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A B S T R A C T   

Purpose: To describe a case of Alström syndrome arising from maternal uniparental disomy. 
Observations: A 13-month-old boy with poor vision and nystagmus was diagnosed with Alström syndrome based 
on genetic testing that identified a homozygous pathogenic variant, ALMS1 c.2141_2141del (p.Ser714Tyrfs*6), 
that was only found in his mother and not his father. In contrast to the usual autosomal recessive inheritance 
pattern in which a child inherits a variant from each parent, multi-step genetic testing of the child and both 
parents confirmed uniparental disomy as the mechanism of inheritance. 
Conclusions and Importance: Confirmation of uniparental disomy in autosomal recessive disorders allows for 
parental assurance that future offspring will be unaffected.   

1. Case report 

A 13-month-old boy was referred for evaluation of poor vision and 
nystagmus. His parents noted that he could see things up close but 
struggled to see things far away. He was noted to have vertical 
nystagmus and head shaking at 5 months of age which improved. He was 
intolerant of outside light and squinted and turned his head to the side to 
avoid it, but seemed to see well in dim illumination. He had develop-
mental delay and was not meeting his speech milestones. Family history 
identified no other similarly affected family members. Parents were non- 
consanguineous and were of Asian-European and African American 
heritage. 

On examination, the baby was photophobic but was able to follow 
optokinetic stimuli using either eye. Both pupils reacted briskly to light 
with no afferent pupillary defect, but he showed paradoxical pupillary 
constriction to darkness. He had frequent eye rubbing with a moderate 
amplitude, moderate frequency upbeating conjugate nystagmus with 
occasional horizontal intrusions. There was no head shaking or torti-
collis. Results of anterior segment examination were normal. Retinos-
copy disclosed a refractive error of +4.50 + 1.00 × 90◦ in both eyes. 
Retinal examination showed normal optic discs, maculas, and peripheral 
retinas, with retinal arteriolar constriction in both eyes. 

Electroretinography performed with skin electrodes showed absent cone 
function but robust, nearly normal rod function. The child’s weight was 
above the 90th centile for his age. Hemoglobin A1C testing was normal, 
and his hearing was within normal limits. 

Genetic testing involved four separate steps to establish a diagnosis 
of this Alström syndrome in this child. First, targeted next generation 
sequencing and copy number analysis was initiated using Molecular 
Vision Panel version 12 (Molecular Vision Laboratory, Portland, Ore-
gon). Panel testing was chosen as the first line of testing given the sig-
nificant genetic heterogeneity of inherited retinal dystrophies and the 
significant phenotypic overlap between different genetic conditions 
leading to retinal dystrophy.1 This panel identified a homozygous 
pathogenic variant in ALMS1, c.2135_2136delCT (p.Ser712TyrfsTer6). 
The variant meets ACMG criteria for pathogenicity.2,3 Specifically, this 
variant has previously been reported in compound heterozygous state 
with another pathogenic variant in a patient affected with Alström 
syndrome, thereby meeting PM3 criteria.2,4 It has not been reported in 
gnomAD (gnomAD.broadinstitute.org), meeting PM2 criteria.2 Finally, 
this is a frameshift variant causing premature truncation, in a gene 
where loss-of-function variants are a known mechanism of disease.2 

Parental testing was conducted next; the ALMS1 pathogenic variant 
was detected in the patient’s mother but not in his father. The next step 
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in testing was a chromosomal microarray using both copy number and 
single nucleotide polymorphism probes (SNPs) on a whole-genome 
array (Applied Biosystems (Affymetrix) CytoScan HD platform that 
included 1.9 million copy number probes and 750,000 SNPS) using in 
silico controls. The microarray revealed a 42.2 Mb stretch of homozy-
gosity (isodisomy) on chromosome 2p16.1q12.1. This was followed by 
PCR analysis of the patient and his parents using the microsatellite 
markers D2S319, D2S162, D2S2259, D2S391, D2S2368, D2S2216, 
D2S347, D2S112, D2S151, D2S2330, D2S335, D2S2382, D2S396, and 
D2S338, which confirmed that the patient inherited only maternal al-
leles on chromosome 2 (Fig. 1). Thus, the mechanism of Alström syn-
drome in this patient is a homozygous pathogenic variant in ALMS1 due 
to maternal isodisomy from 2p16.1 to p21.1 of which the ALMS1 gene is 
within the region of isodisomy. The remainder of chromosome 2 con-
sisted of all maternal heterodisomic alleles. 

2. Discussion 

Mutations in the ALMS1 gene are associated with Alström syndrome, 
a multisystem disorder defined by a variable constellation of features 
that can include congenital nystagmus, cone-rod dystrophy, bilateral 
sensorineural hearing loss, cardiomyopathy, insulin resistance and type 
2 diabetes, chronic kidney disease, non-alcoholic fatty liver disease, 
short stature, hypogonadism in males, bladder dysfunction, and obesity. 
The ALMS1 gene encodes a protein that localizes to the centrosomes and 
the base of the cilium5,6 Pathogenic variants are associated with 
age-dependent loss of primary cilia, suggesting that the Alström syn-
drome phenotype results in impaired ciliary function rather than 
abnormal ciliary development.5 Accordingly, Alström syndrome is now 
classified among the ciliopathies, which are characterized by abnormal 
ciliary function affecting multiple organs, including the retina, central 
nervous system, renal epithelium, body axis, and other sensory 
organs.7,8 

Children with Alström syndrome may phenocopy Leber congenital 

amaurosis by presenting with early visual impairment, nystagmus, and 
photophobia before going on to develop truncal obesity within the first 
year, sensorineural hearing loss in the first decade, and insulin-resistant 
diabetes in the second decade.6,8 However, most patients maintain a 
recordable ERG, showing a cone-rod dysfunction with a nearly electro-
negative waveform.9 OCT shows extensive outer retinal layer atrophy.9 

Another ciliopathy, Bardet-Biedl syndrome, can present with cone-rod 
dystrophy, obesity, hypogonadism, and renal disease similar to 
Alström syndrome.10 

However, nearly 80% of patients with Bardet-Biedl syndrome have 
post-axial polydactyly and 66% have cognitive impairment, while these 
features are not characteristic of Alström syndrome. Additionally, car-
diomyopathy, progressive sensorineural hearing loss, pulmonary 
fibrosis, and pulmonary hypertension may be observed in Alström syn-
drome, but are not characteristic of Bardet-Biedl syndrome.11 

Infants with Alström syndrome can manifest respiratory distress with 
tachypnea and tachycardia secondary to cardiomyopathy with left 
ventricular dilatation and decreased myocardial function. Infants that 
survive the initial episode often show progressive improvement, with 
little evidence of long-term deleterious effect in cardiac function.12–14 A 
transient cardiomyopathy and progressive renal function are also com-
mon. Due to their ciliopathy, some patients with Alström syndrome have 
difficulty clearing the airway of debris, and as a result may have pul-
monary symptoms including recurrent respiratory infections and ear 
infections.15 

Alström syndrome is typically inherited in an autosomal recessive 
pattern, in which a child inherits one pathogenic variant in the ALMS1 
gene from each parent. In this case, however, the patient inherited both 
copies of chromosome 2 from his mother, reflecting a mechanism known 
as uniparental disomy (UPD), in which both copies of a chromosome are 
inherited from a single parent. UPD is attributed to errors in meiosis that 
result in a zygote with three copies of one chromosome (aneuploidy), 
followed by mitotic error that results in an embryo with the typical 
number of chromosomes (trisomy rescue).16 In this case, the patient had 

Fig. 1. Chromosomal microarray for chromosome 2 (left) showed a 42.2 megabase segment from 2p16.1 to 2q12.1 with absence of heterozygosity (AOH), repre-
sented by the purple bar. This region includes the ALMS1 gene. Uniparental disomy results (right) shows allele sizes for each microsatellite marker on chromosome 2. 
The chromosomal location of the microsatellite markers are displayed along chromosome 2 on the left image. The two microsatellite markers highlighted in orange 
are within the region of AOH on the chromosomal microarray, with the bolded marker, D2S2368, showing maternal isodisomy. Due to allele sizes, the other marker 
within the AOH region, D2S2216, is uninformative. Other informative markers showing maternal heterodisomy include D2S319, D2S2259, D2S112, D2S151, 
D2S2382, D2S396, which aligns with the heterozygosity observed on the chromosomal microarray. The remaining markers were uninformative. (For interpretation 
of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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mixed heterodisomy and isodisomy, in which a portion of chromosome 
2 was identical on both copies as the origin of the 42.2 Mb region of 
chromosome 2 was from one maternal grandparent while the remaining 
portions of chromosome 2 were from both maternal grandparents as a 
result of crossing over during meiosis 1. While the mother was a carrier 
of a single pathogenic variant in the ALMS1 gene on chromosome 2, the 
patient inherited two copies of the ALMS1 pathogenic variant within the 
region of homozygosity. While this appears to be the first reported case 
of Alstrom syndrome caused by uniparental disomy, uniparental disomy 
is a known, but uncommon, cause of autosomal recessive disease.16 

In genetic investigation, it is common practice to assume parental 
carrier status when an affected child is identified to have a homozygous 
pathogenic variant. In this case, parental testing was performed because 
the variant in ALMS1 was extremely rare, and because the patient’s 
parents were non-consanguineous and came from different ethnic 
backgrounds, making it unlikely for both parents to be carriers for the 
same rare variant. When the ALMS1 variant was detected in the patient’s 
mother but not his father, chromosomal microarray testing was per-
formed and revealed a large region of homozygosity, confirmed to be of 
maternal origin only. UPD was confirmed by PCR and supported that the 
maternal chromosome 2 in the patient was of mixed heterodisomy and 
isodisomy. This case illustrates the importance of parental testing when 
autosomal recessive variants are identified. Indeed, a recent study of 
genotype data from over four million research participants in the 
23andMe and UK Biobank databases estimated that UPD occurs in 
approximately 1 in 2000 relatively healthy individuals.17 UPD appears 
to be further enriched in some clinical populations, with a study of over 
30,000 clinical exome trios from a cohort of patients with neuro-
developmental disorders resulting in a UPD rate as high as 3 per 1000.18 

This case illustrates the importance of genetic testing for a child with 
vision impairment and nystagmus as a syndromic condition such as 
Alstrom syndrome can be uncovered. This diagnosis requires close 
follow up and care coordination. This case also supports the importance 
of parental testing. Identification of uniparental disomy provides a 
framework for genetic counseling and significantly reduces the recur-
rence risk for this recessive condition. 
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