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Abstract The functional link between genetic alteration
and behavioral end-state is rarely straightforward and never
linear. Cases where neurodevlopmental conditions defined
by a distinct genetic etiology share behavioral phenotypes
are exemplary, as is the case for autism and Fragile X
Syndrome (FXS). In this paper and its companion paper,
we propose a method for assessing the functional link
between genotype and neural alteration across these target
conditions by comparing their perceptual signatures. In the
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present paper, we discuss how such signatures can be used
to (1) define and differentiate various aspects of neural
functioning in autism and FXS, and subsequently, (2) to
infer candidate causal (genetic) mechanisms based on such
signatures (see companion paper, this issue).
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Commonalities in perceptual, cognitive and behavioral
profiles are often manifested across different neurodevel-
opmental conditions despite each having arisen from dis-
parate genetic causes. This can obscure unique, condition-
specific pathways, leading to shared phenotypes at different
levels of assessment. Such is the case for autism and
Fragile X syndrome (FXS), the latter being the most
common hereditary cause of developmental delay in males.
The condition is caused by the silencing of a single gene on
the long arm of the X chromosome at q27.3. The gene,
named the Fragile X Mental Retardation Gene - 1 (FMR1),
is “turned off” in affected individuals. It is now well
established that FMR1 is the only gene involved in the
pathogenesis of FXS and that the lack of encoded protein,
FMRP, and the subsequent impact of its absence on early
brain development causes FXS (Cornish et al. 2008).
Although a number of gender, twin and family studies
suggest an important biological component in autism, its
genetic origin remains elusive with an estimated 90% of
autism cases considered idiopathic (Muhle et al. 2004;
Persico and Bourgeron 2006; Abrahams and Geschwind
2008; Losh et al. 2008; Steyaert and De la Marche 2008).
However, approximately 10% of autism cases are consid-
ered syndromic since the autism phenotype can be
explained by single-gene syndromes and/or chromosomal
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abnormalities defined by specific genetic mutations
(including FMR1). Although still controversial, approxi-
mately 2-6% of children with autism will have the FMR1
mutation (Wassink et al. 2001; Reddy 2005), and between
33 and 67% of children with fragile X will fulfill the
diagnostic criteria for autism (Rogers et al. 2001; Clifford
et al. 2007). Similarities across core social and language
domains define the link between autism and FXS, and it
therefore seems highly plausible that both conditions share
neurobiological networks.

As suggested by (Belmonte and Bourgeron 2006), in
order to study convergent (and/or divergent) neurocogni-
tive phenotypes between genetically dissociable syn-
dromes, analysis at a neural network level must be
considered. For instance, the susceptibility to autism in
FXS may at least in part arise from a significant amount of
commonalities with respect to atypical neural network
functioning (and other interactive modifying aspects such
as environmental factors) that is shared between the two
conditions. This theoretical framework is shared by others
who champion a genetically-influenced, systemic model of
autism where causal genetic perturbations alter neural
connectivity (and also tissue morphology), leading to
atypical information processing capabilities which may at
least in part define neurocognitive phenotypes in autism
(Herbert 2005). In essence, although poly- (autism) or
monogenetic (FXS) perturbation is the defining cause of
autism and FXS, consequent similarities and/or differences
at the neurocognitive level may be defined, and therefore
dissociable at a neural network level (neural endopheno-
types; (Muller 2007). We have chosen autism and FXS as
model neurodevelopmental conditions because both mani-
fest low-level perceptual deficits. However, whereas FXS
is a well-defined genetic syndrome that often manifests an
autistic phenotype (as described above), the genetic origin
of autism remains undefined. Additionally, similar per-
ceptual assessments are available for both conditions, using
two different experimental paradigms, allowing for a direct
comparative to be made with limited methodological
constraints.

The focus of the present paper is therefore to introduce a
theoretical framework that includes the assessment of
neural network functioning across autism and FXS (but
may be applicable to other conditions), defined by char-
acteristic information processing abilities, referred to as
perceptual signatures (Bertone and Faubert 2006). Such
information may serve not only to differentiate neurode-
velopmental conditions from each other, but can also
provide an understanding of plausible causal mechanisms
that drive phenotypic signatures. Rather than conducting an
exhaustive review of this literature, we will present perti-
nent experimental evidence useful for comparing and
contrasting autism and FXS at a neural network level,
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based on their characteristic perceptual signatures that
reflect the integrity of local neural connectivity mediating
specific visual information processing abilities. We also
discuss how the choice of experimental paradigm for
defining perceptual signatures is crucial for advancing
condition-specific neural etiology underlying perceptual
capabilities for each condition. Finally, in order to
strengthen the functional link between genotype, sub-
sequent neural alteration, and ultimately neuro-cognitive
abilities/behavior within target condition, it is useful to
investigate and compare network-based differences and
similarities across target conditions (Belmonte and Bour-
geron 2006), as reflected by their perceptual signatures.
Based on such comparisons, we are proposing the use of a
novel and expanded (cross-condition) causal framework
whereby perceptual signatures can be used to argue either
divergent or convergent etiology at different levels of
connectivity (i.e., local vs large-scale networks) in autism
and FXS, as presented in our companion paper.

Perceptual Signatures: The Importance
of Experimental Paradigm

The hypothesis that atypical behavior in neurodevelop-
mental conditions may be the result of atypical low-level
information processing is relatively recent (Belmonte et al.
2004; Cornish et al. 2004; Bertone et al. 2005; Belmonte
and Bourgeron 2006; Eckert et al. 2006; Mottron et al.
2006; Karmiloff-Smith 2007). With the use of applied
psychophysical, experimental cognitive paradigms, elec-
trophysiological and brain imaging approaches, the direc-
tion of research has recently been directed towards
information processing capabilities in various clinical
populations, including autism and FXS. This direction is
not surprising given the increased interest in associating
characteristic impairments related to social cognition with
atypical sensory processing in autism and other neurode-
velopmental conditions such as William’s syndrome and
dyslexia (Wilmer et al. 2004; Dakin and Frith 2005;
Behrmann et al. 2006; Eckert et al. 2006; Simmons et al.
2009). This being said, such associations are not novel, as
lower-level visuo-perceptual abilities have been assessed
and hypothesized to be implicated in higher-level or cog-
nitive functioning in other neurodevelopmental conditions,
most notably dyslexia (Skottun 2000).

The most common behavioral method of evaluating
low-level visual information processing in different atypi-
cal populations has been a variety of adapted global
motion/global form paradigms (Atkinson et al. 1997). In
these paradigms, sensitivity to global motion (adapted
random dot kinematogram stimuli (RDK) detection task)
and global form (adapted circular pathfinder detection task)
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are measured, and have been argued to reflect the func-
tional integrity of dorsal and ventral visual stream mech-
anisms, respectively (Atkinson et al. 1997). This reasoning
is motivated by findings of specialized processing of global
motion and global form mechanisms believed to selectively
reflect extra-striate functioning in either visual stream by
specialized visual areas (e.g., global motion: MT, dorsal
stream versus global form: V4, ventral stream) (Braddick
et al. 2003). Performance on these tasks, measured in terms
of sensitivity, reflect the neural integrity of specialized
neural networks underlying their processing. Based in part
on studies that employ such stimuli, Braddick and col-
leagues have advanced an influential hypothesis, referred to
as the dorsal-stream vulnerability hypothesis, which posits
that the dorsal visual stream is more vulnerable to genetic
and environmental factors, which in turn selectively affects
the dorsal stream development relative to its ventral
counterpart (Braddick et al. 2003).

As shown in Fig. 1 (left panel), a similar pattern of
performance—or perceptual signature—is obtained using
the same global motion/global form paradigm for autism
(Spencer et al. 2000) and FXS (Kogan et al. 2004b); a
decreased sensitivity to global motion [represented by |} in
Fig. 1; left panel] alongside preserved sensitivity to global
form information [represented by = in Fig. 1; left panel].
Consistent with the dorsal-stream vulnerability hypothesis,
we refer to these results as being stream-specific (Bertone
et al. 2005; Bertone and Faubert 2006; Bertone et al. 2008)
since the results are interpreted as a neural dysfunction
selectively affecting dorsal stream-related dynamic infor-
mation processing.

It is to note that in addition to autism and FXS, similar
perceptual signatures have been demonstrated in other
populations including William’s syndrome, developmental
dyslexia, children of parents with schizophrenia and cere-
bral palsy (Atkinson et al. 1997; Hansen et al. 2001; Gunn
et al. 2002; O’Brien et al. 2002; Atkinson et al. 2006; Keri
et al. 2006). Consequently, it is difficult to argue that the
neural network functioning mediating low-level dynamic
and static information processing differs across these two
genetically divergent model conditions, or for that matter,
among other conditions sharing the same perceptual sig-
nature. In addition, the resulting stream-specific interpre-
tation is not fully supported by recent studies suggesting
intact magnocellular-related functioning (spatio-temporal
contrast sensitivity or flicker) in autism (Bertone et al.
2005; Pellicano et al. 2005; Pellicano and Gibson 2008).
Furthermore, it is to note that dorsal-stream related spatio-
temporal contrast sensitivity has been demonstrated to be
selectively affected in FXS (Kogan et al. 2004b).

Recently, Bertone et al. (2005) and Bertone and Faubert
(2006) suggested that these shared stream-specific per-
ceptual signatures (impaired dorsal/preserved ventral
functioning) might be at least in part due to the paradigm
used to assess static and dynamic information processing
for different syndromes. Although the stream-related
interpretations are consistent with decreased global motion/
unaffected global form results, an alternative explanation
based on the complexity of the dynamic stimuli used in
these experiments should not be ruled out. For example,
according to their complexity-specific interpretation,
decreased sensitivity to complex motion may have resulted

Fig. 1 Top. Using global (A) (B) luminance-  texture-
motion/form (left panel) and ) defined  defined
static/dynamic (right panel) G.‘o.tg;;onn G!obigg(ot:on orientation- S8
experimental paradigms (a), identification § § &=§
perceptual signatures task 1884
(b) summarizing characteristic direction )
information processing abilities identification 4
can derived for autism (ASD) task |
and fragile-x syndrome (FXS)
simple | complex flicker simple || complex
static - V = ASD static - V = 1% 4
dynamic - D L dynamic - D = = N
shared perceptual signature condition-specific perceptual signature
simple | complex flicker simple || complex
static - V = FXS static - V = = i
dynamic - D IR dynamic - D i H l ’}’L J
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from reduced neural integrative processing, not necessarily
specific to a dorsal-stream vulnerability. Other arguments
related to the differential neural processing demands
between the global (circular) form/global (non-circular)
motion stimuli have been forwarded, but will not be dis-
cussed in the present paper.

In an attempt to dissociate between stream-specific and
complexity-specific interpretations across target neurode-
velopmental conditions, static and dynamic information
processing was assessed by measuring direction- and
orientation-identification thresholds to luminance-defined
(simple or first-order) and texture-defined (complex or
second-order) stimuli (Chubb and Sperling 1988; Cava-
nagh and Mather 1989; Sperling et al. 1994). Whether
presented in static or dynamic forms, luminance- and
texture-defined information is initially processed by sep-
arate feed-forward mechanisms, exemplified by filter-
rectify-filter analysis, using similar principles of detection
at similar stages along each stream (Chubb and Sperling
1988; Wilson et al. 1992; Sperling et al. 1994; Sutter
et al. 1995; Nishida et al. 1997; Smith et al. 1998; Baker
1999). Whereas luminance-defined motion and orientation
information is initially extracted by standard analysis
within the primary visual cortex, texture-defined infor-
mation requires additional neural processing before being
extracted within extra-striate visual areas (Dumoulin et al.
2003; Nishida et al. 2003; Larsson et al. 2006; Ashida
et al. 2007). Using such a paradigm, it is possible to
simultaneously assess static and dynamic information
processing at various levels of complexity using stimuli
that are processed in a similar manner, whether in
dynamic or static forms. We argue that this approach is
advantageous because it allows for the possibility to
define and dissociate visual information processing in
terms of either static/dynamic (stream-specific) or simple/
complex (complexity-specific) variables. This is an
important feature given the recent demonstration that the
maturation of mechanisms mediating static and dynamic
information processing is differentially affected by stim-
ulus complexity in typically developing children (Bertone
et al. 2008; Armstrong et al. 2009).

In the sections that follow, the perceptual signatures
characterizing autism and FXS (Fig. 1, right panel) will be
used to argue either a condition-specific or shared neural
etiology underlying low-level information processing. We
will base our arguments on the perceptual signatures pre-
sented in the right panel of Fig. 1 because (1) they are the
only signatures to date that reflect static and dynamic
processing at different levels of complexity using stimuli
that are processed in a similar manner and (2), the same
experimental paradigm was used for both FXS and autism,
allowing for a comparison that minimizes differences due
to experimental procedure and parameters. Supporting
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behavioral and physiological evidence from other studies
will also be presented.

Using Perceptual Signatures to Dissociate Neural
Etiology in Autism and FXS

Autism as a Model Condition
Perceptual Findings

In general, autism differs from other neurodevelopmental
conditions because of recurrent demonstration of superior
performances on several cognitive and lower-level auditory
and perceptual tasks (Heaton et al. 1999; Mottron et al.
2000; Bonnel et al. 2003; O’Riordan and Passetti 2006)
where local or detailed information processing is advan-
tageous (Dakin and Frith 2005; Behrmann et al. 2006;
Happe and Frith 2006; Mottron et al. 2006). As demon-
strated in Fig. 1 (right panel), the ability of high-func-
tioning individuals with autism for identifying the
orientation of a static grating was found to be superior
compared to neurotypical participants when the grating
was defined by simple, luminance-defined information but
inferior when defined by complex, texture-defined infor-
mation (Bertone et al. 2005). This finding suggests that the
same atypical local neural system mediating static infor-
mation processing in autism may have two opposite per-
ceptual consequences, depending on the physical attributes
defining the complexity of the visual information being
analyzed. Enhanced sensitivity to static visual information
is a characteristic performance that is specific to autism
(Dakin and Frith 2005; Behrmann et al. 2006; Baron-
Cohen et al. 2009; Mottron et al. 2009). It has not been
documented in other developmental conditions or for that
matter, behavioural phenotypes often associated with aut-
ism, such as fragile x syndrome (Kogan et al. 2004a, b).
Other studies assessing static information processing in
autism have for the most part used different varieties of
circular global form (i.e., Glass patterns, pathfinder stimuli,
etc.) stimuli argued to selectively target extra-striate
mechanisms within the ventral stream. These studies have
resulted in mixed findings, suggesting either unaffected
(Spencer et al. 2000; Blake et al. 2003; Del Viva et al.
2006; Koldewyn et al. 2009) or decreased (Spencer and
O’Brien 2006; Tsermentseli et al. 2008) sensitivity to cir-
cular global form stimuli in autism. Based on these and
previous results, it can be argued that static (non-circular),
texture-defined information processing is either deficient or
altered in autism since it necessitates the involvement of
extra-striate analysis (not processed by standard mecha-
nisms operating with the primary visual cortex) before
being detected (Vandenbroucke et al. 2008; Pei et al.
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2009). In a recent study, the ability of high-functioning
children with autism to discriminate the orientation of a
boundary was decreased when its orientation was defined
uniquely by a difference in chromaticity, which like tex-
ture, is an equiluminant stimulus attribute (contains no
luminance information); no between-group differences was
evidenced when boundaries were luminance-defined
(Franklin et al. 2010).

The autistic perceptual signature also reflects unaffected
sensitivity to simple, dynamic information processing while
sensitivity to complex, texture-defined motion was
decreased. Although decreased sensitivity to complex
motion stimuli has been demonstrated in most autism
studies (Spencer et al. 2000; Milne et al. 2002; Bertone et al.
2003; Blake et al. 2003; Pellicano et al. 2005; Del Viva et al.
2006; Spencer and O’Brien 2006; Freitag et al. 2008;
Tsermentseli et al. 2008; Koldewyn 2009), simple lumi-
nance-defined motion mediated by standard analysis was
found to be intact when assessed in autism (Bertone et al.
2003). Although the study remains the only assessment, and
demonstration of intact simple motion processing in autism
(Kaiser and Shiffrar 2009; Simmons et al. 2009), it is
congruent with findings of unaffected sensitivity to spatio-
temporal contrast sensitivity targeting M-pathway (mag-
nocellular) functioning, suggesting that atypical dynamic
information processing in autism has later (extra-striate),
rather than early (primary) cortical origins (Bertone et al.
2005; Pellicano et al. 2005; Pellicano and Gibson 2008).

Although perceptual deficits in autism seem to be
restricted to complex-type stimuli, similar results have been
demonstrated in numerous other developmental, degenera-
tive and affective conditions and therefore, is not enough to
suggest autism-specific neural etiology if assessed in iso-
lation (Bertone and Faubert 2006). The choice of experi-
mental paradigm is therefore of important interpretive
consequence, especially given the fact that when simple
(i.e., local) dynamic information is indeed assessed in dif-
ferent patient populations, it is most often found to be either
less affected, or unaffected when compared to complex (i.e.,
global) motion information (i.e., amblyopia (Simmers et al.
2003); schizophrenia (Chen et al. 2003; Kim et al. 2005);
non-pathological aging (Habak and Faubert 2000);
Migraine (McKendrick and Badcock 2004); mild traumatic
brain injury (Brosseau-Lachaine et al. 2008). To our
knowledge, enhanced sensitivity to simple motion stimuli
has never been documented in autism, or for any other
neurodevelopmental condition.

In conclusion, the perceptual signature presented in
autism is more consistent with a complexity-specific
interpretation where complex (non-luminance-defined)
information processing, whether static or dynamic, is
selectively affected in autism. In addition, enhanced sen-
sitivity to simple (luminance-defined) information is

evidenced for static, but not dynamic information. A
plausible neural etiology underlying autism-specific infor-
mation processing will be discussed in the following
section.

Plausible Neural Mechanisms Consistent with
an Autistic Perceptual Signature

In addition to advantages for local pattern detection and
manipulation, as in visual search and the processing of
hierarchical stimuli, autistic performance on tasks assessing
stimulus-driven mechanisms mediating a variety of lower-
level stimulus properties is both enhanced and diminished,
often depending on the physical attribute of the information
being extracted (Dakin and Frith 2005; Behrmann et al.
2006; Mottron et al. 2006; Simmons et al. 2009). Bertone
et al.’s (2005) demonstration of both enhanced and dimin-
ished extraction of spatial information was interpreted as
the result of atypical neural connectivity within the primary
visual cortex (or V1), and interactions with adjacent early
cortices. Among the available neural computational models
suggesting hypersensitivity in autism (Cohen 1994;
McClelland 2000), they argued that the most biologically
plausible type of atypical local connectivity congruent with
their results is that of strong or excessive lateral inhibition
(Gustafsson 1997a, b; Gustafsson 2004), resulting in the
inadequate formation of cortical feature maps consisting of
neural columns as feature detectors (presented within the
context of Kohonen-type (Kohonen 1995), self-organizing
maps). Such atypical lateral connectivity would in theory
(1) alter early spatial filtering characteristics in autism (i.e.,
increase tuning of orientation-selective mechanism in V1)
and (2) enhance detection capabilities for luminance-
defined information by minimizing the signal strength (i.e.,
luminance-modulation) needed to perceive a stimulus
within noise (the implication of short-range feedback con-
nectivity also discussed in Bertone et al. 2005). To our
knowledge, it is the only data-driven and testable neural
model that can account for both enhanced and diminished
perceptual performance in autism to date that is contingent
on the physical attributes defining the information being
processed (see also “Neural Noise “hypothesis presented
by Simmons et al. 2009).

This suggestion of functional but altered lateral con-
nectivity within primary visual areas has been recently
supported by (Vandenbroucke et al. 2009), whose behav-
ioral and ERP data suggested strong evidence for atypical
inhibition through horizontal connections in low-level
visual areas in autism (associated with impaired object
boundary detection; see also Pei et al. (2009). Presented
within the context of the minicolumnar hypothesis of aut-
ism (Casanova et al. 2002), altered local connectivity
between proximal neural mechanisms has been proposed to
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explain the altered effects of somatosensory stimulation in
autism (Tommerdahl et al. 2008). Finally, studies demon-
strating the altered detection of crowded spatial targets at
both lower (Keita et al. in press) and mid-level (Baldassi
et al. 2009) visuo-spatial analysis also support the sug-
gestion that atypical lateral interactions may best charac-
terise spatial information processing in autism. More
recently, a computational model sharing the aforemen-
tioned concept of atypical lateral interaction within local
neural circuitry has been advanced to explain certain
oculomotor behaviors reported in autism (Vattikuti and
Chow 2009).

FXS as a Model Condition
Perceptual Findings

The majority of research studies on FXS have focused on
delineating specific cognitive and behavioral strengths and
weaknesses in this population. Although this strategy has
been beneficial in providing a clearer understanding of the
learning, memory, and attentional impairments in FXS,
little is known about the contribution of perceptual
abnormalities to the profile of intellectual disability
observed in affected individuals. The latter is particularly
important because a central impairment in FXS is poor
visual-spatial abilities (Theobald et al. 1987; Loesch et al.
1993; Cornish et al. 1999), which may result from early
visual perceptual processing deficits. The notion of an early
perceptual deficit as either accounting for or being asso-
ciated with cognitive and behavioural symptomatology of
FXS is a novel concept. Therefore, few studies have
addressed this question directly (Kogan et al. 2004a, b;
Farzin et al. 2008; Keri and Benedek 2009).

Evidence for a selective impairment in visual perceptual
processing in FXS comes from the results of neuropsy-
chological testing that targeted a broad range of abilities
within the visual domain (Cornish et al. 1999). FXS
affected males were reported to perform worse than both
age- and developmental-matched control groups on a
variety of visual-motor tasks but exhibit largely spared
performance on a visual-perceptual task. These data con-
firm earlier claims of visual-spatial and visual-motor
abnormalities in FXS. Furthermore, these findings appear
to coincide with the known organization of the visual
system in which the magnocellular/dorsal pathway is
devoted to processing visual-spatial information and the
parvocellular/ventral visual pathway is devoted to pro-
cessing visual-perceptual information (Ungerleider and
Mishkin 1982; Milner and Goodale 1995). This compelling
conjecture was tested by Kogan et al. (2004a, b).

In Kogan et al’s study (2004a, b), performance of adult
men with FXS were compared to that of verbal mental age
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matched and chronologically age matched comparison
participants. The results showed that the FXS group con-
sistently had greater difficulty detecting dynamic stimuli
that were either defined by luminance (first-order) or by
texture (second-order). Furthermore, a similar deficit was
observed for more complex, second-order defined dynamic
stimuli that presumably engages dorsal stream processing.
In contrast, no differences were found between groups for
detecting stimuli known to engage the parvocellular path-
way, including those defined by color. However, when
more complex, second-order static stimuli were presented,
the FXS group exhibited a significant reduction in sensi-
tivity. Taken together, these data suggest a pervasive deficit
for perceiving dynamic stimuli in FXS that can be attrib-
uted to subcortically-mediated processing abnormalities.
These deficits occur in conjunction with a global, percep-
tual integration impairment that affects all forms of visual
input at cortical levels. Similar results have been found for
female carriers of the FXS genotype using similar simple
stimuli alongside stimuli presumed to demand more com-
plex cortical processing (Keri and Benedek 2009).

More recently, (Farzin et al. 2008) have employed the
same psychophysical paradigm to examine whether the
pattern of spared and impaired visual function exists in
infants affected by FXS. Interestingly, whereas the authors
replicated the adult findings of a deficit for complex, sec-
ond-order dynamic stimuli, they reported that affected
infants were able to detect simple (first-order) dynamic and
static stimuli and more complex (second-order) static
stimuli as well as comparison infant observers. These data
raise the interesting possibility for a process by which
magnocellular function and integrative abilities deteriorate
across development. A plausible biological explanation
based on the known developmental milestones for the
development of the subcortical lateral genicular nucleus
and primary visual cortex is discussed below.

In summary, these findings provide compelling support
of the notion that the visual-motor and visual-spatial
impairments exhibited on neuropsychological tasks are
attributable to a specific perceptual signature. Furthermore,
they highlight the utility of probing the visual system at
different levels of complexity. In the context of the model
we are advocating here, the FXS perceptual signature is
consistent with both stream- and complexity-specific
interpretations.

Plausible Neural Mechanisms Consistent with FXS
Perceptual Signature

Unlike other forms of intellectual disability, FXS has a
well-identified monogenic etiology. Thus, observations of
neuroanatomical abnormalities in the brains of affected
individuals can most parsimoniously be explained by the
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lack of FMRI gene expression. Additionally, brain areas
identified as expressing high levels of FMRI protein in
unaffected individuals can be hypothesized to be those
most reliant on the protein for normal functioning and
therefore the most susceptible to its absence as occurs in
FXS. This logic has been tested with a plausible neural
mechanism consistent with the FXS perceptual signature
(Kogan et al. 2004b).

Kogan et al. (2004b) reasoned that the observed reduc-
tion in sensitivity for low spatial/high temporal frequency
psychophysical stimuli among affected individuals likely
reflects a pathophysiologic process within the subcortical
magnocellular pathway of the lateral geniculate nucleus
(LGN). That is, that those neurons comprising this pathway
depend more greatly on FMR] protein for normal function
than corresponding parvocellular neurons. Further, they
speculated that with lack of protein expression as occurs in
FXS, magnocellular neurons are not able to transmit
dynamic visual information in a typical manner. Inspection
of histological preparations of autopsied brains of unaf-
fected and affected individuals revealed support for the
authors’ conjecture as well as a more complex picture
(Kogan et al. 2004b). First, in the LGN of an unaffected
individual, FMRI protein is expressed in greater amounts
within the magnocellular neurons irrespective of overall
neuronal size differences. Second, LGN from both left and
right hemispheres of an affected individual were observed
to lack the expected six-layer organization. Furthermore,
cells within the LGN were approximately 5 pm in diameter
as compared to 25 pum for magnocellular neurons and 15
pm for parvocellular neurons. Although both magnocellu-
lar and parvocellular neurons were equally affected,
(Kogan et al. 2004b) proposed that small-sized neurons in
the LGN would result in a greater loss of function to the
magnocellular pathway, which depends on large neurons
for rapid cycling of depolarization and repolarization in
order to encode dynamic information (Derrington and
Lennie 1984).

The psychophysical data suggesting decreased sensitiv-
ity for all types of complex, second order stimuli among
observers affected by FXS suggests an additional neural
mechanism beyond the reported subcortical abnormalities
in the LGN. (Kogan et al. 2004a) proposed that this could
be explained by a general, non-perception specific, process
by which all neural networks requiring integration of
information are impaired in FXS. Therefore, higher cortical
processes in the visual brain are expected to demonstrate
greater degrees of impairment dependent on the number of
neuronal connections involved. More specifically, the nat-
ure of the integrative deficit is likely related to the role that
the FMRI protein normally plays in synaptic formation. A
variety of studies describe abnormalities in dendritic spine
formation and pruning in the absence of FMRI protein,

both in a knock-out mouse model of FXS and in post-
mortem brains from FXS patients (Comery et al. 1997;
Irwin et al. 2000; Greenough et al. 2001; Irwin et al. 2001;
Churchill et al. 2002; Irwin et al. 2002). These studies
reveal that in the absence of FMRI protein, neurons in the
cortex have immature dendritic spines and are morpho-
logically similar to those found in neurons from animals
deprived of sensory experience. Furthermore, in FXS
patients, the density of immature spines is elevated when
compared with normal control brains, suggesting a lack of
appropriate synaptic elimination.

In summary, there are two plausible neural mechanisms
that can explain the observed perceptual signature of FXS.
The first is a subcortically driven impairment that arises
because of the loss of large caliber neurons in the lateral
geniculate that can optimally process dynamic information,
in accordance with the stream-specific hypothesis. The
second is a generalized integrative deficit that results from
deficient integration of information across multiple syn-
apses due to the lack of the FMRI protein and subsequent
disruption to normal dendritic spine maturation, manifest-
ing perceptually by performance consistent with the com-
plexity-specific hypothesis.

Conclusion

In the present paper, arguments have been presented sug-
gesting that autism and FXS may be dissociated by syn-
drome-specific alterations at a local neural network level,
defined by functional but altered lateral connectivity
mediating spatial information processing in autism, com-
pared to less efficient M-related neural functioning in FXS.
However, the perceptual consequence of altered extra-
striate neural networks mediating complex, texture-defined
information processing are shared between autism and
FXS, demonstrated by decreased sensitivity to texture-
defined information (static and dynamic) in both condi-
tions. Such cross-condition dissociations, in addition to the
neural hypotheses derived from them, are only manifested
using certain experimental paradigms. A similar conse-
quence of paradigm selection has been recently demon-
strated by (Pellicano and Gibson 2008), who showed that
condition-specific perceptual abilities in autism and dys-
lexia are contingent on the level of information processing
assessed.

The signature-driven neural hypotheses presented here
are presented specifically within the context of low-level
information processing in autism and FXS. In our com-
panion paper, we describe how the aforementioned signa-
ture-driven neural hypotheses can be incorporated into
causal models in order to infer target candidate gene or
gene clusters that are implicated in autism’s pathogenesis.
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