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The maternally expressed imprinted gene UBE3A has been implicated in autism, schizophrenia and psychosis.
The phenotype of Angelman syndrome, caused by loss of UBE3A expression, involves autism spectrum traits,
while Prader-Willi syndrome, where the genotype of maternal disomy increases dosage of UBE3A, shows high
penetrance for the development of psychosis. Maternal duplications of the 15q11-q13 chromosome region that
overlap the imprinted region also show an association with schizophrenia, further implying a connection be-
tween increased dosage of UBE3A and the development of schizophrenia and psychosis. We phenotyped a large
population of typical individuals for autism spectrum and schizotypal traits and genotyped them for a set of SNPs

in UBE3A. Genetic variation of rs732739, an intronic SNP tagging a large haplotype spanning nearly the entire
range of UBE3A, was significantly associated with variation in total schizotypy. Our results provide an in-
dependent line of evidence, connecting the imprinted UBE3A gene to the schizophrenia spectrum.

1. Introduction

The imprinted gene UBE3A, encoding an E3 ubiquitin ligase protein,
is expressed only from the maternal copy in neurons (Albrecht et al.,
1997). The silencing of the paternally inherited copy is mediated by a
long RNA transcript, which also contains a sequence complementary to
UBE3A (UBE3A antisense transcript, UBE3A-ATS) and initiates from the
unmethylated, paternally inherited copy of the 15q11-q13 imprinting
center near the SNURF-SNRPN gene. In the maternally inherited copy,
the corresponding imprinting center is methylated, preventing the ex-
pression of the UBE3A-ATS and the subsequent paternally expressed
genes imprinted genes (reviewed in Mabb et al., 2011).

The E3 ubiquitin ligases co-operate with specific E2 ubiquitin ligase
proteins to identify a range of target proteins, which are subsequently
marked for degradation, activation or relocation in the cell
(LaSalle et al., 2015). The gene is expressed in multiple alternatively
spliced mRNAs and three different protein isoforms (Yamamoto et al.,
1997), which have functions in neuron differentiation and develop-
ment, as suggested by mouse models (reviewed in Lopez et al., 2019).
Thus, UBE3A affects neuron development and function as well as be-
havioral and psychological phenotypes via multiple different mechan-
isms, involving both direct and indirect interactions with specific target
proteins (Lopez et al., 2019).

UBE3A is located in a ~ 2Mb imprinted domain in the 15q11-q13
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chromosome region, which is punctuated by several chromosomal
break points (Nicholls and Knepper, 2001). The 15q11-q13 chromo-
some region is particularly well-known for a ‘sister pair’ of neurode-
velopmental syndromes, which involve lack of expression for paternally
expressed genes in Prader-Willi Syndrome (PWS) and a lack of ex-
pression for the maternally expressed UBE3A gene in Angelman Syn-
drome (AS), respectively (Cassidy et al., 2012; Margolis et al., 2015).
The two syndromes show distinct behavioral phenotypes. AS subjects
typically show a sociable and happy disposition with frequent laughter
(Margolis et al., 2015), while autism spectrum disorders (ASD) and
behaviors typical of the autism spectrum are also highly prevalent
(Bonati et al., 2007). In comparison, PWS involves rapid mood fluc-
tuations and considerable negative affect (Sinnema et al., 2011a), with
psychiatric disorders including depression, bipolar disorder and most
prominently, affective psychoses being highly prevalent, especially for
the genotype of maternal disomy (Yang et al., 2013). Given that AS
involves loss of expression of UBE3A (Albrecht et al., 1997; Kishino
et al., 1997), while PWS due to uniparental disomy involves over-
expression of this gene (Bittel et al., 2003; Hogart et al., 2008), UBE3A
may be linked to such alterations of social behavior in the context of
autism spectrum and psychotic-affective conditions.

Lack of expression for UBE3A has been implicated in risk for ASDs
from two lines of evidence. Firstly, AS involves a high prevalence of
ASDs, with estimates ranging from ~40 to 80% of affected individuals
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(Bonati et al., 2007; Peters et al., 2004; Trillingsgaard and @stergaard,
2004). Behaviors relevant to the autism spectrum in AS include deficits
in social interactions, repetitive and stereotypical behaviors, as well as
deficits in communication, partly attributable to developmental delay
with near or complete lack of speech. A recent study showed that AS
individuals diagnosed with autism spectrum traits in early childhood
showed later improvements in both expressive and receptive language
skills, while the levels of autism spectrum traits did not change
(Mertz et al., 2014). Thus, the behavioral phenotype of AS reflects the
broad characteristics typical of ASDs involving developmental delay,
which indicates a connection between lack of expression for UBE3A and
the development of autism spectrum traits.

Secondly, several studies have investigated associations of markers
within UBE3A with idiopathic autism, with mixed results.
Cook et al. (1998) found that several microsatellite markers in the ge-
netic region of UBE3A, including D1558122
(chr15:25434850-25435145, repeating sequence AC), located at the 5
untranslated region of UBE3A, did not show any pattern of preferential
transmission in autism families. Nurmi et al. (2001) studied a popula-
tion of families where at least two children had a diagnosis of autism
and found that the marker D15S122 showed a pattern of preferential
transmission among autism families. The microsatellite marker was
analyzed as 12 different alleles with lengths ranging from 137-bp to
163-bp, with the 145-bp, 147-b and 149-bp alleles covering the ma-
jority of the variation. A 155-bp allele showed a significant maternal
effect in transmission to affected siblings, while a 147-bp allele showed
a significant negative association with autism. A later study by the same
group, using six intronic SNP markers within UBE3A did not find any
significant pattern of preferential transmission in autism families
(Nurmi et al., 2003). Guffanti et al. (2011) found that an allele of the
microsatellite marker D155122 showed preferential under transmission
to affected children, partially replicating the earlier results of
Nurmi et al. (2001). Here, the microsatellite marker was analyzed as
four classes of different alleles designated as 222-bp, 224-bp, 226-bp
and other lengths, with the three main alleles covering the majority of
the variation. Two other studies using SNP markers within UBE3A did
not find any significant associations between UBE3A and ASDs (Kato
et al., 2008; Kim et al., 2008). While these studies suffer from limited
sample sizes and a lack of statistical power, their results suggest that
genetic variation affecting UBE3A, most notably rare haplotypes tagged
by the marker D155122, may be associated with an increased risk for
ASDs.

In contrast to the link between lack of expression for UBE3A and AS,
increased dosage of UBE3A has been associated with psychotic-affective
spectrum conditions from several independent lines of evidence. Firstly,
PWS individuals with the genotype of maternal disomy show approxi-
mately 2- to 3-fold higher expression of UBE3A, as shown in studies
with ¢cDNA microarrays from cell lines of individuals with different
genotypes of PWS (Bittel et al., 2003; Hogart et al., 2008); as noted
above, PWS subjects with maternal disomy also show a significantly
increased risk for psychotic and bipolar disorders as compared to in-
dividuals with deletions (Yang et al., 2013). Both case studies and
several independent studies with large cohorts (references in
Crespi et al. (2018) supplementary table) have shown that individuals
with the genotype of maternal disomy show a high prevalence of af-
fective psychoses, involving mainly paranoid ideation and auditory
hallucinations (Sinnema et al., 2011b; Soni et al., 2007; Verhoeven
et al., 2003; Vogels et al., 2004). Associations between the genotype of
maternal disomy, with two maternally inherited copies of UBE3A and
development of psychosis in PWS, suggest that increased dosage of
UBE3A may contribute to the development of psychotic-affective phe-
notypes and conditions.

Secondly, similarly to the genotype of maternal disomy in PWS,
maternal duplications of the 15q11-q13 chromosome region involve a
~1.5- to 3-fold increase in expression of UBE3A as shown by studies
with mRNA derived from post-mortem brain tissues and cell lines
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(Herzing et al., 2002; Scoles et al., 2011). Studies of large cohorts of
individuals with schizophrenia have indicated that only maternal du-
plications (and not paternal duplications) of the 15q11-q13 region in-
crease the risk of schizophrenia. Ingason et al. (2011) genotyped co-
horts of schizophrenia patients from several European countries and
found significant overrepresentation of maternal duplications among
the schizophrenia group as compared to the controls. Similarly, a more
comprehensive follow-up study including large cohorts from both ASDs
and developmental delay, as well as schizophrenia, found that only
maternal duplications mediated an increased risk for schizophrenia,
while both paternal and maternal duplications were found to increase
the risk for ASDs (Isles et al., 2016). The duplications of the schizo-
phrenia patients did not show consistent patterns with regard to the size
of the duplication, but the imprinted region between break point 2 and
break point 3, which contains UBE3A, was common to all duplications
associated with schizophrenia. As only maternal duplications of the
region showed a consistent association with schizophrenia, the authors
of both studies (Ingason et al., 2011; Isles et al., 2016) suggested that
maternally expressed genes, and in particular UBE3A, are likely to be
involved in mediating the risk for schizophrenia.

Thirdly, Noor et al. (2015) found that a microduplication encom-
passing only UBE3A had segregated for several generations in a family
line, and that maternal inheritance of the duplication was associated
with developmental delay, anxiety, depression, and schizophrenia in
family members. Furthermore, cell line experiments with a patient's
fibroblasts showed approximately twofold expression levels of UBE3A
as compared to controls, with no effect on the expression of sur-
rounding genes, more directly implicating increased expression of
UBE3A in connection with depression and schizophrenia.

Duplications of the entire 15q11-q13 chromosome region have also
been shown to be associated with ASDs, which has been suggested to
indicate a link between increased dosage of UBE3A and autism (Hogart
et al., 2010; Vatsa and Jana, 2018). Isles et al. (2016) analyzed large
cohorts of individuals with ASD and developmental delay from several
previously published studies along with new data and found that both
paternal and maternal duplications overlapping with the region be-
tween breakpoints 2 and 3, or alternatively with breakpoints 1 and 3 in
the 15q11-q13 chromosome region, showed significant associations
with a phenotype involving ASD with developmental delay and mul-
tiple congenital anomalies, with ~ 50% penetrance for maternal and
~20% penetrance for paternal duplications. Given that these duplica-
tions overlap with both imprinted and non-imprinted domains, several
different genes in the chromosome region may be involved in mediating
the risk for ASDs.

Several mouse model studies of UBE3A show notable effects of
varying expression of this gene in neuron development and function
(Dindot et al., 2007; Fink et al., 2017; Greer et al., 2010; Jiang et al.,
1998; Kaphzan et al., 2011; Miao et al., 2013; Sun et al., 2015),
whereby deletions involve opposite social phenotypes as compared to
increased dosage. In particular, model mice with a lack of expression
for UBE3A showed significantly increased amounts of ultrasonic voca-
lization as compared to controls (Jiang et al., 2010; Stoppel and
Anderson, 2017) and prolonged social interest in an interaction test
with a novel mouse of same sex, as compared to controls (Stoppel and
Anderson, 2017). In comparison, two studies found that transgenic
mice with two additional copies of UBE3A showed a reduced amount of
ultrasonic vocalizations during interactions with a same-sex pair as
compared to controls (Krishnan et al., 2017; Smith et al., 2011), and did
not show a typical preference for interaction with a caged mouse of
same sex (Krishnan et al., 2017). These results suggest that opposite
imbalances in dosage of UBE3A may be linked to opposite alterations in
aspects of social behavior.

A consistent pattern across studies thus indicates that increased
dosage of UBE3A, as shown with both maternal disomy in PWS and
maternal 15q11-q13 duplications, may be mediating the risk for schi-
zophrenia, and related psychotic-affective conditions, in clinical
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populations. In contrast, lack of expression for UBE3A may be linked
with ASDs, as implicated by the high prevalence of ASDs in AS, which
involves a lack of expression for UBE3A in neurons. Furthermore,
haplotypes of UBE3A may mediate an increased risk of ASDs.

As both psychotic-affective spectrum conditions and ASDs can be
considered as genetic and neuropsychiatric continuums grading into
typical functioning and social behavior (David, 2010; Robinson et al.,
2016; van Os et al., 2009), it can be further postulated that genetic
variation in UBE3A may affect phenotypes of autism spectrum traits or
schizotypy in non-clinical populations. We have characterized variation
in both autism spectrum traits as well as schizophrenia spectrum traits
in a large population of typically developing individuals and genotyped
them for a set of SNPs in the UBE3A genetic region. We hypothesized
that genetic variation in UBE3A may thus be associated with variation
in schizotypal traits, autism spectrum traits or both, due to effects on
mRNA levels, post-transcriptional regulation, or activity of the protein,
and other processes.

2. Methods

The study was approved by the ethics boards at both the University
of Alberta (Pro00015728) and Simon Fraser University (2010s0554),
with all participants providing prior written informed consent. We
collected questionnaire and DNA data from 507 undergraduate students
(285 females and 222 males) of Caucasian ancestry. Forms and levels of
schizotypal traits were quantified with the Schizotypal Personality
Questionnaire - Brief Revised (SPQ-BR) (Cohen et al., 2010). The
questionnaire consists of 32 items using a 5-point Likert scale ranging
from ‘strongly disagree’ to ‘strongly agree’. The questions are further
divided across seven subscales of personality traits and social behavior
which include 1) ideas of reference, 2) constricted affect, 3) eccentric
behavior, 4) social anxiety, 5) magical thinking, 6) odd speech and 7)
unusual perceptions, and sum together to total schizotypy. The Autism
Spectrum Quotient (AQ) (Baron-Cohen et al., 2001) was used to
quantify the extent that individuals endorsed personality traits and
behavior associated with the autistic spectrum. The questionnaire is
comprised of 50 items and assesses personality traits and social beha-
vior across five domains including 1) communication, 2) social skills, 3)
imagination, 4) attention to detail and 5) attention switching, with a
total AQ score as the sum.

A set of six SNPs was initially chosen to characterize the genetic
variation of UBE3A. In particular, rs732739 (chr15:25434520, C/T, in
hg38, 2013) is located within the first intron of UBE3A, 330-bp
downstream from the starting site of D15122, a microsatellite marker,
which has been previously shown to display patterns of preferential
transmission in autism families (Guffanti et al., 2011; Nurmi et al.,
2001). The marker is also in partial linkage disequilibrium (D’ = 1.0,
r? = 0.54, in CEU 1000genomes) with rs189782611 (chr15:25434997,
C/G) located within D155122. (We used both D' and r? to measure LD.
D’ indicates how often an allele of a given marker is inherited together
with the associated allele of the other marker, while r? is also affected
by the allele frequencies. Therefore, a pair of genetic markers showing
high D’ with low r? do not correspond to the same underlying genetic
variation). Two SNPs, rs11630723 (chr15:25442741, A/T) and
rs11161178 (chr15:25444144 A/G), were selected to target the pro-
moter region of UBE3A, while rs1041933 (chr15:25409602, C/T)
rs17115577 (chr15:25422613, A/C) and rs7176461 (chr15:25419872,
A/C) were selected to target genetic variation in the untranslated region
5’ of UBE3A. As 1511630723 and rs7176461 were reported to be in
complete LD with other genetic markers in our study, based on data
from individuals of Caucasian descent (rs11161178 and 11630723,
r? = 1.0, D’ =1.0; 15732739 and rs7176461 r*> = 1.0, D’ = 1.0),
rs11630723 and rs7176461 were not included in the full analysis; in
each case, we analyze data and report results from the markers with
larger sample sizes. Unadjusted p-values for all six SNPs are provided in
supplementary files. As genetic variation may differ between
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populations, our analyses were limited to students of Caucasian des-
cent, based on demographic data collected with the questionnaires. The
SNPs in our study population showed nearly identical allele frequencies
as compared to previously reported results with populations of Cauca-
sian descent.

Fluorophore-labelled primers for SNPs rs732739, rs1041933,
rs17115577, rs1716461, rs11630723 and rs11161178 were used in
TagMan genotyping using a Roche Light-Cycler 96 Real-Time PCR
machine. Fluorescence data were analysed under Endpoint Genotyping
with the LightCycler 96 Software v. 1.1.0.1320 (2011) and genotyping
success varied between 96.8 to 99.0%. Each of the markers was in
Hardy-Weinberg equilibrium, as measured by the Fisher Exact test
(rs1041933, p = 0.07; rs17115577, p =1; 1rs732739, p = 0.21;
1s7176461, p = 0.34; rs11630723, p = 0.39; rs11161178, p = 0.45).

Under the simplest model of imprinting, only the maternally in-
herited allele would be expected to affect the expression of a maternally
expressed imprinted gene. Thus, at an imprinted locus with the alleles A
and a, Aa and aA heterozygotes, differing by parental origin, would be
expected to show distinct phenotypes. However, as our data does not
include genotypes of family trios, and the silencing of paternal copy of
UBE3A is not mediated by methylation of the promoter area
(Mabb et al., 2011), we are unable to determine the distinct genotypes
of the heterozygous individuals. We have conducted an additional
analysis relevant to this issue, by comparing the phenotypic variation of
the two homozygous groups, showing the effects of both alleles un-
ambiguously. T-tests and ANOVAs for phenotypic AQ and SPQ differ-
ences were calculated for each SNP under four genetic models: [1]
Codominant, (common homozygotes versus heterozygotes versus rare
homozygotes), [2] Dominant, (common homozygotes versus hetero-
zygotes + rare homozygotes), [3] Recessive (common homo-
zygotes + heterozygotes versus rare homozygotes) and [4] Homo-
zygotes-only (common homozygotes versus rare homozygotes) in R v.
3.5.1. (2018). As the genetic models are not independent of each other,
corrections for multiple testing were based on tests on four genetic
markers, adjusted separately for each of our initial hypotheses on
schizotypy and autism spectrum traits. Further adjustments accounting
for tests on both AQ and SPQ scales and tests on different genetic
models were also performed (data not shown). False Discovery Rate
(FDR) adjustments using the 0.05 level of significance were performed
with the p.adjust feature in the R stats package (v. 3.5.1)

3. Results

The total schizotypy score showed significant differences between
individuals with different genotypes of rs732739 under the codominant
(rs732739 unadjusted p = 0.018), and the recessive model (rs732739
unadjusted p = 0.0055) (Table 1). In addition, the total schizotypy
score showed significant differences in our additional analysis, com-
paring the two homozygote genotypes (unadjusted p = 0.0057, see
supplementary Table 2). After FDR adjustment for tests on four genetic
markers, only the results with the recessive and homozygotes-only
models for rs732739 remained significant. These results also remained
significant after twofold adjustments for tests using both total AQ and
total SPQ-BR scores. Comparison of the mean SPQ-BR scores indicates
that the rare homozygote (TT) individuals on average had about 18%
lower SPQ-BR scores than individuals with other genotypes. The total
AQ scores did not show significant results on any of the markers, but
the subscale of social skills showed nominally significant differences
(unadjusted p = 0.03) with the dominant model on rs11161178 (sup-
plementary Table 1). On SPQ-BR subscales, rs732739 showed nomin-
ally significant differences on the subscales of ideas of reference, con-
stricted affect, eccentric behavior, interpersonal features, and
disorganized features, on codominant, imprinted and recessive models
(supplementary Table 1), but none of the associations between genetic
markers and AQ or SPQ-BR subscales remained significant after FDR
adjustments.
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Mean = s.d. for Autism Quotient (AQ) and Schizotypal Personality Questionnaire - Brief Revised (SPQ-BR) scores for each genotype of the four UBE3A SNP markers
included in the full analysis. Unadjusted p-values (p) for ANOVA tests on three genetic models (Codominant, Dominant and Recessive) are shown first, while p-values
corrected by a false discovery rate of 0.05 (ps4,) are also provided. The FDR correction was based on tests on four different markers, adjusted separately for each
genetic model and phenotypic variable (degrees of freedom for each test: 4, see methods for reasoning).

SNP Genotypel(n) Genotype2(n) Genotype3(n) Cod (p/pfar) Dom (p/pfar) Rec (p/prar)
1rs1041933 TT (284) CT (187) CC (27)
AQ 16.93 + 5.58 16.80 + 5.22 14.96 + 5.58 0.201 / 0.402 0.467 / 0.801 0.076 / 0.17
SPQ-BR 86.63 = 14.80 86.50 + 15.94 82.63 + 14.80 0.495 / 0.660 0.922 / 0.922 0.245 / 0.327
rs17115577 CC (446) AC (45) AA (4)
AQ 16.87 + 5.50 16.18 + 4.61 16.25 + 8.06 0.707 / 0.707 0.405 / 0.801 0.840 / 0.840
SPQ-BR 85.86 = 16.25 87.69 + 12.30 90.25 * 8.06 0.664 / 0.664 0.395 / 0.922 0.597 / 0.597
15732739 CC (381) CT (111) TT (8)
AQ 16.77 = 5.41 17.08 = 5.56 13.50 = 4.90 0.198 / 0.402 0.898 / 0.898 0.085 / 0.17
SPQ-BR 86.10 * 15.58 87.00 * 16.47 70.63 * 15.09 0.018 / 0.072 0.903 / 0.922 0.006 / 0.02
rs11161178 GG (302) 172 (AG) 28 (AA)
AQ 16.65 *+ 5.44 17.13 = 5.57 15.54 = 5.15 0.313 / 0.417 0.601 / 0.801 0.226 / 0.301
SPQ-BR 85.61 * 15.87 87.27 + 16.17 82.11 + 13.67 0.226 / 0.452 0.515 / 0.922 0.184 / 0.327

4. Discussion

Our primary results are twofold. First, rs732739, an intronic marker
within UBE3A, shows a significant FDR-adjusted association with total
schizotypy, and nominally significant associations with several sub-
scales, under codominant and recessive models. These results indicate
that genetic variation of UBE3A segregating among non-clinical popu-
lations affects levels of schizotypy within the range of typical variation.

These findings fit with previously discussed evidence showing that
UBE3A appears to mediate the risk for development of psychosis in PWS
and the risk for schizophrenia associated with maternal 15q11-q13
duplications. Our results show nominally significant associations with
the subscales of interpersonal and disorganized schizotypy, with the
former reflecting constricted affect and paranoid ideation in social
contexts, and the latter reflecting endorsement of statements regarding
odd speech and eccentric behaviors. The phenotypes of psychosis in
PWS similarly involve, most commonly, paranoid ideation in the forms
of second-person hallucinations and persecutory delusions (Soni et al.,
2008), as well as mood swings, confusion and obsessive rituals (Soni
et al., 2008; Verhoeven et al., 2003), which resemble disorganized as-
pects of schizophrenia spectrum disorders. Thus, our results with the
maternally expressed UBE3A, which shows about twofold increase in
expression levels with the genotype of maternal disomy in PWS (Bittel
et al., 2003; Hogart et al., 2008), appear consistent with previous
clinical findings as regards to psychiatric traits mediated by UBE3A.

Second, we note that rs732739, the marker associated with total
schizotypy in our study, is linked (rs189782611, D’ = 1.0, r? = 0.54,
located within 330-bp) with a genetic marker located within D155122,
a microsatellite marker associated with autism in two transmission
disequilibrium studies (Guffanti et al., 2011; Nurmi et al., 2001).
However, as neither our study nor any previously published study in-
cluded genotyping of the D155122 microsatellite along with rs732739,
it is not possible with available data to determine if a particular allele of
15732739 is associated with a D155122 microsatellite allele of a certain
size. Future work could usefully address this issue.

A large region of the UBE3A gene interacts with the UBE3A anti-
sense transcript, which as previously mentioned, regulates the silencing
of the paternal copy of UBE3A in neurons (Mabb et al., 2011). As shown
by a mouse model study in which a mutation in the maternally in-
herited copy of Ube3a increased the expression of the Ube3a-ATS as
compared to controls (Landers et al., 2005), the paternally and mater-
nally inherited alleles may interact with each other directly. More re-
cently, a cell model study found that a border element consisting of the
IPW and PWARI1 genes was necessary for the imprinting of the paternal
allele in nerve cells, as removal of this region led to increased expres-
sion of UBE3A-ATS in AS-derived nerve cells, without repressing the
expression of UBE3A from the paternally inherited allele (Hsiao et al.,
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2019). Thus, genetic variation of regions overlapping the antisense
transcript may affect the expression of UBE3A via the paternally in-
herited allele in some manner. Such a mechanism may have implica-
tions for tests of the hypothesis that increased expression of UBE3A is
expected to mediate the expression of schizotypy, while reduced ex-
pression of UBE3A influences the expression of autism spectrum traits.

The genetic marker showing our main result, rs732739, is strongly
linked with genetic markers within the UBE3A promoter region
(D’ = 1.0 r? = 0.947 with 1572697799, located approximately 1000-bp
upstream of exon 1, at chr15:25440750) As previously discussed,
UBE3A is alternatively spliced in several tissue types, including neurons
(LaSalle et al., 2015; Yamamoto et al., 1997) and the longer forms of
UBE3A mRNA include 5’-UTR sequences comprising of the first exons,
which are not translated to the amino acid sequence in any of the three
different isoforms of UBE3A. While the specific purpose of mechanisms
regulating alternative splicing and translation of UBE3A is not known in
humans (LaSalle et al., 2015; Lopez et al., al.,2019), 5-UTR sequences
may include ribosomal binding sites and mRNA secondary structures,
which further regulate translation events (Araujo et al., 2012). Thus,
both D155122 and rs732739 may tag genetic variation linked to pro-
moter and 5’-UTR regions of UBE3A that regulates expression. The SNP
15732739 indeed represents a highly-significant expression QTL for
muscle tissues (Lonsdale et al., 2013), indicating that the marker is
functionally associated with expression-level variation in UBE3A. Fur-
ther studies are needed on mechanisms whereby rs732739 and linked
regions may mediate brain development and function via regulation of
gene expression, alternative splicing, protein interactions or other me-
chanisms, with regard to both autism and psychotic-affective spectrum
disorders.
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