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Branchiootorenal Spectrum Disorder Panel 
 

PANEL GENE LIST 
EYA1, SIX1, SIX5 
 

CLINICAL FEATURES 
Branchiootorenal spectrum disorder (BORSD) is characterized by malformations of the second branchial arches, 
ears and kidneys. It encompasses the phenotypes previously described separately as branchiootorenal (BOR) 
syndrome and branchiootic (BO) syndrome, which were distinguished only by the presence or absence of a renal 
anomaly. As both phenotypes can occur within the same family, these syndromes are best described as a 
spectrum disorder. Major clinical criteria for BORSD include second branchial arch cysts or fistulae, deafness, 
preauricular pits, auricular deformities and renal anomalies (ranging from mild to severe or complete absence of 
kidneys). Minor clinical criteria include external auditory canal anomalies, middle or inner ear anomalies, 
preauricular tags, facial asymmetry and palate abnormalities. Diagnosis requires one of the following: presence of 
at least 2 affected individuals in the family, presence of 3 or more of the major criteria, presence of 2 major and 2 
minor criteria, or presence of a pathogenic variant in one of the causative genes.1 The prevalence of BORSD in 
the general population is unknown. Some studies estimate that BORSD accounts for ~2% of hereditary hearing 
loss. Hearing impairment due to BORSD ranges from mild to severe and can be conductive, sensorineural or 
mixed.2 

 
GENETICS 
BORSD is inherited in an autosomal dominant manner. Approximately 10% of cases are due to a de novo variant. 
Both reduced penetrance and variable expressivity have been observed. 
 
More than 200 variants in the EYA1 gene have been associated with BORSD, including nonsense, missense, 
splice site variants, small deletions and insertions. Approximately 20% of patients with BORSD are found to have 
large deletions of one or more exons, the entire gene or chromosomal rearrangement involving the EYA1 
gene.1,2,5,7 
 
There are very few published cases of BORSD due to variants in the SIX1 gene. Most variants are missense 
changes affecting the homeodomain region, which is essential for specific Six1-DNA binding.3,4 
 
Variants in the SIX5 gene have been reported in several individuals with BORSD who were not found to have 
pathogenic variants in EYA1 or SIX1.8 One of these individuals was later found to have a likely causative EYA1 
deletion that segregated with the disorder in the family, and additional study is needed to further explore the 
association of SIX5 variants with BORSD.9 

 
TEST METHODS 
Using genomic DNA from the submitted specimen, the complete coding regions and splice site junctions of the 
genes on this panel are enriched using a proprietary targeted capture system developed by GeneDx for next-
generation sequencing with CNV calling (NGS- CNV). The enriched targets are simultaneously sequenced with 
paired-end reads on an Illumina platform. Bi-directional sequence reads are assembled and aligned to reference 
sequences based on NCBI RefSeq transcripts and human genome build GRCh37/UCSC hg19. After gene specific 
filtering, data are analyzed to identify sequence variants and most deletions and duplications involving coding 
exons. Alternative sequencing or copy number detection methods are used to analyze regions with inadequate 
sequence or copy number data. Reportable variants include pathogenic variants, likely pathogenic variants and 
variants of uncertain significance. Likely benign and benign variants, if present, are not routinely reported but are 
available upon request. 
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The technical sensitivity of sequencing is estimated to be > 99% at detecting single nucleotide events. It will not 
reliably detect deletions greater than 20 base pairs, insertions or rearrangements greater than 10 base pairs, or 
low-level mosaicism. The copy number assessment methods used with this test cannot reliably detect copy 
number variants of less than 500 base pairs or mosaicism and cannot identify balanced chromosome aberrations. 
Assessment of exon-level copy number events is dependent on the inherent sequence properties of the targeted 
regions, including shared homology and exon size.   
 
CLINICAL SENSITIVITY 
Up to 82% of patients meeting the diagnostic criteria listed above will have an EYA1 variant detected by combined 
full gene sequencing and deletion/duplication testing.1,5,6 Approximately 80% of variants can be identified by 
sequence analysis of the coding sequence of EYA1, while the remaining 20% represent large deletions or 
chromosomal rearrangements involving this gene.1,5 A balanced chromosomal rearrangement involving the EYA1 
gene would be missed by our methods. Pathogenic variants in the SIX1 gene are estimated to account for 
approximately 2% of cases of BORSD.3 The contribution of SIX5 variants is unknown. 
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