
Adult mineralization status: From adulthood, CRISPR KO and Sa963 mutant fish developed progressive  
scoliosis and were smaller than WT and HTZ siblings. Alizarin red S staining of knockouts (2E) and mutants  
(3E) at various time points identified additional mineralization foci on the spine (insert, arrowed) and irregular rib margins with bifid ends (insert, asterisk). These 
alterations were absent in WT (2-3D) or HTZ siblings. Using µCT images, these spinal foci are more clearly illustrated. CRISPR knockouts exhibit zones of dense 
mineralization throughout the spine (blue foci, 2G) which are not found in WT siblings (2F). Please note that these images are not similarly scaled. 
Alizarin red S staining of eyes and heart of 13.5 m old knockouts (resp. 2I, 2K) and mutants (not shown) revealed no enhanced mineralization in these tissues, 
compared to WT samples (eyes: 2H, hearts: 2J).
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INTRODUCTION 

Pseudoxanthoma elasticum (PXE) is an ectopic mineralization disorder due to bi-allelic mutations in ABCC6. Therapy is minimal, necessitating 
the development of reliable animal models for compound screening purposes. One putative model is the zebrafish, which has two gene copies 
abcc6a and abcc6b. In literature, abcc6a has been described as the functional orthologue of ABCC6. Interestingly, the published models - a 
morpholino-induced (MO) knockdown and the gräte missense mutant - show remarkable phenotypic discrepancies, respectively developmental 
anomalies with early lethality at 8 days post fertilization (d.p.f.) or hypermineralization of the axial skeleton. To unequivocally establish the 
effect of abcc6a and to provide a putative screening tool, we developed a zebrafish abcc6a knockout model using CRISPR/Cas9 technology 
and compared its phenotype to a morpholino model and a mutant model (Sa963). 
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MATERIALS & METHODS 

CRISPR knockout: Wild type embryos were injected intracellularly with 250 pg Nickase and 25 pg abcc6a sgRNA and reared to adulthood. 
From a founder with a c.180delTCGG germline mutation, carriers were outcrossed for two generations. Incross generated all genotypes in F3 
(analyzed at adulthood) and F4 (during development), which were morphologically characterized. 
Sa963: Fish were commercially purchased and outcrossed for two generations. Incrosses to F3 and F4 were characterized as described above. 
Morpholino: Wild type embryos were injected in the 1-2 cell stage with a concentration gradient of abcc6a MO and 1.5x the dose of p53 MO 
to determine the optimal dosage (3ng MO). Embryos were screened daily for morphological changes described in literature. 
Skeletal staining and quantification: At 10 d.p.f. embryos were euthanized, fixated, bleached and stained with alizarin red S (ARS). Pictures 
were taken under light and fluorescence microscope. Using ImageJ the ARS-signal of each embryo was semi-quantified and significance was 
determined by means of two-tailed t-test. Adult zebrafish were euthanized and ARS stained when a phenotype was morphologically present.

DISCUSSION & CONCLUSION 

Our CRISPR model is the first complete abcc6a knockout model. In order to verify the effect of abcc6a deficiency, we compared a knockdown, 
a mutant and a knockout model. As the phenotype is recapitulated in the three models, this can unequivocally be considered the result of 
abcc6a deficiency. Contrary to published MO data, our models demonstrate that abcc6a is not essential for survival nor that its deficiency 
leads to primary morphological anomalies. However, it does play a critical role in the mineralization homeostasis of the ribs and vertebral 
column, providing further evidence that abcc6a dysregulation affects bone mineralization in zebrafish. Interestingly, other tissues commonly 
mineralized in PXE appeared normal. Because of the specificity of CRISPR/Cas9, we provide for the first time a direct link between the 
deficiency of abcc6a and dysregulated osteogenesis, as was previously already suggested in human PXE. Because of the reproducibility and 
ease of quantification of the phenotype, we consider it an excellent readout for drug screening purposes and multiplex mutagenesis analysis.
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Embryonic and larval mineralization status: Alizarin red S staining at 10 d.p.f. revealed that abcc6a 
deficient animals (1-3B) show enhanced vertebral mineralization compared to controls (1-3A). ImageJ signal 
quantification (1-3C) confirmed significant hypermineralization (p<0.05) in all three models: mean increases 
of 55% in 3ng injected morphants (1C), 35% in Sa963 mutants (3C) and 21% in CRISPR knockouts (2C).
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