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            Abstract
Achromatopsia (ACHM) is an autosomal recessive disorder characterized by color blindness, photophobia, nystagmus and severely reduced visual acuity. Using homozygosity mapping and whole-exome and candidate gene sequencing, we identified ten families carrying six homozygous and two compound-heterozygous mutations in the ATF6 gene (encoding activating transcription factor 6A), a key regulator of the unfolded protein response (UPR) and cellular endoplasmic reticulum (ER) homeostasis. Patients had evidence of foveal hypoplasia and disruption of the cone photoreceptor layer. The ACHM-associated ATF6 mutations attenuate ATF6 transcriptional activity in response to ER stress. Atf6−/− mice have normal retinal morphology and function at a young age but develop rod and cone dysfunction with increasing age. This new ACHM-related gene suggests a crucial and unexpected role for ATF6A in human foveal development and cone function and adds to the list of genes that, despite ubiquitous expression, when mutated can result in an isolated retinal photoreceptor phenotype.
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                    Figure 1: Families, ATF6 genotypes and cDNA analysis.[image: ]


Figure 2: Functional and morphological presentation of patients carrying mutations in ATF6.[image: ]


Figure 3: Montages of AOSLO imaging of individual cones from the right eye of patient CHRO628-II:2.[image: ]


Figure 4: Functional analysis in human fibroblasts and HEK293 cells shows defective transcriptional activity for the Arg324Cys ATF6A mutant.[image: ]


Figure 5: Functional and morphological presentation of Atf6−/− and Atf6+/+ mice.[image: ]


Figure 6: Topography of ATF6A and the location of the disease-causing variants identified in patients with ACHM.[image: ]
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Change history
	15 June 2015
In the version of this article initially published online, the ATF6 protein alteration corresponding to the smaller aberrantly spliced band resulting from the variant c.1533+1G>C was incorrectly reported as p.Gly512Valfs*11 on page 3 of the PDF and in the legend for Figure 6. The correct protein alteration is p.Leu479Valfs*11. The same error occurred in Table 1 for the following five patients: CHRO593-IV:1, CHRO593-II:3, MOGL411-MOGL467-III:4, MOGL411-MOGL467-IV:1 and MOGL5414-II:1. The errors have been corrected for the print, PDF and HTML versions of this article.
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Integrated supplementary information

Supplementary Figure 1 Electropherograms of all identified mutations in ATF6.
Mutant sequence (top) compared to wild-type sequence (bottom). Nucleotide and protein sequence (one-letter code) are presented beneath the electropherogram. Exonic sequence is given in uppercase letters, and intronic sequence is given in lowercase letters. Arrows indicate the mutation.


Supplementary Figure 2 Comparative sequence analysis showing conservation of ATF6A at the protein level.
Comparative sequence analysis showing conservation of ATF6A at the protein level according to HomoloGene. In addition, alignment with human ATF6B is shown on the last line for comparison. Top, protein alignment for the p.Arg324Cys missense mutation. Bottom, protein alignment for the p.Tyr567Asn mutation.


Supplementary Figure 3 Atf6−/− mouse whole-mount and biochemistry data.
(a) Whole-mount retina preparations from 1-year-old Atf6+/– and Atf6−/− mice were stained with FITC-PNA (left immunofluorescent images), and the numbers of FITC-PNA–positive cone cells were quantified with Keyence BZ image analysis software for eight different eyes. Scale bar, 500 µm. (b–d) Whole retinas were collected and lysed from 90-d-old wild-type, Atf6+/– and Atf6−/− mice (n = 4 per genotype). (b) Cone-specific proteins (M opsin, S opsin and glycogen phosphorylase), (c) rod-specific proteins (rhodopsin and Gαt1 / rod transducin) and (d) ER stress-induced proteins (PDI, calreticulin and BiP (Grp78)) were detected by immunoblotting. HSP90 served as a protein loading control. WT, wild type; FITC, fluorescein isothiocyanate; PNA, peanut agglutinine.
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