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Abstract 

Two 1p36 contiguous gene deletion syndromes are known so far: the terminal 1p36 deletion 
syndrome, and a 1p36 deletion syndrome with a critical region located more proximal at 1p36.23-
1p36.22. We present even more proximally located overlapping deletions from seven individuals, 
with the smallest region of overlap comprising 1 Mb at 1p36.13-1p36.12 (chr1:19077793-20081292 
(GRCh37/hg19)) defining a new contiguous gene deletion syndrome. The characteristic features of 
this new syndrome are learning disability or mild intellectual disability, speech delay, behavioral 
abnormalities, and ptosis. The genes UBR4 and CAPZB are considered the most likely candidate 
genes for the features of this new syndrome. 

 

Keywords 

Chromosomes, Human, Pair 1; Ptosis; Chromosome Deletion; Learning disability; Behavioral 
abnormality 

 

Introduction 

1p36 terminal deletion is considered the most common terminal deletion in humans with an incidence 
of 1 in 5000 newborns.1-3 Partial monosomy of chromosome 1p36 was first described in 1980, and in 
1997 Shapira et al. delineated the 1p36 deletion syndrome.4 The phenotype is variable with the most 
common features being intellectual disability, hypotonia, craniofacial dysmorphic features, growth 
delay, eye/vision problems, seizures and hearing impairment.4 Wu et al (1999) found the critical 
region to be of 6.29 Mb at 1p36.33-1p36.31 (chr1:1-6289973).5 In 2007 Kang et al defined a more 
proximal distinct 1p36 deletion syndrome with a critical region of 2.24 Mb at 1p36.23-1p36.22 
(chr1:9124551-11362893) in five patients.6 The features linked to this region were cognitive deficits, 
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congenital malformations, hirsutism, frontal and parietal bossing, epicanthic folds, and broad and 
arched eyebrows.6 We present seven individuals from five families with even more proximally 
located overlapping interstitial deletions in 1p36.13-1p36.12 and define this as a third contiguous 
gene deletion syndrome linked to 1p36.  

 

Material and methods 

Cases with overlapping deletions in 1p36 were identified via the DECIPHER Database (Database of 
Chromosomal Imbalance and Phenotype in Humans using Ensembl Resources).7 Only individuals 
with isolated deletions less than 5 Mb were included in the study. The literature was reviewed to 
identify individuals with isolated overlapping 1p36 deletions.  

Consent for publication of clinical features and photos were obtained from all individuals shown in 
figure 1.  

Candidate genes in the smallest region of overlap (SRO) were selected as OMIM genes with a pLI 
score > 0.8 (pLI = probability of LoF intolerance) in the Genome Aggregation database (GnomAD, 
accession date July 2nd, 2019).8  

 

Results 

Clinical features are listed in Table 1, and a summary of clinical features can be seen in Table 2. 
Detailed case descriptions can be seen in supplementary material.  

Photos and schematic presentation of the 1p36 deletions are shown in Figure 1.  

The SRO for individuals presenting with learning disability or mild intellectual disability, behavioral 
anomalies, and ptosis encompassed 1 Mb at chr1:19077793-20081292 (GRCh37/hg19). Individual 8 
was described as non-dysmorphic and had a limited overlap with the SRO of 66 bp. She was not 
considered having the new microdeletion syndrome and her presence might indicate that the SRO 
could be even smaller.  

The father of individual 3 was not available for analysis, and the mother did not have the deletion. 
The array data of individual 3 revealed 35 SNPs in the region of the deletion. Nine of 35 SNPs were 
not maternally inherited, and the deletion was concluded to be of the maternal allele. The remaining 
SNPs were non-informative but in concordance with loss of maternal allele. As the mother did not 
have the deletion, we conclude, that the deletion arose de novo in individual 3. The inheritance was 
thus known in all seven individuals.  

 

Discussion 
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We present seven individuals with overlapping deletions in 1p36.13-1p36.12 and define a new 
microdeletion syndrome in 1p36 located more proximal to those previously described.  

Four individuals were females, three were males. Five deletions occurred de novo (71%) while two 
siblings had inherited the deletion from their mother (29%). The majority was born at term and had a 
birth weight in the lower normal range. Postnatal growth was normal for all except one. Learning 
disability or mild intellectual disability was present in all except one who had moderate intellectual 
disability. Motor problems, behavioral anomalies and speech delay were seen in most individuals. 
Behavioral anomalies were seen in 57% (4/7), two of whom were diagnosed with ADHD. 
Dysmorphic features seen in at least 50% were congenital ptosis, pointed chin, high palate, 
misalignment of teeth, and epicanthus. Ophthalmologic features were seen in all (7/7), of which 
congenital ptosis – unilateral or bilateral – was the most distinct finding seen in 5/7 individuals (71%). 
Less frequent were hypermetropia, epicanthus, deep-set eyes, and heavy eyebrows. Mild hearing loss 
was seen in one individual. Present in 50% or less were congenital heart defect (ASD and/or VSD, 
pulmonary valve dysplasia), and features of hands and feet such as clinodactyly, syndactyly, 
camptodactyly, and arachnodactyly.  

Congenital ptosis is a distinct feature seen in more than half of the individuals. Ptosis is defined as 
the upper eyelid being positioned lower than normal, thereby narrowing the palpebral fissures vertical 
axis. Ptosis is considered congenital, when present before one year of age. Congenital ptosis can result 
in abnormal visual function and development, such as amblyopia. The levator palpebra superior 
muscle which elevates the upper eyelid is innervated by the 3rd cranial nerve, n. oculomotorius. The 
pathophysiologic process leading to ptosis can be either neurogenic, myogenic, aponeurotic or 
mechanical9. Congenital ptosis can occur isolated or as part of a syndrome.  Congenital isolated ptosis 
most often occurs sporadically but can also be familial, and several loci and candidate genes have 
been suggested, including 1p32-1p34.110, Xq24–27.111, and the ZFH4 gene at 8q21.12.9 Congenital 
ptosis can be part of numerous genetic syndromes12, some examples are congenital fibrosis of the 
extraocular muscles (KIF21A, PHOX2A, TUBB3)13, SIX2 haploinsufficiency14, various types of 
myopathy15, neurogenetic diseases16, and mitochondrial diseases.17 The 1p36.13-1p36.12 
microdeletion syndrome presented here is a new syndrome with ptosis as a distinct feature. 
Haploinsufficiency of one or more genes in this region is suspected to cause ptosis, but the relevant 
gene/genes and pathophysiological process are unknown. 

The smallest region of overlap (SRO) encompasses 1 Mb at chr1:19077793-20081292. The SRO 
contains several genes, none of which are currently known to be haploinsufficient. The following 
genes, being the only ones with a pLI-score above 0.8, are suggested as possible candidate genes for 
features of this new microdeletion syndrome:  

The UBR4 gene (OMIM 609890), encodes a mammalian N-recognin.18 The protein is present in all 
tissues but highly expressed in nervous tissue, where it is involved in neurogenesis and neuronal 
migration, and seems to have pro-survival roles in neurons.18 UBR4 deficient mice die during 
midgestation with multiple developmental anomalies.19 In humans UBR4 has been suggested to be a 
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modifier for episodic ataxia20, and has been suggested as a candidate gene for the following 
phenotypes: autism21, autosomal recessive severe intellectual disability, epilepsy, and dysarthria22.  
More studies are needed to clarify the functions of UBR4 in the brain and its role in human 
neurological diseases. While the ubiquitin ligase N-recognins are reported to be important for cardiac 
development23, UBR4 has so far not been shown to have a similar role. UBR4 is highly intolerant to 
loss of function variants with a pLI of 1.00 (GnomAD accession date October 18th, 2019). UBR4 is 
a strong candidate gene for the cognitive and behavioral symptoms in the proximal 1p36 deletion 
described here and might also be linked to ptosis and heart defects.  

The CAPZB gene (OMIM 601572) encodes the beta subunit of the CAPZ protein, an actin-capping 
protein involved in modulating actin filaments and cytoskeleton in sarcomeres in muscle. It has been 
shown to be important in embryogenesis, and regulates tissue morphogenesis and cell behavior.24 
Clinical consequences of changes in this gene is largely unknown, however, a female infant with 
congenital cleft palate, micrognathia, muscular hypotonia, and developmental delay had a de novo 
reciprocal translocation t(1;13)(p36.13;q12.1) with the breakpoint on chromosome 1 located in the 
CAPZB-gene.24 Studies on capzb-/- zebrafish support the involvement of the capzb-gene in clefting 
and micrognathia. Malformations of craniofacial skeletal muscles were seen in capzb-/- zebrafish, 
while adult heterozygotes had subtle or no changes24. While CAPZ plays a role in cardiac 
myofilament activation23, no association to congenital heart malformation seems to exists with the 
current knowledge. CAPZB can be predicted to be LoF sensitive as the pLI is 0.91 (GnomAD 
accession date October 18th, 2019). CAPZB is also a candidate gene for at least some of the features 
of the 1p36 deletion.  

In conclusion we present a new microdeletion syndrome at proximal 1p36 (1p36.13-1p36.12) 
characterized by learning disability or mild intellectual disability, speech delay, behavioral anomalies, 
and congenital ptosis. The smallest region of overlap is extended 1 Mb spanning from 19077793 bp 
to 20081292 bp (GRCh37; hg19). We consider the genes UBR4 and CAPZB to be the best candidate 
genes for the common features. More studies are needed to describe the new deletion syndrome better 
and clarify the genotype-phenotype correlation.  
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Figure Legends 

Figure 1: Top: Photos of the reported individuals. Numbers refer to the numbers of the individuals 
in the study. Ages at the photos are: 1) 8 years, 2) 6 years, 3) 30 years, 4) 11 years, 5) 6 months, and 
6) 16 years. The most consistent dysmorphic feature was ptosis or blepharophimosis as seen in 
individuals 1-5. Ptosis was mild in individual 2, while individuals 3, 4 and 5 had surgery for ptosis. 
Individuals 1-5 had pointed chin or “stuck-on chin”, while individual 6 had retrognathia. Bottom: 
1p36 with the positions of the terminal deletion 1p36 and the proximal deletion 1p36 as described by 
Kang et al. indicated in hatched red. To the right deletions of the reported individuals of this paper 
and those with overlapping deletions identified from literature are shown in red, as is the smallest 
region of overlap (SRO). Please note that individual 8 only had a small overlap with the SRO (66 bp), 
this individual is not considered to have the 1p36 deletion syndrome defined here. Genes included in 
the SRO at chr1:19077793-20081292 (GRCh37/hg19) are shown with the two most likely candidate 
genes UBR4 and CAPZB (not all isoforms) encircled. 
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Table I

Individual 1 Individual 2 Individual 3 Individual 4 Individual 5 Individual 6 Individual 7 Individual 8
Not affected

(Kang et al., 
2007), case 1

(Zaveri et 
al., 2014), 
case 7

Decipher ID 341356 (341356) (341356) 353614 323214 273541 353745 282936
Sex F M F M F M M F M F
Age at reporting 8 y 6 y 31 y 10 y 2 y 16 y 20 y 11 y - -
Deletion in bp 
(hg19)

19077793-
20549013

19077793-
20549013

19077793-
20549013

18740425-
20891271

17214109-
20081292

19098854-
22517879

16610467-
21501038

20081226-
20700543

9124551-
21782714

12726755-
20540759

Size of deletion 1.5 Mb 1.5 Mb 1.5 Mb 2.2 Mb 2.9 Mb 3.5 Mb 4.9 Mb 619 kb 12.7 Mb 7.8 Mb
Inheritance MI MI Dn Dn Dn Dn Dn ?, not MI - -
Cognition LD (IQ 80) LD (IQ 80) LD LD - Moderate ID Mild ID LD - Cognitive 

impairment
Speech delay Yes Yes - Yes, nasal 

speech 
No Yes Yes - - -

Behavior Hyperactivity 
Reactive 
attachment 
disorder

Hyperactivity ADHD 
Emotional 
unstable 
personality 
disorder at 19y

ADHD Normal Tantrums and 
night terrors as 
young child

Normal Lack of 
emotions, 
inappropriat
e reactions

- -

Motor problems Difficulties in 
balancing and 
bicycling

Tendency of 
falling

Difficulties in 
fine and gross 
motor skills as 
a child

- Delayed Delayed - - Gross and fine 
motor skills 
delayed

-

Age at walking 16 m 16 m 13 m - 21 m 24 m - - - -
Congenital heart 
defects

Small ASD and 
VSD (resolved 
spontaneously)

No No Small 
secundum 
ASD

No No Subaortic 
VSD 
(surgery 9m)

- VSD, BAV, 
FOP, DAP

Tetralogy of 
fallot, BAV

Hearing and 
vision

Hypermetropia Hypermetropia - No Convergent 
squint. Partial 
3rd and 6th 
nerve palsy

Mild hearing 
impairment

No - - -

Skeletal features - - - - - - Scoliosis - - Kyphosis
Other features Tubulated 1y,

tonsillectomia 
and polypec-
tomia at 2y

Periods with 
apnea as an 
infant, tubulated 
at 8m

- Adenotonsil-
lectomy

Eczema Eczema, 
tonsillectomy 
6y, persistent 
cough, mild 
hypotonia

- Prone to 
constipation

Microcephaly Seizures
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Table I continued

Individual 1 Individual 2 Individual 3 Individual 4 Individual 5 Individual 6 Individual 7 Individual 8 
Not affected

(Kang et al., 
2007), case 1 

(Zaveri et 
al., 2014), 
case 7 

Congenital ptosis Yes Yes (mild) Yes Yes Yes No No No Yes -
Eye, other Heavy eyebrows Upslant pf Heavy 

eyebrows
- - Deep set eyes, 

slightly small 
pf

Synophrys, 
deep set 
eyes, 
blepharophi
mosis

- S-shaped pf

High plate Yes - - No Yes Yes Yes - - -
Teeth Misaligned Overbite - - - Misaligned Misaligned - - -
Pointed chin Yes Yes Yes Yes Yes Yes Yes - - -
Hands and feet - Clinodactyly of 

right hand 2. 
and 5. finger 
and left 5. 
finger, simian 
crease left hand

Bilateral pes 
planus in 
childhood

- Bilateral 5th 
finger 
camptodactyly
2-3 toes 
syndactyly

Arachno-
dactyly

- Contractures 
of the digits
Camptodactyl
y of 3rd, 4th 
and 5th digits 
bilateral 

-

Other - Elongated face, 
large distance 
between nipples

Wide nose 
Voluminous 
upper lip

Small mouth 
Narrow ear 
canals

High forehead - Short 
philtrum 
Elongated 
triangular 
face

- Posterioly 
rotated ears 
Bulbous and 
tubular nose

-
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Table II

Clinical features
Intellectual disability or learning disability 5/7        
Speech delay 5/6        
Motor delay 5/5        
Behavioral anomalies 4/7        
Congenital heart malformation 3/7        
Congenital ptosis 5/7        
Pointed or “stuck on” chin 6/7        
High palate 4/5        
Misalignment of teeth 3/4        
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Table I: Clinical features

Clinical information is given for individuals 1-7 with the new 1p36 microdeletion syndrome plus two cases 
from the literature with overlapping deletions. Please note that individual 8 only has a slight overlap with the 
SRO, she is not considered to have the new 1p36 microdeletion syndrome but might indicate that the SRO is 
slightly smaller than defined at present. MI= maternally inherited, ID = intellectual disability, LD = learning 
disability, - = no information, y = years, m = months, ASD = atrial septal defect, VSD = ventricular septal 
defect, BAV = bicuspid aortic valve, FOP = patent foramen ovale, DAP = persistent ductus arteriosus, pf = 
palpebral fissures. Kang, S.H., et al., 2007, Clin Genet. 72, 329-38; Zaveri, H.P., et al., 2014, PLoS One. 
2014 Jan 15;9(1):e85600.

Table II: Overview of clinical features

Overview of features seen in three or more of the seven individuals with proximal 1p36 deletions with 
overlapping deletions and SRO chr1: 19077793-20081292 (hg19). Red = affected, grey = not affected. 
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