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Abstract

Interstitial 19913.11 deletions are associated with ectrodactyly, which has recently been linked to
loss-of-function of the UBA2 gene. We report a boy with a de novo frameshift mutation in UBA2
(c.612delA (p.(Glu205Lysfs*63)), presenting with ectrodactyly of the feet associated with learning
difficulties and minor physical anomalies. We review genotype-phenotype correlations in patients

with chromosomal 19g13.11 microdeletions compared to those with intragenic UBA2 mutations.

Introduction

Ectrodactyly is a clinically and etiologically heterogeneous condition characterized by median clefts
of the hands and/or feet due to the absence of the central digital rays. Other features include aplasia
or hypoplasia of the phalanges, metacarpals and metatarsals and syndactyly. (Gurrieri and Everman,
2013; Jindal et al., 2009).

Recently, loss-of-function mutations of UBA2 (ubiquitin-like modifier-activating enzyme 2, OMIM *
613295) have been identified as a rare cause of ectrodactyly. In a study of fifteen patients with
19g13.11 microdeletions encompassing the UBA2 gene, clinical features were found to overlap the
ectrodactyly ectodermal dysplasia-clefting syndrome (Abe et al., 2018). The hypothesized role of

UBA2 in ectrodactyly was subsequently confirmed by reports of intragenic pathogenic variants in



UBA2 in persons with ectrodactyly, often associated with other minor and major anomalies (Marble
et al.,, 2017; Wang et al., 2019; Yamoto et al., 2019).

We here report a patient with ectrodactyly with additional manifestations carrying a de novo
frameshift mutation in the UBA2 gene. We review the literature of both UBA2 microdeletions and
intragenic pathogenic variants, in order to delineate the phenotype associated with UBA2

haploinsufficiency.

Clinical report

The proband is a male child of nonconsanguineous, parents. He was born at term after a normal
pregnancy, with birth weight 3.350 kg (p 50) and length 50 cm (p 50). He presented bilateral
malformations of the feet (Fig. 1). On the left foot, there were five metatarsals. There was a
complete cutaneous syndactyly of the first two rays and of the third and fourth ray. The first
metacarpal was broadened. The fifth toe lacked the middle phalanx and the third toe lacked the
middle and terminal phalanges. There was a broad gap between the first toe and the middle toes.
The right foot had six metatarsals with a supernumerary hypoplastic metatarsal between the first
and second metatarsal. There were no phalanges on the second and third metatarsals. As on the left
foot, there was a cutaneous syndactyly of the middle toes. There was a wide and deep gap between
the first and middle toes. Similar to the left foot, the fifth toe lacked the middle phalanx, and the
second complete toe lacked the middle phalanges. The hands were normal. He had mild hip
instability, which resolved spontaneously. He underwent surgery at the right foot with removal of the
second and third metatarsal bones, to reduce the wide gap between the first and middle toes. At the
age of 3.6 years, weight was 14.3 kg (-1SD), height 99 cm (-0.4SD) and head circumference 48.7 cm (-
1.1SD). He had a supernumerary nipple, increased hair growth on the back and dry, sparse scalp hair.
There was retrognathia, low set and prominent ears (for which he had surgery later in life), fullness
of the upper eyelids and strabismus with hypermetropia (+4 D and +4.5 D). During infancy, he had

feeding difficulties and recurrent respiratory infections, associated with failure to thrive. Motor



milestones were normal, but speech development was delayed. He presented with learning

difficulties. At the age of 8 years, the diagnosis of autism spectrum disorder was made and he had a

total intelligence quotient of 76 (WISC-V).
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Fig. 1. (A) X-rays of the feet (age 16 months) and (B) cIniI picture of the fét (post-surgery, at age

3.6 years).



Conventional karyotyping (G-banding) and chromosomal microarray (200 kb mean resolution)
showed a normal 46,XY karyotype. Whole genome sequencing and variant analysis were performed
using a trio analysis. Sequencing libraries were generated after DNA shearing (Covaris LE220 plus)
using the Kapa Hyper PCR free preparation kit (Roche). DNA fragments were then paired-end
sequenced (150bp) on the Illumina NovaSeq 6000 system. Reads were aligned to the hg38 reference
genome using BWA. Duplicate reads were marked using Picard MarkDuplicates and base quality
score recalibration was performed using GATK BaseRecalibrator and ApplyBQSR. SNPs and small
indels were called using GATK HaplotypeCaller. Trio members were jointly genotyped using GATK
GenotypeGVCFs. Trio analysis revealed a de novo heterozygous deletion of a single nucleotide in
exon 7 of the UBA2 gene at 19q13.11, causing a frameshift mutation with a premature STOP codon
(NM_005499.2:c.612del, Chr19(CRCh38):2.34443874del, p.(Glu205Lysfs*63)). This variant was

submitted to the DECIPHER database (413410). No additional class 4 or 5 variants were identified.

Discussion

The present case confirms UBA2 loss-of-function variants as a cause of ectrodactyly. Consistent with
previous literature on genetic causes of ectrodactyly, we observe a reduced penetrance in patients
with mutations affecting UBA2; 3/21 in chromosomal deletions and 3/5 in intragenic mutations

(Sowinska-Seidler et al., 2014).
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Table 1. Overview of clinical features of reported patients with a 19q13.11 microdeletion including

UBA2 or an intragenic UBA2 mutation.



Whereas the overall appearance fits with ectrodactyly, the foot malformations in the proband are
more complex, with additional polydactyly and syndactyly. In addition, he has several other
manifestations such as developmental delay, borderline intelligence, autism spectrum disorder and
minor physical anomalies. Previously, several patients with a chromosomal imbalance including UBA2
have been reported, typically involving additional genes and thus additional features. It is now
evident that the phenotype of intragenic UBA2 loss-of-function mutations is also broader than an
isolated ectrodactyly, with various other manifestations that occur in the five reported patients to
date (Table 1). Although we note a significant overlap of clinical characteristics between patients
with microdeletions and patients with intragenic mutations, some important differences between
both groups can be observed. Microcephaly (15/15), genital abnormalities (10/10) and congenital
heart defects (8/12) are more often present in patients harboring 19g13.11 microdeletions
compared to patients with intragenic UBA2 mutations (0/3, 1/2 and 0/1 respectively). Ectrodactyly

however is more specific to patients with intragenic UBA2 mutations (3/5 compared to 3/21).

Recurrent features in both groups include developmental delay, aplasia cutis and hip dysplasia, but
more patients are needed to appreciate the full extent and variability of the phenotype associated

with UBA2 mutations.

The pathogenesis of ectrodactyly due to UBA2 haploinsufficiency is unclear. UBA2 plays a role in
SUMOylation, a post-translational modification process in which a small ubiquitin-like modifier
(SUMO) protein is ligated to a target protein, affecting its structure, intracellular localization, or
activity. SUMOylation is involved in various cellular processes, including cell proliferation and
migration (Yang et al., 2017). UBA2 (also called SAE2) contributes to this pathway by forming a
heterodimer with SAE1 to activate SUMO proteins. Studies in mice highlight a potential role of UBA2

in embryonal development and formation of the limbs. UBA2 expression is widespread in developing



mouse embryos (8.5 to 11.5 days post-coitum), although more abundant at sites of intensive

morphogenetic activity, such as the branchial arches and limb buds (Costa et al., 2011).

In summary, we report a novel patient with ectrodactyly, learning difficulties and minor physical
anomalies harboring an intragenic UBA2 mutation. This finding contributes to establishing the
genotype-phenotype correlations of UBAZ2 loss of function mutations in patients with ectrodactyly

and additional manifestations.
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