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Summary

Clinical characteristics
The 1q21.1 recurrent microdeletion itself does not appear to lead to a clinically recognizable syndrome as some 
persons with the deletion have no obvious clinical findings and others have variable findings that most 
commonly include microcephaly (50%), mild intellectual disability (30%), mildly dysmorphic facial features, and 
eye abnormalities (26%). Other findings can include cardiac defects, genitourinary anomalies, skeletal 
malformations, and seizures (~15%). Psychiatric and behavioral abnormalities can include autism spectrum 
disorders, attention deficit hyperactivity disorder, autistic features, and sleep disturbances.

Diagnosis/testing
The distal 1.35-Mb 1q21.1 recurrent microdeletion can be detected by any number of molecular methods that 
determine the copy number of sequences within the deleted region, including chromosomal microarray analysis 
(CMA) using oligonucleotides or polymorphic DNA markers (i.e., SNPs). Fluorescence in situ hybridization 
(FISH) analysis may be used to test relatives of a proband known to have this deletion.

Management
Treatment of manifestations: Routine treatment of ophthalmologic, cardiac, and neurologic findings; speech, 
occupational, and physical therapies as appropriate; specialized learning programs to meet individual needs; 
anti-seizure or antipsychotic medication as needed.

Surveillance: Routine pediatric care; routine developmental assessments; monitoring of specific identified 
medical issues.
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Genetic counseling
The recurrent distal 1.35-Mb 1q21.1 microdeletion is inherited in an autosomal dominant manner. Between 18% 
and 50% of deletions occur de novo. The microdeletion can be inherited from either parent; a parent with the 
microdeletion may show a normal phenotype or an abnormal phenotype that is similar to but usually less severe 
than that of his/her child. Recurrence risk for future pregnancies for parents who do not have the microdeletion 
is low (probably <1%) but greater than that of the general population because of the possibility of germline 
mosaicism.

Diagnosis
Because of the variability of the phenotypic features, the diagnosis of the 1q21.1 recurrent microdeletion is often 
made during chromosomal microarray analysis (CMA).

Suggestive Findings
1q21.1 recurrent microdeletion should be suspected in individuals with the following features:

• Developmental delays
• Mild-to-moderate intellectual disability
• Mild dysmorphic facial features (frontal bossing, deep-set eyes, bulbous nose)
• Microcephaly

Establishing the Diagnosis
The diagnosis of the 1q21.1 recurrent microdeletion is established by detection of the recurrent distal 1.35-Mb 
heterozygous microdeletion at the approximate position of 145-146.35 Mb in the reference genome (NCBI Build 
36).

Note: The phenotype of significantly larger or smaller deletions within this region may be clinically distinct from 
the 1q21.1 recurrent microdeletion (see Genetically Related Disorders).

Although several genes of interest (PRKAB2, CHD1L, BCL9, GJA5, GJA8) are within the distal 1.35-Mb 
recurrent microdeletion, no single gene in which pathogenic variants are causative has been identified (see 
Molecular Genetics for genes of interest in the deleted region).

Genomic testing methods that determine the copy number of sequences can include chromosomal microarray 
(CMA) or targeted deletion analysis by fluorescence in situ hybridization (FISH). Note: The 1q21.1 recurrent 
microdeletion cannot be identified by routine analysis of G-banded chromosomes or other conventional 
cytogenetic banding techniques.

• Chromosomal microarray (CMA) using oligonucleotide arrays or SNP genotyping arrays can detect the 
common deletion in a proband. The ability to size the deletion depends on the type of microarray used 
and the density of probes in the 1q21.1 region.
Note: (1) Most individuals with the 1q21.1 recurrent microdeletion are identified by CMA performed in 
the context of developmental delay, intellectual disability, or autism spectrum disorders. (2) Prior to 2008 
many CMA platforms did not include coverage of the 1q21.1 region and thus may not have detected this 
deletion.

• Targeted deletion analysis. FISH analysis, quantitative PCR (qPCR), multiplex ligation-dependent probe 
amplification (MLPA) or other targeted quantitative methods may be used to test relatives of a proband 
known to have the1q21.1 recurrent microdeletion.
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Note: (1) Targeted deletion testing is not appropriate for an individual in whom the 1q21.1 recurrent 
microdeletion was not detected by CMA designed to target this region. (2) It is not possible to size the 
deletion routinely by use of targeted methods.

Table 1. Molecular Genetic Testing Used Detect the 1q21.1 Recurrent Microdeletion

Deletion 1 ISCA ID 2 Region Location 3, 4 Method
Sensitivity

Proband At-risk family 
member

~1.35-Mb 
heterozygous 
deletion at 1q21.1

ISCA-37421 GRCh38/hg38
chr1:147,105,904-147,922,392

CMA 5 100% 100%

Targeted 
deletion 
analysis 6

Not applicable 6 100%

1. See Molecular Genetics for details of the deletion.
2. Standardized clinical annotation and interpretation for genomic variants from the Clinical Genome Resource (ClinGen) project 
(formerly the International Standards for Cytogenomic Arrays (ISCA) Consortium)
3. Genomic coordinates represent the minimum deletion size associated with the 1q21.1 recurrent microdeletion as designated by 
ClinGen. Deletion coordinates may vary slightly based on array design used by the testing laboratory. Note that the size of the 
microdeletion as calculated from these genomic positions may differ from the expected deletion size due to the presence of segmental 
duplications near breakpoints. The phenotype of significantly larger or smaller microdeletions within this region may be clinically 
distinct from the 1q21.1 recurrent microdeletion (see Genetically Related Disorders).
4. See Molecular Genetics for genes of interest included in this region.
5. Chromosome microarray analysis (CMA) using oligonucleotide arrays or SNP genotyping arrays. CMA designs in current clinical 
use target the 1q21.1 region. Note: the 1q21.1 recurrent microdeletion may not have been detectable by older oligonucleotide or BAC 
platforms.
6. Targeted deletion analysis methods can include a range of techniques such as FISH, quantitative PCR (qPCR), and multiplex 
ligation-dependent probe amplification (MLPA) as well as other targeted quantitative methods. Targeted deletion analysis is not 
appropriate for an individual in whom the 1q21.1 recurrent microdeletion was not detected by CMA designed to target this region.

Evaluating at-risk relatives. FISH, qPCR, or other quantitative methods of targeted deletion analysis can be 
used to identify the 1q21.1 recurrent microdeletion in at-risk relatives of the proband. Testing parental samples 
is important in determining recurrence risk (see Genetic Counseling).

Clinical Characteristics

Clinical Description
Individuals with the 1q21.1 recurrent microdeletion may have a wide range of clinical manifestations. The most 
common findings include developmental delay and mildly dysmorphic facies. However, there is not a clinically 
recognizable syndrome, as a subset of persons with the deletion do not have obvious clinical findings.

Clinical information from three reports involving 55 probands with the 1q21.1 recurrent microdeletion is 
summarized in Table 2 [Brunetti-Pierri et al 2008, Mefford et al 2008, Bernier et al 2015].

Table 2. Features Present in 55 Persons with the 1q21.1 Recurrent Microdeletion

Frequency Features

>75% Variable/mild dysmorphic facial features

50%-75% Mild-moderate developmental delay (includes speech & motor delays)

25%-50%

• Eye abnormalities
• Intellectual disability
• Microcephaly
• Short stature
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Table 2. continued from previous page.

Frequency Features

10%-25%

• Attention-deficit/hyperactivity disorder
• Cardiac abnormalities
• Failure to thrive
• Hypotonia
• Seizures

<10%

• Autism/autistic features
• Brain malformations
• Genitourinary abnormalities
• Sensorineural deafness

Clinical data shown are summarized from 55 probands with the 1q21.1 recurrent microdeletion using chromosomal microarray 
[Mefford et al 2008, Brunetti-Pierri et al 2008, Bernier et al 2015].

The majority of persons with the 1q21.1 recurrent microdeletion have developmental delay. Most delays are mild 
and may involve global or specific areas, particularly gross motor development. Some may also have generalized 
learning disabilities throughout life. Mild intellectual and learning disabilities are seen in approximately 30% of 
affected individuals.

Dysmorphic craniofacial features are a common finding but are highly variable and therefore not easily 
recognizable. The facial features may include frontal bossing, deep-set eyes, epicanthal folds, prominent and/or 
large nasal bridge with bulbous tip, long philtrum, and highly arched palate. Microcephaly is described in 39% of 
individuals with the 1q21.1 recurrent microdeletion.

Eye abnormalities are seen in 33% of individuals and may include strabismus, chorioretinal and iris colobomas, 
microphthalmia, hypermetropia, Duane anomaly, and various types of cataracts (e.g., congenital, nuclear 
pulverulent).

Several reported individuals with the 1q21.1 recurrent microdeletion have cardiac defects, including patent 
ductus arteriosus, truncus arteriosus, ventricular and atrial septal defects, tetralogy of Fallot, bicuspid aortic 
valve, dilation of ascending aorta, aortic insufficiency, coarctation of the aorta, interrupted aortic arch, 
anomalous origin of the right coronary artery, pulmonary valve stenosis, and transposition of the great vessels in 
individuals with 1q21.1 deletions [Digilio et al 2013].

Genitourinary anomalies include vesicoureteral reflux, hydronephrosis, inguinal hernia, and cryptorchidism. 
Two individuals with the deletion had Mayer-Rokitansky-Kuster-Hauser syndrome [Chen et al 2015].

Skeletal malformations are variable and include craniosynostosis, scoliosis, joint laxity, brachydactyly with or 
without short distal phalanges, broad thumbs, clinodactyly of the fifth finger, clubfoot, small feet, pes planus, 
broad or duplicated/bifid great toes, overlapping or syndactyly of the toes, and polydactyly of the hands or feet.

Most affected individuals have a normal neurologic physical examination, but hypotonia and tremors are fairly 
common features. Seizures (e.g., tonic-clonic, absence) are seen in approximately 16% and often begin during 
the first year of life.

Brain malformations that have been described include hydrocephalus and agenesis of the corpus callosum.

Sensorineural hearing loss has been reported in five individuals.

Psychiatric and behavioral abnormalities that may be present include autism spectrum disorders, attention 
deficit hyperactivity disorder, anxiety and mood disorders, and sleep disturbances. In addition, distal 1q21.1 
microdeletions have been identified in 0.2%-0.6% of persons with schizophrenia [International Schizophrenia 
Consortium 2008, Stefansson et al 2008, Walsh et al 2008, Rees et al 2014].
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Genotype-Phenotype Correlations
No genotype-phenotype correlations are observed in those with the 1q21.1 recurrent microdeletion.

Penetrance
Little information is available regarding penetrance of the 1q21.1 recurrent microdeletion. Similar to several 
other recurrent microdeletions (e.g., 16p11.2, 15q13.3), the 1q21.1 recurrent microdeletion can be inherited 
from a parent with minimally abnormal or completely normal clinical findings. In addition, several relatives of 
probands (e.g., sibs, cousins) with the same 1q21.1 microdeletion have a normal phenotype or only mild 
manifestations [Christiansen et al 2004; Shaffer et al 2006; Brunetti-Pierri et al 2008; Mefford et al 2008; Bernier 
et al 2015; Authors, personal observation]. This suggests that the 1q21.1 recurrent microdeletion has reduced 
penetrance and variable expressivity.

Prevalence
The frequency of the 1q21.1 recurrent microdeletion is approximately 0.2% (46/22,563) of individuals with 
developmental delays, intellectual disabilities, and/or congenital anomalies evaluated by CMA [Brunetti-Pierri et 
al 2008, Mefford et al 2008].

Genetically Related (Allelic) Disorders
Duplication of distal 1q21.1. Forty-seven individuals with reciprocal duplications of the 1q21.1 recurrent 
microdeletion (defined by breakpoints at BP3-BP4; see Molecular Genetics) have been reported [Brunetti-Pierri 
et al 2008, Mefford et al 2008, Bernier et al 2015]; their occurrence is less frequent than the recurrent 1.35-Mb 
microdeletion based on these reports (aggregate total frequency of duplication vs. deletion of cohorts studied by 
CMA for developmental delay, intellectual disability, or congenital anomalies: 0.12% vs. 0.2%).

Features seen in individuals with this duplication may include hypotonia, macrocephaly, prominent forehead, 
hypertelorism, tremor, learning or developmental delay, intellectual disability, attention-deficit/hyperactivity 
disorder (ADHD), and autistic features or autism spectrum disorder.

The duplications can be inherited from a parent or occur de novo. Reduced penetrance and variable expressivity 
are commonly present.

Differential Diagnosis
The 22q11.2 microdeletion syndrome is the most common microdeletion syndrome and has several features that 
overlap with those seen in individuals with the 1q21.1 recurrent microdeletion: developmental delays, learning 
disabilities (though the predominant nonverbal learning disability seen in 22q11.2 microdeletions is not seen in 
the 1q21.1 recurrent microdeletion), intellectual disability, behavioral abnormalities, short stature, eye 
abnormalities, cardiac defects, and schizophrenia. However, persons with the recurrent 1q21.1 microdeletion do 
not have the typical facial characteristics seen in the 22q11.2 microdeletion syndrome.

Management

Evaluations Following Initial Diagnosis
To establish the extent of disease and needs of an individual diagnosed with the 1q21.1 recurrent microdeletion, 
the following evaluations should be considered:

• Ophthalmologic examination if there are concerns about vision
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• Cardiac evaluation if there are suggestive features clinically or on physical examination
• Brain imaging if microcephaly, macrocephaly, and/or neurologic findings are present
• Renal ultrasound examination
• Comprehensive developmental assessment for motor and language delays, which may include evaluations 

for autism spectrum disorders, intellectual disability, ADHD, and hearing loss
• Neurology consultation if significant hypotonia, seizures, tics, or tremors are present
• Psychiatric evaluation if evidence of mental illness is present
• Consultation with a medical geneticist and/or genetic counselor

Treatment of Manifestations
The following are indicated:

• Routine treatment of ophthalmologic, cardiac, and neurologic findings
• Speech, occupational, and physical therapies, as appropriate
• Specialized learning programs to meet individual needs

No specific anti-seizure or antipsychotic medications are indicated.

Surveillance
Appropriate surveillance includes the following:

• Routine pediatric care
• Routine developmental and learning assessments
• Monitoring of any specific medical issues that are identified

Evaluation of Relatives at Risk
Using genomic testing that will detect the 1q21.1 recurrent microdeletion found in the proband, it is appropriate 
to evaluate the sibs of a proband in order to identify as early as possible those who would benefit from close 
assessment/monitoring of developmental milestones in childhood.

See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.

Therapies Under Investigation
Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for access to information on 
clinical studies for a wide range of diseases and conditions. Note: There may not be clinical trials for this 
disorder.

Genetic Counseling
Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of 
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The 
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic 
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to 
substitute for consultation with a genetics professional. —ED.

Mode of Inheritance
The 1q21.1 recurrent microdeletion is inherited in an autosomal dominant manner, with 18%-50% of deletions 
occurring de novo and 50%-82% inherited from a parent.
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Risk to Family Members
Parents of a proband

• Evaluation of the parents by genomic testing that will detect the 1q21.1 recurrent microdeletion present in 
the proband is recommended.

• Mefford et al [2008] found that in 50% (7/14) of the probands for whom parental testing was possible, a 
parent also had the recurrent microdeletion. Therefore, in the other 50% (7/14) the microdeletion was de 
novo. In another study [Brunetti-Pierri et al 2008], 82% (9/11) of probands had inherited the 
microdeletion, and in 18% (2/11) it was de novo. Note: In 4/15 probands the parental status was unknown.
The recurrent microdeletion can be inherited from either parent, and it does not appear that the 
phenotypic severity varies with the parent of origin. A parent with the recurrent microdeletion may show 
an abnormal phenotype similar to their child but in general is less severely affected. In approximately 25% 
of instances in which the recurrent microdeletion is inherited, the parent has a normal phenotype.

• A parent may have either (a) germline mosaicism or (b) low-level somatic mosaicism that also includes 
the germline.

Sibs of a proband

• The risk to the sibs of the proband depends on the genetic status of the parents.
• If the 1q21.1 recurrent microdeletion identified in the proband is not identified in one of the parents, the 

risk to sibs is low (<1%) but greater than that of the general population because of the possibility of 
parental germline mosaicism for the microdeletion.

• If one of the parents has the 1q21.1 recurrent microdeletion, the risk to each sib of inheriting the 
microdeletion is 50%. However, it is not possible to reliably predict the phenotype of the individual.

Offspring of a proband. Offspring of an individual with the 1q21.1 recurrent microdeletion have a 50% chance 
of inheriting the microdeletion.

Other family members

• The risk to other family members depends on the genetic status of the proband’s parents.
• If a parent has the 1q21.1 recurrent microdeletion, the parent's family members may also have the 

microdeletion.

Related Genetic Counseling Issues
See Management, Evaluation of Relatives at Risk for information on evaluating at-risk relatives for the purpose 
of early diagnosis and treatment.

Family planning

• The optimal time for determination of genetic risk and discussion of the availability of prenatal/
preimplantation genetic testing is before pregnancy. Similarly, decisions about testing to determine the 
genetic status of at-risk asymptomatic family members are best made before pregnancy.

• It is appropriate to offer genetic counseling (including discussion of potential risks to offspring and 
reproductive options) to young adults who have or are at risk of having a child with the 1q21.1 recurrent 
microdeletion.

1q21.1 Recurrent Microdeletion 7



Prenatal Testing and Preimplantation Genetic Testing
Pregnancies known to be at increased risk for the recurrent microdeletion. Prenatal testing using genomic 
testing that will detect the 1q21.1 recurrent microdeletion found in the proband may be offered when:

• A parent has the recurrent microdeletion;
• The parents do not have the recurrent microdeletion but have had an affected child with the recurrent 

microdeletion. In this instance, the recurrence risk associated with the possibility of parental germline 
mosaicism or other predisposing genetic mechanisms is probably <1%.

Pregnancies not known to be at increased risk for 1q21.1 recurrent microdeletion. CMA performed in a 
pregnancy not known to be at increased risk may detect the recurrent microdeletion.

Note: Prenatal test results cannot reliably predict the phenotype whether the pregnancy is known or not known 
to be at increased risk for 1q21.1 recurrent microdeletion.

Preimplantation genetic testing may be an option for some families in which the 1q21.1 recurrent 
microdeletion has been identified.

Resources
GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries 
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the 
information provided by other organizations. For information on selection criteria, click here.

• MedlinePlus
1q21.1 microdeletion

• Chromosome Disorder Outreach Inc.
Phone: 561-395-4252
Email: info@chromodisorder.org
www.chromodisorder.org

• Unique: Understanding Rare Chromosome and Gene Disorders
United Kingdom
Phone: +44 (0) 1883 723356
Email: info@rarechromo.org
www.rarechromo.org

• Simons Searchlight Registry
Simons Searchlight aims to further the understanding of rare genetic neurodevelopmental disorders.
Phone: 855-329-5638
Fax: 570-214-7327
Email: coordinator@simonssearchlight.org
www.simonssearchlight.org
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Molecular Genetics
Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables 
may contain more recent information. —ED.

Table A. 1q21.1 Recurrent Microdeletion: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific 
Databases

HGMD ClinVar

GJA5 1q21.2 Gap junction alpha-5 
protein

GJA5 database GJA5 GJA5

GJA8 1q21.2 Gap junction alpha-8 
protein

GJA8 @ LOVD GJA8 GJA8

Not applicable 1q21.1 Not applicable

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt. 
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for 1q21.1 Recurrent Microdeletion (View All in OMIM)

121013 GAP JUNCTION PROTEIN, ALPHA-5; GJA5

600897 GAP JUNCTION PROTEIN, ALPHA-8; GJA8

612474 CHROMOSOME 1q21.1 DELETION SYNDROME, 1.35-MB

Molecular Pathogenesis

Deletion Mechanism
Similar to other genomic disorders (e.g., deletions and reciprocal duplications of 22q11.2, 7q11.2, 15q11q13, 
15q13.3, 16p11.2, 17q21.31), the breakpoints of the 1q21.1 recurrent microdeletion commonly occur within 
flanking segmental duplications. In all of these cases, the flanking segmental duplications in direct orientation 
share a high degree of sequence identity, which predisposes to rearrangements by nonallelic homologous 
recombination (NAHR). NAHR occurs from misalignment of and subsequent recombination between the 
flanking segmental duplications. The result is a recurrent microdeletion and a recurrent microduplication of the 
sequences between the flanking segments, which is 1.35 Mb in the case of the 1q21.1 recurrent microdeletion 
[Emanuel & Shaikh 2001, Lupski & Stankiewicz 2005].

In the 1q21.1 region, there are four copies of segmental duplications in direct orientation, each with high 
sequence identify. These noncontiguous segmental duplication elements are termed BP1, BP2, BP3, and BP4, so 
named because they are recombination breakpoint hotspots for deletion and duplication of sequences between 
the BP elements [Mefford et al 2008].

• The breakpoints of the distal 1q21.1 recurrent microdeletion described in this GeneReview are between 
BP3 and BP4 [Mefford et al 2008]; these are sometimes referred to as Class I deletions.

• A smaller, more proximal deletion occurring between BP2 and BP3 has been associated with 
thrombocytopenia absent radius (TAR) syndrome.

• A third type of deletion, sometimes called Class II deletions, occurs between BP2 and BP4. These 
approximately 2-Mb deletions involve both the TAR-associated and the 1.35-Mb distal 1q21.1 
chromosomal regions [Velinov & Dolzhanskaya 2010]. The features are variable, yet similar to those of the 
1q21.1 recurrent microdeletion, including dysmorphic features, developmental delays, and cardiac and 
genitourinary abnormalities (see Genetically Related Disorders).
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Genes of Interest in this Region
Although several genes of interest (GJA5, GJA8, CHD1L, BCL9, and PRKAB2 ) are within the 1q21.1 recurrent 
microdeletion, no single gene in which pathogenic variants are causative has been identified. Of note, 
haploinsufficiency of one or more of the deleted genes likely contributes to the following phenotypes associated 
with pathogenic variants in these genes.

GJA5. Heterozygous pathogenic variants or deletions have been identified in persons with:

• Atrial fibrillation [Gollob et al 2006];
• Structural cardiac defects [Christiansen et al 2004, Soemedi et al 2012, Guida et al 2013].

GJA8. Heterozygous pathogenic variants have been identified in persons with:

• Various types of cataracts [Mackay et al 2014];
• Microphthalmia [Huang et al 2015];
• Glaucoma [Huang et al 2015];
• Developmental eye disorders [Prokudin et al 2014].

CHD1L. Heterozygous pathogenic variants have been identified in persons with congenital anomalies of the 
kidneys and urinary tract [Hwang et al 2014].

BCL9. A heterozygous pathogenic variant has been identified in a person with a left ventricular outflow tract 
abnormality [Zaidi et al 2013].

PRKAB2. Harvard et al [2011] showed decreased protein levels of CHD1L and PRKAB2 in lymphoblastoid cell 
lines from persons with the 1q21.1 recurrent microdeletion. Defects in chromatin remodeling and decreased 
AMP kinase function were found during functional analysis.

Chapter Notes

Revision History
• 12 November 2015 (bp) Comprehensive update posted live
• 24 February 2011 (bp) Review posted live
• 30 November 2010 (che) Original submission

References

Literature Cited
Bernier R, Steinman KJ, Reilly B, Wallace AS, Sherr EH, Pojman N, Mefford HC, Gerdts J, Earl R, Hanson E, 

Goin-Kochel RP, Berry L, Kanne S, Snyder LG, Spence S, Ramocki MB, Evans DW, Spiro JE, Martin CL, 
Ledbetter DH, Chung WK (2015) Clinical phenotype of the recurrent 1q21.1 copy-number variant. Genet 
Med. Published Online Jun 11

Brunetti-Pierri N, Berg JS, Scaglia F, Belmont J, Bacino CA, Sahoo T, Lalani SR, Graham B, Lee B, Shinawi M, 
Shen J, Kang SH, Pursley A, Lotze T, Kennedy G, Lansky-Shafer S, Weaver C, Roeder ER, Grebe TA, Arnold 
GL, Hutchison T, Reimschisel T, Amato S, Geragthy MT, Innis JW, Obersztyn E, Nowakowska B, Rosengren 
SS, Bader PI, Grange DK, Naqvi S, Garnica AD, Bernes SM, Fong CT, Summers A, Walters WD, Lupski JR, 
Stankiewicz P, Cheung SW, Patel A. Recurrent reciprocal 1q21.1 deletions and duplications associated with 
microcephaly or macrocephaly and developmental and behavioral abnormalities. Nat Genet. 2008;40:1466–
71. PubMed PMID: 19029900.

10 GeneReviews®

https://www.ncbi.nlm.nih.gov/pubmed/19029900


Chen MJ, Wei SY, Yang WS, Wu TT, Li HY, Ho HN, Yang YS, Chen PL. Concurrent exome-targeted next-
generation sequencing and single nucleotide polymorphism array to identify the causative genetic 
aberrations of isolated Mayer-Rokitansky-Küster-Hauser syndrome. Hum Reprod. 2015;30:1732–42. 
PubMed PMID: 25924657.

Christiansen J, Dyck JD, Elyas BG, Lilley M, Bamforth JS, Hicks M, Sprysak KA, Tomaszewski R, Haase SM, 
Vicen-Wyhony LM, Somerville MJ. Chromosome 1q21.1 contiguous gene deletion is associated with 
congenital heart disease. Circ Res. 2004;94:1429–35. PubMed PMID: 15117819.

Digilio MC, Bernardini L, Consoli F, Lepri FR, Giuffrida MG, Baban A, Surace C, Ferese R, Angioni A, Novelli 
A, Marino B, De Luca A, Dallapiccola B. Congenital heart defects in recurrent reciprocal 1q21.1 deletion and 
duplication syndromes: rare association with pulmonary valve stenosis. Eur J Med Genet. 2013;56:144–9. 
PubMed PMID: 23270675.

Emanuel BS, Shaikh TH. Segmental duplications: an 'expanding' role in genomic instability and disease. Nat Rev 
Genet. 2001;2:791–800. PubMed PMID: 11584295.

Gollob MH, Jones DL, Krahn AD, Danis L, Gong X-Q, Shao Q, Liu X, Veinot JP, Tang ASL, Stewart AFR, Tesson 
F, Klein GJ, Yee R, Skanes AC, Guiraudon GM, Ebihara L, Bai D. Somatic mutations in the connexin 40 gene 
(GJA5) in atrial fibrillation. New Eng J Med. 2006;354:2677–88. PubMed PMID: 16790700.

Guida V, Ferese R, Rocchetti M, Bonetti M, Sarkozy A, Cecchetti S, Gelmetti V, Lepri F, Copetti M, Lamorte G, 
Cristina Digilio M, Marino B, Zaza A, den Hertog J, Dallapiccola B, De Luca A. A variant in the carboxyl-
terminus of connexin 40 alters GAP junctions and increases risk for tetralogy of Fallot. Eur J Hum Genet. 
2013;21:69–75. PubMed PMID: 22713807.

Harvard C, Strong E, Mercier E, Colnaghi R, Alcantara D, Chow E, Martell S, Tyson C, Hrynchak M, 
McGillivray B, Hamilton S, Marles S, Mhanni A, Dawson AJ, Pavlidis P, Qiao Y, Holden JJ, Lewis SM, 
O'Driscoll M, Rajcan-Separovic E. Understanding the impact of 1q21.1 copy number variant. Orphanet J 
Rare Dis. 2011;6:54. PubMed PMID: 21824431.

Huang X, Xiao X, Jia X, Li S, Li M, Guo X, Liu X. Zhang Q1. Mutation analysis of the genes associated with 
anterior segment dysgenesis, microcornea and microphthalmia in 257 patients with glaucoma. Int J Mol 
Med. 2015;36:1111–7. PubMed PMID: 26310487.

Hwang DY, Dworschak GC, Kohl S, Saisawat P, Vivante A, Hilger AC, Reutter HM, Soliman NA, Bogdanovic R, 
Kehinde EO, Tasic V, Hildebrandt F. Mutations in 12 known dominant disease-causing genes clarify many 
congenital anomalies of the kidney and urinary tract. Kidney Int. 2014;85:1429–33. PubMed PMID: 
24429398.

International Schizophrenia Consortium. Rare chromosomal deletions and duplications increase risk of 
schizophrenia. Nature. 2008;455:237–41. PubMed PMID: 18668038.

Lupski JR, Stankiewicz P. Genomic disorders: molecular mechanisms for rearrangements and conveyed 
phenotypes. PLoS Genet. 2005;1:e49. PubMed PMID: 16444292.

Mackay DS, Bennett TM, Culican SM, Shiels A. Exome sequencing identifies novel and recurrent mutations in 
GJA8 and CRYGD associated with inherited cataract. Hum Genomics. 2014;8:19. PubMed PMID: 25403472.

Mefford HC, Sharp AJ, Baker C, Itsara A, Jiang Z, Buysse K, Huang S, Maloney VK, Crolla JA, Baralle D, Collins 
A, Mercer C, Norga K, de Ravel T, Devriendt K, Bongers EM, de Leeuw N, Reardon W, Gimelli S, Bena F, 
Hennekam RC, Male A, Gaunt L, Clayton-Smith J, Simonic I, Park SM, Mehta SG, Nik-Zainal S, Woods CG, 
Firth HV, Parkin G, Fichera M, Reitano S, Lo Giudice M, Li KE, Casuga I, Broomer A, Conrad B, 
Schwerzmann M, Raber L, Gallati S, Striano P, Coppola A, Tolmie JL, Tobias ES, Lilley C, Armengol L, 
Spysschaert Y, Verloo P, De Coene A, Goossens L, Mortier G, Speleman F, van Binsbergen E, Nelen MR, 
Hochstenbach R, Poot M, Gallagher L, Gill M, McClellan J, King MC, Regan R, Skinner C, Stevenson RE, 
Antonarakis SE, Chen C, Estivill X, Menten B, Gimelli G, Gribble S, Schwartz S, Sutcliffe JS, Walsh T, Knight 
SJ, Sebat J, Romano C, Schwartz CE, Veltman JA, de Vries BB, Vermeesch JR, Barber JC, Willatt L, Tassabehji 

1q21.1 Recurrent Microdeletion 11

https://www.ncbi.nlm.nih.gov/pubmed/25924657
https://www.ncbi.nlm.nih.gov/pubmed/15117819
https://www.ncbi.nlm.nih.gov/pubmed/23270675
https://www.ncbi.nlm.nih.gov/pubmed/11584295
https://www.ncbi.nlm.nih.gov/pubmed/16790700
https://www.ncbi.nlm.nih.gov/pubmed/22713807
https://www.ncbi.nlm.nih.gov/pubmed/21824431
https://www.ncbi.nlm.nih.gov/pubmed/26310487
https://www.ncbi.nlm.nih.gov/pubmed/24429398
https://www.ncbi.nlm.nih.gov/pubmed/18668038
https://www.ncbi.nlm.nih.gov/pubmed/16444292
https://www.ncbi.nlm.nih.gov/pubmed/25403472


M, Eichler EE. Recurrent rearrangements of chromosome 1q21.1 and variable pediatric phenotypes. N Engl J 
Med. 2008;359:1685–99. PubMed PMID: 18784092.

Prokudin I, Simons C, Grigg JR, Storen R, Kumar V, Phua ZY, Smith J, Flaherty M, Davila S, Jamieson RV. 
Exome sequencing in developmental eye disease leads to identification of causal variants in GJA8, CRYGC, 
PAX6 and CYP1B1. Eur J Hum Genet. 2014;22:907–15. PubMed PMID: 24281366.

Rees E, Walters JT, Georgieva L, Isles AR, Chambert KD, Richards AL, Mahoney-Davies G, Legge SE, Moran JL, 
McCarroll SA, O'Donovan MC, Owen MJ, Kirov G. Analysis of copy number variations at 15 schizophrenia-
associated loci. Br J Psychiatry. 2014;204:108–14. PubMed PMID: 24311552.

Shaffer LG, Kashork CD, Saleki R, Rorem E, Sundin K, Ballif BC, Bejjani BA. Targeted genomic microarray 
analysis for identification of chromosome abnormalities in 1500 consecutive clinical cases. J Pediatr. 
2006;149:98–102. PubMed PMID: 16860135.

Soemedi R, Topf A, Wilson IJ, Darlay R, Rahman T, Glen E, Hall D, Huang N, Bentham J, Bhattacharya S, 
Cosgrove C, Brook JD, Granados-Riveron J, Setchfield K, Bu'lock F, Thornborough C, Devriendt K, Breckpot 
J, Hofbeck M, Lathrop M, Rauch A, Blue GM, Winlaw DS, Hurles M, Santibanez-Koref M, Cordell HJ, 
Goodship JA, Keavney BD. Phenotype-specific effect of chromosome 1q21.1 rearrangements and GJA5 
duplications in 2436 congenital heart disease patients and 6760 controls. Hum Mol Genet. 2012;21:1513–20. 
PubMed PMID: 22199024.

Stefansson H, Rujescu D, Cichon S, Pietiläinen OP, Ingason A, Steinberg S, Fossdal R, Sigurdsson E, 
Sigmundsson T, Buizer-Voskamp JE, Hansen T, Jakobsen KD, Muglia P, Francks C, Matthews PM, Gylfason 
A, Halldorsson BV, Gudbjartsson D, Thorgeirsson TE, Sigurdsson A, Jonasdottir A, Jonasdottir A, Bjornsson 
A, Mattiasdottir S, Blondal T, Haraldsson M, Magnusdottir BB, Giegling I, Möller HJ, Hartmann A, Shianna 
KV, Ge D, Need AC, Crombie C, Fraser G, Walker N, Lonnqvist J, Suvisaari J, Tuulio-Henriksson A, Paunio 
T, Toulopoulou T, Bramon E, Di Forti M, Murray R, Ruggeri M, Vassos E, Tosato S, Walshe M, Li T, 
Vasilescu C, Mühleisen TW, Wang AG, Ullum H, Djurovic S, Melle I, Olesen J, Kiemeney LA, Franke B. 
GROUP, Sabatti C, Freimer NB, Gulcher JR, Thorsteinsdottir U, Kong A, Andreassen OA, Ophoff RA, 
Georgi A, Rietschel M, Werge T, Petursson H, Goldstein DB, Nöthen MM, Peltonen L, Collier DA, St Clair 
D, Stefansson K. Large recurrent microdeletions associated with schizophrenia. Nature. 2008;455:232–6. 
PubMed PMID: 18668039.

Velinov M, Dolzhanskaya N. Clavicular pseudoarthrosis, anomalous coronary artery and extra crease of the fifth 
finger-previously unreported features in individuals with class II 1q21.1 microdeletions. Eur J Med Genet. 
2010;53:213–6. PubMed PMID: 20573555.

Walsh T, McClellan JM, McCarthy SE, Addington AM, Pierce SB, Cooper GM, Nord AS, Kusenda M, Malhotra 
D, Bhandari A, Stray SM, Rippey CF, Roccanova P, Makarov V, Lakshmi B, Findling RL, Sikich L, Stromberg 
T, Merriman B, Gogtay N, Butler P, Eckstrand K, Noory L, Gochman P, Long R, Chen Z, Davis S, Baker C, 
Eichler EE, Meltzer PS, Nelson SF, Singleton AB, Lee MK, Rapoport JL, King MC, Sebat J. Rare structural 
variants disrupt multiple genes in neurodevelopmental pathways in schizophrenia. Science. 2008;320:539–
43. PubMed PMID: 18369103.

Zaidi S, Choi M, Wakimoto H, Ma L, Jiang J, Overton JD, Romano-Adesman A, Bjornson RD, Breitbart RE, 
Brown KK, Carriero NJ, Cheung YH, Deanfield J, DePalma S, Fakhro KA, Glessner J, Hakonarson H, Italia 
MJ, Kaltman JR, Kaski J, Kim R, Kline JK, Lee T, Leipzig J, Lopez A, Mane SM, Mitchell LE, Newburger JW, 
Parfenov M, Pe'er I, Porter G, Roberts AE, Sachidanandam R, Sanders SJ, Seiden HS, State MW, 
Subramanian S, Tikhonova IR, Wang W, Warburton D, White PS, Williams IA, Zhao H, Seidman JG, 
Brueckner M, Chung WK, Gelb BD, Goldmuntz E, Seidman CE, Lifton RP. De novo mutations in histone-
modifying genes in congenital heart disease. Nature. 2013;498:220–3. PubMed PMID: 23665959.

12 GeneReviews®

https://www.ncbi.nlm.nih.gov/pubmed/18784092
https://www.ncbi.nlm.nih.gov/pubmed/24281366
https://www.ncbi.nlm.nih.gov/pubmed/24311552
https://www.ncbi.nlm.nih.gov/pubmed/16860135
https://www.ncbi.nlm.nih.gov/pubmed/22199024
https://www.ncbi.nlm.nih.gov/pubmed/18668039
https://www.ncbi.nlm.nih.gov/pubmed/20573555
https://www.ncbi.nlm.nih.gov/pubmed/18369103
https://www.ncbi.nlm.nih.gov/pubmed/23665959


License
GeneReviews® chapters are owned by the University of Washington. Permission is hereby granted to reproduce, 
distribute, and translate copies of content materials for noncommercial research purposes only, provided that (i) credit for 
source (http://www.genereviews.org/) and copyright (© 1993-2023 University of Washington) are included with each 
copy; (ii) a link to the original material is provided whenever the material is published elsewhere on the Web; and (iii) 
reproducers, distributors, and/or translators comply with the GeneReviews® Copyright Notice and Usage Disclaimer. No 
further modifications are allowed. For clarity, excerpts of GeneReviews chapters for use in lab reports and clinic notes are 
a permitted use.

For more information, see the GeneReviews® Copyright Notice and Usage Disclaimer.

For questions regarding permissions or whether a specified use is allowed, contact: admasst@uw.edu.

1q21.1 Recurrent Microdeletion 13

http://www.genereviews.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/GRcopyright_permiss/
https://www.ncbi.nlm.nih.gov/books/n/gene/GRcopyright_permiss/

	Summary
	Diagnosis
	Clinical Characteristics
	Genetically Related Allelic Disorders
	Differential Diagnosis
	Management
	Genetic Counseling
	Resources
	Molecular Genetics
	Chapter Notes
	References

