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UBRS5 loss-of-function variants in autism
spectrum disorder and intellectual
disability: case series and review of the

literature
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UBR5 encodes an E3 ubiquitin-protein ligase which targets distinct N-terminal residues of proteins for
degradation. Heterozygous loss-of-function variants were reported in patients with Autism Spectrum
Disorder (ASD) and developmental delay, and recently in a cohort of individuals with
neurodevelopmental disorders and variable other features. Here, we report three unrelated individuals
with de novo loss-of-function variants in UBR5, presenting with ASD and intellectual disability. We
review the literature for other de novo predicted loss-of-function variants in probands with ASD or
developmental delay (in total n = 11 variants), providing further evidence that UBR5 haploinsufficiency
is associated with ASD and atypical neurodevelopmental trajectories, including developmental delay

and intellectual disability.

Ubiquitination describes the attachment of ubiquitin to proteins, which
regulates many aspects of protein function and stability, including
protein degradation via the proteasome, subcellular localization, and
interactions with other molecules. Ubiquitin protein ligase E3 com-
ponent n-recognin 5 (UBR5), a gene mapping to chromosome 8q22,
encodes an E3 ubiquitin-protein ligase with substrate specificity. It is
expressed in the brain and targets distinct N-terminal residues of
proteins. UBR5 has primarily been studied for its role in cancer, but also
has essential functions for early development'. UBRS5 is crucial for
embryonic stem cell growth and maintenance of pluripotency™. Het-
erozygous Ubr5 mouse knockouts were reported to have normal
development and fertility, whereas homozygous knockout mice were
embryonically lethal, with delayed growth and development including
impaired extraembryonic vascular development’. A definitive biologi-
cal role or list of target genes and cellular pathways have yet to be
established.

In humans, loss-of-function (LOF) variants in UBR5 are exceptionally
rare in the general population (gnomAD pLI score 1), indicating negative
selection’. Heterozygous de novo LOF variants in UBRS5 were reported in
cohorts of Autism Spectrum Disorder (ASD) and intellectual disability
(ID)*". In addition, a recent study described 9 individuals with 8 different
LOF variants and 8 individuals with 7 missense/in-frame variants that
resulted in reduced ubiquitination activity or altered subcellular location. All
variants were either de novo or found in mosaic state in a parent'’. However,
the gene-disease association remains to be further characterized. Other
genes encoding ubiquitin-protein ligases within this N-end rule pathway
(UBR1, UBR6, and UBR?) have been associated with autosomal recessive or
autosomal dominant neurodevelopmental syndromes. UBRI deficiency
causes autosomal recessive Johanson-Blizzard syndrome (OMIM-P
243800), and biallelic variants in UBR7 are associated with autosomal
recessive Li-Campeau syndrome (OMIM-P 619189). Haploinsufficiency of
UBRS, currently known as FBXO11, is associated with autosomal dominant
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intellectual disability, distinctive facial features, and behavioral abnormal-
ities (including ASD) (OMIM-P 618089).

Here, we describe three unrelated individuals with de novo, predicted
LOF variants in UBR5 from the Autism Speaks MSSNG whole genome
sequencing collection®. All individuals presented with ASD and ID. We also
review previously reported de novo LOF variants from the literature and
other data repositories and provide additional evidence that UBR5 hap-
loinsufficiency is associated with variable neurodevelopmental phenotypes,
including ASD, developmental delay and ID.

Results

MSSNG cohort

Three individuals with de novo, predicted loss-of-function variants in UBR5
presented with ASD and ID. No other pathogenic or likely pathogenic
genomic variants in neurodevelopmental disease genes were identified by
genome sequencing in these three individuals.

Individual 1 (AU2562301) has ASD and ID, and was identified with a
de novo pathogenic deletion of 4 nucleotides in UBRS5, predicted to result in
a frameshift variant (NM_015902.6(UBR5): c.4447_4450del; p.lle1483-
Phefs*21). The first developmental and behavioral concerns became evident
at 2.5 years of age. He walked unaided at the age of 12 months and spoke first
words at the age of 48 months. His growth parameters were within normal
limits with a head circumference in the upper normal range (Z-score at 9
years: height -0.74; weight -0.32; and head circumference 1.81; at 17 years:
height -1.45, and head circumference -0.45). Cognitive developmental
testing administered between 7 and 10 years showed extremely low cogni-
tive functioning (full scale IQ score, verbal IQ score, and performance IQ
score all in the extremely low range on the Griffiths) and extremely low
adaptive functioning (socialization, communication, daily living skills, and
adaptive behavior domains all in the extremely low range on the Vineland
Adaptive Behavior Scales 1984 Edition). No childhood regression or loss of
skills were reported. At 17 years of age, he exhibited no signs of epilepsy,
movement disorders, or other neurological abnormalities, and brain MRI
findings were unremarkable. Behavioral concerns included anxiety and
psychomotor agitation. Facial features were notable for prominent ears.

Individual 2 (AU2618301) was identified with a de novo pathogenic
deletion of two nucleotides in UBRS5, predicted to result in a frameshift
variant (NM_015902.6(UBR5): ¢.752_753del; p.Leu251Profs*2). He was
diagnosed with ASD and significant language development disorder.
Growth measurements taken at 9 years showed height in the upper normal
range and macrocephaly (Z-score at 9 years: height 1.71; head cir-
cumference 3.56). Cognitive developmental testing administered between 4
and 5 years showed extremely low cognitive functioning (non-verbal I1Q
score in the extremely low range on the Raven version 1) and extremely low
adaptive functioning (socialization, communication, daily living skills,
adaptive behaviour, and motor skills domains all in the extremely low range
on the Vineland Adaptive Behavior Scales 1984 Edition). Autistic features
included impairments in communication and social interaction, as well as
repetitive, restrictive, and stereotyped behaviors, as observed on the ADOS
at age 9. At age 4, the ADI-R similarly indicated delays in communication
and language, difficulties in social interaction, repetitive and stereotyped
behaviors, and abnormal early development. He did not present with epi-
lepsy, movement disorders, other neurological abnormalities, congenital
anomalies, or distinctive facial features. A brain MRI performed at age 4
revealed marked bifrontal underdevelopment of the cerebral hemispheres
and streaky hyperintensities in the white matter.

Individual 3 (7-0657-003) was identified with a pathogenic de novo
canonical splice site variant in UBRS, predicted to change the acceptor site
2 bps downstream (NM_015902.6(UBR5): ¢.4059-2 A > G; p.?). He began
crawling at 9 months, walked unaided at 18 months, and spoke first words at
18 months, 2-3 word phrases at 2 years, and full sentences at 3-4 years.
Developmental and behavioral concerns emerged around age 3, including
globally slow learning, delayed language and pre-academic skills, limited
peer interactions, absence of imaginative play, and anxiety. He was subse-
quently diagnosed with ASD (based on ADOS-2, CARS-2, structured

parent interview, and direct observation by a licensed psychologist).
Additional diagnoses included Attention-Deficit/Hyperactivity Disorder
(ADHD) and sensory processing disorder. Delays were noted across
expressive and receptive language, fine motor skills, sensory processing, and
activities of daily living. Growth parameters at 3 years were within normal
limits (Z-score at 3 years: height —0.59; weight —0.28). Physical examina-
tion was unremarkable, including normal findings across head, eyes, ENT,
neck, cardiovascular, gastrointestinal, integumentary, genitourinary, lym-
phatic, musculoskeletal, skin, and neurologic systems. At age 10, cognitive
testing revealed very low non-verbal IQ on the Stanford-Binet Intelligence
Scales (Fifth Edition) and extremely low scores on the Adaptive Behavior
Assessment System (Third Edition). By age 13, he was enrolled in a special
education classroom, focusing on daily living, self-care, pre-vocational skills,
and fostering independence. Caregivers reported behavioral challenges,
including outbursts triggered by frustration and sound sensitivity.

Published cohorts

We searched the medical and scientific literature for additional loss-of-
function variants in UBR5 and identified another 8 loss-of-function variants
in 9 individuals with ASD and/or developmental disorders, in addition to
the recent report of 15 LOF and functionally confirmed missense/in-frame
variants by Sabeh et al. (Table 1). Five of the 9 individuals were from ASD
cohorts, while four were recruited for developmental delay as their primary
phenotype. Two individuals had IQ data available and had scores in the very
low-borderline impaired range (Leiter-R’,) and low average range (testing
method unavailable™"’. No UBRS single gene deletions were reported so far,
however, larger ( > 1 Mb) 8q22.2-q22.3 deletions encompassing UBR5 and
multiple other OMIM genes are associated with intellectual disability, ASD,
and seizures"™".

Gene evidence
De novo UBR5 loss-of-function variants in individuals with ASD, ID and/or
developmental delay (DD) were distributed throughout the gene with no
obvious clustering (Fig. 1). Loss-of-function variants in UBRS5 are overall
very rare in the gnomAD v4.1.0 dataset, indicating a high probability of
being loss-of-function intolerant (gnomAD pLI score 1,and alow observed/
expected (oe) metric of 0.05 (0.03-0.07)). No inherited deletions of the gene
were reported in the Database of Genomic Variants (DGV)'® or Decipher"”.
UBRS5 also has high missense constraint scores (z =8.38; o/e =0.61;
0.59-0.63), indicating that missense variants are also under negative selec-
tive pressure. De novo missense variants of uncertain significance with allele
frequencies = 0 in gnomAD were reported in additional individuals from
MSSNG and other cohorts (Table S1, Fig. S1), however their functional and
clinical significance remained unconfirmed.

Discussion

We describe three unrelated individuals with de novo predicted LOF var-
iants in UBRS5 (2 frameshift, 1 splice site). These findings are consistent with
other variants described in the literature, including 23 de novo LOF and
functionally confirmed missense/in-frame variants in individuals with ASD,
intellectual disability, or developmental delay’"'*"". Variants were mostly
unique per family and were distributed throughout the gene. By their
location, all LOF variants were predicted to cause nonsense-mediated
mRNA decay resulting in reduced gene expression'®. Most of the individuals
were described in the context of large cohort studies, some with limited
phenotype information. However, the frequent reporting of de novo
occurrence in this and the previous study, and high loss-of-function con-
straint metrics (pLI of 1 in the latest gnomAD release v.4.1.0), support a
pathogenic impact of UBR5 haploinsufficiency.

Evaluation of Autism Gene Link Evidence (EAGLE) is a multi-
disciplinary consensus-based scoring system for autism-associated genes".
A high curation score of 18.45 provided strong evidence for UBR5 being
linked to ASD (https://gene.sfari.org/database/human-gene/UBR5). Most
(7/11) of the de novo loss-of-function variants in UBRS5 in this study were
identified in ASD cohorts, suggesting that ASD is a highly prevalent
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Fig. 1 | De novo loss-of-function variants and
pathogenic/ likely pathogenic missense / in-frame
variants in UBR5. Putative structure of UBR5
(NM_015902.6) consists of ubiquitin-associated
(UBA) domain, Zinc finger domain, poly(A)-bind-
ing protein C-terminal domain (PABC), and HECT
domain (https://www.uniprot.org/). Location of
predicted loss-of-function variants (above) and
missense/in-frame variants with functional evidence
(below). Genomic size: 160,428 nucleotides, exon [‘
count: 59, Protein: 2799 amino acids, 18,734 -
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phenotype. Other neurodevelopmental features, including intellectual dis-
ability and developmental delay, were frequently reported (Table 1)".
Atypical language development and low verbal IQ scores were reported,
though some individuals demonstrated average performance or non-verbal
IQ scores. In the study by Sabeh et al., heterozygous UBR5 loss-of-function
variants were not associated with a consistent pattern of physical or growth
abnormalities; however, a subset of individuals presented with features such
as short or tall stature, microcephaly or macrocephaly, epilepsy, movement
disorders, and cardiac or genital anomalies. Of the three additional pro-
bands with de novo loss-of-function variants in UBR5 reported in this study,
one individual presented with abnormal brain MRI findings and macro-
cephaly. Although clinical variability appears to be substantial, hetero-
geneous phenotypic data may limit accurate comparisons, and some of the
reported features could be attributable to alternative, including multi-
factorial, etiologies. Heterozygous mouse and zebrafish models did not
reveal obvious morphological abnormalities**’, and effects of UBR5 loss on
gene expression were suggested to become more apparent at later devel-
opmental stages and potentially confined to specific tissues’'. While the gene
is widely expressed across various tissues, the clinical manifestations asso-
ciated with haploinsufficiency remain to be fully characterized.

UBR5 encodes an E3 ubiquitin-protein ligase which targets distinct
N-terminal residues of proteins for degradation. UBR-5 was suggested to
upregulate SWI/SNF levels in C. elegans and may thus regulate various
developmental processes”’. Alterations affecting other ubiquitin-protein
ligases with N-terminal substrate specificity (UBR1 and UBR7) have been
associated with rare autosomal recessive neurodevelopmental syndromes:
Biallelic loss of UBRI causes Johanson-Blizzard syndrome, which is char-
acterized by variable intellectual impairment, short stature, failure to thrive,
exocrine pancreatic insufficiency, cardiac anomalies, hypothyroidism,
typical facial features, and genital anomalies (OMIM-P 243800). Biallelic
loss of UBRY causes Li-Campeau syndrome. Patients with this condition can
present with developmental delay, intellectual disability, epilepsy, hypoto-
nia, short stature, cardiac anomalies, and hypothyroidism (OMIM-P
619189). UBR5 was suggested to have overlapping functions with UBR7 in
C. eleganszz, however, no biallelic loss-of-function variants in UBR5 have so
far been reported in humans, and mouse knockouts are embryonically
lethal’. Haploinsufficiency of UBRG, currently known as FBXO11, is asso-
ciated with an autosomal dominant neurodevelopmental disorder, char-
acterized by intellectual disability, distinctive facial features, and behavioral
abnormalities (including ASD) (OMIM-P 618089). For UBR4, there is
supporting evidence that suggests that the gene might be linked to episodic

ataxia™ ™,

evidence.

Seven de novo missense/in-frame variants in UBR5 were reported to
impair in vitro autoubiquitination or alter subcellular localization (Fig. 1 and
Table 1)"°. Additional de novo missense variants in UBR5 and associated
phenotypes arelisted (Table S1). Although de novo occurrence of a genomic
variant may support its potential pathogenicity, it is not sufficient on its own
to establish a pathogenic classification, particularly when the associated
phenotype is nonspecific and genetically heterogeneous, as is often the case
with neurodevelopmental disorders. Platforms such as GeneMatcher are
valuable for facilitating collaboration among researchers and clinicians
studying the same genes. However, the non-systematic nature of data
submission and the overrepresentation of phenotypically similar cases can
introduce confirmation bias, particularly in the context of de novo variants
in genes considered “of interest”. In the study by Sabeh et al., most of the
experimentally assessed variants did not clearly localize to known functional
domains of the UBR5 protein, aside from two variants within the zinc finger
domain (Fig. 1). This limits the ability to draw conclusions about the
pathogenicity of other de novo missense variants in UBR5 in the absence of
functional validation.

Heterozygous loss-of-function variants in UBR5 are associated with
autism, developmental delay, and impaired cognitive functioning ranging
from extremely low to borderline. While our data further support an
important function of UBR5 on neurodevelopment, the molecular
mechanisms and the spectrum of clinical presentations, including potential
genotype-phenotype correlations, remain to be characterized further.

However, this association requires further confirmatory

Methods

MSSNG cohort

For MSSNG probands, whole genome sequencing on whole blood or saliva
was performed at The Centre for Applied Genomics (TCAG) in Toronto,
Canada, as described previously®. Fragmented DNA (average 350 bp) was
end-repaired, A-tailed and ligated with TruSeq Illumina adapters prior to
library amplification. Validated libraries were pooled in equimolar quan-
tities and sequenced on a HiSeq X platform or NovaSeq 6000 (Illumina, CA,
USA) following the manufacturer’s protocol to generate paired-end reads of
150 bases in length. Reads were mapped using the Burrows-Wheeler Aligner
(BWA). Single-nucleotide variants and small insertions/deletions were
called using GATK. Copy number variants (CNVs) were called using a
modified read depth method with the programs Estimation by Read Depth
with Single-nucleotide variants and CNVnator using a window size of
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500 bp"". Variant calls were annotated using a custom pipeline developed at
TCAG based on ANNOVAR. PCR and Sanger sequencing were performed
for validation and co-segregation analyses. Primer pairs are available upon
request. All variant coordinates refer to the hg38/GRCh38 human reference
genome.

Literature review
After identifying three de novo loss-of-function variants in individuals
with ASD and ID, we performed a literature review and identified
another 9 individuals with 8 different de novo loss-of-function variants
in UBRS. Including the recently published cohort by Sabeh et al. 2025",
there is a total of 26 unique variants in UBR5 reported to date. Those
individuals are part of SFARI datasets (including the Simons Simplex
Collection (SSC)** and SPARK”), the Autism Sequencing Consortium
(ASC), and other international cohorts of autism and developmental
disorders.

Phenotypic data was extracted from study records (MSSNG) or ori-
ginal manuscripts (literature review).

Ethics statement

This study complied with all relevant ethical regulations including the
Declaration of Helsinki. Informed consent was obtained from Autism
Speaks MSSNG participants, and the study was approved by the Research
Ethics Board at The Hospital for Sick Children.

Data availability

Access to the genome sequence and phenotype information from MSSNG
can be obtained by completing data access agreements (https://research.
mss.ng), as was done for this study.
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