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Abstract

Results

Hox genes code for transcription factors that control positional information during development.
Hoxa13a is upregulated during joint formation in the zebrafish fin rays. To observe the role of
hoxa13a and its paralogs hoxa13b and hoxd13a on fin ray formation, our lab used CRISPR/Cas9
to obtain mutants with double and triple homozygous deletions in these genes. Combined
mutations in these genes cause variable fin type-specific defects including shortened fin rays and
the loss of actinotrichia and joints, suggesting that proper ray formation could be dependent on
hox13 gene dosages.
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Figure 1. A: Main components of zebrafish fin rays1 B: Zebrafish fin types2

The zebrafish exoskeleton is comprised of two paired fins (pectoral and pelvic) and three unpaired fins (anal,
dorsal, and caudal). These fins are each comprised of fin rays, that attach to the endoskeleton and protrude out
from the body to form the exoskeleton of each fin. Each fin ray or lepidotrichia is composed of a few main
elements: the origin of bifurcation, where the fin ray splits into two sister fin rays, the fibrous joint which provide
fluidity to the fin ray, and the actinotrichia which supports the distal tissue of the fin.
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Zebrafish fins, when amputated, have the capacity to fully regenerate in a three step process (Figure 2) which
typically takes 20 days3. Although the regulatory mechanisms of this process are not fully understood, previous
work has shown that the homeobox (hox) transcription factors hoxa13a, hoxa13b, and hoxd13a play a role in the
development and regeneration of each zebrafish fin. Specifically, hoxa13a has been shown to be expressed in
presumptive joint cells during fin ray joint formation throughout regeneration4. Moreover, Nakamura et al (2016)5,
have shown that removal of these hox13 genes through mosaic knockouts creates visible deformities in the
endoskeleton and fin rays of the pectoral fin. After creating our deletion mutants, our lab has observed that the
fin rays of the other fins appear to be affected as well, and different defects are seen between fins in terms of
joint formation, bifurcation, and fin ray length.
Hypothesis: The hox13 genes: hoxa13a, hoxa13b, and hoxd13a regulate the development of each fin-type
differently, resulting in different malformations in each fin-type when they are removed.
Objectives:
1. Breed the deletion mutant fish to obtain fish with multiple homozygous deletions
2. Observe the resulting deformities in the fin rays of each fin

CRISPR/Cas9 was used by Dr. Qingming Qu to induce deletion mutations in hoxa13a, hoxa13b, and hoxd13a:
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Figure 2. Zebrafish fin regeneration stages and timeline.3
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Figure 3. Combinations of double and triple homozygous hox13 deletions cause different fin-type specific defects in zebrafish. In comparison to the other fins, the caudal fin demonstrates less defects and
more consistency across all of the genotypes. In each fish, we see that joint formation and bifurcation still occurs in the caudal fin and fin ray length tends to be less reduced in comparison to the other fins.
Overall, mutations in hoxa13a, hoxa13b, and hoxd13a have more severe affects in the dorsal, anal, and pectoral fins compared to the caudal fin. This data suggests that there could be more compensation
by other genes in the caudal fin compared to the other fins. When comparing the different double homozygous mutants, Hoxa13a, hoxa13b, hoxd13a and hoxa13a, hoxa13b, hoxd13a demonstrate
characteristics more similar to the wild-type phenotype, where proper joint formation and bifurcation are still observed in the mutants. Hoxa13a, hoxa13b, hoxd13a however is different in that it demonstrates
fin ray length, joint formation, and bifurcation patterns similar to the triple homozygous hox13 mutant, with no joint formation or bifurcation in the anal, dorsal and pectoral fins and drastically reduced fin ray
length. Hoxa13a, hoxa13b, hoxd13a however shows characteristics similar to the wild-type phenotype, where we now see joint formation and bifurcation in the dorsal and anal fins, however still none in the
pectoral fin. This observation shows both that two copies of hoxd13a are required for proper fin ray formation compared to only one copy of hoxa13a or hoxa13b,. and also reinforces the different defects that
can arise in each fin as a result of the hox13 deletions.
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Figure 3. CRISPR/Cas9 deletion mutations induced in hoxa13a, hoxa13b, and hoxd13a along with genotyping primers indicated by arrows.

Individual mutants were bred with one another to generate fish containing all three deletion mutations. A triple
heterozygous parental generation was used to establish a population of fish containing different combinatorial
double homozygous deletions in these genes, along with a separate population of wild-type siblings. The offspring
were genotyped using the primers indicated in figure 3. The fins of the double and triple homozygous deletion
mutants were then imaged under a dissecting microscope to observe the effects of these mutations on the fin
rays.
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Figure 4. Workflow of hox13 mutant breeding and imaging.

1. The caudal fin demonstrates a more consistent phenotype in all genotypes compared to the
dorsal, anal, and pectoral fins. Characteristics such as, joint formation, bifurcation, and longer
fin rays appear consistently in the caudal fin.
2. Different allele dosages of hoxa13a, hoxa13b, and hoxd13a are required for joint formation and
bifurcation in the anal, dorsal and pectoral fin. Results suggest that two copies of hoxd13a are
required to achieve joint formation and bifurcation, whereas only one copy is required in the
case hoxa13a or hoxa13b.
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1. Expression patterns of hoxa13a, hoxa13b, and hoxd13a in each fin:
Base expression patterns of hoxa13a, hoxa13b, and hoxd13a will be compared on wild-type fish for
each fin. In-situ hybridization will be used to show the expression pattern of each of these genes,
and RT-qPCR will be used to show how much of each gene is being expressed. These expression
patterns will be compared to observe if a difference between each fin is present that could
potentially explain the different defects between each fin.
2. Regulatory effects of hoxa13a, hoxa13b and hoxd13a, and compensation by other genes:
RT-qPCR to observe quantitative changes in regulatory targets such as evx1 and pthlha (joint
markers), as well as and1 and col2 (the main components of actinotrichia). Additionally, we want to
look at other hox genes and transcription factors that could potentially be compensating for the loss
of the hox13 genes.
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