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ABSTRACT

Zebrafish mutant phenotypes are often incomplately penatrant, only manifasting in some
mutants. Interesting phanatypes that inconsistantly appaar can be dificult to study, and can
lead to confounding results. The protocol described here is a straightforward breeding
paradigm to increase and decrease penetrance in lethal zebrafish skeletal mutants. Because
lethal mutants cannot be selectively bred directly, the classic selective breeding siralegy of
progeny testing is employed. This method also includes protosols for Kompetitive Allele
Specific PCR (KASP) genotyping zebrafish and staining larval zebrafish cartilage and bone.
Applying the husbandry strategy described here can increase the penetrance of an interesting

skeletal phenatype enabling more results In addition,

decreasing the mulant penetrance through this selective breeding stralegy can reveal the
developmental processes that most crucially require the function of the mutated gene. While
the skeleton s specifically considered here, we propose that this methodology will be useful
for all zebrafish mutant lines.
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can gecrea RUTOUTIG Vara TN, TUS Promonng expermments
consistency and reproducibility. For example, performing all in situ hybridization analyses on one selectively inbred strain can
reduce confounding variability and strengthen conclusions. Third, generating severe and mild strains will reveal the entire

phenotypic series that can result from a particular mutation

At first glance, selective breeding of lethal mutants seems impossible. How can one breed for penetrance when the animals that
are scored for selection are dead? Fortunately, methads for selective breeding by family selection, specifically progeny testing,
have demanstrated effectiveness in livestack breeding programs for many years”%. These programs are mainly used for selective
breeding for traits that are only present in one sex, like milk production in cows or egg production in hens. The males of these
species cannot be scored directly, but their progeny are scored and a value is then assigned to the parents. Borrowing from this
strategy, the protocol presented here involves scoring the fixed and stained mutant offspring from a pair of zebrafish that are
heterozygous for a mutant gene of interest. The panelrance of a phenotype in the homozygous lethal mutant offspring is assigned
to the parents when deciding which individuals will produce the next generation in the line. We find that this method is an effective
means of shifting penetranca in zebrafish lathal skelstal mutants?

Similar to other studies, this selective breeding protocol takes under consideration criteria like clutch size, survival of offspring,
normal development of embryos, and sex ratio®. However, these factors are all considered in the context of a mutant background
with the objective of shifting the mutant penetrance. Therefore, this protocol extends previous selective breeding paradigms by
offering a method to strengthen developmental mutant analyses as well as increase background homogensity.

This protocol requires extensive genotyping, so it is important to develop a reliable, rapid genotyping protocol in advance. There
are many genotyping protocols available®1, however we find the KASP genotyping?212.14 is faster, more cost efficient, and more
reliable than methads based on restriction enzyme cleavage of amplified sequences'®. Therefore, we include a KASP protocol in
this work. Additionally, we focus on skeletal mutant phenotypes in this protocol and include a procedure for Alcian Blue/Alizarin
Red slaining modified from previous protocols’®,

The method described here is a straightforward strategy for shifting lethal mutant penetrance upward or downward. While this

nntnenl facnisas an ckalatal mitant nhanntunas we haliewa it will ha a neaful stratanv far hiichandne of all mutant 7ahrafich lines
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