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Clinical Features: 
Facial dysostosis refers to a clinically and etiologically heterogeneous groups of congenital craniofacial anomalies and arise 
as a result of abnormal development of the first and second pharyngeal arches and their derivatives during embryogenesis(1). 
Facial dysostosis can be subdivided into acrofacial dysostoses and mandibulofacial dysostoses; the former presents with 
craniofacial anomalies similar to the latter but typically with the addition of limb defects.  Several distinct facial dysostosis 
syndromes have been described including Treacher Collins syndrome, mandibulofacial dysostosis with microcephaly, Miller 
syndrome and Nager syndrome.  In addition, clinical overlap exists between facial dysostosis syndromes and known 
Mendelian conditions like CHARGE syndrome, frontonasal dysplasia, and Feingold syndrome. 
 

Our Facial Dysostosis Panel includes analysis of all seventeen genes listed below. 
Facial Dysostosis Panel 

ALX1 EFNB1 PDE4D TCOF1 
ALX3 EFTUD2 POLR1C ZSWIM6 
ALX4 EVC POLR1D  
CHD7 EVC2 PRKAR1A  

DHODH MYCN SF3B4  
 
Genes and Associated 
Disorder 

Inheritance Clinical Features/Molecular Pathology 

ALX1 [OMIM#601527] 
ALX3 [OMIM#606014] 
ALX4 [OMIM#605420] 
 
 
Frontonasal dysplasia  
[OMIM#s 613456, 136760, 
613451] 

AR Frontonasal dysplasia is characterized by combinations of hypertelorism, 
abnormal nasal configuration, and oral, palatal, or facial clefting, sometimes 
associated with facial asymmetry, skin tags, ocular or cerebral 
malformations, widow's peak, and anterior cranium bifidum.  Mutations in 
ALX3 have been identified in patients with frontonasal dysplasia 1.  A 
homozygous nonsense mutation in the ALX4 gene was identified in a 
consanguineous family with Frontonasal dysplasia 2 (2). A homozygous 
splice site mutation in the ALX1 gene was identified in a consanguineous 
Turkish family with frontonasal dysplasia 3 (3).   

CHD7 [OMIM#608892] 
 
CHARGE syndrome 
[OMIM#214800] 
 
 

AD  Mutations in CHD7 have been identified in patients with CHARGE 
syndrome.  CHARGE is an acronym: C = coloboma, H = heart defect, A = 
atresia of the choanae, R = retardation of growth and development, G = 
genital and urinary anomalies, E = ear anomalies and deafness.  Up to 53-
65% are found to have a heterozygous mutation while 10% of patients are 
found to have a microdeletion (4, 5).  Overlap exists between CHARGE, 
Treacher Collins, Miller and Nager syndrome. Consideration of EFTUD2 
testing in individuals with atypical CHARGE syndrome who do not have a 
mutation in CHD7 has been recommended (6). 

DHODH [OMIM#126064] 
 
Miller syndrome 
[OMIM#263750] 
 

AR Mutations in DHODH have been identified in patients with Miller syndrome.  
Miller syndrome is a postaxial acrofacial dysostosis syndrome and is 
characterized by severe micrognathia, cleft lip and/or palate, hypoplasia of 
aplasia of the posterior elements of the limbs, coloboma of the eyelids and 
supernumerary nipples.  Many of these characteristics overlap with 
Treacher Collins syndrome.  Miller syndrome was the first Mendelian 
disorder whose molecular etiology was identified by whole exome 
sequencing (7).   The majority of mutations identified to date have been 
missense mutations.   

Next Generation Sequencing Panel for Facial Dysostosis 
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EFNB1 [OMIM#300035] 
 
Craniofrontonasal syndrome 
[OMIM#304110] 

XL Craniofrontonasal syndrome is an X-linked developmental disorder that 
shows greater severity in heterozygous females than in hemizygous males. 
Females have frontonasal dysplasia, craniofacial asymmetry, 
craniosynostosis, bifid nasal tip, grooved nails, wiry hair, and abnormalities 
of the thoracic skeleton, whereas males typically show only hypertelorism. 
Mutations in EFNB1 are identified in about 87% of cases of 
craniofrontonasal syndrome (8).  

EFTUD2 [OMIM#603892] 
 
Mandibulofacial dysostosis 
with microcephaly  
[OMIM# 610536] 

AD Mutations in EFTUD2 have been identified in patients with mandibulofacial 
dysostosis with microcephaly (MFDM). MFDM is characterized by 
mandibulofacial dysostosis, cleft palate, hearing loss, microcephaly, growth 
and developmental delay and characteristic external ear malformations with 
preauricular tags (9).   EFTUD2 patients do not present with severe limb 
deficiencies similar to Nager and Miller syndrome, although mild digit 
anomalies have been observed (6).  A range of mutations, including 
deletions, frameshift, splice site, nonsense, and missense mutations have 
been identified, consistent with haploinsufficiency as the disease 
mechanism. 

EVC [OMIM# 225500] 
EVC2 [OMIM# 607261] 
 
Weyers acrofacial dysostosis 
[OMIM# 193530] 

AD Heterozygous mutations in EVC or EVC2 are associated with Weyers 
acrofacial dysostosis (WAD), which is characterized by short stature, 
postaxial polydactyly, nail dystrophy, anomalies of the lower jaw, and dental 
anomalies (11).  Mutations in EVC or EVC2 are also associated with Ellis-
van Creveld syndrome, an allelic disorder with autosomal recessive 
inheritance and a more severe phenotype than WAD.   

MYCN [OMIM# 164840] 
 
Feingold syndrome 
[OMIM#164280] 

AD Mutations in MYCN have been identified in patients with Feingold syndrome.  
Feingold syndrome is characterized by microcephaly, limb malformations, 
esophageal/duodenal atresia and intellectual disability.  Cardiac and renal 
malformations, vertebral anomalies and deafness have also been reported 
(12). A variety of different mutations have been identified in the MYCN gene 
(8) and one study reported that a large majority of patients with EFTUD2 
mutations had a prior diagnosis of Feingold syndrome (13). 

PDE4D [OMIM# 600129] 
PRKAR1A [OMIM# 188830] 
 
Acrodysostosis  
[OMIM# 614613, 101800] 

AD Heterozygous mutations in PDE4D and PRKAR1A are associated with 
acrodysostosis (also known as Arkless-Graham syndrome or Maroteaux-
Malamut syndrome).  Acrodysostosis is a rare skeletal dysplasia 
characterized by short stature, brachydactyly, nasal hypoplasia, and facial 
dysostosis.  Developmental delays, intellectual disabilities, and behavioral 
issues are common.  Most, but not all, patients exhibit resistance to multiple 
hormones (14).  Most cases of acrodysostosis are due to de novo 
mutations.   

POLR1C [OMIM#610060] 
POLR1D [OMIM#613715] 
TCOF1 [MIM#154500] 
 
Treacher Collins syndrome 
[OMIM#248390, 613717, 
154500] 
 

AD/AR Mutations in TCOF1, POLR1C and POLR1D have been identified in patients 
with Treacher Collins syndrome.  Treacher Collins syndrome is a disorder of 
craniofacial development characterized by hypoplasia of the facial bones 
and inferolateral orbital cleft leading to downward slanting palpebral fissures 
and colobomas of the lower eyelids and absence of the medial third of the 
lower eyelash (1).  Other findings can include cleft and arched palate, ear 
anomalies, hearing loss, microcephaly and intellectual disability.  Treacher 
Collins syndrome is primarily associated with dominant mutations in TCOF1.  
Over 200 mutations have been identified in the TCOF1 gene, with small 
deletions (ranging from 1 to 40 nucleotides) being the most common.  
Dauwerse et al (2011) recently identified mutations in POLR1C and 
POLR1D in patient with Treacher Collins (15).   Mutations in POLR1D elicit 
their effect in a dominant manner, while mutations in POLR1C are inherited 
in an autosomal recessive manner.   

SF3B4 [OMIM#605593] 
 
Nager syndrome 
[OMIM#154400] 
 
 

AD Mutations in SF3B4 have been identified in patients with Nager syndrome.  
Nager syndrome is characterized by malformations of the craniofacial 
skeleton and limbs and facial findings include downslanted palpebral 
fissures, midface retrusion and micrognathia.  The limb defects typically 
involve anterior elements of the upper limb.  The presence of anterior upper 
limb defects as opposed to posterior upper limb defects distinguishes Nager 
syndrome from Miller syndrome (16). Czeschik et al (2013) identified 
mutations in SF3B4 in 7/12 (63.6%) of patients with Nager syndrome (17).  
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ZSWIM6 [OMIM#615951] 
 
Acromelic frontonasal 
dysostosis 
[OMIM#603671] 

AD Acromelic frontonasal dysostosis is a rare form of frontonasal dysplasia 
caused by heterozygous mutations in the ZWIM6 gene.  Features include 
frontonasal dysplasia, agenesis of the corpus callosum, interhemispheric 
lipoma, and limb defects including talipes equinovarus, tibial 
hypoplasia/aplasia, and preaxial polydactyly of the feet (18).   

 
Test methods: 
Comprehensive sequence coverage of the coding regions and splice junctions of all genes in this panel is performed.  Targets 
of interest are enriched and prepared for sequencing using the Agilent SureSelect system.  Sequencing is performed using 
Illumina technology and reads are aligned to the reference sequence.  Variants are identified and evaluated using a custom 
collection of bioinformatic tools and comprehensively interpreted by our team of directors and genetic counselors.  All 
pathogenic and likely pathogenic variants are confirmed by Sanger sequencing.  The technical sensitivity of this test is 
estimated to be >99% for single nucleotide changes and insertions and deletions of less than 20 bp.   
 
Our CNV detection algorithm was developed and its performance determined for the sole purpose of identifying deletions and 
duplications within the coding region of the gene(s) tested. Partial exonic copy number changes and rearrangements of less 
than 400 bp may not be detected by this methodology. Regions of high homology and repetitive regions may not be analyzed.  
This methodology will not detect low level mosaicism, balanced translocations, inversions, or point mutations that may be 
responsible for the clinical phenotype. The sensitivity of our deletion/duplication assay may be reduced when DNA extracted 
by an outside laboratory is provided. 
 
Facial Dysostosis Panel (17 genes)    

Sample specifications:   3 to10 cc of blood in a purple top (EDTA) tube 
Cost:     $2500 
CPT codes:    81406 

81407 
Turn-around time:   8 weeks     

Note: We cannot bill insurance for the Facial Dysostosis panel 
 
Results: 
Results, along with an interpretive report, will be faxed to the referring physician.  Additional reports will be provided as 
requested.  All abnormal results will be reported by telephone. 
 

For more information about our testing options, please visit our website at dnatesting.uchicago.edu or 
contact us at 773-834-0555. 
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Committed to CUSTOMIZED DIAGNOSTICS, TRANSLATIONAL RESEARCH & YOUR 
PATIENTS’ NEEDS  


