
1959; 1980: 34), there is an ample consensus 
regarding the hypothesis that competence cannot 
be uniquely (and properly) acquired by just inductive 
learning, hence the well-known corollary that some 
linguistic knowledge must be innate (Chomsky, 
1959; 1980: 34). Following Chomsky (1980: 75-76), 
Anderson and Lightfoot (1999) have postulated 
the existence of both a linguistic genotype and a 
linguistic phenotype. Anyway, it is worth bearing 
in mind that what can be biologically regarded 
as “innate” necessarily transcends what can be 
considered “genetic”. In fact, epigenetic factors and 
maternal inheritance also seem to play a relevant 
role in this context, whereas part of the information 
which determines the features and the functional 
properties of the neural substrate of language could 
plausibly be generated by the developmental process 
itself (Oyama, 2000; Oyama et al., 2001) or would 
depend on general laws which regulate the self-
organization of biological systems (Kauffman, 1995; 

  1. Inherited language disorders and the 
Faculty of Language

There are many cognitive disorders where 
language seems to be impaired and which are also 
of an inherited nature. Among other conditions, 
one needs to point out dyslexia, SLI (an acronym 
for specific language disorder), SSD (an acronym 
for speech-sound disorder), and some other rare 
(i.e. of low prevalence) conditions, such as Landau-
Kleffner syndrome, rolandic (or sylvian) epilepsy 
and speech dyspraxia, or chromosome 22q13 
deletion syndrome (for a review see Benítez-Burraco, 
2009a: 83-227). After many decades of intensive 
(and sometimes controversial) phenotypical (i.e 
symptomatic) analyses, recent neurobiological and 
genetic analyses are increasingly being carried out in 
an effort to obtain a more accurate characterization 
of these conditions from a clinical point of view, 
but also for disentangling their genuine aetiology. 
Nowadays, it seems progressively clearer that such 
disorders are caused by the mutation of particular 
genes, giving rise to structural and/or functional 
anomalies in diverse areas of the brain, which 
ultimately origin the underlying deficit(s), traditionally 
linked to these conditions. Therefore, a common 
working hypothesis in the field has customarily 
been the following: a specific language impairment 
or disorder (namely, dyslexia or SLI), whether of 
an inherited nature, must be a consequence of 
a gene dysfunction which, affecting a (specific) 
component of linguistic competence (i.e. the internal 
knowledge that every speaker has about his own 
language), would nevertheless leave unaffected the 
remaining cognitive capacities/abilities. It is thus 
conventionally assumed that a univocal and casual 
relationship exists between certain genes and certain 
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(strictly) specific as they are normally assumed to 
be. On the contrary, it is a common finding that 
these conditions are symptomatically heterogeneous 
and frequently comorbid with other cognitive 
impairments, both linguistically specific or not (for 
a review, see Benítez-Burraco, 2009b), whereas in 
most cases linguistic competence dysfunction in 
affected people impairs rather general aspects of 
language, but not necessarily and exclusively any of 
the linguistic components which are nuclear for the 
different theoretical models of language developed by 
linguists (Newmeyer, 1997). It has consequently been 
suggested that in these disorders other (cognitive) 
abilities besides linguistic competence could be 
simultaneously impaired, or alternatively, that they 
could be caused by a broader (cognitive) impairment 
(Nobre and Plunkett, 1997). This apparent lack of 
specificity of specific language disorders also extends 
to the neuroanatomical and neurophysiological levels 
(i.e structurally and/or functionally anomalous brain 
areas in affected people give rise in other subjects 
to different deficits and/or different [including non-
linguistic] disorders), but also to the genetic level, 
as we will discuss below (see §3). While some of 
these difficulties for satisfactorily characterizing these 
conditions as specifically linguistic (at all those levels 
of biological complexity) are of a methodological 
nature (see below and §4), in other cases they 
are actually pointing to the genuine way in which 
cognition is structured and organized, but above all 
to the true nature of the neural substrate of language 
and the genuine way in which genes (among other 
molecular factors) contribute to the regulation of its 
development (see §4 and §6).

Whatever the case, when trying to discover genetic 
factors related to (specific) language disorders, a 
second but crucial step is to evaluate the heritability 
of the latter. Different methodological tools allow us 
to properly do so: studies of familial aggregation, 
analyses of identical and nonidentical twins, studies of 
adopted individuals, studies of kinship, etc. (Bishop, 
2001; Stromswold, 2001). We can now make use of 
diverse cloning strategies to identify and physically 
isolate the gene (or genes) presumably mutated in 
the affected probands. The most productive of such 
tools is known as positional cloning. It allows to 
correlate, in the absence of significant evidences 
about the aetiology of the disorder, the anomalous 
phenotype with a particular chromosomal fragment, 
by just measuring the cohereditarity of the trait with 
a suitable number (in statistical terms) of known 
polymorphic genetic markers. Depending on whether 

2000). Moreover, innatism (or nativism) is compatible 
with substantially different forms of regulation of the 
development and organization of brain structures. 
These issues will be examined again in §6 and §8.

  2. How to identify and characterize genes 
related to language

Due to ethical concerns we cannot deliberately 
mutate human DNA sequences of interest in order 
to establish and evaluate the consequences such 
mutations may have in language. Hence, the search 
for genes related to language must necessarily depart 
from people exhibiting a dysfunctional or afunctional 
linguistic competence. In turn, any experimental 
analysis of competence must necessarily depart 
from an assessment of performance. The way in 
which individuals presumably affected by (specific) 
language impairments and disorders are clinically 
characterized and categorized at the phenotypic 
level, conditions the relevance and the significance 
of their genetic (and neurobiological) analysis. 
Thus, genetic analyses will establish statistically 
significant correlations between certain chromosomal 
fragments and certain phenotypes no matter how 
(and how precisely) such phenotypes are defined, 
categorised, and delimited. An imprecise phenotypic 
definition, categorization or delimitation of one 
particular disorder can give rise to results that could 
be interpreted as indicating the involvement of the 
same gene (or the same brain area) in the emergence 
of more than one impairment, whereas this common 
aetiology would be actually apparent. At this level, 
special attention should be given to (i) the kind of 
cognitive abilities the resolution of the experimental 
tasks routinely employed for the diagnosis demands 
(merely linguistic competence?); (ii) whether there 
is more than one different test for the diagnosis 
of the same disorder (perhaps based on dissimilar 
criteria?), and (iii) the way in which test results are 
homogenized (how many different groups = clinical 
categories are postulated?). 

The latter are not trivial concerns. In fact, the 
numerous difficulties which arise when trying to 
properly distinguish, at the phenotypic level, different 
conditions (both specifically linguistic or of a broader 
cognitive profile), to correctly assign affected people 
to the diverse clinical categories that these disorders 
represent (diagnosis), and to accurately discriminate 
among different types of disorders or even of subtypes 
of the same disorder, ultimately point to the possibility 
that specific language impairments could not be as 
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those devoted to the analysis of genes and their 
direct products [ARN and proteins]). On the other 
hand, it is also because positional cloning merely 
establishes statistical correlations, not compulsory 
casual relationships, between certain genes and 
certain phenotypes why its validity is restricted 
as well to concrete populations and particular 
environmental conditions (Hofmann, 2003; Fisher, 
2006). In other words, functional analyses of the 
cloned genes are a must (see below).

On the contrary, the identification of genes related 
to language (and which mutation gives rise to different 
language disorders) becomes simplified when there 
are evidences of chromosomal rearrangements in 
the karyotype of affected individuals, since these 
anomalies can be easily detected by different 
techniques such as fluorescence in situ hybridization 
(FISH) (Volpi and Bridger, 2008). Moreover, this 
kind of genes does not seem to be randomly 
localized in the genome, (Ramsay, 2000; Benítez 
Burraco, 2009a: 197-205). Likewise, when the 
impaired linguistic phenotype specifically entails 
the atypical presence, accumulation or degradation 
of one particular biochemical product, it is possible 
to identify the affected gene by functional cloning, 
if the identity and the biological activity of the 
enzyme involved in its biosynthesis or catabolism are 
previously known (Brzustowicz, 1998). Additionally, 
comparative cloning also simplifies the identification 
of the affected genes (Brzustowicz, 1998). In this case 
we usually know the sequences and the functional 
properties of homologous genes that, when mutated, 
give rise to similar disorders in other species, i.e., 
disorders characterized by similar structural and/
or functional brain anomalies or which phenotypic 
profiles resemble those observed in our own species 
at the cognitive level. 

Once the relevant chromosomal fragments are 
cloned, they should be sequenced to settle on the 
identity and nature of the gene (or genes) they 
comprise (Brzustowicz, 1998). DNA sequences are 
routinely subject to intensive computational analyses, 
in order to obtain as much relevant information as 
possible about structural features of the genes, the 
nature and function of the biochemical products 
presumably encoded by them, and even the 
phylogenetic relationships that they maintained with 
homologous genes from other species. Candidate 
genes are subsequently subject to functional analyses 
(in vitro and in vivo), in order to fully and properly 
characterise their transcriptional and translational 
profiles, the biochemical properties of the products 

the kin relationships among the experimental subjects 
are known or unknown (a circumstance that crucially 
conditions the number of markers to be used), 
the correlation analysis is known as linkage or 
association analysis, respectively. The analytical yield 
of positional cloning has become implemented by 
the recent development of the so-called genome-

wide association studies (GWASs), which make use 
of the whole genome and consequently not only 
turn unnecessary linkage analyses, but also allow 
to simultaneously establish the presence and the 
localization of multiple loci of susceptibility to a 
certain disorder (Zondervan and Cardon, 2007; Potkin 
et al., 2009). Moreover, the categorization of language 
disorders as continuous variables (thus going beyond 
the traditional but simplifying dichotomy affected vs. 
nonaffected) has allowed us to identify the so-called 
QTLs (quantitative trait loci) (Lander and Kruglyak, 
1995; Risch and Merikangas, 1996), and ultimately 
permitted the detection of multiple genes which exert 
a relatively small effect on a particular trait (Bishop, 
2002). Finally, the employment of endophenotypes 
(i.e. cognitive, neuroanatomical, neurophysiological, 
endocrine or biochemical quantifiable components 
of the different levels of biological complexity 
between the linguistic phenotype and the genes 
[Gould and Gottesman, 2006]) as the starting point 
for linkage and association analyses allows us to 
obtain more direct evidences of the links which 
plausibly exist between certain genes and certain 
cognitive (dys)functions, as they refer to more 
concrete (and more physiological) aspects of brain 
activity (Gottesman and Gould, 2003). In addition, 
as these endophenotypes have uncontroversial 
homologous in other species, they also justify the 
use of animal models when cloning genes related to 
language and analysing their structural and functional 
features (it is worth remembering here that language 
is a trait that, as Chomsky [1972; 1980] but also 
many others have repeatedly pointed out, exhibits 
a fundamental discontinuity at the phenotypic level 
with the communicative devices employed by the 
remaining animal species). 

Anyway, all those otherwise productive techniques 
cannot be merely regarded as a panacea. This can be 
justified by the fact that, on the one hand, the search 
for QTLs cannot properly detect highly polymorphic 
loci, as it leaves unidentified other non-genetic 
factors plausibly involved in the emergence of a 
disorder, such as epigenetic, maternal, or ontogenetic 
factors (in fact, molecular tools for the analysis 
of such factors are underdeveloped compared to 
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of hereditary conditions in which only language seems 
to be impaired, have been cloned and characterised. 
A well-known case, popularly regarded as ‘the 
language gene’ par excellence, is FOXP2. This gene 
encodes a transcriptional repressor and its mutation 
gives rise to a plausible subtype of SLI, though 
this is still a controversial claim (for a symptomatic 
profile of the affected people, see Gopnik, 1990; 
Vargha-Khadem et al., 1995; Watkins et al., 2002; 
Vargha-Khadem et al., 2005; Shriberg et al., 2006). 
Either way, there are ample evidences supporting 
the relevant role of this gene in modulating the 
development of brain areas involved in language 
processing. Firstly, the primary pathology of the 
disorder associated to the gene’s mutation is located 
in the caudate nucleus, a subcortical structure which 
seems to play a key role in the computation of the 
sequential tasks involved in phonation and syntax 
(but not only in these) (Ullman, 2001; Lieberman, 
2002). Secondly, the FOXP2 protein seems to be 
involved in the regulation of the neural differentiation 
(and plausibly in establishing the cellular identity 
and/or function) needed for the correct organization 
and/or development of cortico-thalamic-striatal 
circuits associated to motor planning, sequential 
tasks, and procedural learning (for a review, see 
Marcus and Fisher, 2003; Vargha-Khadem et al., 
2005; Fisher and Scharff, 2009). Thirdly, the mutation 
of some of its physiological targets gives also rise 
to (different) language disorders, as the case of 
CNTNAP2 clearly shows regarding SLI and autism 
(Vernes et al., 2008). Finally, Foxp 2 mutations in mice 
bring about characteristic structural anomalies in the 
cerebellum, but also reduce the long-term plasticity 
related to learning tasks in which basal ganglia play a 
relevant role (Yin et al., 2006). Simultaneously, mice 
carrying the human (nonmutated) sequence exhibit 
physiological responses which are substantially 
opposed to the former (Enard et al., 2009). Besides, 
at the phenotypic level, the knockout of Foxp2 

typically leads to a decrease in the frequency of the 
ultrasonic vocalizations in the pups (Shu et al., 2005), 
probably resembling the deficit in the capacity for 
discriminating brief auditive stimuli, (and plausibly 
certain sound frequencies) which is found in SLI 
(McArthur and Bishop, 2001). On the other hand, 
it is also significant that the knockdown of FoxP2 in 
zebra finch mainly affects neurons of the X-area of 
the song circuit, a structure homologous to the basal 
ganglia. As a consequence, a significant shortening 
of the critical period for song learning is observed, 
but also a reduction in the accuracy of the song itself 

they encode and, ultimately, the physiological role 
carried out by such products, and basically the way 
in which their mutation contributes to the emergence 
of the disorder (Gibson and Gruen, 2008). 

Functional analyses are commonly implemented 
by recurring to animal models of the disorders 
(typically the rat and the mouse, but also different 
songbirds). As it was previously pointed out, 
continuity (i.e. homology) regarding the Faculty 
of Language (henceforth, FL) quickly arises when 
molecular, neurobiological, and even cognitive levels 
are considered. In addition, homologous genes in 
particular can be deliberately disturbed in these 
organisms (by knocking them down or out) to clarify 
the physiological role of the products encoded by 
such candidate genes. We are especially interested 
in finding neural anomalies and/or articulatory, 
perceptive, or cognitive deficits which can be 
regarded as similar to those detected in humans. 
Dyslexia notably exemplifies how the analysis of 
such animal models can contribute to reinforce the 
feasibility of the causal link between the mutation 
of certain genes and the emergence of a particular 
language disorder previously suggested by positional 
cloning. Hence, in rats and mice, an induced decrease 
of mRNA levels (knockdown) of the candidate genes 
DYX1C1 and DCDC2 gives rise to brain structural 
changes (plausibly as a consequence of the disruption 
of the normal pattern of neural migration and 
interconnection) which are similar to those observed 
in dyslexic people (Paracchini et al., 2006; Rosen et 

al., 2007; Burbridge et al., 2008), and significantly 
also to auditive and cognitive deficits which resemble 
those detected in dyslexics (Galaburda et al., 2006; 
Threlkeld et al., 2007). 

Last but not least, special attention must be given 
to the elucidation of the functional value of the 
different variants of a candidate gene naturally arisen 
in different human populations. These variants can 
indistinctly be functional, dysfunctional or afunctional 
compared to the wild type. Consequently, different 
alleles and protein polymorphisms can be ideally 
correlated to different linguistic deficits (this test is 
known as allelic association analysis) (Wahlsten, 
1999). 

  3. Structural and functional characteriza-
tion of genes related to speci!c language 
impairments

In recent years different genes, that have been 
regarded as casual or risks factors for the emergence 
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impairs diverse cognitive processes which depend 
on hippocampal activity, such as learning and 
memory (Collingridge and Isaac, 2003), which are 
also impaired in dyslexics (Swanson et al., 2006). 

Finally, speech-sound disorder (SSD) is another, 
purportedly, specific language impairment with a 
genetic basis. Significantly, one of the loci related 
to this disorder (3p12-q13) corresponds to ROBO1, 
which is also associated to dyslexia (Nopola-Hemmi 
et al., 2001; see above). The existence of a remarkable 
linkage has been documented as well between SSD 
and the 15q14 region (Stein et al., 2006). It is worth 
mentioning that the duplication of the 15q11-13 
region has been associated to autism (Cook et al., 
1997; Schroer et al., 1998; Filipek et al., 2003; Shao 
et al., 2003), while its deletion gives rise to both 
Angelman and Prader-Willi syndromes (Magenis 
et al., 1990; Kishino et al., 1997). For a review of 
the genetic basis of other rare infrequent language 
disorders (including those mentioned in §1), see 
Benítez-Burraco, 2008 or Benítez-Burraco, 2009a: 
83-227.

  4. Some remarks about brain organization 
as a way of justifying why the scope of 
our research should be extended

As was previously pointed out (see §2), the 
exhaustive analysis of  these allegedly specific language 
disorders at different levels of biological complexity 
(phenotypic/clinical, cognitive, neuroanatomical, 
neurophysiological and genetic) has given rise to 
an increasing body of evidences which suggest 
that they could be not (strictly) specific at all those 
levels of complexity, in the sense that it could be 
unfeasible to always correlate them with (just) (i) 
language impairments (but not simultaneously with 
other cognitive disturbances); (ii) underlying deficits 
which can be characterised as strictly linguistic (but 
not with broader cognitive deficits); (iii) structural 
alterations and/or functional anomalies of particular 
brain regions which are specialized in the processing 
of linguistic stimuli (i.e. ‘language areas’); or (iv) 
the mutation of genes that ideally merely affect 
the development and functioning of such regions 
(i.e ‘language genes’). What we actually observe is 
perhaps unexpected. At the symptomatic level, (i) 
there frequently is a (certain) comorbidity among 
different language (and cognitive) disorders, while 
at the same time (ii) these disorders do not show 
unvarying symptomatic profiles, but represent 
heterogeneous clinical categories. At the cognitive 

(Haesler et al., 2007), also resembling the reduced 
capacity for repeating words and pseudowords, 
but also complete sentences, which is characteristic 
of affected people carrying a mutation in FOXP2 

(Watkins et al., 2002). In the whole, it seems quite 
plausible that, if FOXP2 has played a prominent 
role in the evolution of language (as it seems), 
this role would, to a certain extent, no only be 
confined to mechanisms involved in the regulation 
of the development (and the structural and functional 
patterning) of certain brain regions, but also to 
those involved in the modulation of neural plasticity 
needed for the learning of motor tasks (Fisher and 
Scharff, 2009; White, 2009). To date, several other 
QTLs linked or associated to SLI have been identified 
(Bartlett et al., 2002; SLI Consortium, 2002; Fisher et 

al., 2003; SLI Consortium, 2004), though the only 
other risk factor for SLI, plausibly attested to, seems 
to be ATP13A4, which encodes a cation-transporting 
P5-type ATPase (Kwasnicka-Crawford et al., 2005).

Up to nine different loci for dyslexia have also 
been identified so far (DYX1 to DYX9) (Williams 
and O’Donovan, 2006; Gibson and Gruen, 2008). 
Nevertheless, there seem to be many additional loci 
which confer susceptibility to the disorder and which 
would consequently correspond to genes that can be 
regarded as risk factors for reading disability (Smith, 
2007). From three of these loci (DYX1, DYX2 and 
DYX5) a total of four different genes have been 
cloned. ROBO1, which corresponds to locus DYX5, 
encodes a protein which seems to be involved in 
the regulation of axonal growth (Hannula- Jouppi 
et al., 2005; McGrath et al., 2006), possibly of nerve 
fibres which conform the so-called thalamo-cortical 
projections, as has been attested in mice (Bagri et 

al., 2002). The remaining three genes (DYX1C1, 
which corresponds to locus DYX1, and DCDC2 
and a close counterpart, KIAA0319, which both 
correspond to locus DYX2) encode proteins which 
contribute to the regulation of the radial migration 
of cortical neurons (Taipale et al., 2003; Meng et al., 
2005; Paracchini et al., 2006; Velayos-Baeza et al., 
2008). The analysis of chromosome rearrangements 
detected in different dyslexic individuals has made 
feasible the identification of other candidate genes 
for this condition, or at least of genes which can 
be considered as risk factors for the disorder in 
certain subjects or certain populations. One of the 
most promising is DIP2A (Poelmans et al., 2009), 
which encodes a protein that plays a key role in 
the regulation of synaptic plasticity (Yu et al., 2001; 
Collingridge and Isaac, 2003), and which mutation 
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cognitive abilities were also disturbed (for a review, 
see Benítez-Burraco, 2009a: 88-94, 168-172, and 
177-227).

It is true that, to a certain extent, the difficulties 
which arise for achieving a precise characterization 
of (specific) language impairments and a distinctive 
separation (at all biological levels previously discussed) 
between them and other language impairments  
– both specific or linked to a broad cognitive 
dysfunction – are of a methodological nature. We 
have already discussed main shortcomings concerning 
the clinical characterization and categorization of 
the disorders, as well as major caveats regarding 
the conventional tools employed for the genetic 
(and molecular) analysis of language disorders (see 
§2). At this point, those concerning the analysis 
of the neural substrate of the FL should also be 
considered. A controversial issue at this level is 
the concrete way in which we tend to correlate 
the structural anomalies detected by the assorted 
neuroimaging techniques employed for testing the 
performance (but especially the visual representations 
corresponding to the anomalous computational tasks 
specifically generated by the experimental tests 
used in functional/clinical studies) with the diverse 
linguistic dysfunctions or dysfunctional components 
of language. In brief: why do we systematically tend 
to interpret such (anomalous) visual representations 
as (impaired) homogeneous linguistic functions/
categories and to isolate them from other functions/
categories of dissimilar nature when neural systems 
are not, in fact, (so) discrete in functional terms? 
(see Kosik, 2003 for an interesting discussion on 
this issue). Of course, a crucial caveat at this level 
is also the limited resolution of most noninvasive 
neuroimaging techniques (usually they do not go 
beyond 0.1 mm) (Koizumi, 2004), which can lead 
us to wrongly conclude that brain areas implicated 
in language processing (and which are anatomically 
and/or functionally impaired in affected people) 
are multifunctional, when there being some kind 
of histological and/or functions dissociation among 
different (but very closely located) neural populations 
in such (apparently) multifunctional areas could 
actually be the case.

Nevertheless, our main point regarding this 
controversy will be precisely the opposite one: 
the pertinacious problem which universally arises 
when trying to completely discriminate among 
these disorders at all these levels of biological 
complexity, and to distinctively separate them as 
well from other cognitive disorders, is not (only) 

level, (i) these disorders usually entail other (cognitive) 
dysfunctions besides those which can be regarded 
as specifically linguistic, and/or (ii) they seem to 
arise as a result of a broader cognitive dysfunction; 
consequently, (iii) the same disorder can be caused 
by several different underlying deficits, while (iv) 
the same underlying deficit can give rise to diverse 
linguistic (and cognitive) disorders. At the neural 
level, (i) brain regions which seem to be structurally 
or functionally disturbed in affected people are 
also frequently involved in computational tasks not 
directly related to language processing, while (ii) 
the identity and extension of such areas is variable 
(as it is also in the normal population); hence, (iii) 
the impairment of these purportedly ‘language areas’ 
commonly gives rise in other subjects to different 
deficits and/or different (including nonlinguistic) 
disorders. At this level an illustrative example is 
the ventral portion of the occipito-temporal region, 
a classic area for dyslexia (Horwitz et al., 1998; 
Shaywitz et al., 1998; Paulesu et al., 2001), whose 
dysfunction gives rise as well to a nonlinguistic 
disorder known as prosopagnosia (Sorger et al., 2007; 
Dricot et al., 2008). Finally, at the genetic level, the 
real scenario could appear at first glance as even 
more puzzling as (i) genes which are mutated in 
individuals who exhibit this kind of specific language 
disorders are also expressed in brain regions not 
related to language processing in healthy people, but 
even in diverse tissues outside the nervous system. 
Consequently, it sometimes occurs that (ii) these 
supposed ‘language genes’ are mutated in people 
affected by other cognitive (i.e., nonspecifically 
linguistic) disorders, or (iii) are simultaneously linked 
or associated to diverse language impairments. It 
also frequently happens that (iv) in some of the 
individuals affected by a particular language disorder 
the sequence of these candidate ‘language genes’ is 
normal (phenocopy) or (v) the linguistic competence 
of some of the individuals who are endowed with an 
anomalous variant of one of such ‘language genes’ is 
not impaired at all (null penetrance) or is just mildly 
impaired (reduced penetrance). Moreover (vi) the 
identity of such genes differs (to a certain extent) 
from one population to another and/or depending 
on the subtype of the disorder; it is clear that for 
each language disorder there are numerous candidate 
genes and multiple genes that can be considered as 
risk factors for its emergence. Ultimately, (vii) most 
genes related to language have been identified in 
individuals who not only exhibited a (partially or 
totally) impaired competence, but in whom other 
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completely independent in genetic, neurobiological 
and evolutionary terms. Thus, most genes which 
contribute to regulate the development (and to 
some extent, the functioning) of the neural structures 
involved in language processing are shared, in fact, 
with other cognitive capacities (or modules), as it is 
also the case with most of such neural structures. But 
at the same time, both the genetic program (in the 
loose sense of a set of functionally related genes) as 
a whole and the neural substrate of the FL (also in 
the loose sense of a set of functionally related neural 
structures) as a whole are idiosyncratic (though 
simultaneously having a prolonged evolutionary 
history), so warranting the functional autonomy and 
specificity which characterise the FL from a cognitive/
phenotypic perspective. Collaterally, this alternative 
view of the biological nature of the FL seems to 
legitimate (and also to demand) the consideration 
of general cognitive (i.e. nonspecifically linguistic) 
disorders if genes involved in the regulation of the 
development and functioning of the neural structures 
implicated in language processing are to be identified 
and characterised. In §8 we will further suggest that 
this kind of genes are principally related to what 
we will label as the Faculty of Language in a Broad 
Sense (FLB). 

  5. Structural and functional characteriza-
tion of genes related to broad language 
impairments

When also considering cognitive disorders which 
cannot be regarded as specifically linguistic, but which 
simultaneously exhibit a characteristic impairment 
of the linguistic competence, the number of genes 
related to language substantially increases (for a 
review see Benítez-Burraco, 2009: 88-94, 168-172, and 
177-227). Consequently, the biochemical nature and 
function of the products encoded by them are diverse, 
as they include (i) enzymes involved in basic brain 
metabolic reactions, (ii) membrane transporters (or 
proteins associated to them), (iii) enzymes involved 
in basic cellular metabolic reactions or essential 
cellular structural proteins (including, significantly, 
those related to the functioning of the cellular 
cytoskeleton); (iv) proteins implicated in cell-to-cell 
interactions (including, notably, those responsible 
for adhesion and recognition processes between 
neurons); (v) extracellular signalling proteins, (vi) 
membrane receptors and proteins integrated in signal 
transduction pathways, and (vii) transcriptional and 
translational factors, and other regulators of gene 

due to methodological caveats, but (also) to an 
inaccurate conception of the genuine structure and 
organization of cognition, and above all, of the true 
nature of the neural substrate of language and the 
genuine way in which genetic factors (among other 
molecular factors) contribute to the regulation of its 
development.

The existence of (i) complete dissociations between 
language and other cognitive abilities, and even among 
the different functional components of language 
(at the phenotypic/clinical level), (ii) ‘language 
areas’ which are clearly delimited in anatomical 
and functional terms (at the neural level), and (iii) 
specific ‘language genes’ involved in the regulation 
of the development and functioning of such areas 
(at the molecular level), ultimately points to a strictly 
modular hypothesis concerning the biological nature 
of both cognition and language, and particularly, the 
anatomical and functional organization of the brain. 
According to this view, modules are encapsulated 
and autonomous computational devices, innately 
specified, which exhibit a domain specificity and 
which evolved independently to satisfy particular 
functions (cf. Fodor, 1983; Coltheart, 1999), 
supporting the idea that the mutation of a particular 
(language) gene can give rise to the dysfunction 
of a particular brain (language) area, which in turn 
will give rise to just an impairment of the linguistic 
competence (and performance), while keeping intact 
the remaining cognitive capacities. Nevertheless, this 
kind of hypothesis cannot properly explain (i) the 
aforementioned unexpected difficulties for achieving 
an effective separation (at all levels of biological 
complexity) between the diverse afunctional or 
dysfunctional phenotypes of the competence and 
those corresponding to the impairment of other 
cognitive capacities, not to mention (ii) the very 
dynamic followed by the development of the 
brain during ontogeny (Karmiloff-Smith, 1998) or, 
consequently, (iii) the effect exerted by experience 
on the structuring and functioning of the FL, and 
ultimately (iv) the characteristic discrepancy which 
can also be adverted during development between 
the ontogenetic itineraries followed by linguistic 
competence and the remaining cognitive abilities in 
people affected by language disorders (see (Shaywitz 
et al, 1995; Shaywitz and Shaywitz, 2005 on dyslexia, 
for instance).

On the contrary, as Marcus (2006) has pertinently 
pointed out, two cognitive modules, being 
functionally distinct (in fact, they have to be if 
they are to be considered modules), are never 
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in other words, they cannot be regarded as fully 
genetically prewired. 

At this point it could be convenient to summarize 
(and properly delimit) the real contribution of genes 
to the regulation of the development (and functioning) 
of the neural substrate of the FL (for a more detailed 
discussion, see Benítez-Burraco, 2009: 355-364): (i) 
genes do not directly determine language, but just 
synthesize biochemical products, which will be 
engaged in particular physiological functions; (ii) 
ordinarily, the same gene plays different roles (i.e. 
contribute to different physiological functions) in 
diverse moments and body tissues during ontogeny 
(pleiotropy); simultaneously, (iii) many genes usually 
contribute (each to a different extent) to the same 
biological process (polygenism); and (iv) the extent 
to which a particular gene product contributes to 
such a biological process heavily depends on the 
precise balance it keeps, in a particular moment 
and place, with the biochemical products encoded 
by the remaining involved genes (gene products 
are normally arranged in gradients or specific 
combinations of signalling molecules).

Moreover, as it was pointed out in §1, other innate 
factors besides genes themselves also contribute to 
the initial wiring of the neural substrate of the FL. 
Consequently, a special consideration should be 
also given to epigenetic elements (i.e. structural 
modifications of the DNA which, not affecting 
nucleotide sequences, do affect gene expression 
patterns), maternal factors (in essence, protein 
gradients inherited via the egg cytoplasm), and 
regulatory elements belonging to all levels of 
biological complexity located between genes (and 
their products) and brain areas (i.e. the metabolome, 
different subcellular organelles, diverse brain cells, 
synaptic activities, and diverse specific brain circuits) 
(Choudhary and Grant, 2004). What is more, it seems 
that part of the information which determines the 
features and functional properties of the neural 
substrate of language could plausibly be generated 
by developmental processes themselves (Oyama, 
2000; Oyama et al., 2001) or would depend on 
general laws which regulate the self-organization of 
biological systems (Kauffman, 1995; 2000). 

Nevertheless, this complex (and only partially 
genetic) regulatory mechanism would essentially 
determine just the basic interconnection patterns 
among the diverse types of differentiated neurons 
involved (and hence, the basic histological 
organization of the main anatomic macrostructures 
which conform the neural substrate of language), 

expression (including, ncRNAs and proteins which 
interact with the DNA). 

At the same time, these products mediate diverse 
physiological processes at the brain level. While some 
of them are (i) regulators of the basic brain metabolism, 
others regulate (ii) basic cellular processes (such as 
cell-to-cell interactions and/or cellular adhesion; 
inwards and outwards cell vesicle trafficking; 
organelle morphology, location, and interaction; 
DNA replication and reparation; transcriptional/
translational activity and mRNA processing; or cell 
cycle related processes, including the stabilization 
and remodelling of the cellular cytoskeleton and 
the cell size, shape, and movement); (iii) neuron 
specific cellular processes (comprising diverse 
events related to the generation of action potentials, 
the nerve impulse transmission, and the different 
steps encompassed by the synapses); (iv) neural 
proliferation and migration; (v) synaptogenesis and 
axonogenesis; (vi) neural identity and/or functionality 
(including the establishment of brain basic patterns 
and regions, and the [embryonic, perinatal, and 
postnatal] maturation of certain cerebral circuits), 
and (vi) basic brain processes (such as memory, 
long-term potentiation [LTP], neural plasticity and/or 
critical periods for synaptic development in response 
to experience). 

By and large, a high percentage of genes related 
to language play an eminently modulatory role, 
as their products regulate the expression of other 
genes, or belong to cellular pathways involved in 
signal transduction. From a physiological perspective, 
these genes are mostly related, at the brain level, 
to the regulation of neural proliferation, migration, 
and specialization, or to the establishment of initial 
contacts among differentiated neurons (synaptogesis, 
and axonogenesis).

  6. How the development of the neural 
substrate of language is genetically (but 
not exclusively genetically) regulated

It would be a mistake to simply assume that all the 
wiring of the neural substrate of the FL is exclusively 
genetically determined. On the one hand, because 
genes represent just one among diverse biological 
factors (belonging to different levels of complexity) 
involved in the regulation of the development and 
functioning of such neural substrate. On the other 
hand, because neural connections are universally 
subject to plastic modifications crucially depending 
on activity if they are to generate operative devices; 
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which will in turn originate two (or more) diverse 
deficits; these deficits will subsequently give rise to 
different symptoms, susceptible of being clinically 
categorised as two (or more) dissimilar disorders 
(sometimes heterogeneous, sometimes comorbid). 
As the context is simultaneously polygenic, it 
frequently occurs that the mutation of two (or more) 
functionally related genes can give rise to similar 
structural and functional anomalies in the same 
brain area(s), and consequently to an equal deficit, 
and ultimately to akin symptoms susceptible of 
being clinically categorised as a unique (and the 
same) language disorder (which sometimes can be 
heterogeneous). What is more, as the contribution 
of each dysfunctional or afunctional product to 
the anomalous phenotype will always be subtlety 
conditioned by the effect exerted by the remaining 
involved genes, and crucially, by the remaining 
involved modulatory factors (epigenetic, maternal, 
ontogenetic, environmental, etc.), it also frequently 
happens that (i) the mutation of the same gene gives 
rise, in different people or populations, to diverse 
levels of affectedness regarding the structural and 
functional integrity of a particular brain area (or 
even of different areas), and to diverse cognitive 
and symptomatic profiles of the affected individuals, 
which can be clinically categorised as two (or more) 
subtypes of the same disorder or even as two (or 
more) different disorders (which sometimes will 
be comorbid); or (ii) the mutation of two different 
genes gives rise, in different people or populations, 
to similar structural and functional anomalies in the 
same or different brain areas, which will in turn 
originate a common deficit, this deficit giving rise 
to akin symptoms susceptible of being clinically 
categorised as the same disorder or as different 
subtypes of a common condition. 

Consequently, a remarkable corollary, of particular 
interest for clinical linguists, is that the actual 
contribution of genes to a final dysfunctional or 
afunctional phenotype is, in general, limited, difficult 
of prediction, and substantially conditioned by the 
effects exerted by the remaining involved factors. 
Anyhow, according to the consequences caused 
by their mutation, and basically following Winterer 
and Goldman (2003), some of these genes can be 
regarded as principal (i.e. their mutation constitutes 
a main causal factor in the emergence of a particular 
disorder in most affected people), while others can 
be considered as secondary (i.e., their mutation just 
represents a risk factor for the appearance of the 
condition in some individuals).

but without generating fully operative computational 
devices (Ramus, 2006). This fundamental brain 
pre-wiring, which consequently would be more 
relevant during the first stages of ontogeny, must 
be compulsorily implemented by the feedback 
effect exerted on brain structures by neural activity 
during language processing. This is an eminently 
physiological phenomenon, encompassing structural 
and functional changes in neurons as the result of the 
interactions which take place among different brain 
regions, but also (and crucially) between them and 
the environment. Only in such a way, the definitive 
cytoarchitecture of the neural substrate of the FL is 
achieved and fully operative neural structures are 
generated. 

To sum up, as gene activity (and the activity of 
the products encoded by genes) is necessarily (and 
decisively) conditioned by such epigenetic, maternal, 
and ontogenetic factors, by the physiological factors 
derived from the remaining levels of biological 
complexity of the FL, and by the environmental 
factors (which, in addition, interact in a nonlinear 
way), a noteworthy corollary is that we cannot 
still regard genes as a primary cause regarding 
either the development of the FL, or the emergence 
of language disorders. On the contrary, they just 
represent one more among the diverse regulatory 
devices involved in the modulation of such processes, 
with the particularity (previously mentioned) that 
each of these levels regulates (and is regulated by) 
the activity of the remaining ones. Quoting Oyama 
(2000: 40), “a gene initiates a sequence of events 
only if one chooses to begin analysis at that point”.

  7. Inherited language disorders revisited

The concise depiction of the biological nature 
and the developmental itinerary of the FL previously 
sketched (see §6), and particularly, of the genuine 
relationships which exist between genes and 
language (see also §6), seems to allow us to 
satisfactorily explain many of the most remarkable 
and apparently paradoxical results of the analysis 
of (specific) language impairments and disorders at 
the phenotypic/clinical, cognitive, neuroanatomical, 
neurophysiological and genetic levels (see §2 and 
§4), which could not be exclusively imputed to just 
methodological caveats (see §4). 

In a pleiotropic context the mutation of a particular 
gene can affect the normal development (and 
functioning) of two (or more) different brain areas, 
giving rise to structural and functional anomalies 
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the FL. On the one hand, because a significant 
part of the genetic information needed for the 
constitution of the linguistic functional system would 
correspond to genes needed for the development 
and functioning of the “external” systems as well. 
This also implies that most ‘language genes’ would 
ultimately be related to the FLB, and hence, that 
their mutation, while not affecting the FLN itself, 
will impair the FL as a whole, though also plausibly 
giving rise to other diverse disorders in certain 
populations and/or environments. On the other 
hand, because a considerable amount of the innate 
information (in essence, information not derivable 
from experience) needed for the development of 
the FL would not be genetic, but either epigenetic, 
or biologically determined by the features of the 
ontogenetic environment in which development 
takes place (Vercelli, 2009), or even dependent on 
those aforementioned general laws which regulate 
the organization of biological systems, which are 
independent from the environment and from the 
genome (Chomsky 2001: 1-2). Finally, because it is 
still licit to understand the biological idiosyncrasy 
of the FL in terms of domain specificity, which 
would reside, as discussed in §4, in the particular 
way in which the diverse components related to it 
interact at different levels of biological complexity, 
and particularly, in the precise set of functionally 
interrelated genes involved in the regulation of the 
development of its neural substrate, and also in 
the particular interconnection pattern which gives 
(structural and functional) cohesion to that substrate. 

In sum, the minimalist conception of the FL 
harmonize better than others (even the preminimalist 
Chomskyan conception itself) with the recent findings 
concerning the way in which evolutionary and 
developmental processes take place in living beings 
(with regard to which the FL should not represent 
any exception, notwithstanding its significant 
idiosyncrasy at the phenotypic level). At present, 
it seems clear that the enterprise of fractioning 
language into different biological components and 
of analysing the way in which such components 
interact (and particularly, how genes do that) will 
play a key role in our long-lasting challenge for 
satisfactorily answering the five central questions 
posited by Chomsky concerning the (biological) 
study of language (Chomsky and Lasnik, 1993): 
what constitutes knowledge of language, how this 
knowledge is acquired, how it is put in use, how 
it is implemented at the brain level, and how it has 
evolved in the species. 

  8. An appendix for linguists: genes and 
minimalism

In addition, the depiction of the biological nature 
and the developmental itinerary of the FL which 
has been outlined in this paper also nicely fits 
main Chomskyan recent intuitions about human 
language and about its distinctive (biological) 
properties. Over the last years, such intuitions have 
substantially moved from an eminently modular 
conception of the FL (and its components) to a 
less modular/more functional view of it, rooted 
in Minimalist Program (Chomsky, 1995; Chomsky, 
2000). Thus, the hypothesis of the existence of an 
Universal Grammar (i.e. an autonomous system 
of knowledge based on idiosyncratic principles 
and categories which would not be shared with 
other cognitive systems) has been replaced by a 
conception of language as an interface between 
the cognitive systems responsible for thought and 
the sensorimotor systems involved in perception 
and motricity (usually known as “external”), thus 
language becoming reduced to just a lexicon and a 
computational system. Two further developments of 
such a hypothesis deserved to be analysed. On the 
one hand, Chomsky posits a crucial and productive 
distinction between a Faculty of Language in a 
Narrow sense (FLN) (i.e., computational system 
capable of recursive processing), and a Faculty of 
Language in a Broad sense (FLB) (i.e., all the aspects 
related to contents to be expressed and interpreted, 
and also to signals employed in their transmission) 
(Hauser et al., 2002). While the former would be the 
main evolutionary innovation for human language in 
biological terms, the latter (in essence, the remaining 
components of the FL) would have a long-lasting 
evolutionary history. On the other hand, Chomsky 
thinks that the coupling between the conceptual 
system and the sensorimotor systems would be 
mandatory during development whenever growth 
takes place in presence of a threshold amount of 
linguistic stimuli (Hauser et al., 2002). This essentially 
implies that the development and the functioning 
of the FL would also rely, to a certain extent, on 
those general laws which regulate the organization 
of biological systems (which Chomsky [2001: 1-2; 
2005] famously categorizes as “the third factor”).

Different reasons seem to prove the claim that 
the language depiction derived from the Chomskyan 
Minimalist Program matches, better than others, his 
characterization of the FL emerging from the genetic 
(and in general, the [neuro]biological) analysis of 
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