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Abstract

Introduction: Purine-rich element-binding protein A (PURA) encodes Pur-alpha, a 

transcriptional activator protein is crucial for normal brain development. Pathogenic variants 

in PURA are known to cause mental retardation, autosomal dominant 31, characterized by 

psychomotor delay, absent or poor speech, hypotonia, feeding difficulties, seizures or ‘seizure-

like’ movements, and dysmorphism. PURA-related neurodevelopmental disorder result either 

from heterozygous pathogenic sequence variants in PURA or microdeletions spanning PURA.

Methods: Singleton exome sequencing was performed for index patient. The pathogenic variant 

identified was validated and segregation analysis was performed by Sanger sequencing.

Results: We report on a patient of PURA-related neurodevelopmental disorder identified with a 

novel de novo stop-gain variant. In addition to typical phenotype, patient also had hypersensitivity 

to various stimuli which was not reported in PURA-related disorder. However, patient shares 

phenotype with ‘infantile hypotonia with psychomotor retardation and characteristic facies 2’ 

(IHPRF2) caused by biallelic pathogenic variants in UNC80.

Conclusion: This study expands the phenotypic spectrum of PURA-related neurodevelopmental 

disorder and adds on to genetic heterogeneity of IHPRF phenotype. We propose PURA-related 

neurodevelopmental disorder to be considered as one of the subtypes of IHPRF.
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Introduction

Neurodevelopmental disorders (NDD) are genetically heterogeneous disorders characterized 

by various intellectual, behavioral and motor disabilities. Cumulatively, it affects about 2-5% 
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of the population with varying degrees of severity (Boyle et al., 2011). The advent of 

next-generation sequencing technique has led to the rapid discovery of new NDD genes. 

The application of trio whole exome sequencing (WES) has enabled the identification of 

pathogenic de novo variants in a significant proportion of patients with NDD (Hamdan et al., 

2014).

Mental retardation, autosomal dominant 31 (MIM# 616158) is a neurodevelopmental 

disorder caused by heterozygous pathogenic variants in the PURA gene. It is characterized 

by moderate to severe psychomotor delay, absent or poor speech development, 

hypotonia, feeding difficulties, respiratory problems, seizures or ‘seizure-like’ movements, 

dyskinesia, and dysmorphism. PURA-related neurodevelopmental disorders result either 

from heterozygous pathogenic sequence variants in PURA or microdeletions spanning 

PURA (Reijnders et al., 2017). To date, including the present patient, a total of 80 patients of 

PURA-related NDD have been reported (Shimojima et al., 2011; Hosoki et al., 2012; Brown 

et al., 2013; Hunt et al., 2014; Lalani et al., 2014; Bonaglia et al., 2015; Tanaka et al., 2015; 

Reijnders et al., 2017; Okamoto et al., 2017).

We describe a case of PURA-related NDD identified through WES with de novo pathogenic 

variant. Furthermore, we compare the phenotype of PURA-related NDD with a clinically 

indistinguishable phenotype of disorders with ‘infantile hypotonia with psychomotor 

retardation and characteristic facies’ (IHPRF) resulting from biallelic pathogenic variants 

in either of these genes, viz., UNC80, NALCN, or TBCK and propose that PURA-related 

NDD should be classified as an additional subtype of IHPRF.

Methods

Clinical report

We ascertained a 4-year-old girl with a complaint of developmental delay. She was the 

first child of non-consanguineous healthy couple, born at term following uncomplicated 

pregnancy with a birth weight of 3.2 kg (0 SD) (Fig. 1A). She was transferred to 

neonatal intensive care unit for generalized hypotonia, lethargy, and abnormal ‘seizure-

like’ movements on day 2 of life. Early-onset feeding difficulties including poor sucking, 

dysphagia, and drooling were present. She attained social smile at 6 months, neck holding at 

14 months, unsupported sitting at 3 years, and bisyllables at 2 years. No further milestones 

were achieved. She had poor speech with only 3-4 words vocabulary. There was no history 

of regression of milestones. On clinical examination, her occipitofrontal circumference was 

47 cm (−3.5 SD), length 93 cm (−2 SD) and weight 10.6 kg (−3.5 SD). Dysmorphic features 

including brachycephaly, hypotonic facies, telecanthus, downslanting palpebral fissures, 

strabismus, wide nasal bridge, bulbous nasal tip, thick vermilion of lips, and open mouth 

with drooling of saliva were noted (Fig. 1B). She had profound truncal as well as peripheral 

hypotonia, poor coordination, and dyskinetic face and limb movements. Hypersensitivity 

to various stimuli (sound, light, and on eliciting deep tendon reflexes) were observed. 

Rest of the systemic examination was unremarkable. Ophthalmological evaluation revealed 

nystagmus with alternating esotropia. Hearing assessment, echocardiography and magnetic 

resonance imaging (MRI) of the brain were normal.
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Molecular testing

The EDTA blood samples were collected from the patient and her parents after obtaining 

written informed consent from the parents. WES (Illumina, Inc., San Diego, California, 

USA) was performed for the patient as described earlier (Girisha et al., 2016; Shukla et 

al., 2017). For WES data analysis, the raw data was processed and converted to a FASTQ 

format using an in-house pipeline based on GATK Best Practices. This data was annotated 

by ANNOVAR and in-house scripts. The called variants were analyzed based on variant 

prioritization and filtering strategy outlined in Supplementary Table S1. Validation of the 

identified variant and segregation analysis were done by Sanger sequencing.

Results

On analysis of the WES data, a novel stop-gain variant c.178G>T, p.(Glu60Ter) was 

observed in exon 1 of PURA (NM_005859.4) in heterozygous state in the patient (Fig. 

1C). This variant is likely to result in premature termination of translation leading to either 

nonsense-mediated mRNA decay or a truncated protein. The variant was not observed in 

population databases like gnomAD, 1000 Genomes Project, Exome Aggregate Consortium, 

and in our in-house data of 700 exomes in either heterozygous or homozygous state. 

Multiple lines of in-silico prediction tools (MutationTaster, FATHMM-MKL and LRT) were 

predicting the variant to be disease causing. Sanger validation of the identified variant was 

done in the patient. On segregation analysis, the variant was not observed in her parents (Fig. 

1C). As per ACMG guidelines, variant was classified as pathogenic (PVS1, PS2, PM2, PP3) 

and submitted in the ClinVar database ().

Discussion

The proband was clinically diagnosed as IHPRF in view of developmental delay, significant 

hypotonia, characteristic facies, and hypersensitivity to sensory stimuli. However, WES 

revealed a novel pathogenic variant in PURA known to cause mental retardation, 

autosomal dominant 31. Individuals with pathogenic variants in PURA present with 

consistent phenotype of developmental delay with lack of independent walking and poor 

speech, hypotonia, early-onset feeding difficulties, abnormal ‘seizure-like’ movements, and 

dyskinesia (Hunt et al., 2014; Lalani et al., 2014; Tanaka et al., 2015). Visual abnormalities 

like strabismus, nystagmus, and esotropia are frequently observed. Subtle dysmorphic 

features noted in most individuals including the present proband, includes hypotonic facies, 

telecanthus, downslanting palpebral fissures, bulbous nasal tip, and open mouth (Hunt et 

al., 2014; Lalani et al., 2014; Tanaka et al., 2015). Growth abnormalities like microcephaly, 

short stature and poor weight gain are additional findings in this disorder (Hunt et al., 2014; 

Reijnders et al., 2017). Excessive hiccups, hypersomnolence, congenital apnea, stereotypic 

hand movements, regression and scoliosis have been identified in significant number of 

patients earlier, but not seen in present proband (Reijnders et al., 2017). On brain MRI, 

white matter abnormalities or delayed myelination were reported in 23/79 patients (Hunt et 

al., 2014; Lalani et al., 2014; Tanaka et al., 2015; Reijnders et al., 2017). However, brain 

MRI of present proband was normal at the age of 4 years.
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PURA-related NDD and IHPRF (Table 1) share a common findings of psychomotor 

retardation, profound hypotonia, seizures or ‘seizure-like’ movements, dyskinesia, visual 

abnormalities, and characteristic facial dysmorphism. Growth delay and musculoskeletal 

abnormalities including scoliosis and joint contractures were also reported in all. In 

literature, exaggerated startle reflex to sound has been reported in PURA-related NDD. The 

proband demonstrated hypersensitivity to various stimuli like sound, light, and on eliciting 

deep tendon reflexes, reported frequently in IHPRF2 (MIM# 616801) caused by biallelic 

pathogenic variants in UNC80 (Stray-Pedersen et al., 2016). Other subtypes of IHPRF i.e. 

IHPRF1 (MIM# 615419) and IHPRF3 (MIM# 616900) share similar phenotype to UNC80-

related IHPRF, except hypersensitivity to stimuli. Non-specific white matter abnormalities 

have been reported in PURA-related NDD as well as all subtypes of IHPRF (Al-Sayed et al., 

2013; Köroğlu et al., 2013; Hunt et al., 2014; Lalani et al., 2014; Tanaka et al., 2015; Bhoj et 

al., 2016; Perez et al., 2016; Shamseldin et al., 2016; Stray-Pedersen et al., 2016; Reijnders 

et al., 2017).

The human purine-rich element-binding protein A (PURA) is located on chromosome 

5q31.2. It encodes a single-stranded nucleic acid binding protein, Pur-alpha. It is a highly 

conserved multifunctional protein with unwindase activity, which plays important role in 

DNA replication, DNA transcription, RNA trafficking, and translation (Weber et al 2016). 

The functionality of Pur-alpha relies on the three conserved PUR repeat motifs: PUR I, 

PUR II, and PUR III (Graebsch et al., 2009, Weber et al., 2016). Functional studies in 

mice suggest that PURA is required for normal brain development, neuronal proliferation, 

dendritic maturation, and synapse formation. PURA knockout mice have demonstrated 

ataxic gait, seizures, tremor, lethargy, and early death with white matter abnormalities, 

reduced number of neurons, and altered synapse morphology recapitulating the phenotype 

observed in human beings (Khalili et al., 2003; Hokkanen et al. 2012).

Of the 80 reported PURA-related NDD patients, including the present patient, 72 patients 

had PURA intragenic sequence variants and eight patients had nonrecurrent 5q31.3 

microdeletions spanning the PURA gene (Reijnders et al., 2017). The missense pathogenic 

variants occur in one of the three PUR repeats, while truncating pathogenic variants span 

across the entire gene (Hunt et al., 2014; Lalani et al., 2014; Tanaka et al., 2015; Okamoto 

et al., 2017). These variants probably result in functional haploinsufficiency of the protein 

(Hunt et al., 2014). Almost all patients, including the present patient, had de novo variants 

except for one patient where gonosomal mosaicism was observed in one of the clinically 

unaffected parents (Reijnders et al., 2017). The neurodevelopmental features of patients 

with PURA pathogenic variants and those carrying microdeletions are similar. However, 

phenotype is more severe in patients with a larger deletion spanning multiple genes in 

addition to PURA (Hosoki et al., 2012; Brown et al., 2013; Lalani et al., 2014; Bonaglia et 

al., 2015).

Hence, we conclude that PURA-related NDD should be considered in the evaluation 

of children with profound hypotonia, psychomotor retardation, dyskinesia, sensory 

hypersensitivity, and characteristic dysmorphic facies. We propose PURA-related NDD to be 

considered as one of the subtypes of IHPRF due to striking similarity of their phenotypes.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
(A) Pedigree of affected family

(B) Clinical photographs of proband: subtle dysmorphic features with brachycephaly, 

hypotonic facies, telecanthus, downslanting palpebral fissures, strabismus, wide nasal 

bridge, bulbous nasal tip, thick vermilion of lips, open mouth and profound hypotonia

(C) IGV of proband showing sequence variant c.178G>T, p.(Glu60Ter) in PURA in 

heterozygous state and sequence chromatograms of affected family showing heterozygous 

variant c.178G>T, p.(Glu60Ter) in PURA in the proband. The variant was not observed in 

her parents
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