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a  b  s  t  r  a  c  t

Dominance  of the  left hemisphere  for many  aspects  of  speech  production  and  perception  is  one  of the  best
known examples  of  functional  hemispheric  asymmetries  in  the  human  brain.  Classic  theories  about  its
ontogenesis  assume  that it is determined  by  the  same  ontogenetic  factors  as  handedness  because  the two
traits  are  correlated  to some  extent.  However,  the  strength  of  this  correlation  depends  on the  measures
eywords:
aterality
ateralization
unctional Hemispheric asymmetries
peech

used  to assess  the  two traits,  and  the  neurophysiological  basis  of  language  lateralization  is  different  from
that  of  handedness.  Therefore,  we  argue that although  the  two  traits  show  partial  pleiotropy,  there  is also
a substantial  amount  of  independent  ontogenetic  influences  for each  of  them.  This view  is supported  by
several  recent  genetic  and  neuroscientific  studies  that  are  reviewed  in  the  present  article.

©  2014  Elsevier  Ltd. All  rights  reserved.
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. Introduction

Relative dominance of the left hemisphere for most language-

phenomenon is still not well understood. While it is now widely
accepted that the ability to produce and understand language is a
multifactorial trait that is determined by several different genetic
elated tasks in the majority of the population is a defining
haracteristic of the human language system (Corballis, 2009,
012; Friederici, 2011; Friederici and Alter, 2004; Hugdahl, 2000,
011; Ocklenburg et al., 2011b). However, the ontogenesis of this

∗ Corresponding author at: Abteilung Biopsychologie, Institut für Kognitive
eurowissenschaft, Fakultät für Psychologie, Ruhr-Universität Bochum, Univer-

itätsstraße 150, 44780 Bochum, Germany. Tel.: +49 234 32 24323;
ax: +49 234 32 14377.

E-mail address: sebastian.ocklenburg@rub.de (S. Ocklenburg).

ttp://dx.doi.org/10.1016/j.neubiorev.2014.04.008
149-7634/© 2014 Elsevier Ltd. All rights reserved.
and non-genetic factors (Fisher et al., 2003; Grigorenko, 2009;
Hayiou-Thomas, 2008; Newbury and Monaco, 2010; Takahashi
et al., 2009), it is still largely unclear which genes and envi-
ronmental factors determine individual language lateralization.
Interestingly, many theories about the ontogenesis of language
lateralization assume that handedness and language lateraliza-
tion are determined by the same gene (e.g., Crow, 2010; Annett,
1998), an idea that has been called the “Broca-Annett axiom”

(Crow, 2004). For example, Annett (1998) assumed that a single,
unspecified gene (called the RS or right-shift gene) determines
both handedness and language lateralization. According to this

dx.doi.org/10.1016/j.neubiorev.2014.04.008
http://www.sciencedirect.com/science/journal/01497634
http://www.elsevier.com/locate/neubiorev
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neubiorev.2014.04.008&domain=pdf
mailto:sebastian.ocklenburg@rub.de
dx.doi.org/10.1016/j.neubiorev.2014.04.008
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heory, one allele (RS+) increases the probability of an individual
o be right-handed and left language dominant, while the other
llele (RS−) leaves the direction of handedness and language lat-
ralization up to chance. Accordingly, carriers of two  RS+ alleles
ave the highest chance of being right-handed and left-lateralized

or language, while this probability is reduced in RS+− carriers.
arriers of two RS− alleles have an equal chance of being right-
anded/left-lateralized or left-handed/right-lateralized. However,
he idea that complex brain phenotypes such as handedness and
anguage lateralization are determined by a single gene has recently
een criticized by many authors, mainly because no such gene has
een identified in genome-wide association studies (e.g. Armour
t al., 2013; Francks et al., 2007; McManus et al., 2009; Ocklenburg
t al., 2013c; Rentería, 2012). Accordingly, McManus et al. (2013)
uggested that multi-locus models are more suitable to explain the
enetic background of handedness than single-locus models.

In the present article we argue that this shift from monogenic to
ultifactorial models of handedness and language lateralization is

nly one aspect of ontogenetic models for these traits that needs to
e revisited. We  review recent genetic and neuroscientific findings
bout the ontogenesis of language lateralization and its relation to
andedness, and show that both the neurophysiological basis of

anguage lateralization and its genetic correlates are substantially
ifferent from those of handedness. Although the two  traits show
artial pleiotropy, independent ontogenetic influences and neuro-
hysiological correlates have to be taken into account in order to
ain better theoretical understanding of the factors regulating the
evelopment of language lateralization.

. The relation of language lateralization and handedness

How did the idea of handedness and language lateralization
eing determined by the same gene(s) develop? Evidence sup-
orting this assumption is mostly provided by behavioral studies
omparing the frequency of left and right language dominant
ndividuals among left- and right-handers. Interestingly, language
ominance has been found to be associated with handedness.
bout 95% of right-handers, but only between 70% and 85% of

eft-handers show typical left-hemispheric language dominance
Knecht et al., 2000; Perlaki et al., 2013). Moreover, in the con-
ext of the abovementioned right-shift theory, it has been shown
hat the distribution of right- and left-handed dysphasia patients
ith unilateral right- or left-hemispheric lesions is congruent with

he idea that the two traits are determined by the hypothetical RS
ene, if it is assumed that the chance effect of RS− allele is inde-
endent for handedness and language lateralization (Annett, 1975,
976a). A relation between handedness and language lateraliza-
ion has also been reported for handedness as assessed by motor
erformance (as opposed to a preference questionnaire). Flowers
nd Hudson (2013) reported that in epilepsy patients undergoing
he Wada test, individuals who performed similarly fast with both
ands on a handedness motor performance task also showed more
mbiguous speech representation. In contrast, patients with a large
etween-hands difference in speed showed clear unilateral speech
epresentation.

A major challenge for the assumption that handedness and lan-
uage lateralization have the same ontogenetic base comes from
TCD (functional transcranial Doppler sonography) and fMRI (func-
ional magnetic resonance imaging) studies investigating language
ateralization in left-handers. For example, Knecht et al. (2000) used
TCD during word generation in 326 healthy left- and right-handed

articipants to measure language dominance. They found that atyp-

cal right-hemispheric language dominance increased linearly with
he degree of left-handedness from 4% in strong right-handers to
5% in ambidextrous individuals and to 27% in strong left-handers.
havioral Reviews 43 (2014) 191–198

While these results clearly show a relation between handedness
and language dominance, they also illustrate that 73% of strong
left-handers show typical left-hemispheric language dominance,
just as most right-handers do. Even if it is presumed that language
lateralization is up to chance in all strong left-handers since their RS
genotype is RS−,  this number is far higher than the 50% that would
be expected under this assumption. Thus, it is likely that some of
the ontogenetic factors influencing language lateralization are not
influencing handedness and vice versa. Moreover, studies that actu-
ally report statistical measures of correlations between handedness
and language lateralization typically show that correlations are far
from perfect. For example, Badzakova-Trajkov et al. (2010) used
fMRI to measure brain activation during word generation in a sam-
ple of 155 adult subjects and correlated it with the handedness LQ
(laterality quotient) obtained from a 12-item questionnaire. The
correlation coefficient for the correlation between the laterality
index for frontal activation asymmetries during word generation
and the handedness LQ was  r = 0.357. The coefficient was  signifi-
cant at the p < 0.001 level, indicating that individuals with stronger
right-handedness were also more likely to show a strong leftward
bias for speech-related brain activity in the frontal lobe. However,
the coefficient of determination r2 for this correlation coefficient is
0.127, indicating that roughly 13% of the variance in the handedness
data could be explained by the language lateralization data. Sim-
ilar evidence is provided by a recent study by Groen et al. (2013)
who investigated the association of hemispheric asymmetries dur-
ing speech production (as measured with functional transcranial
Doppler ultrasonography) and three different handedness assess-
ments in 57 children between 6 and 16 years of age. Handedness
measures included a short and a long version of the Edinburgh Han-
dedness Inventory (Oldfield, 1971), the peg-moving task (Annett,
1976b) as a measure of relative hand skill, and performance on
a reaching task. They found significant correlations between the
extent of language lateralization and handedness as assessed with
the short version of the Edinburgh Handedness Inventory (r = 0.29)
as well as handedness performance on the reaching task (r = 0.40).
However, for the long version of the Edinburgh Handedness Inven-
tory (r = 0.16) and the peg-moving task (r = 0.13), correlations were
small and failed to reach significance. Interestingly, even the sig-
nificant correlations were in the small to medium range, leading
Groen et al. (2013) to conclude that their work supported the idea
that different lateralized functions in the human brain are unlikely
to be determined by a single common cause, but are considerably
independent from each other. Taken together, these findings indi-
cate that handedness and language lateralization are likely to share
some of their ontogenetic influence factors. However, they also
emphasize that the two traits are largely independent of each other.

3. The phylogenesis of language lateralization and
handedness

One way  to identify ontogenetic mechanisms relevant for
the development of handedness and language lateralization in
humans is to look at the phylogenesis of these two  traits (Fitch
and Braccini, 2013; Forrester et al., 2013; Meguerditchian et al.,
2013; Ocklenburg and Güntürkün, 2012; Vallortigara and Rogers,
2005). While the strong and consistent right-sided population
bias observed in human handedness seems to be unique within
the vertebrate subphylum, the preferential use of one limb over
the other for manipulative actions is not. Ströckens et al. (2013)
systematically analyzed studies investigating limb preferences

in all non-extinct vertebrate orders by employing cladographic
comparisons. They identified 119 different species in which evi-
dence for left- or right-sided limb preferences had been reported.
Overall, about 68% of these showed evidence for either population
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r individual-level asymmetries, while 32% showed no evidence
or specific preferences. These findings support the position that
imb preferences represent a common feature in non-human
ertebrates and might constitute an evolutionary predecessor to
uman handedness, even though animal limb preferences are
ypically less marked than in humans.

Regarding the evolution of language lateralization, there are
wo major lines of research. On the one hand, lateralization of
onspecific vocalization in non-human vertebrates might be an
volutionary predecessor to human language lateralization. Using a
imilar method as Ströckens et al. (2013), Ocklenburg et al. (2013e)
dentified all vertebrate orders in which lateralization of production
nd perception of conspecific vocalization had been investigated.
hile the number of species in which this feature had been inves-

igated was much smaller than for limb preferences, evidence for
ateralization of conspecific vocalization had been found for sev-
ral primate species, a few non-primate mammals (e.g. horses) and
ome avian species within the Passeriformes orders. This finding
ed Ocklenburg et al. (2013e) to conclude that language lateraliza-
ion in humans may  have resulted from an inherited dominance
f the left hemisphere for those aspects of human language that
re similar to the sensory or motor properties of conspecific vocal-
zation in animals. Interestingly, this idea implicates that genes or
on-genetic factors relevant for formation or functioning of brain
tructures involved in these low-level aspects of speech produc-
ion and perception might be involved in the ontogenesis of human
anguage lateralization, but not handedness.

The other major line of research regarding the evolution of
anguage lateralization is centered on the idea that hand prefer-
nces for gestural communication in primates might constitute

 precursor to language lateralization (Fitch and Braccini, 2013;
iebal and Call, 2012; Meguerditchian et al., 2013). This idea is
ainly based on the fact that all studies that investigated hand

references for gestural communication in primates found stronger
ight-sided population-biases for communicative gestures as com-
ared to non-communicative actions, thus indicating stronger

nvolvement of the left hemisphere during communicative ges-
uring (Meguerditchian et al., 2013). Meguerditchian et al. (2013)
urther pointed out that two independent evolutionary pathways

ight have influenced primate handedness, one based on the left-
emispheric preference for gestural communication, and the other
ased on preferences for bimanually coordinated gestures without
ommunicative meaning. This idea is also supported by a recent
eries of studies by Forrester et al. (2011, 2012, 2013) which showed
hat in both gorillas and chimpanzees, handedness is modulated
y the target to which the animals direct a manual action. Tar-
ets were classified as animate (e.g. a conspecific) or inanimate
non-living functional objects), and both gorillas and chimpanzees
emonstrated a right-handed bias for actions directed at inani-
ate targets, but not at animate targets. Thus, these studies also

upport the assumption that handedness and language lateraliza-
ion likely share some ontogenetic influence factors (e.g. genes or
on-genetic factors relevant for brain structures involved in the
roduction of temporal sequences of actions), but nevertheless are

argely independent of each other.

. The ontogenesis of language lateralization and
andedness

If handedness and language lateralization are indeed largely
ndependent of each other, which genes are involved in the for-
ation of one trait, but are irrelevant for the other one? Research
n the genetics of handedness has made tremendous progress over
he course of the last few years (for review see McManus et al., 2013;
cklenburg et al., 2013c). While handedness had been thought of
havioral Reviews 43 (2014) 191–198 193

as a monogenic trait for several decades (Annett, 1998), due to
tremendous advances in genetics that have since been made it is
now generally accepted that it is determined by multiple genetic
and non-genetic influence factors (Francks et al., 2007; McManus
et al., 2013; Medland et al., 2006; Piper et al., 2012; Rentería,
2012; Scerri et al., 2011). Genes associated with handedness include
LRRTM1 (Francks et al., 2002, 2003a,b, 2007), PCSK6 (Arning et al.,
2013; Brandler et al., 2013; Scerri et al., 2011), AR (Hampson and
Sankar, 2012; Medland et al., 2005), COMT (Savitz et al., 2007)
and APOE (Bloss et al., 2010; but see: Hubacek et al., 2012; Piper
et al., 2012). In addition to these studies in humans, Li et al. (2013)
recently reported that knocking out the asymmetrically expressed
transcriptional regulator LMO4 in mice modulates the animals’
paw preferences. Unfortunately, no studies investigating these
genes in relation to language lateralization have been published
yet.

In contrast to handedness, the emergence of language later-
alization critically depends on the proper functioning of neural
networks involved in speech generation and perception. Thus, an
obvious step toward identifying candidate genes for language lat-
eralization is to take a closer look at genes that have previously
been related to language impairment such as the forkhead box
P2 gene FOXP2 (Graham and Fisher, 2013). This approach was
chosen by Pinel et al. (2012) who investigated the role of differ-
ent single-nucleotide polymorphisms (SNPs) within FOXP2 and a
KIAA0319/TTRAP/THEM2 gene cluster associated with reading dis-
ability for brain activation patterns during an fMRI-based reading
task. Two  FOXP2 SNPs, rs6980093 and rs7799109s, were associ-
ated with differential activation in the left frontal cortex, while one
SNP in the KIAA0319/TTRAP/THEM2 locus (rs17243157) was  associ-
ated with activation asymmetries in the superior temporal sulcus.
More evidence for a link between FOXP2 and language lateraliza-
tion has recently been brought forward by Ocklenburg et al. (2013a)
who reported an association between the FOXP2 SNPs rs2396753
and rs12533005 and performance on the dichotic listening task,
a behavioral measure of language lateralization. The rare alleles
of the two intronic SNPs in high linkage disequilibrium (LD) with
each other were found to be associated with more pronounced
left-hemispheric language dominance. Interestingly, no association
with handedness LQ was  found for either SNP.

In addition to FOXP2,  several other genes have been linked
to speech, speech perception and language-related disorders,
thus also constituting interesting candidate genes for language
lateralization while probably being unrelated to handedness.
These include for example ATP2C2, CMIP, CNTNAP2, DCDC2,  DYX1,
KIAA0319 and MRPL19/C2ORF3 (Bishop, 2013, Darki et al., 2012;
Newbury and Monaco, 2010; Scott-Van Zeeland et al., 2010; Tan
et al., 2010; Whalley et al., 2011).

In addition to genes directly related to language, genes rele-
vant for the dopamine and glutamate transmitter systems have
also been linked to language lateralization but not handedness.
Ocklenburg et al. (2013b) found that individuals carrying the rare C
allele of the Cholecystokinin A receptor gene CCKAR rs1800857 SNP
showed a marked reduction of the typical left-hemispheric domi-
nance for language processing on the dichotic listening task, while
no association with handedness was observed. A similar pattern
of association was  also reported for a polymorphism in the NMDA
receptor 2B subunit gene GRIN2B. Individuals heterozygous for the
GRIN2B rs1806201 SNP showed more pronounced left-hemispheric
language dominance as compared to the homozygous genotype
groups. However, no association of this SNP with handedness could
be observed (Ocklenburg et al., 2011a).
Another argument against a completely mutual ontogenetic
base of handedness and language lateralization comes from studies
investigating the role of non-genetic factors for their develop-
ment. For example, the individual extent of hemispheric language
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ominance in women  not using hormonal contraceptives has been
hown to be modulated by hormone level fluctuations due to the
enstrual cycle. Hausmann and Güntürkün (2000) showed that

hese so-called activating effects of sex hormones lead to decreased
anguage lateralization (as measured with a behavioral lexical deci-
ion task) during the midluteal cycle phase when progesterone
evels are lowest. In contrast, handedness seems to be more stable,
nd to date no study reporting cycle-dependent fluctuations in left-
nd right-handedness has been published. In addition to activat-
ng effects, sex hormones also can have organizing effects on brain
tructures (Chura et al., 2010), as can be evident for example in
ehavioral or neuroanatomical sex differences. Interestingly, find-

ngs on sex differences in handedness and language lateralization
re somewhat contradicting. For handedness, Papadatou-Pastou
t al. (2008) reported that in a meta-analysis of 144 studies with a
otal sample size of over 1.5 million participants, males showed a
reater tendency toward left-handedness than females. Thus, one
ould expect males to show more atypical right-hemispheric lan-

uage lateralization. However, Hirnstein et al. (2013) could show
hat the effect of sex on language lateralization seems to be age-
ependent. While male adolescents indeed showed reduced left-
emispheric language dominance compared to female adolescents,
ounger male adults showed greater asymmetry than younger
emale adults. In contrast, no sex differences were found for chil-
ren or older adults. Thus, organizing effects of sex hormones seem
o differentially affect handedness and language lateralization. Fur-
hermore, it was  also shown that prenatal sex hormone exposure
eems to differentially affect handedness and language lateraliza-
ion. Lust et al. (2011) assessed the prenatal testosterone level
or unborn children of healthy pregnant women using radioim-

unoassay, and correlated them with handedness and language
ateralization at ages 6 to 8. Higher prenatal testosterone exposure

as related to a decrease in strength of handedness and increased
eft hemisphere dominance for language. In addition, handedness
as been shown to be influenced by a number of other non-genetic

actors which have not yet been related to language lateralization,
uch as cultural pressures (e.g. stigmatization of left-handedness;
chaafsma et al., 2009; Zverev, 2006), season of birth (Abel and
ruger, 2004; Jones and Martin, 2008), early visual experience of

he hands (Michel, 1981; Ocklenburg et al., 2010; Ocklenburg and
üntürkün, 2009) and parental influence (Laland, 2008). Also, twin
tudies strongly support the idea that non-genetic factors influence
andedness. While identical twins are more likely to be concord-
nt for hand preference than non-identical twins (Sicotte et al.,
999), this concordance is less than 100%, and discordant handed-
ess is observed in about 20–25% of identical twins (Gurd et al.,
006). Interestingly, monozygotic twin pairs discordant for han-
edness are not necessarily discordant for language lateralization.
ommer et al. (2002) investigated handedness and language later-
lization as measured by fMRI in a sample of 12 monozygotic twin
airs concordant for handedness and 13 monozygotic twin pairs
iscordant for handedness. While handedness and language lat-
ralization were highly correlated in the handedness concordant
roup, the correlation failed to reach significance in the handed-
ess discordant group. Here, five twin pairs were also discordant

or language dominance while the other eight twin pairs were
oncordant for language dominance, further arguing against a
ompletely mutual ontogenetic base of handedness and language
ateralization.

. Candidate genes shared between language lateralization

nd handedness

To date, no study has identified any genetic variation that is
ssociated with phenotype differences in both handedness and
havioral Reviews 43 (2014) 191–198

language lateralization. However, due to the correlation between
the two traits it is likely that they share at least some genetic
influences. Which candidate gene groups might account for these
putatively shared genetic influences? While we  can only guess at
the present moment, one candidate gene group that might actu-
ally be relevant for both traits are genes involved in the formation
of the corpus callosum, the largest commissure in the human
brain, or the myelin system in general. Structural properties of
the corpus callosum have repeatedly been linked to functional lan-
guage lateralization (e.g. Musiek and Weihing, 2011; Westerhausen
and Hugdahl, 2008), and interestingly, interhemispheric inhibition
mediated through the corpus callosum has been shown to be rele-
vant for handedness development (Hayashi et al., 2008; Wahl et al.,
2007). Thus, genes involved in the formation of myelin in the cen-
tral nervous system such as the proteolipid protein 1 gene PLP1
(Hoffman-Zacharska et al., 2013) or the glycoprotein M6B  gene
GPM6B (Werner et al., 2013), as well as genes involved in the for-
mation of the corpus callosum such as the spastic paraplegia 11
gene SPG11 (Ma  et al., 2013) constitute interesting candidate genes
for both handedness and language lateralization. In addition to the
asymmetrically expressed transcriptional regulator LMO4 which
has been related to paw preferences in mice (Li et al., 2013), a num-
ber of other asymmetrically expressed genes have been reported,
such as the transcriptional repressor HEY1, the laminin receptor
1 gene LAMR1,  the stathmin-like 4 gene STMN4,  and the insulin-
like growth factor binding protein 5 gene IGFBP5 (Sun and Walsh,
2006). These constitute interesting candidate genes for both han-
dedness and language lateralization. However, to date, this notion
remains entirely speculative, and more research is clearly needed
to determine whether there are genes that influence multiple forms
of hemispheric asymmetries.

6. Different neural networks are relevant for language
lateralization and handedness

Language lateralization and handedness are complex behavioral
phenotypes and it is therefore likely that the individual phenotype
is influenced by structural and functional properties of relevant
brain regions (Abrahams and Geschwind, 2010). With regard to
language lateralization, obviously, the neuronal networks involved
in producing and perceiving spoken language and reading words
are relevant (for a comprehensive review see Price, 2012). While
the networks for these three forms of language-related processing
overlap, they are not identical. This poses an essential problem
when discussing the genetics of language lateralization, since it is
not clear whether it represents a single phenotypic trait or whether
there are several different forms of language lateralization that are
partly independent of each other. For example, asymmetrical brain
activation induced by speech production can be assessed using
a word generation task in the fMRI scanner. In this task, partic-
ipants are instructed to think of as many words starting with a
previously presented probe letter as possible within a timeframe
of 30 s. Participants are specifically asked to think of, rather than
overtly speak, words in order to prevent movement-related arti-
facts in the fMRI data. Using this method, Badzakova-Trajkov et al.
(2010) found stronger left-hemispheric activations in the inferior
frontal gyrus, the supplementary motor area, the precentral gyrus
and the superior and inferior parietal lobules as well as in the infe-
rior occipital gyrus. In turn, asymmetrical brain activation induced
by speech perception can be assessed by presenting spoken words
in the fMRI scanner. Using this method, Bethmann et al. (2007)

found greater left- than right-hemispheric activation in the infe-
rior frontal sulcus, the inferior part of the inferior frontal gyrus,
the posterior part of the superior temporal sulcus and the ascend-
ing branch of the superior temporal sulcus. Thus, while there were
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he  two traits (between 0% and 100%), and the number of genetic and non-genetic f
andedness; LL: language lateralization; G: genetic influence factor; F: an ontogene

verlaps between activated brain areas for auditory speech produc-
ion and perception, they were not identical. Furthermore, both
anguage production and perception can be assessed not only in
he auditory modality but also in the visual modality, e.g. by using

 reading task to assess visual word perception (Price, 2012), or
 writing task to assess language production (Segal and Petrides,
012) in the fMRI scanner. Since written words are perceived by
he visual system, associated sensory processing leads to activa-
ion of brain areas different from those that underlie the processing
f speech, i.e. mainly the ventral occipitotemporal cortex (Price,
012). Comparably, writing activates different neural networks
han speaking, with activation foci in several regions of the pos-
erior parietal cortex which are connected to language processing
reas, motor and visual sensory areas (Segal and Petrides, 2012).
hus, taking into account these differences in brain activation pat-
erns for different forms of language lateralization, it is plausible
hat they are determined by partly non-identical ontogenetic fac-
ors.

Moreover, a much wider range of methodological approaches
as been used to investigate language lateralization than han-
edness, ranging from lesion studies (Stowe et al., 2005) and
he Wada test (Baxendale, 2009) to behavioral techniques such
s the dichotic listening task (Hugdahl, 2011) or visual half-field
aradigms (Hirnstein et al., 2010) and neuroimaging techniques

ike fMRI (Van der Haegen et al., 2011). While findings from these
ifferent tests (e.g. determination of the language-dominant hemi-
phere) typically correlate, the predictive validity of one test result
or the outcome on another test often is not very high. For example,
ontoura et al. (2008) compared results obtained on the dichotic lis-
ening test with brain activation during verb generation in the fMRI,
nding a significant correlation of r = 0.62 between the two  meas-
res. In addition to these methodological differences, language

ateralization can refer to both hemispheric asymmetries during
peech production and speech perception. Thus, the technique used
o measure the phenotype (e.g. behavior vs. brain activation), the
ensory system used to process the stimuli (auditory vs. visual), and

he specific aspect of the language system (production vs. percep-
ion) have to be taken into account when developing a model about
ts ontogenesis. Moreover, it has recently been shown that struc-
ural asymmetries in intrahemispheric white matter pathways
 which are thought to be relevant (between one and possibly several hundred). (H:
uence factor that could be genetic, epigenetic or environmental).

connecting language relevant gray matter areas influence func-
tional language lateralization (Ocklenburg et al., 2013d). Therefore,
the strength of these connections should be considered, too. This
is especially interesting from a developmental perspective, since
Dubois et al. (2009) recently showed that in infants from 1 to 4
months of age, both the language-relevant arcuate fasciculus and
the handedness-relevant cortico-spinal tract show leftward asym-
metries in microstructure, but only the arcuate fasciculus shows
macroscopic left-right differences.

Handedness refers to a preference to perform certain motor
tasks (e.g. writing) with one hand rather than the other. Thus, its
neuronal correlates are often assessed using motor tasks such as
different types of finger movements (Gut et al., 2007; Klöppel et al.,
2007; Grabowska et al., 2012; for a review, see Ocklenburg et al.,
2013c). Using such tasks, differential brain activations in left- and
right-handers have been shown for example in the supplemen-
tary motor area, the right frontal opercular cortex, bilaterally in
the dorsal premotor cortex, and in the right primary sensorimotor
cortex (Klöppel et al., 2007), but not in any of the fronto-temporal
networks relevant for language lateralization. Moreover, it has been
shown that the use of the dominant hand largely leads to contralat-
eral activations, while the use of the non-dominant hand leads
to greater ipsilateral activations in addition to contralateral acti-
vations (Gut et al., 2007; Grabowska et al., 2012).

7. Conclusion: Partial pleiotrophy

While classic models (e.g. Annett, 1998) assume that handed-
ness and language lateralization are determined by the same single
gene, several other theoretical models are conceivable (see Fig. 1).
These models vary with regard to the amount of pleiotropy they
assume to exist between the two traits, i.e. between 0% (no shared
influences) and 100% (the same ontogenetic influence factors deter-
mine both traits). Also, conceivable models vary regarding the
number of genetic and non-genetic factors which are thought to
be relevant (from one gene to multiple genetic and non-genetic

influence factors).

Thus, besides the classic model that assumes a single gene
and 100% pleiotropy between handedness and language lateral-
ization, another monogenic model is possible, namely the idea
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hat one gene determines handedness and another one language
ateralization. However, this model is not suited to explain why
andedness and language lateralization have consistently been

ound to correlate to some extent (Badzakova-Trajkov et al., 2010).
oreover, both monogenic models fail to reflect the results of sev-

ral recent studies that indicate multiple, non-identical genetic
nfluence factors for both traits (e.g. Francks et al., 2007; McManus
t al., 2013; Ocklenburg et al., 2013a,b,c; Pinel et al., 2012; Scerri
t al., 2011). How many factors are likely to influence these traits?
ased on a meta-analysis of handedness genome-wide association
tudies, McManus et al. (2013) estimated the number of genetic
oci involved in determining handedness to be at least 40, but
ossibly up to 100. When also taking into account the growing
vidence for non-genetic factors influencing the ontogenesis of
emispheric asymmetries (Schaafsma et al., 2009), it becomes clear
hat multifactorial models (Fig. 1, lower panel) are better suited
han monogenic models to explain how handedness and language
ateralization develop.

Since several different genetic and non-genetic influence factors
ave been identified for both traits, we suggest separate multifacto-
ial models (Crow, 2010; Rentería, 2012) specifically reflecting the
nique neurobiological properties of the language and the motor
ystem. The ability to produce and understand language is a quan-
itative trait which is determined by several different genetic and
on-genetic factors. Since this ability is a necessary prerequisite for
he existence of language lateralization in an individual brain, its
ntogenetic base should be integrated into a model of language lat-
ralization. Similarly, the neurobiological properties of the motor
ystem should be taken into account when developing a model
f the ontogenesis of handedness (see Ocklenburg et al., 2013c).
ince there is a medium correlation between the two  traits and
here are some non-shared genetic influences, but also candidate
enes that are likely to be shared, we assume that neither a model
hat assumes 0% pleiotropy nor one that assumes 100% pleiotropy
s capable to correctly describe the complex ontogenetic relation
etween handedness and language lateralization. Thus, a partial
leiotropy model that assumes several shared and several unique

nfluence factors provides the best fit with current empirical evi-
ence. This partial pleiotropy (Fig. 1, lower panel) may  be caused
y possible shared ontogenetic factors, e.g. by genes involved in
he formation of the corpus callosum or myelin per se, and/or
y asymmetrically expressed genes. Identifying these factors as
ell as further non-shared genetic and non-genetic influences on
andedness and language lateralization should be a major aim of

uture studies on the ontogenesis of the two traits. Only a few
f the assumed 40 or more loci related to handedness (McManus
t al., 2013) have as yet been identified, and this number is even
maller for language lateralization. Moreover, while few genome-
ide association studies have investigated handedness (McManus

t al., 2013), none have been conducted for language lateraliza-
ion. Moreover, single genes as identified by candidate gene studies
arely influence complex behavioral phenotypes in isolation. Epi-
enetic regulation of gene expression (Kumsta et al., 2013) as well
s epistatic (gene-gene) interactions (Li et al., 2012) are important
ntogenetic phenomena that need to be investigated in the con-
ext of the ontogenesis of handedness and language lateralization.
ince lateralization represents a general organizational principle
n the vertebrate nervous system (Vallortigara and Rogers, 2005),
reater knowledge about the ontogenesis of functional asymmet-
ies, and possibly a functional neurobiological model explaining
heir development, would tremendously aid our general under-
tanding of vertebrate brain architecture. Moreover, since atypical

ateralization has repeatedly been related to a number of psy-
hiatric and neurological disorders (e.g. schizophrenia; Brandler
nd Paracchini, 2014), such a model might also be of clinical rel-
vance.
havioral Reviews 43 (2014) 191–198
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offman-Zacharska, D., Kmieć, T., Poznański, J., Jurek, M.,  Bal, J., 2013. Mutations in
the  PLP1 gene residue p. Gly198 as the molecular basis of Pelizeaus-Merzbacher
phenotype. Brain Dev. 35, 877–880.

ubacek, J.A., Piper, B.J., Pikhart, H., Peasey, A., Kubinova, R., Bobak, M., 2012. Lack
of  an association between left-handedness and APOE polymorphism in a large
sample of adults: Results of the Czech HAPIEE study. Laterality 18, 513–519.

ugdahl, K., 2000. Lateralization of cognitive processes in the brain. Acta Psychol.
105, 211–235.

ugdahl, K., 2011. Fifty years of dichotic listening research - still going and going
and.  . ..  Brain Cogn. 76, 211–213.

ones, G.V., Martin, M.,  2008. Seasonal anisotropy in handedness. Cortex 44, 8–12.
löppel, S., van Eimeren, T., Glauche, V., Vongerichten, A., Münchau, A., Frackowiak,

R.S., Büchel, C., Weiller, C., Siebner, H.R., 2007. The effect of handedness on
cortical motor activation during simple bilateral movements. Neuroimage 34,
274–280.

necht, S., Dräger, B., Deppe, M.,  Bobe, L., Lohmann, H., Flöel, A., Ringelstein, E.B., Hen-
ningsen, H., 2000. Handedness and hemispheric language dominance in healthy
humans. Brain 123, 2512–2518.

umsta, R., Hummel, E., Chen, F.S., Heinrichs, M.,  2013. Epigenetic regulation of
the  oxytocin receptor gene: implications for behavioral neuroscience. Front.
Neurosci. 7, 83.

aland, K.N., 2008. Exploring gene-culture interactions: insights from handedness,
sexual selection and niche-construction case studies. Philos. Trans. R. Soc. Lond.
B:  Biol. Sci. 363, 3577–3589.

i, Q., Bian, S., Liu, B., Hong, J., Toth, M.,  Sun, T., 2013. Establishing brain functional
laterality in adult mice through unilateral gene manipulation in the embryonic
cortex. Cell Res. 23, 1147–1149.

i, M.,  Lou, X.Y., Lu, Q., 2012. On epistasis: a methodological review for detecting
gene-gene interactions underlying various types of phenotypic traits. Recent.
Pat. Biotechnol. 6, 230–236.

iebal, K., Call, J., 2012. The origins of non-human primates’ manual gestures. Philos.
Trans. R. Soc. Lond. B: Biol. Sci. 367, 118–128.

ust, J.M., Geuze, R.H., Van de Beek, C., Cohen-Kettenis, P.T., Bouma, A., Groothuis,
T.G., 2011. Differential effects of prenatal testosterone on lateralization of han-
dedness and language. Neuropsychology 25, 581–589.

a,  J., Xiong, L., Chang, Y., Jing, X., Huang, W.,  Hu, B., Shi, X., Xu, W.,  Wang, Y., Li,
X., 2013. Novel mutations c.[5121 5122insAG] + [6859C>T] of the SPG11 gene

associated with cerebellum hypometabolism in a Chinese case of hereditary
spastic paraplegia with thin corpus callosum. Parkinsonism Relat. Disord. (In
press).

cManus, I.C., Davison, A., Armour, J.A., 2013. Multilocus genetic models of han-
dedness closely resemble single-locus models in explaining family data and are
havioral Reviews 43 (2014) 191–198 197

compatible with genome-wide association studies. Ann. N. Y. Acad. Sci. 1288,
48–58.

McManus, I.C., Nicholls, M.,  Vallortigara, G., 2009. Editorial commentary: is LRRTM1
the gene for handedness? Laterality 14, 1–2.

Medland, S.E., Duffy, D.L., Wright, M.J., Geffen, G.M., Martin, N.G., 2006. Handedness
in twins: Joint analysis of data from 35 samples. Twin Res. Hum. Genet. 9, 46–53.

Medland, S.E., Duffy, D.L., Spurdle, A.B., Wright, M.J., Geffen, G.M., Montgomery, G.W.,
Martin, N.G., 2005. Opposite effects of androgen receptor CAG repeat length
on  increased risk of left-handedness in males and females. Behav. Genet. 35,
735–744.

Meguerditchian, A., Vauclair, J., Hopkins, W.D., 2013. On the origins of human han-
dedness and language: a comparative review of hand preferences for bimanual
coordinated actions and gestural communication in nonhuman primates. Dev.
Psychobiol. 55, 637–650.

Michel, G.F., 1981. Right-handedness: a consequence of infant supine head-
orientation preference? Science 212, 685–687.

Musiek, F.E., Weihing, J., 2011. Perspectives on dichotic listening and the corpus
callosum. Brain Cogn. 76, 225–232.

Newbury, D.F., Monaco, A.P., 2010. Genetic advances in the study of speech and
language disorders. Neuron 68, 309–320.

Ocklenburg, S., Arning, L., Hahn, C., Gerding, W.M.,  Epplen, J.T., Güntürkün, O., Beste,
C.,  2011a. Variation in the NMDA receptor 2B subunit gene GRIN2B is associated
with differential language lateralization. Behav. Brain Res. 225, 284–289.

Ocklenburg, S., Bürger, C., Westermann, C., Schneider, D., Biedermann, H.,  Gün-
türkün, O., 2010. Visual experience affects handedness. Behav. Brain Res. 207,
447–451.

Ocklenburg, S., Güntürkün, O., 2009. Head-turning asymmetries during kissing and
their association with lateral preference. Laterality 14, 79–85.

Ocklenburg, S., Güntürkün, O., 2012. Hemispheric asymmetries: the comparative
view. Front. Psychol. 3, 5.

Ocklenburg, S., Güntürkün, O., Beste, C., 2011b. Lateralized neural mechanisms
underlying the modulation of response inhibition processes. Neuroimage 55,
1771–1778.

Ocklenburg, S., Arning, L., Gerding, W.M.,  Epplen, J.T., Güntürkün, O.,  Beste, C., 2013a.
FOXP2 variation modulates functional hemispheric asymmetries for speech per-
ception. Brain Lang 126, 279–284.

Ocklenburg, S., Arning, L., Gerding, W.M.,  Epplen, J.T., Güntürkün, O., Beste, C., 2013b.
Cholecystokinin A receptor (CCKAR) gene variation is associated with language
lateralization. PLoS One 8, e53643.

Ocklenburg, S., Beste, C., Güntürkün, O., 2013c. Handedness: a neurogenetic shift of
perspective. Neurosci. Biobehav. Rev. 37, 2788–2793.

Ocklenburg, S., Hugdahl, K., Westerhausen, R., 2013d. Structural white matter asym-
metries in relation to functional asymmetries during speech perception and
production. Neuroimage 83, 1088–1097.

Ocklenburg, S., Ströckens, F., Güntürkün, O., 2013e. Lateralisation of conspecific
vocalisation in non-human vertebrates. Laterality 18, 1–31.

Oldfield, R.C., 1971. The assessment and analysis of handedness: the Edinburgh
inventory. Neuropsychologia 9, 97–113.

Papadatou-Pastou, M.,  Martin, M.,  Munafò, M.R., Jones, G.V., 2008. Sex differences
in  left-handedness: a meta-analysis of 144 studies. Psychol. Bull. 134, 677–699.

Perlaki, G., Horvath, R., Orsi, G., Aradi, M.,  Auer, T., Varga, E., Kantor, G., Altbäcker,
A.,  John, F., Doczi, T., Komoly, S., Kovacs, N., Schwarcz, A., Janszky, J., 2013.
White-matter microstructure and language lateralization in left-handers: a
whole-brain MRI  analysis. Brain Cogn. 82, 319–328.

Pinel, P., Fauchereau, F., Moreno, A., Barbot, A., Lathrop, M.,  Zelenika, D., Le Bihan,
D.,  Poline, J.B., Bourgeron, T., Dehaene, S., 2012. Genetic variants of FOXP2 and
KIAA0319/TTRAP/THEM2 locus are associated with altered brain activation in
distinct language-related regions. J. Neurosci. 32, 817–825.

Piper, B.J., Yasen, A.L., Taylor, A.E., Ruiz, J.R., Gaynor, J.W., Dayger, C.A., Gonzalez-
Gross, M.,  Kwon, O.D., Nilsson, L.G., Day, I.N., Raber, J., Miller, J.K., 2012. Non-
replication of an association of Apolipoprotein E2 with sinistrality. Laterality
18, 251–261.

Price, C.J., 2012. A review and synthesis of the first 20 years of PET and fMRI studies
of heard speech, spoken language and reading. Neuroimage 62, 816–847.

Rentería, M.E., 2012. Cerebral asymmetry: a quantitative, multifactorial, and plastic
brain phenotype. Twin Res. Hum. Genet. 15, 401–413.

Savitz, J., van der Merwe, L., Solms, M.,  Ramesar, R., 2007. Lateralization of hand skill
in bipolar affective disorder. Genes Brain Behav. 6, 698–705.

Scerri, T.S., Brandler, W.M.,  Paracchini, S., Morris, A.P., Ring, S.M., Richardson, A.J.,
Talcott, J.B., Stein, J., Monaco, A.P., 2011. PCSK6 is associated with handedness
in  individuals with dyslexia. Hum. Mol. Genet. 20, 608–614.

Schaafsma, S.M., Riedstra, B.J., Pfannkuche, K.A., Bouma, A., Groothuis, T.G., 2009.
Epigenesis of behavioural lateralization in humans and other animals. Philos.
Trans. R. Soc. Lond. B: Biol. Sci. 364, 915–927.

Scott-Van Zeeland, A.A., Abrahams, B.S., Alvarez-Retuerto, A.I., Sonnenblick, L.I.,
Rudie, J.D., Ghahremani, D., Mumford, J.A., Poldrack, R.A., Dapretto, M.,
Geschwind, D.H., Bookheimer, S.Y., 2010. Altered functional connectivity in
frontal lobe circuits is associated with variation in the autism risk gene CNT-
NAP2. Sci. Transl. Med. 2, 56ra80.

Segal, E., Petrides, M.,  2012. The anterior superior parietal lobule and its interactions
with language and motor areas during writing. Eur. J. Neurosci. 35, 309–322.
Sicotte, N.L., Woods, R.P., Mazziotta, J.C., 1999. Handedness in twins: a meta-analysis.
Laterality 4, 265–286.

Sommer, I.E., Ramsey, N.F., Mandl, R.C., Kahn, R.S., 2002. Language lateralization in
monozygotic twin pairs concordant and discordant for handedness. Brain 125,
2710–2718.

http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0465


1  Biobe

S

S

S

T

T

V

V

98 S. Ocklenburg et al. / Neuroscience and

towe, L.A., Haverkort, M.,  Zwarts, F., 2005. Rethinking the neurological basis of
language. Lingua 115, 997–1042.

tröckens, F., Güntürkün, O., Ocklenburg, S., 2013. Limb preferences in non-human
vertebrates. Laterality 18, 536–575.

un, T., Walsh, C.A., 2006. Molecular approaches to brain asymmetry and handed-
ness. Nat. Rev. Neurosci. 7, 655–662.

akahashi, H., Takahashi, K., Liu, F.C., 2009. FOXP genes, neural development, speech
and  language disorders. Adv. Exp. Med. Biol. 665, 117–129.

an, G.C., Doke, T.F., Ashburner, J., Wood, N.W., Frackowiak, R.S., 2010. Normal
variation in fronto-occipital circuitry and cerebellar structure with an autism-
associated polymorphism of CNTNAP2. Neuroimage 53, 1030–1042.

allortigara, G., Rogers, L.J., 2005. Survival with an asymmetrical brain: advan-

tages and disadvantages of cerebral lateralization. Behav. Brain Sci. 28,
575–589.

an der Haegen, L., Cai, Q., Seurinck, R., Brysbaert, M.,  2011. Further fMRI validation of
the visual half field technique as an indicator of language laterality: a large-group
analysis. Neuropsychologia 49, 2879–2888.
havioral Reviews 43 (2014) 191–198

Wahl, M., Lauterbach-Soon, B., Hattingen, E., Jung, P., Singer, O., Volz, S., Klein,
J.C., Steinmetz, H., Ziemann, U., 2007. Human motor corpus callosum: topog-
raphy, somatotopy, and link between microstructure and function. J. Neurosci.
27,  12132–12138.

Werner, H.B., Krämer-Albers, E.M., Strenzke, N., Saher, G., Tenzer, S., Ohno-Iwashita,
Y.,  De Monasterio-Schrader, P., Möbius, W.,  Moser, T., Griffiths, I.R., Nave, K.A.,
2013. A critical role for the cholesterol-associated proteolipids PLP and M6B  in
myelination of the central nervous system. Glia 61, 567–586.

Westerhausen, R., Hugdahl, K., 2008. The corpus callosum in dichotic listening stud-
ies of hemispheric asymmetry: a review of clinical and experimental evidence.
Neurosci. Biobehav. Rev. 32, 1044–1054.

Whalley, H.C., O’Connell, G., Sussmann, J.E., Peel, A., Stanfield, A.C., Hayiou-Thomas,

M.E., Johnstone, E.C., Lawrie, S.M., McIntosh, A.M., Hall, J., 2011. Genetic vari-
ation in CNTNAP2 alters brain function during linguistic processing in healthy
individuals. Am.  J. Med. Genet. B: Neuropsychiatr. Genet. 156B, 941–948.

Zverev, Y.P., 2006. Cultural and environmental pressure against left-hand preference
in urban and semi-urban Malawi. Brain Cogn. 60, 295–303.

http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0495
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0495
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0495
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0495
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0495
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0495
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0495
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0495
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0495
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0495
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0495
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0495
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0495
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0495
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0495
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0495
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0495
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0495
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0495
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0500
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0505
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0505
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0505
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0505
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0505
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0505
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0505
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0505
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0505
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0505
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0505
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0505
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0505
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0505
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0505
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0505
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0505
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0505
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0505
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0510
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0515
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0520
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0525
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0525
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0525
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0525
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0525
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0525
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0525
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0525
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0525
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0525
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0525
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0525
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0525
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0525
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0525
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0525
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0525
http://refhub.elsevier.com/S0149-7634(14)00092-X/sbref0525

	The ontogenesis of language lateralization and its relation to handedness
	1 Introduction
	2 The relation of language lateralization and handedness
	3 The phylogenesis of language lateralization and handedness
	4 The ontogenesis of language lateralization and handedness
	5 Candidate genes shared between language lateralization and handedness
	6 Different neural networks are relevant for language lateralization and handedness
	7 Conclusion: Partial pleiotrophy
	References


