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Abstract 

Understanding the cellular and molecular mechanisms of regenerative zebrafish will advance 

fundamental knowledge of tissue regeneration. Our previous study identified scn8ab, which 

encodes a voltage-gated sodium channel, as a critical gene required for fin 

regeneration. scn8ab likely plays roles in neurons to influence reinnervation, but its precise 

expression pattern during development and regeneration remained unknown. Here, I established 

the scn8ab knock-in (KI) reporter line (scn8abEGFP) to determine the spatiotemporal expression 

of scn8ab. Our minicircle technique combined with CRISPR/Cas9 gene editing enhanced the 

integration efficiency to create the reporter line, compared to utilizing a plasmid. Expression 

analysis with scn8abEGFP demonstrated neuronal expression of scn8ab in sensory and motor 

neurons, while non-neuronal expression was undetectable. Our scn8ab KI reporter will be 

essential for future studies elucidating the nerve dependence of regenerating tissues, particularly 

in identifying the cellular interactions between nerves and local cells in regenerating fins. 

 

 



Introduction 

The regenerative capacity of mammals is limited to a few tissues, such as blood, skin, and 

the liver, whereas teleost fish and urodele amphibians can regenerate a wide array of tissues, 

including limbs, hearts, and brains12. The inability of humans to regenerate heart muscle after an 

injury, for example, can detrimentally impact the quality of life of patients5. Due to its clinical 

significance, the foremost goal of regenerative biology is to increase the regenerative potential of 

humans, which can be achieved by dissecting the mechanisms underlying the regenerative 

abilities of these highly capable species. In addition to their high regenerative capacity, 

vertebrate teleost fish are compatible with advanced genetic and molecular approaches such as 

mutagenesis screens and transgenesis9,14. The zebrafish (Danio rerio) thus provides an excellent 

model to answer a fundamental question of regenerative biology: what are the genes critical to 

regeneration?  

The nerve dependency of regeneration has been well characterized in multiple organisms 

from urodele amphibians to mammals, as reviewed by Farkas & Monaghan (2017). The presence 

of nerves at the injury site is necessary for proper tissue regeneration; as such, the removal of 

nerves at the location of injury results in impaired regeneration and stunted regrowth. Likewise, 

the regeneration of zebrafish pectoral fins requires innervation of the amputated appendage for 

blastema formation and its proliferation17. However, the communication between neurons and 

local non-neuronal cells in the regrowing appendages remains elusive. 

scn8ab is required for zebrafish fin regeneration 

We previously employed a forward genetics strategy to discover novel regulators of fin 

regeneration and identified mutants that display temperature-sensitive mobility defects and fin 

regeneration impairment13. Upon whole-exome sequencing and genetic mapping, we uncovered 



a mutation in scn8ab, which encodes a neuronal voltage-gated sodium channel (VGSC), Nav1.6. 

Due to the cataplexy-like behavior of the mutant fish, we named these mutants temperature-

triggered cataplexy (temca). Our studies demonstrated that temca mutants exhibit abnormal 

reinnervation of regenerating fins, including hypo-innervation and misguided axons, which lead 

to reduced fin regrowth and misshapen fin rays. Although our previous study provided evidence 

of scn8ab as a major neural gene, the spatiotemporal expression pattern of scn8ab has not been 

analyzed with accurate methodologies, such as transgenic fish.  To address this fundamental 

question, we employed CRISPR/Cas9 to generate a scn8ab knock-in (KI) reporter line, 

scn8abEGFP.   

Minicircle technique for creating a knock-in reporter 

Typical transgenesis in zebrafish utilizes plasmids that are randomly integrated into the 

genome. However, this approach has limitations15.  Due to the size restriction of plasmids and the 

uncertainty of regulatory elements, including all vital regulatory sequences in transgenic 

constructs is problematic and proves challenging to recapitulate endogenous gene expression. 

Additionally, their random insertion may disrupt host gene expression due to unexpected 

integration events. By contrast, targeted insertion using clustered regularly interspaced short 

palindromic repeats with Cas9 protein (CRISPR/Cas9) genome editing technique allows for 

integration at specific loci. However, the low KI efficiency poses another challenge1. Here, we 

assessed minicircle DNA (MC) as a donor template that enhances KI efficiency. MC are circular 

DNA vectors lacking bacterial backbone sequences which can cause the transcriptional 

repression of the transgene observed with plasmid integrations8,16. The reduced size of MC and 

the lack of bacterial DNA can provide efficient vector systems for gene therapy and 

transgenesis10,11. A recent study also demonstrated that the utilization of MC likely improves 



CRISPR/Cas9-mediated integration efficiency in post-mitotic neuronal cells in the rat model18. A 

MC approach for CRISPR/Cas9-mediated KI in zebrafish has yet to be explored. Here, I 

employed MC technology with CRISPR/Cas9 to establish a more efficient KI strategy. 

Methods 

CRISPR/Cas9 mediated knock-in design 

To generate the scn8ab KI reporter line, a single-guide RNA (sgRNA) was designed to 

direct Cas9 to cleave 6bp downstream of the start codon of exon 2 of the scn8ab locus. Upon 

double-strand DNA break, the introduced template sequence containing EGFP under control of 

the heat shock 70 minimal promoter (hsp70) was integrated via homology-directed repair (HDR) 

or non-homologous end joining (NHEJ)20. The template DNA was delivered via MC vector 

linearized by the sgRNA. All components were injected into single-cell zebrafish embryos 

(Figure 1). 

Plasmid design and transformations 

Three recombinant plasmids were designed as detailed in Table 1. Each donor sequence 

was subcloned between the vector’s attP/attB sites via Gibson assembly (Figure 1). Primers used 

for Gibson assembly are listed in Table 2. To promote HDR, 439bp of upstream genomic DNA 

and 534bp of downstream genomic DNA relative to the Cas9 cleavage site was cloned into the 

plasmid to flank the donor sequence. All tested donor sequences followed the same 

methodology; however, primer sequences and digestion fragment sizes are represented only for 

hsp70:EGFP-α-cry:mCherry which was used to generate the stable line for further experiments. 

DH5α competent E. coli cells were transformed with the recombined plasmids via heat 

shock transformation. The bacteria were spread on LB agar plates containing kanamycin for 

antibiotic resistance selection and incubated at 37°C overnight. Colonies were then screened via 



colony PCR using primers in Table 2. Colony PCR was followed by a restriction digest screen 

using ClaI and HindIII generating 6.9kb and 1.5kb fragments if correctly inserted and 5.4kb, 

1.5kb, and 1kb if not inserted. Colonies that passed both screens were inoculated in LB broth at 

37°C and their plasmids were purified via NucleoSpin® Plasmid mini-prep (Takara Bio, Cat. 

No. 740588). Plasmid DNA was then sent for Sanger sequencing for confirmation. 

Table 1.  Transgenic reporter sequences for CRISPR-mediated integration.  

Donor 

Sequence 

Makeup 

Parental 

MC Plasmid 

Size 

MC 

Size 
Description/Purpose 

hsp70:EGFP- 

α-cry:mCherry 
8.8kb 4.4kb 

The ectopic minimal promoter, hsp70, drives higher 

expression of EGFP reporter gene1,7,21. The α-

crystallin (α-cry) promoter drives mCherry 

expression in the eye lens for larvae sorting. 

hsp70:mem-

EGFP 
6.8kb 2.8kb 

A membrane anchor was attached to EGFP to 

visualize neurites extending from axonal bodies and 

to track nerve cell movement and boundaries. α-

cry:mCherry was removed as EGFP expression was 

seen at 5 days post-fertilization while sorting. 

mem-EGFP 6.1kb 2.1kb 

No ectopic minimal promoter was used to test if 

endogenous expression of scn8ab was sufficient for 

EGFP visualization.  

 

Minicircle generation 

To prepare minicircle DNA, the sequenced plasmids were transformed into 

ZYCY10P3S2T cells, a minicircle production strain of E. coli. The transformed cells were grown 

in LB broth containing kanamycin (50ug/mL) at 37°C and scaled to larger culture volumes at 

25ug/mL kanamycin. To induce recombination at attP/attB sites for minicircle generation (Figure 

1), the cells were incubated in LB broth for 6 hours with L-Arabinose (1.25mM) at 30°C. After 

recombination, minicircles were then purified from cells via PureYield™ Plasmid Midiprep 

System (Promega, Cat. No. A2495). 

ZYCY10P3S2T cells contain an arabinose-inducible system that expresses 

ϕC31integrase and I-SceI endonuclease to recombine the parental plasmid at attB and attP sites, 



producing minicircle DNA and a bacterial backbone plasmid. A detailed protocol is described by 

Kay et al. (2010).  

To ensure minicircle generation was successful and that samples lacked contamination of 

the bacterial backbone and parental plasmid, a restriction digestion screen using HindIII was 

performed. A fragment of 8.4kb was generated from the parental MC plasmid and a 4.4kb 

fragment was generated from MC DNA. Due to evidence of band sizes for parental plasmid 

DNA, a Plasmid-Safe™ ATP-Dependent DNase treatment (Epicentre, Cat. No. E3101K) was 

used to selectively remove parental DNA using XhoI and NdeI which have target sequences in 

the parental plasmid and bacterial backbone, but not MC DNA. Finally, a restriction digestion 

screen with HindIII was repeated to ensure only minicircle DNA remained in the sample.  

Control vector design  

To increase the efficiency of genomic integration with CRISPR/Cas9 (Auer et al., 2014), 

circularized vectors were linearized during injection into single-cell embryos. To simplify the 

linearization process, the same genomic sgRNA target sequence, designed using the 

CRISPRscan web tool (https://www.crisprscan.org/), was cloned into the vector and thus only 

one sgRNA was injected. With the minicircle vector design, a single cleavage site is needed for 

this process; conversely, a plasmid vector requires two cleavage sites: one to linearize the vector 

and one to cleave the bacterial backbone from the donor sequence for integration. To insert this 

second sgRNA target site into the parental minicircle plasmid, a KLD reaction was performed. 

Primers used for the KLD reaction are depicted in Table 2. A parental plasmid vector with two 

sgRNA target sites (depicted as PP) was generated for two constructs: PP(hsp70:mem-EGFP) 

and PP(mem-EGFP). 

 



Embryo microinjections and sorting for positive larvae 

To integrate the donor sequence into the scn8ab locus, single-cell-stage embryos of wild-

type (Ekkwill) zebrafish were microinjected with the donor DNA vector (15ng/ul), sgRNA 

(25ng/ul), and Cas9 protein (0.5ng/ul). Injected embryos were grown and incubated at 26°C until 

5 days post-injection when larvae were sorted for EGFP and/or mCherry expression using 

fluorescence microscopy.  

 A subset of larvae was used for genotyping and sequencing. Genomic DNA (gDNA) 

from larvae was extracted and purified with Puregene Core Kit A (Qiagen, Cat. No. 1042601). 

Primers were designed to determine the site of integration by amplification of the 5’ and 3’ ends 

of the donor sequence; one primer bound the scn8ab gDNA outside of the homology arms while 

the other bound a donor-specific sequence (e.g., EGFP). Primer sequences are shown in Table 2.  

 Due to the lack of a strong specific band to confirm the integration of the 3’ region by 

genotyping and the possibility for a large deletion arising from DNA repair, 10 additional 

primers were designed to bind outside the 3’ homology arm up to 8kb downstream of the 

integration site (primer sequences not listed). This methodology was unsuccessful at amplifying 

a specific band. Therefore, the recently described CRISPR-enhanced Viral Integration Site 

Sequencing (CReVIS-Seq)6, will be utilized to detect the specific scn8ab integration site and any 

additional sites that may be undetected from PCR primer biases. 

Imaging and immunostaining 

 Whole-mount images of larvae and adult zebrafish fins were taken using an AxioZoom 

stereo-fluorescent microscope (Zeiss). Fin tissue samples were immunostained per the protocol 

described by Osorio-Méndez et al. (2022). The following antibodies used in this study were as 



follows: anti-EGFP (rabbit; A11122, Life Technology; 1:1000), DAPI (D3571, Thermofisher; 

1:5000), Zn-5 (mouse; ZIRC; 1:200), and Zn-12 (mouse; ZIRC; 1:200). 

Table 2. Primer and sgRNA sequences used for the study. 

Purpose Sequence 

Gibson Assembly: vector 

forward 

5’TCCTGAAGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGG

GGTGGT-3’ 

Gibson Assembly: vector 

reverse 

5’AGCCTCCAGTGAATTCAGAGGGAGGAGTCCGGACAGATGC-3’ 

Gibson Assembly: insert 

forward 

5’GCATCTGTCCGGACTCCTCCCTCTGAATTCACTGGAGGCTTCCAGA

ACAG-3’ 

Gibson Assembly: vector 

reverse 

5’GCTCCTCGCCCTTGCTCACCATGGTGGCTTCAGGAAAAAACAAAC

AATTAGAATTAATTT-3’ 

Colony PCR: forward 5’CGTCGCCGTCCAGCTCGACCAG-3’ 

Colony PCR: reverse 5’GCATCTGTCCGGACTCCTCCCTCTGAATTCACTGGAGGCTTCCA

GAACAG-3’ 

KLD reaction: forward 5’CCTCCAGGCCCGTCGACCCATGGGGGCCC-3’  

KLD reaction: reverse 5’TGCGAGCAGCGGACAAATCAATCGCCACCAAAAATCATTACTAAC

CAC-3’ 

5’ genotyping forward 5’GCGTGGTTATCAACCTCCAT-3’ 

5’ genotyping reverse 5’CTCCTCGCCCTTGCTCACCAT-3’ 

3’ genotyping forward 5’ACAGTACAAAGATCCCCAAATGATGT-3’ 

3’ genotyping reverse 5’CCAGACCCGAGATCAACTGA-3’ 

sgRNA target sequence 5’GGGCCTGGAGGTGCGAGCAGCGG-3’ 

Results 

Utilization of MC increased CRISPR-mediated KI efficiency 

 To generate the scn8ab reporter line, we initially generated a donor minicircle containing 

scn8ab sgRNA, 5’ and 3’ homology arms, EGFP, and α-cry:mCherry, which expressed mCherry 

in the lenses of the eye (Figure 1). As scn8ab expression had not been examined by a transgenic 

animal, α-cry:mCherry was used as a selection marker for sorting larvae carrying the edited 

genome. After injection of Cas9, scn8ab sgRNA, and MC(hsp70:EGFP-α-cry:mCherry), we 

found larvae displaying EGFP fluorescence in addition to lens mCherry expression at 5dpf 

(Figure 2). Thus, we eliminated α-cry:mCherry in further constructs. In total, we prepared five 

constructs for establishing the efficient method to create the scn8ab KI reporter line. 



F0 larvae injected with 

MC(hsp70:EGFP-α-cry:mCherry) 

direct two types of EGFP 

expression patterns. A significant 

number of larvae drove neuronal 

EGFP as expected from previous 

findings that scn8ab is a neuronal 

gene (Figure 2a). In contrast, non-

specific expression in the muscle 

and eye was observed in a subset 

of larvae (Figure 2b). 

Interestingly, upon 5’ genotyping 

of larvae with muscle and eye but 

no nerve expression and larvae 

with nerve-specific expression, 

we found evidence of the 

expected integration at the scn8ab 

locus for both groups. 

To test if the hsp70 ectopic 

minimal promoter directed the 

non-specific expression in the muscle and eye, new constructs were designed with and without 

hsp70 (Table 1). Importantly, we found that constructs containing the hsp70 promoter displayed 

EGFP fluorescence in nerve, muscle, and eye tissues, while those lacking the minimal promoter 

Figure 1. Schematic for MC generation and 

CRISPR/Cas9-mediated knock-in. Only one construct, 

hsp70:EGFP-α-cry:mCherry, is shown for simplicity, as 

all follow this schematic. (1) The parental MC plasmid, 

which contains the cloned reporter sequence and 

homology arms, is recombined at attP and attB sites. 

Recombination is performed by ϕC31integrase and I-

SceI endonuclease, which are under regulation of an 

arabinose inducible operon. (2) The purified minicircle 

DNA is injected into a single-cell-staged embryo with 

Cas9 protein and sgRNA. (3) Cas9 cleaves at the target 

site within MC DNA, linearizing the donor sequence. 

Cas9 cleaves at exon 2 of scn8ab, creating a double 

strand DNA break. (4) Cellular DNA repair machinery 

will recognize homologous sequences of the cleavage 

site and the donor DNA to integrate the hsp70:EGFP-α-

cry:mCherry sequence into the scn8ab locus. 

 



displayed no EGFP fluorescence similar to non-injected control larvae. A subset of EGFP- larvae 

injected with MC(mem-EGFP) or PP(mem-EGFP) was genotyped to decipher if the absence of 

fluorescence was due to failed integration or insufficient expression of EGFP. Of 101 larvae 

genotyped, 46 were positive 

for 5’ genotyping (Table 3), 

indicating that the absence of 

fluorescence in these larvae 

was likely due to the lack of 

the hsp70 minimal promoter 

to drive detectable levels of 

EGFP expression. 

To visualize neurites, 

we designed new constructs 

which contained membrane-

anchored EGFP (mem-EGFP). 

In the larvae injected, there 

was no notable difference in 

expression between mem-

EGFP and EGFP regarding 

tissue specificity and 

intensity. Thus, mem-EGFP 

donor vectors were not used to 

generate the stable reporter line. 

Figure 2. EGFP expression pattern at 5 days-post fertilization 

(dpf). (A) F1 scn8ab Tg(hsp70:EGFP-α-cry:mCherry) with 

nerve specific expression. EGFP expression is seen in the 

spinal cord, brain, and the eye. (B) Two F0 scn8ab 

Tg(hsp70:EGFP-α-cry:mCherry) with non-specific EGFP 

expression in the muscle and the eye (top) and muscle and 

spinal cord (bottom). The fluorescence seen from the yolk sac 

is autofluorescence and not EGFP expression from the 

transgenic construct. 

  

scn8abEGFP

5 dpf

head

Spinal cord headA.

B.

 



The CRISPR-mediated knock-in efficiency of each construct is shown in Table 3. 

Minicircle vectors produced a higher percentage of confirmed KI events compared to their 

plasmid counterparts. Additionally, the mem-EGFP constructs analyzed by genotyping had KI 

efficiencies (MC: 64.2% and PP: 25.0%) similar to their hsp70:mem-EGFP counterparts 

analyzed by fluorescence (62.9% and 28.4%). MC(hsp70:EGFP-α-cry:mCherry) had slightly 

lower KI efficiency compared to the other tested MC vectors (54.0% vs 62.9% and 64.2%), 

however, it remained higher than the PP vectors used in this study.  

Table 3. Knock-In efficiencies of tested constructs by fluorescent screening and genotyping. 

Each MC and PP construct with their observed KI efficiencies are displayed. Constructs without 

the minimal promoter, hsp70, did not express EGFP in the fluorescent screen but did indicate 

positive integration by genotyping. 

Construct 

Percent positive 

integrations by F0 

fluorescence screening 

n 

Percent positive 

integrations by F0 

genotyping 

n 

MC(hsp70:EGFP- α-

cry:mCherry) 
54.0% (81/150) --- --- 

MC(hsp70:mem-

EGFP) 
62.9% (178/283) --- --- 

PP(hsp70:mem-

EGFP) 
28.4% (19/67) --- --- 

MC(mem-EGFP) 0% (0/490) 64.2% (34/53) 

PP(mem-EGFP) 0% (0/56) 25.0% (12/48) 

 

To verify the integration site of the Tg(hsp70:EGFP-α-cry:mCherry) stable line, genomic 

DNA was extracted from an adult F1 with nerve-specific EGFP expression. The line was first 

genotyped for 5’ and 3’ integration by PCR with primers binding outside of the homology arms 

and within the donor sequence (Figure 3a, b). The expected band size was seen for the 5’ region 

of the integration, however, no prevalent band at 1.3kb was seen for the 3’ region. From these 

results, we used primers binding within the reporter DNA and homology arms to ensure the ends 

of the donor sequence were intact (Figure 3c, d). The expected band sizes were observed for both 



5’ and 3’ regions of the construct. Finally, Sanger sequencing of the amplified 5’ region revealed 

that the donor sequence was successfully integrated via HDR (Figure 4). 

 

 

 

Figure 3. Genotyping results of adult F1 scn8ab Tg(hsp70:EGFP-α-cry:mCherry). 

(A) 5’ genotyping for integration at the expected scn8ab site. Expected size 1.25kb. (B) 

3’ genotyping for integration at the expected scn8ab site. Expected size 1.3kb. (C) 5’ 

control genotyping; primers binding in 5’ homology arm and EGFP sequence. Expected 

size 880bp. (D) 3’ control genotyping; primers binding in 3’ homology arm and α-cry 

promoter sequence. Expected size 480bp.  

hsp70:EGFP-α-cry:mCherry (nerve+muscle) 
hsp70:EGFP-α-cry:mCherry (nerve only) 

Predicted HDR KI sequence of 5’ region 

Consensus 

Conservation 
100% 

0% 

scn8ab gDNA 5’HA sequence 

Recombination site 

Figure 4. Genomic DNA sequences of F1 scn8ab
EGFP

 zebrafish at the 5’ site of 

recombination for homology directed repair. ‘scn8ab gDNA’ outlines the 20bp upstream of 

the 5’ homology arm (HA) used in the donor sequence. Those with nerve-specific 

expression and those with non-specific expression in the muscle have 100% conservation 

with the predicted integration sequence.  



scn8abEGFP is detected in the sensory and motoneurons of adult zebrafish fins 

The F1 stable line was generated using MC(hsp70:EGFP-α-cry:mCherry), which directs 

nerve-specific fluorescence with high intensity in adult fish. The transparent adult fin allowed for 

visualization of scn8ab expression patterning in this tissue (Figure 5). scn8abEGFP expression 

was restricted to the nerves which innervate the bony fin rays and the epidermal layers, while 

EGFP was absent from non-neuronal cells of the fin. Upon amputation, the reporter line retained 

nerve specificity which displayed neuronal damage at 1dpa, followed by extensive axonal 

regrowth and reinnervation by 3dpa. 

Upon immunostaining the sensory and motoneurons of the adult scn8abEGFP fin, we 

demonstrated that scn8abEGFP colocalized with subsets of both sensory and motoneurons in the 

peripheral nervous system (Figure 6). Sensory neurons are present across the skin, while 

motoneurons are located largely within the mesenchyme of the fin rays. To explore the structure 

Figure 5. Adult scn8abEGFP uninjured fin and regenerating fin, 3 days post-amputation (dpa). 

Zebrafish anterior (bottom) and posterior (top). (left) EGFP is localized to nerves which 

innervate the bony fin rays. Fluorescence is not observed in non-neuronal cell types in the 

fin. (right) The fin regrowth is directed upwards from the amputation plane which is 

represented by the red arrowhead. EGFP expression displays the nerves that were damaged 

by amputation as well as neurite formation above the amputation plane. 



and cellular interactions of the neurons in fin regeneration, the scn8abEGFP regenerating fin was 

sectioned and stained with WGA (wheat germ agglutinin) to label cell membranes (Figure 7). 

We observed the two neuronal bundles comprising motor neurons, which line the top and bottom 

hemi-rays, below the amputation plane. At the amputation plane, additional motor nerves derived 

from these two bundles join to form a single nerve bundle that innervates the blastema. The 

sensory neurons innervate the epidermis but unlikely or rarely pass the basal lamina layer that is 

located between the epidermis and the mesenchyme.  

Figure 6. scn8abEGFP expression colocalizes with sensory and motoneurons. 

Whole-mount images of adult zebrafish fins. Images are oriented posterior 

(top) to anterior (bottom). (A) Uninjured adult scn8abEGFP  fin immunostained 

with Zn5 (red) for motoneurons. A magnified image of white box shown on 

the right. (B) Uninjured adult scn8abEGFP fin immunostained with Zn12 (red) 

for sensory neurons. (C) 2 days post-amputation of adult scn8abEGFP fin 

immunostained with Zn5 (red) for motoneurons. Dashed line indicates the 

amputation plane; the regenerating appendage extends above the plane. 

 

A.

C.B.

 



 

Discussion 

Here, we demonstrated that a minicircle vector design is an efficient donor template for 

CRISPR-mediated KI. Though minicircle methodology proved advantageous compared to whole 

plasmid vectors in the generation of the scn8ab reporter line, further experiments suggested its 

efficiency may be unique to the construct and sgRNA design. For example, a MC(mem-

mCherry) construct integrated at the advillin (avil) gene locus, had 21.9% KI efficiency 

DAPIWGA

EGFP

Figure 7. scn8abEGFP 2dpa fin section demonstrating local nerve innervation 

of the blastema. Merged channels (top left), EGFP (top right), WGA (cell

membranes; bottom left), and DAPI (bottom right). The dashed line indicates 

the amputation plane; the regenerating fin ray extends above the plane.



compared to 14.6% of its plasmid counterpart, which is lower than the data presented in this 

study (unpublished data). Ultimately, the minicircle methodology is an attractive technique to 

generate KI lines with enhanced efficiency; however, the extent to which it enhances KI 

compared to plasmids must be further evaluated. 

The absence of fluorescence in Tg(mem-EGFP) larvae, which lacked the hsp70 promoter, 

was likely due to insufficient endogenous transcription of scn8ab for EGFP to be detected. Here, 

hsp70 proved helpful in overcoming this challenge by increasing the expression levels of the 

integrated reporter sequence. This supports previous findings of hsp70’s use in the zebrafish 

model7. Though beneficial, using the hsp70 minimal promoter may provide an added challenge 

to tissue-specific expression. The observed non-specific muscle and eye fluorescence may be 

attributed to hsp70-driven expression in non-specific tissues, similar to previous findings 

regarding hsp70 leaky expression7,19. The reason for the non-specific expression observed in 

some larvae but not others has not been determined. To combat hsp70-driven non-specific 

expression, other promoters, such as lepb 0.8kb (P0.8) could be tested. Ultimately, the CReVIS-

Seq approach currently being employed will address the possibility of multiple integration sites 

and identify deletions that may have occurred during DNA repair.  

The co-localization of scn8abEGFP with sensory and motoneurons indicates that the 

VGSC is expressed in both subtypes of the peripheral nervous system. The two neuronal 

populations may play different roles in the innervation and regeneration process; this is 

supported by our preliminary data showing that the two motoneurons within the fin ray join at 

the amputation plane, while the sensory neurons do not appear to innervate the blastema. Future 

studies using this reporter will determine which neuronal subtype causes the impaired 

regeneration phenotype we see in the temca mutant.  



The generation of the scn8ab KI reporter line critically advances the investigation into 

the role of neurons in zebrafish fin regeneration. Particularly, we now have a model to identify 

the cells that communicate with scn8ab-expressing neurons in the regenerating appendage. 

Future efforts with scn8abEGFP will progress our understanding of the nerve-dependent 

regeneration processes.  
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