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of s364 revealed no obvious mutations, suggesting that this nsf allele contains a non-

coding mutation (data not shown). Because the genetic lesion generating the s364 

allele remains unknown, we used nsfst53 mutant zebrafish for all subsequent analyses 

so that mutant embryos could be identified by genotyping, prior to the appearance of the 

‘dark’ phenotype. 

 

Disruption of nsf  is partially compensated by upregulation of nsfb  

The zebrafish genome contains duplicates of an ancestral nsf gene, annotated as nsf 

and nsfb [34]. nsf is ubiquitously expressed in the central nervous system throughout 

development [34] and in early larval stages (Additional file 1 Figure S3A). As might be 

predicted by the nonsense mutation in nsfst53, nsf transcript levels are nearly absent in 

nsfst53 zebrafish (Figure 1C). However, quantitative PCR revealed that nsfb is 

upregulated nearly two-fold in the heads of nsf mutant zebrafish (Figure 1C). Thus, 

compensation by nsfb may account for the survival of nsfst53 zebrafish to 8 dpf given 

that combined nsf and nsfb morpholino injections result in prominent and early lethality 

(Additional file 1 Table S1). Interestingly, nsfst53 zebrafish were noted to be longer than 

wild-type siblings (3.8 mm versus 3.6 mm; Figure 1D), and while the molecular basis of 

this phenotype is unclear, others have found that disruption of POMC-melanocortin 

signaling increases linear growth in both zebrafish and mice [35,36]. 

 

Hypothalamic cell markers are absent in nsf st53 mutant larvae 

We next determined if loss of pomc expression in nsfst53 zebrafish extended to other 

hypothalamic markers, including transcription factors and neuropeptides that are highly 


















