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Abstract

An explanation for the social dysfunction observed in Williams syndrome may be deficits in social cognition. This study
explored aspects of social cognition in children with Williams syndrome with different genotypes. The 12 participants
included one with a 1.1 Mb deletion that retained the GTF2IRD1, GTF2I, and GTF2IRD2 genes, seven with a 1.5 Mb
deletion that preserved the GTF2IRD?2 gene, and four with a 1.8 Mb deletion with loss of all three genes. The participant
retaining all three genes was found to have better performance on social judgment and first-order theory of mind tasks than
the group with loss of all three genes. These results may reflect the influence of the GTF2I gene family on social cognition

in Williams syndrome.
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Introduction

Williams syndrome (WS) is a rare genetic disorder with an
incidence of one in 7000 live births (Martens et al. 2008;
Pober 2010). According to Borg et al. (1995), Porter and
Coltheart (2005), and Porter et al. (2008), WS is a heteroge-
neous disorder in both its phenotypic (physical, cognitive,
behavioral, and social) and genotypic characteristics.
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Taking into account the genotype, the most common dele-
tion, in about 90% of cases, is~ 1.5 Mb, followed by ~ 1.8 Mb
in about 8% and atypical deletions in the remaining 2%
(Ramirez-Velasco and Dominguez-Quezada 2017). The
classic cognitive-behavioral phenotype of WS is character-
ized by mild to moderate intellectual disability (Bellugi et al.
1999; Mervis and Morris 2007; Meyer-Linderberg et al.
2006), severe visuospatial alterations, and an uninhibited
social attitude, also called hypersociability (Jarvinen et al.
2015), that contributes to social dysfunction. This social
dysfunction can be related to alterations in social cognition
(van der Fluit et al. 2012).

Social cognition can be defined as a neurobiological, psy-
chological, and social process through which social events
are perceived, recognized, and evaluated, which then gen-
erates the most appropriate behavior according to the par-
ticular circumstance (Adolphs 2001). It is a psychological
process that allows for the interpretation of social signs to
respond appropriately to the context (Quinn et al. 2006).
Adolphs (2009) reports that the main domains of social
cognition are the identification of facial emotions, judgment
and social reasoning, empathy, theory of mind, and decision
making. The domains of social cognition involve various
cortical and subcortical structures, including the amygdala,
the ventromedial and orbitofrontal prefrontal cortex, the
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insula, and the right somatosensory cortex (Adolphs 2009;
Butman 2001).

The social brain hypothesis is based on a neurobiological
approach to understanding the social alterations in clinical
phenomena like autism and seeks to explain the brain func-
tioning related to the ability to interact socially with peers
of the same species (Adolphs 2009). Various studies have
assessed the alterations in social cognition of people with
WS (Karmiloff-Smith et al. 2012; Porter et al. 2008, 2012;
Pavlova et al. 2016) in the domains of emotion recognition
(Campos et al. 2014; Gagliardi et al. 2003; Plesa Skwerer
et al. 2006) and theory of mind (Campos et al. 2014). Theory
of mind is a metacognitive and socio-emotional process that
allows people to recognize the intentions, beliefs and emo-
tions of others, as well as their own, allowing for effective
human interaction. Tests that include understanding meta-
phors, jokes, ironies, gaffes, or false beliefs can be used to
evaluate theory of mind. There are false beliefs of the first
order and second order. First-order false beliefs are related to
the intentional attitudes of other people; second-order false
beliefs refer to the ability to attribute false beliefs to others
(Zegarra-Valdivia and Chino-Vilca 2017). The main theory
of mind deficiencies found in people with WS are related to
the interpretation of jokes, ironies, or figurative language
(Jarvinen-Pasley et al. 2008; Karmiloff-Smith et al. 1995;
Tager-Flusberg and Baron-Cohen 1998), as well as tasks
involving second-order false beliefs (Porter, Coltheart and
Langdon 2008). Studies have reported that people with WS
have a lesser capacity to recognize fear and sadness on faces
than those with typical development, but a greater ability to
recognize expressions of happiness and anger than people
with Down syndrome of similar mental age (Campos et al.
2014; Jarvinen et al. 2015).

Different genes have been identified that influence the
social behavior characteristics of people with WS. In a sys-
tematic review, Jarvinen, Korenberg and Bellugi (2013)
report a social profile for people with typical deletions
(1.5 Mb) that is characterized by alterations in social judg-
ment, emotional processing, theory of mind, disinhibition,
and approach to strangers, and is related to neuroanatomical
and neurohistological alterations in the amygdala, fusiform
gyrus, and orbitofrontal and parietal cortices. These cor-
tical areas have been associated with the social cognition
domains of emotional processing, social judgment, theory
of mind, and empathy (Adolphs 2001, 2009), and the GTF2I
and GTF2IRD]1 genes could be involved in these social traits
(Jarvinen et al. 2013).

In a review of the functions of the GTF2I gene family,
Chailangkarn et al. (2018) describe its association with vari-
ous neuronal metabolic and physiological processes, its high
density of expression in the dorsolateral prefrontal cortex,
and its association with the activity of the amygdala. Hoef
et al. (2014) found that people with WS with GTF2I and
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GTF2IRD] (1.5 Mb) deletions have a larger bilateral amyg-
dala volume, while those who preserve these genes have a
right amygdala of similar size as those with typical devel-
opment. GTF2IRD2 and GTF2IRD]I belong to the GTF2I
gene family (Chailangkarn et al. 2018). The GTF2IRD1 and
GTF2I genes have been associated with reduced response
to stimuli that cause fear (Hoeft et al. 2014; Chailangkarn,
Noree and Muotri 2018; Malenfant et al. 2012), and the
GTF2IRD?2 gene has a regulatory effect on them (Makeyev
et al. 2004; Palmer et al. 2012; Tipney et al. 2004). These
genes may also influence the structural and histological neu-
rodevelopment of areas involved in social cognition, such
as the right orbitofrontal and parietal cortices (Hoeft et al.
2014; Atlas 2010; Chailangkarn et al. 2018; Makeyev et al.
2004; Palmer et al. 2012; Porter et al. 2012; Uhlén et al.
2015) and amygdala bilateral volume (Hoeft et al. 2014).
The GTF2IDRI gene has been associated with executive
functions of people with WS (Dai et al. 2008), while those
in whom the GTF2I gene is lost are characterized by reduced
social communication and low anxiety (Crespi and Hurd
2014).

Case studies have described some patients without
deletions of the GTF2I gene family. Hirota et al. (2003)
described the behavioral phenotype of a 21-year-old woman
with a deletion of FKBP6 to CLIP2, who showed better per-
formance in social judgment. Ferrero et al. (2010) evaluated
the case of an 11-year-old boy with a deletion of BAZIB to
CLIP2 without hypersociability characteristics. Karmiloff-
Smith et al. (2012) described an 11-year-old patient with a
deletion of FKBP6 to CLIP2 who did not have many defi-
ciencies in ToM tasks. These cases do not present commonly
reported alterations in social cognition in people with WS,
so it may be the deletion of the genes of the GTF2[ family
that are involved in the alterations in social cognition. How-
ever, it has been reported that patients who lose only some of
the genes in this family exhibit heterogeneous social behav-
ior. For example, Dai et al. (2008) described a 7-year-old
girl with a deletion of FKBP6 to GTF2IRDI who presented
decreased eye contact with strangers and did not have the
characteristic social phenotype of WS, and Antonell et al.
(2010) reported two people with partial deletions of GTF2I,
without hypersociability.

The loss of GTF2IRD?2 seems to be related to greater defi-
ciencies in social cognition. Karmiloff-Smith et al. (2012)
reported a 14-year-old boy with a deletion from GTF2I to
GTF2IRD2 who showed major social cognition deficien-
cies and autistic mannerisms. Porter et al. (2012) found
that people with WS missing the GTF2IRD2 gene, with
a 1.8 Mb deletion, present greater failures in tasks related
to theory of mind, and more isolation behaviors. Similar
results were found by Serrano-Juérez et al. (2018), who also
noted that those with a 1.8 Mb deletion have lesser abili-
ties both in emotional intelligence and adaptive social and
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leisure behavior. These findings suggest that the loss of the
GTF2IRD?2 gene could be generating a greater alteration of
social cognition, and that the genes of the GTF2[ family
influence social behavior to different degrees.

A neuropsychological phenotype has been reported for
people with WS that is characterized by better verbal than
visuospatial skills and hypersociability (Miezah et al. 2020).
Social cognitive failure has also been reported (Fisher and
Morin 2017), which could vary according to the deletion
of genes (Bellugi et al. 2007; Karmiloff-Smith et al. 2012;
Hirota et al. 2003; Dai et al. 2008; Porter et al. 2012). The
deficiencies in social cognition seem to be heterogeneous:
it appears that genes of the GTF2I family may be involved,
through their influence on cerebral structures and cognitive
processes related to social cognition. The objective of the
present study was thus to explore the relationship between
genes and social cognition in children with different WS
genotypes (1.1 Mb, 1.5 Mb, and 1.8 Mb), to assess whether
these are related to possible differences in performance in
social cognition tests, with the social brain hypothesis as
theoretical framework. Specifically, we analyzed how the
genes of the GTF2I family influence the tasks of social judg-
ment, theory of mind, and identification of facial emotions.
Our hypothesis was that people with WS with deletions
of 1.1 Mb, 1.5 Mb, and 1.8 Mb would have differences in

Fig. 1 Scheme of genotypes Chromosome 7

social phenotype related to the deletion or preservation of
the GTF2I gene family, specifically, that those lacking all
three genes (GTF2IRI1, GTF2I, and GTF2IRD2) would have
more alterations than those who conserved them all in tasks
of social judgment, theory of mind, and recognition of emo-
tions on faces.

Method
Participants

The sample was composed of 12 Mexican children with
Williams syndrome, recruited from two associations for
people with the syndrome. Participants had a mean age
of 11.73 years (SD +3.75 years). Figure 1 shows their
deletion sizes, evaluated with chromosomal microar-
ray analysis (CMA): (a) 1.1 Mb (n=1, 14-year-old boy),
encompassing the gene FKBP6 to CLIP2 and retaining
the genes GTF2IRD1, GTF2I, and GTF2IRD2; (b) 1.5 Mb
(n=7; M=11+3.55 years old), encompassing FKBP6
to GTF2I and missing GTF2IRD1 and GTF2I; and (c)
1.8 Mb (n=4; M=12+4.96 years old), encompassing
FKBP6 to GTF2IRD?2 and missing GTF2IRD1, GTF2I, and
GTF2IRD?2.
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In order to assure that social cognition deficits were not L I 8
due to intellectual disabilities, participants were matched = e
by gender and full intellectual quotient (FIQ) with a con- —
trol group of seven Mexican children with Down syn- Q = §
drome (DS) (M =12.57 +4.19 years old). People with DS &~ s Ve
and WS have similar social approach features, personality - =~
traits, and kind, empathic behavior. They have similari- S OE ; ;
ties in vocabulary and comprehension, but both have dif-
ficulty with pragmatic language (Levy and Eilam 2013). =4
Another control group of seven Mexican children with oz - -
typical development (TD) (M =11.14 +3.67 years old), 8152 o
matched by chronological age and gender, was used to 2| = S
compare the results of the theory of mind and identifica- %
tion of facial emotion tasks, which do not have Mexican é E i %
norms. =l - w =
Table 1 shows the differences in the demographic = g ; O:o 8
variables between the participant with the 1.1 Mb dele-
tion and the other groups, and between the groups with —5
1.5 Mb and 1.8 Mb deletions and the control groups. A % -
Kruskal-Wallis H analysis was used to compare demo- 5|12 %5
graphic variables (chronological age, mental age, years of ==
education, and FIQ). Significant differences were found I IS
in the FIQ score and mental age; Dunn’s procedure with QNI EZ °
Bonferroni post-hoc analysis revealed that the group E E ? E %
with TD had a higher FIQ score (M =108) and a higher Rls|d g 2
mental age (M = 11.85) than the groups with deletions of =
1.5 Mb (FIQ M =50; mental age M= 5.57) and 1.8 Mb = Q
(FIQ M =55.25; mental age M =6.75), and the group with " “l o v w g
DS (FIQ M =45.14; mental age M =5.71). All of the raw g § = ; ; é
scores for each participant are included in the Supple- S z
mentary Material. = - A
To compare the demographic variables of the single E é s § ; .g
participant with the 1.1 Mb deletion with the other WS 4 =it 2 e 5 . =
groups (1.5 Mb and 1.8 Mb) and the DS and TD groups, 4|2 |s|aZe g S
the Student’s ¢ of Crawford and Howell (1998) was used. E “E ‘LE’
A significant difference was found in the FIQ, where the E g 3 -é
TD group had higher scores than the participant with the ; °é _ © § =
1.1 Mb deletion (p < 0.05). No differences were found B S|=e x| 2 §
between the 1.1 Mb, 1.5 Mb, 1.8 Mb, and DS groups. = ol el § é
N —_ —_ = Q
slo|2|82g|E¢
Instruments § E é ° E < é ~§
o — — N E a\ :
Genetic § o % § 3
Sl § 2 %
e Chromosomal microarray analysis (CMA). This tech- 20 ~ * £ P
nique is based on the hybridization of nucleic acids and = o E % %
their detection by image analysis of fluorescence. It go < % % =
provides a high-resolution image of the affected area in E § ° 3 ; =
addition to the rest of the genome, and nominal meas- A © %ﬁ {tﬁ g "é Y
urements of the size of the deletion and the preserved % =] § ;-':; ol & ;;‘3 E
genes (Venegas Vega 2012). i § SSEIER -~
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Neuropsychological and Behavioral

e Structured interview. The objective was to collect partici-
pants’ medical history and to assess whether there were
alterations not related to the syndrome.

e Wechsler Intelligence Scale for Children and Adoles-
cents (WISC-IV; Wechsler 2007). This test was used to
obtain participants’ FIQ and to assess their capacity for
social judgment, using the comprehension subtest. It was
given to participants aged 6 years 0 months to 16 years
11 months. It has Mexican norms.

e Wechsler Adult Intelligence Scale (WAIS-IV; Wechsler
2014). This test was used to obtain participants’ FIQ and
to assess their capacity for social judgment. It was given
to participants aged 16 years 11 months to 18 years. It
has Mexican norms.

Social Cognition

The following instruments were used to evaluate social
cognition:

e Social Judgment: The Comprehension subtest (Wechsler
2007, 2014) was used to evaluate social judgment. This
subtest allows for the evaluation of social cognition,
defined as the realization of inferences and deductions
in social contexts (Herndndez Galvan and Yafiez-Téllez
2003). Participants are asked to describe the expected
behavior in response to different situations and social
contexts. Scalar scores were used (M =10, SD =3).

e [dentification of Facial Emotions: Ekman’s faces (Ekman
et al. 1976) were used to evaluate identification of facial
emotions. This instrument consists of photographs of
actors representing different emotional states of varying
intensity. Thirty faces with four emotions (joy, anger,
fear, and sadness), and also neutral expressions, all pre-
viously piloted with Mexican children, were used. The
images were randomized and presented on a laptop. Par-
ticipants were asked to orally identify the emotion of the
person in the photograph from a set of emotion labels;
raw scores were used. Correct identifications were given
a score of 1 and incorrect ones received 0. Before begin-
ning the test, participants were presented with five pho-
tographs to familiarize them with the task.

e Theory of Mind: Happé’s Strange Stories (Happé 1994)
were employed to assess intentions of theory of mind
(Tirapu-Ustarroz et al. 2007). The Spanish transla-
tion by Andrés-Roqueta (2009) was used; it consists
of 12 stories of six different intention types, grouped
into first-order stories (pretense, lie, and white lie) and
second-order stories (irony, joke, and figure of speech);
this classification into first and second order is different
from that of false beliefs. Each story was told while

participants observed an image associated with it. At
the end of the story, they were asked "Did X tell the
truth ...?" to assess their understanding, and then "Why
do you think X said ...?" to evaluate the first-order,
second-order, and total theory of mind scores. Fol-
lowing Andrés-Roqueta (2009), two stories were used
to evaluate the understanding of each communicative
intention. If participants gave the social intention of
the character’s response, they were given a score of 2.
If they gave a response connected to the context with-
out arriving at a mentalistic idea, they were given a
score of 1. If they gave a response without context, they
were given a score of 0. Responses were transcribed
and scored by two expert evaluators in neuropsychol-
ogy. Calculation of Cohen’s k showed moderate agree-
ment between the experts’ judgments: k=0.56 (95%
CI: 0.49-0.63), p<0.001. Where there was conflict
between the experts’ scores, responses were catego-
rized by consensus, following the procedure in Andrés-
Roqueta (2009).

Procedure

Children with Williams syndrome and Down syndrome were
recruited through invitations distributed through associa-
tions for people with those syndromes; children with typical
development matched by chronological age were recruited
from an institutional database. The first session was informa-
tive. Parents were asked to provide written informed consent,
and participants gave their assent. The research protocol was
approved by the University Research Ethics Committee (CE/
FESI/062,017/1177) as being in compliance with the Hel-
sinki Declaration. Participants with WS were sent for clini-
cal evaluation by an expert geneticist and then referred to a
laboratory to have a blood sample taken for the CMA. On
a separate occasion, they were scheduled to take the social
cognition tests, which were completed in a 90-min session.
The results of this study were made available to participants
after all of them completed the social cognition tasks.

Participants with WS were divided into groups, based on
the CMA analysis of the size of their genetic deletion, and
their results were compared with those of the DS and TD
groups. Two statistical models were used: first, a Student’s
t, as modified by Crawford and Howell (1998), was used to
compare the raw scores of the single participant with the
1.1 Mb deletion with the mean of those with the 1.5 Mb
and 1.8 Mb deletions, those with DS, and those with TD.
In a second analysis, a non-parametric Kruskal-Wallis H,
with Dunn’s procedure for pairwise comparisons and Bon-
ferroni post-hoc adjustment (Dunn 1964; Laerd Statistics
2015), was used to analyze the mean rank of the groups with
1.5 Mb and 1.8 Mb deletions and with DS and TD.
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Results
Social Judgment

Figure 2 shows that the single participant with a 1.1 Mb
deletion had a raw score of 7 on the comprehension test,
which was higher than those of the 1.5 Mb group (M =1.71,
SD=1.88; t=2.63; p=0.04) the 1.8 Mb group (M =1.75,
SD=0.95; t=4.94; p=0.02), and the DS group (M =1,
SD=0; t=6.23; p<0.001), and did not show a significant
difference with that of the TD group (M =9.28, SD=1.71;
t=-1.33; p=0.23).

Figure 2 also shows that the comparison of mean rank
between the 1.5 Mb, 1.8 Mb, DS, and TD groups in the
social judgment task indicated significant differences
(x2 (3)=19.63, p<0.001). The post-hoc analysis revealed
that the TD group performed better (M =9.57) than the DS
group (M =1, p<0.001) and the 1.5 Mb group (M =1.71;
p <0.01). There was no statistically significant difference
between the 1.5 Mb and the 1.8 Mb groups.

Identification of Facial Emotions

Figure 3 shows that the participant with a 1.1 Mb deletion
had a better ability to recognize neutral faces (p <0.05) than
the 1.5 Mb, 1.8 Mb, and DS groups, but the 1.8 Mb and
TD groups had a better ability to identify fear (p <0.05).
The 1.1 Mb participant had a lesser ability to identify anger
(p <0.05) than the TD group, but this ability was similar

Fig.2 Scores on comprehension 15—

to that of the 1.5 Mb, 1.8 Mb, and DS groups. The 1.1 Mb
participant showed no significant differences with the
1.5 Mb, the 1.8 Mb, the DS, or the TD group in identifying
faces of joy or sadness. The emotions with significant dif-
ferences were fear (X2 (3)=15.81, p=0.001), sadness (X2
(3)=8.69, p=0.03), and neutral (X2 (3)=15.35, p=0.002).
The post-hoc analysis showed that the TD group performed
better in the identification of fear (M =15.85) than the DS
group (M =2.42; p=0.04) and the 1.5 Mb group (M =3.28;
p<0.01). The 1.5 Mb group performed better (M =5.14) in
the identification of sadness than the DS group (M =2.42;
p=0.03). The TD group (M =5.71) performed better in
the identification of neutral faces than the 1.5 Mb group
(M=1.28; p=0.01), the 1.8 Mb group (M=0.75; p=0.01),
and the DS group (M =1.28; p<0.001).

Theory of Mind

Figure 4 shows the statistical results of the evaluation with
Happé’s Strange Stories. The 1.1 Mb participant performed
better with first-order (p <0.01) and second-order tasks
(p<0.01), as well as total ToM (p <0.01), than the 1.8 Mb
and DS groups. That participant also showed a lower level
of performance than the TD group (p <0.05) with second-
order tasks and total ToM (p <0.05). In the type of story
analysis, this participant performed better with joke stories
(p <0.05) than those in the 1.5 Mb, 1.8 Mb, and DS groups
(see Supplementary Material).

The comparison between first- and second-order stories,
shown in Fig. 4, revealed significant differences between
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Fig. 3 Identification of facial
emotions of 1.1 Mb, 1.5 Mb,
1.8 Mb, and the DS and TD
groups

Fig. 4 Identification of Inten-
tions of first and second order
tasks, and tools ToM of 1.1 Mb,
1.5 Mb, 1.8 Mb, and the DS and
TD groups
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Raw Score (Median)
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groups for both first-order (X2 (3)=18.64, p<0.001) and
second-order tasks (X2 (3)=17.36, p<0.01) and total
ToM (X2 (3)=18.64, p<0.001). The post-hoc analysis
showed that the TD group performed better on first-order
tasks than the DS group (p <0.001). This analysis also

showed that the TD group performed better on second-
order-tasks than the 1.5 Mb group (p <0.01) and the DS
group (p <0.001). In the total ToM score, the TD group
performed better than the DS group (p <0.001).
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Discussion

The objective of this study was to explore social cogni-
tion in different WS genotypes (with deletions of 1.1 Mb,
1.5 Mb, and 1.8 Mb) to evaluate how genes of the GTF2/
family, which the literature suggests may be related to the
WS social phenotype, might influence the execution of
tasks that evaluate social cognition. The main differences
found between WS genotypes were between the participant
with a 1.1 Mb deletion and the 1.8 Mb group in the tasks
of social judgment and theory of mind, as well as in the
identification of neutral faces. These differences suggest
that the loss of the three genes (GTF2IRDI1, GTF2I, and
GTF2IRD?2) could influence the severity of social cogni-
tion disorders, specifically with respect to social judgment
and theory of mind (as evaluated with Happé’s pretense,
lie, and white lie stories). The participant who retained
all three genes performed significantly better on ToM and
social judgment tasks than the group missing all three
genes. The group with the 1.8 Mb deletion showed major
alterations in theory of mind, which could manifest them-
selves in social isolation and an autistic-like social-cogni-
tive profile, as reported by Karmiloff-Smith et al. (2012),
Porter et al. (2012) and Serrano-Juarez et al. (2018).

Our results showed that the loss of the GTF2IRDI,
GTF2I, and GTF2IRD?2 genes could cause greater failures
in social judgment and theory of mind in people with WS.
These results are consistent with those of Crespi and Hurd
(2014), who found that the GTF2I gene family is involved
in the neurogenetic basis of social skills both in people
with WS and in those with typical genomes. The loss of
the GTF2IRD?2 gene also could influence the expression
of major alterations in theory of mind and an autistic-
like social-cognitive profile (Karmiloff-Smith et al. 2012;
Porter et al. 2012). It is possible that both GTF2I and
GTF2IRD2 might influence the severity of alterations not
only in social judgment and theory of mind, but also in
other domains of social cognition not evaluated in this
study. It is important to note that there may be other genes
proximal, to the critical region in WS like LIMK1 (Hoeft
et al. 2014), BAZIB (Lalli et al. 2016), FZD9 (Chailang-
karn et al. 2016) and CLIP2 (Meyer-Linderberg et al.
2006), that influence the components of the social brain
and should also be taken into account, as suggested by
Karmiloff-Smith et al. (2012), Kopp et al. (2019), and
Hoeft et al. (2014).

The cases with 1.5 Mb deletion previously reported and
those of this study show heterogeneous performance in
tasks of social cognition; this deletion conserves some of
the genes of the GTF2I family and seems to affect only
certain processes of social cognition (social judgment
and recognition of neutral faces). It may be that these are
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generalist genes with a pleiotropic effect on multiple brain
structures and functions (Kovas and Plomin 2006), but
that each of these structures supports specific cognitive
processes of social cognition.

In this study, the use of a group with DS was methodo-
logical; it was not the objective of the study to identify
differences in social cognition between those with DS and
WS. However, it was found that children with DS pre-
sent deficiencies in all tasks of social cognition, mainly
in theory of mind tasks of the first and second order, as
has been reported in the literature (Amad¢ et al. 2012),
possibly due to their problems with pragmatic language
(Levy and Eilam 2013).

The only task where there were no consistent differ-
ences between the participants with 1.1 Mb and 1.8 Mb
deletions was that of identifying emotions on faces, pos-
sibly because, as Martinez-Castilla et al. (2015) reported,
people with WS have the same pattern of emotional rec-
ognition as those with typical development.

The chromosomal microarray analysis and the neuropsy-
chological evaluation allow us to establish a relationship
between genes and cognition: participants missing the three
genes of the GTF2[ family showed lesser performance in
theory of mind and social judgment than the single partici-
pant who retained them. However, the limitations of the
study, such as its small sample size and its lack of evalu-
ation of other aspects of social cognition, prevent a more
complete characterization of genetic effects. Although there
were some variables with no significant differences between
the groups with DS, 1.5 Mb, and 1.8 Mb deletions and the
TD group, in second-order theory of mind tasks a non-sta-
tistically significant trend was observed (p =0.058) of better
scores in the TD than in the other groups. A larger sample
size could help identify these differences in each deletion.
It is also important to remember other variables that affect
cognition and behavior, such as neuroplasticity, stimulation,
exposure to social relationships, and the educational level of
parents, which modify children’s phenotypes despite their
having similar genotypes. Our study offers an initial explo-
ration of the relationship of genes, cognition, and social
behavior in people with WS. Future research on WS geno-
types and social cognition should also use neuroimaging and
neurophysiology techniques to demonstrate the expression
of GTFIRD? in the prefrontal, parietal, and cerebellar cortex
(Porter et al. 2012; Chailangkarn et al. 2018), as well as the
regulation of the genetic functions of the GTF2/ gene fam-
ily (Makeyev et al. 2004; Palmer et al. 2012) that influence
social cognition.
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