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 ABSTRACT 

Xiphophorus interspecies hybrids, i.e., X. hellerii × (X. maculatus Jp 163 A × X. 

hellerii) display melanomagenesis according to Mendelian segregation of an oncogene, 

xmrk, and a recently identified melanoma regulator, rab3d. The rab3d gene’s function in 

the Xiphophorus genome is hypothesized to inhibit the driving oncogene xmrk. It is 

thought that by including both an oncogene and tumor suppressor within its genome, 

Xiphophorus protect themselves from genome incompatibilities that may arise as a result 

of interspecies hybridization as explained by the Bateson–Dobzhansky–Muller model. 

Genotype and transcriptional analyses elucidated rab3d to serve as the gene responsible 

for Xiphophorus’ inherited tumor regulator. Functional analyses of rab3d in Xiphophorus 

have yet to be performed. Therefore, to investigate mechanism of the xmrk-rab3d 

molecular interaction that represses tumorigenesis, we report in vitro CRISPR mediated 

knockout of rab3d in Xiphophorus Jp163 A. Our findings provide insight into melanoma 

etiology and further our molecular understanding of the xmrk-rab3d interaction.  
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I. Introduction 

The Gordon-Kosswig-Anders (GKA) animal model, derived from the 

Xiphophorus system, serves as a translational model to study the etiology of melanoma 

and cancer genetics. Maintained since the 1920’s, the Xiphophorus system is one of the 

oldest and was the first animal model to provide evidence that melanoma is induced by 

negative epistasis 1-3. This allows for the utilization of highly inbred lines of animals that 

have similar genomic profiles. Furthermore, Xiphophorus comprising the GKA model 

present the unique ability to produce fertile inter-species hybrids 1-3. The X. maculatus 

genome encodes two genes that have been linked to melanoma: Ras-related protein Rab-

3D (rab3d) and a mutant duplicate of Epidermal Growth Factor Receptor (egfr) termed 

Xiphophorus Melanoma Regulatory Kinase (xmrk) 4,5. The xmrk gene serves as an 

oncogene, and X. maculatus’ rab3d serves as a tumor suppressing gene by regulating 

differentiation (R(Diff)) 4. Due to its inbred nature, X. maculatus are homozygous for 

both rab3d and xmrk. The two genes within X. maculatus present phenotypically as a 

nevus-like pigmentation pattern on its dorsal fin; herein referred to as spotted dorsal (Sd). 

When X. maculatus is mated with Xiphophorus hellerii (X. hellerii), the resulting F1 

hybrids, containing single X. maculatus-derived rab3d and xmrk alleles, display an 

enhanced dorsal fin pigmentation pattern due to the inheritance of one tumor suppressing 

gene, R(Diff), and one copy of the oncogene, xmrk. The backcross progeny, resulting 

from mating F1 with X. hellerii, present with three phenotypes following Mendelian 

segregation: 25% of the backcross progeny present with lethal exophytic melanoma due 

to the absence of R(Diff) and presence of xmrk, 25% present with enhanced Sd (identical 

phenotype and genotype to F1), and 50% present with no phenotypic abnormalities due to 
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the absence of both xmrk and R(Diff) 2,6,7. The difference between the rab3d alleles 

between X. maculatus and X. hellerii is a single amino acid change from an asparagine 

residue in X. maculatus to a lysine residue in X. hellerii (N204K, X. maculatus to X. 

hellerii).  

 
Fig. 1: GKA Animal Model. The crossing scheme shows the Xiphophorus species used to produce F1 and 

BC1 interspecies hybrids. X. maculatus Jp163 A and X. hellerii are used to produce F1 hybrids artificially. 

The F1 hybrids are subsequently backcrossed to X. hellerii to produce BC1 hybrid progeny 8. 

 

Melanocytes are responsible for providing their melanin pigmentation to local 

keratinocytes. This process gives keratinocytes the ability to shield against ultraviolet 

radiation-induced DNA damage in dermal regions 9-11. Melanoma results from the 

development of malignant melanocytes. This leads to the melanotic presentation of 

melanoma 12. 

The incidence of melanoma has risen over the past four decades 13. In fact, 
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approximately 300,000 global cases are currently diagnosed annually 14-16. Current 

treatments such as surgical excision and chemotherapy remain standard in healthcare 14,17. 

Immunotherapeutics such as vemurafenib for BRAFV600E, ipilimumab for increased T-cell 

activity, and nivolumab and pembrolizumab for continuation of an immune response 

have recently advanced treatment of melanoma 18-22. However, these treatment methods 

have not proven favorable, as common therapeutics and surgical resection techniques 

have resulted in poor prognosis 17,23. Additionally, drug toxicity, limited therapeutic 

options, and emerging resistance further dampen the practicality of treatment by the 

aforementioned means 24,25. BRAF and NRAS mutations are present in approximately 50 

% and 28 % of melanomas, respectively. Additionally, only 48 % of patients dosed with 

Vemurafenib for BRAF mutant melanoma and 15 % dosed with Binimetinib for NRAS 

mutant melanoma display an overall response to therapy which leaves a majority of these 

melanoma patients without treatment options 19,26. Thus, there is a prevalent need for 

further research into alternative therapeutics against melanoma. 

Advances in molecular genetics have led to the potential to treat melanoma 

through the use of genetic targets. One such molecular system is the Clustered Regularly 

Interspaced Short Palindromic Repeats (CRISPR) system in which RNA guides are used 

to direct the CRISPR associated protein (Cas) nuclease to a specific locus where a double 

strand break is induced. This double strand break, along with the cell’s inherent DNA 

repair mechanisms, can be used to knock out oncogenes, knock in tumor-suppressing 

genes, transcriptionally activate tumor suppressing genes, introduce modified T-cells, or 

introduce suicide genes; all of which can be used to treat melanoma 27-35. Thus, a highly 

accurate and efficient CRISPR-Cas system may be revolutionary in the clinical battle 
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against melanoma. Recent studies provide promising results for genetic modification in 

the treatment of melanoma 35-37.   

The association of the rab3d gene with cancer lends itself to being a proper 

CRISPR target for knockout studies. Rab GTPases serve as intracellular transport 

proteins responsible for exocytic trafficking 38. With regard to cancer etiology, rab3a is 

involved with glioma initiation, rab3b is transcriptionally upregulated in prostate cancer 

patients contributing to tumor cell survival, and rab3c has been shown to be upregulated 

in colon cancer patients 39-42. rab3d’s function is derived from both its transcriptional 

levels and pre- and post-translational modifications 8,43. For example, high transcriptional 

levels of rab3d are associated with a multitude of cancers 40. Clinically, up-regulation of 

rab3d is associated with poor prognosis within patients presenting with colorectal cancer 

44. In the rat pancreatic acinar cell line AR42J, carboxyl-methylation is noted, potentially 

signifying a relation between carboxyl-methylation of rab3d and cancerous development 

43. Considering prior studies, it is hypothesized that rab3d activity is detrimental since its 

expression is correlated with disease presentation. However, we hypothesize that rab3d 

withholds a tumor suppressing function, and its upregulation in disease is a side effect of 

defense against awry processes such as cancer. We hypothesize that a rab3d knockout in 

an animal known to contain a natural oncogenic driver for melanoma, such as X. 

maculatus, will lead to melanotic presentation.  To our knowledge, no such rab3d 

knockout studies have been performed upon vertebrates who have the potential to 

naturally develop melanoma thus far.  

To begin to study the effects of rab3d knockouts in-vivo, we excised rab3d exon 

1 in vitro using CRISPR-Cas9 to target rab3d. Herein, we present rab3d knockouts in X. 
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maculatus JP 163 A animals in vitro.  
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II. MATERIALS AND METHODS 

Xiphophorus Animal Model:  

X. maculatus Jp163 A, X. hellerii (Rio Sarabia), and first generation backcross 

(BC1) animals used in this study were provided by the Xiphophorus Genetic Stock 

Center, San Marcos, Texas (https://www.xiphophorus.txstate.edu). X. maculatus Jp 163 

A females were artificially inseminated with sperm from male X. hellerii to produce F1 

progeny. F1 hybrid males were backcrossed to X. hellerii females to generate the BC1 

animals. Fish were sacrificed by placement into an ice bath until gill movement was 

suspended. Cranial resection was then performed. Organs were dissected and stored in 

RNAlater (Ambion Inc.). Organs in RNAlater were stored at -20 °C for 24 hr. After 24 

hr, the RNAlater solution was aspirated out, and the dry organs were stored at -80 °C 

indefinitely or until use. Fish were maintained and utilized in accordance with protocols 

approved by Texas State University IACUC (IACUC7381). 

Design of CRISPR-Cas Targets: 

CRISPR-Cas guide RNA’s were created within the rab3d exon 1 in the X. 

maculatus Jp163 A genome. Single-guide (sg) RNA’s were designed using CCTop’s 

CRISPR/Cas9 target online predictor at COS Heidelberg (https://crispr.cos.uni-

heidelberg.de/); the online tool was built by fish genome specialists in Dr. Jochen 

Wittbrodt’s lab.  

In vitro synthesis of sgRNA: 

sgRNAs were designed using CCTop, and were produced using Guide-itTM 

sgRNA In Vitro Transcription and Screening System (Takara Bio). A 56-nucleotide (nt) 

to 58-nt forward primer was designed for each cut site. sgRNA primers designed 
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targeting rab3d’s exon 1 can be found in Table 1 and viewed schematically in Fig. 2. The 

sgRNA’s were produced following manufacture’s protocol. 

 
Fig. 2: sgRNA Targets: The top blue ribbon represents X. maculatus JP 163 A genomic DNA from 

chromosome 5 (10,515,319 – 10,617,563) nt. The bottom blue ribbon represents a zoomed in depiction of 

the genomic region of rab3d exon1. The green markers indicate the locations of rab3d forward and reverse 

primers. The blue markers above the ribbon represent the locations of rab3d-sgRNA(1-4) along the 

genome. The red arrow indicates the location of X. maculatus’ rab3d 3’ end.  

 
Table 1: sgRNA Primers for sgRNA in vitro transcription. 

Name Sequences (5'-3') 

rab3d-sgRNA1 
CCTCTAATACGACTCACTATAGGATGGCGCTAGCCCGGGACCT 
GTTTAAGAGCTATGC   

rab3d-sgRNA2 
CCTCTAATACGACTCACTATAGGTGGCGCTAGCCCGGGACCTA 
GTTTAAGAGCTATGC      

rab3d-sgRNA3 
CCTCTAATACGACTCACTATAGGTTAAAGTCAAGACAATCTAC 
GTTTAAGAGCTATGC       

rab3d-sgRNA4 
CCTCTAATACGACTCACTATAGGTTTATCACCTCACCCAGATC 
GTTTAAGAGCTATGC        

 
Design of Primers Surrounding CRISPR-Cas Cut Sites:  

Primers were created using NCBI’s BLAST tool 45. Primers were chosen to 

amplify sites containing the previously identified sgRNA binding sites. The sequences of 

Rab3d-F

rab3d-R

rab3d-F

rab3d-sgRNA4 rab3d-sgRNA2

rab3d-sgRNA1rab3d-sgRNA3

rab3d Amplicon
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the primers designed for PCR amplification by NCBI’s BLAST tool can be found in 

Table 2 and viewed schematically in Fig. 2.  

 
Table 2: Primers for PCR Amplification. 

Name Sequences (5'-3') 
DNA Template 
Source Amplicon Length (bp) 

rab3d-F CAACCGCTAAAGCACATCTG X. maculatus Jp163 A 754 
rab3d-R GTTGGGGCTTTCCTTTCCAG 

 
DNA Isolation:  

DNA was isolated using Qiagen DNeasy Blood & Tissue Kit following 

manufacturer protocol. DNA was then quantified using Qubit 2.0 following manufacturer 

protocol (Life Technologies, Grand Island, NY, USA).  

Polymerase Chain Reaction and Sequencing: 

Polymerase chain reaction (PCR) was performed upon the isolated genomic DNA 

(gDNA) using rab3d primers. 10X standard taq reaction buffer and taq DNA polymerase 

were provided for by New England Biolabs (Cat. No. M0273S). 10 mM dNTP mix was 

acquired from ThermoFisher (Cat. No. 18427013). The PCR protocol used was 180 s 

initial denaturation, followed by 32 cycles of 30 s at 95 °C, 30 s at 52 °C, 70 s at 68 °C, 

and a final elongation of 300 s at 68 °C. Amplicon was then purified using QIAquick 

PCR Purification Kit following manufacturer protocols. For products with one prominent 

band and artifacts, QIAquick Gel Extraction Kit was used following manufacturer 

protocol to remove the artifacts. Once purified, DNA samples were again quantified by 

Qubit 2.0, prepared for sequencing, and sequenced by GENEWIZ, LLC.  

In vitro sgRNA CRISPR-Cas9 Screening: 

Guide-itTM sgRNA In Vitro Transcription and Screening System (Takara Bio) was 

used to screen sgRNA cleavage upon rab3d amplicon following manufacturer’s protocol.   
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Gel Imaging: 

Gel electrophoresis was performed upon our rab3d amplicon to measure the 

molecular weight of the product. 50x Tris-acetate-ethylenediaminetetraacetic acid 

[EDTA] (TAE) buffer was prepared by mixing 242 g tris base, 57.1 mL glacial acetic 

acid, 100 mL 0.5 M EDTA (pH 8.0), and adjusting the volume to 1 L. 1 x TAE was then 

prepared and used as both running and loading buffers. A 2% agarose gel was stained 

with ethidium bromide and prepared using UltraPureTM Agarose by Inivtrogen (Cat. No. 

15510-027). After the in vitro sgRNA CRISPR-Cas9 Screening, the products were loaded 

onto the 2 % agarose gel and underwent gel electrophoresis. A 50 bp ladder by Invitrogen 

was run adjacent to products (ThermoFisher Cat. No. 10416014). Gels were imaged 

using Fotodyne’s FOTO/Analyst FX benchtop darkroom (Fisher Scientific, Cat. No. 

F71720DLN). The gel imaging software used was FOTO/Analyst PC Image.  

Bioanalyzer: 

An electronic gel-electrophoresis was performed using Agilent’s Bioanalyzer 

2100 (Agilent, Cat. No. G2939BA) following manufacturer protocols; Agilent’s DNA 

1000 Kit was used (Agilent, Cat. No. 5067-1504).  
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III. Results 

Sequence of rab3d amplicon    

PCR amplicon (rab3d) using primers rab3d-F and rab3d-R was run on a 2% 

agarose gel and exhibited an amplicon size of 754 nt. This size is consistent with 

expected amplicon size  (Fig. 2,3).   

 
Fig. 3: rab3d Amplicon: 1: Ladder, 2: rab3d amplicon. Molecular weight labeled to the right is that 

expected of the rab3d amplicon.  

 
The rab3d amplicon was subsequently sequenced using Sanger sequencing 

method. Amplicon sequence was compared to reference genome sequence using Blastn 

1 2

MW (bp)

2500

800

Lad
der

rab
3d1

700

Fig. 3: Rab3d1 Amplicon: 1: Ladder, 2: rab3d1 amplicon.

754 bp
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and displayed 100% match to expected PCR product (Fig. 4).   

 

 
Fig. 4: Amplified Sequence Identity: The rab3d amplicon (Sbjct) displayed 100% matching sequence 

identity to rab3d in the published X. maculatus genome (Query).  

 
In vitro Screening of sgRNA  

Multiple sgRNA’s were created for in vitro testing to determine the best 

candidates for use in vivo. It is known that different sgRNA guides provide different 

cleavage efficiencies, and an sgRNA that works in silico might not work in vivo or in 

vitro 46-49. We cleaved rab3d exon 1 in vitro using sgRNA’s 1-4 as guides to determine 

efficacy and measure the various cleavage efficiencies of each sgRNA should cuts be 

induced. Expected and acquired fragment sizes after rab3d cleavage with sgRNA’s 1-4 

are concurrent with each other (Table 3). Of interest, sgRNA’s 1 and 2 did not result in 

complete cleavage of our rab3d amplicon. sgRNA 4 resulted in almost complete cleavage 

of our rab3d amplicon, and sgRNA 3 led to complete amplicon cleavage (Fig. 5). As this 

in vitro analysis is meant to serve as an in vivo indicator of knockout efficiency, it is clear 

that sgRNA’s 3 and 4 would lead to greater knockout efficiencies and hence should be 

 
>PREDICTED: Xiphophorus maculatus ras-related protein Rab-3D-like 
(LOC102238335), mRNA,  
Sequence ID: XM_005809082.3  
Range 1: 235 to 471 
Identities:237/237(100%),  Gaps:0/237(0%), Strand: Plus/Minus 
 
Query  217  CCCAGATCTGGAGCTTGACCCTCTTGTCGTTCCTGTAGATTGTCTTGACTTTAAAGTCAA  276 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  471  CCCAGATCTGGAGCTTGACCCTCTTGTCGTTCCTGTAGATTGTCTTGACTTTAAAGTCAA  412 
 
Query  277  TGCCCACTGTGCTCACAAACGCTGAGGTGAAGGAGTCGTCTGCATAGCGAAACAGGAAGG  336 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  411  TGCCCACTGTGCTCACAAACGCTGAGGTGAAGGAGTCGTCTGCATAGCGAAACAGGAAGG  352 
 
Query  337  AGGTCTTTCCCACGCTGCTGTTGCCGATGATCAGCACCTTGAACATGTAGTCAAAGTTCT  396 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  351  AGGTCTTTCCCACGCTGCTGTTGCCGATGATCAGCACCTTGAACATGTAGTCAAAGTTCT  292 
 
Query  397  GGTCGGCCGCGTCCCTCTGCTCCTGGCCGACCCCTAGGTCCCGGGCTAGCGCCATCT  453 
            ||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  291  GGTCGGCCGCGTCCCTCTGCTCCTGGCCGACCCCTAGGTCCCGGGCTAGCGCCATCT  235 
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carried through to in vivo analysis. It is known that two double stranded breaks created by 

the use of dual sgRNA are more effective at creating in vivo genomic deletion than are 

single double stranded breaks induced by single sgRNA. Therefore, we tested the 

efficiency of in vitro cuts using two sgRNA to predict in vivo behavior 46. sgRNA 1 + 4, 

2 + 3, 2 + 4, and 3 + 4 proved favorable in creating two in vitro cuts upon our rab3d 

amplicon since our acquired fragment sizes matched expected fragment sizes. Through 

gel analysis, it is clear that sgRNA’s 3 and 4 are the best candidates to carry into in vivo 

knockout analyses since these two sgRNA’s both 1) display fragment sizes that are easily 

separable by gel electrophoresis, and 2) display the highest cleavage efficiency of our 

rab3d amplicon (Table 3; Fig. 4, 5).  

Table 3: Fragment Sizes. The table lists the rab3d amplicon and sgRNA’s used to cleave rab3d exon 1 

under Name. Expected Fragment Size lists the expected fragment sizes after cleavage with the sgRNA’s in 

row. Acquired Fragment Sizes lists quantitative data acquired form bioanalyzer analysis of in vitro sgRNA 

analysis upon our rab3d amplicon. The rab3d amplicon length is listed under rab3d Amplicon Length. All 

molecular weight measurements are in base pairs (bp). * represents data not acquired through bioanalyzer 

analysis, but analysis was instead performed by agarose gel electrophoresis.  

Name 
Expected Fragment 
Sizes (bp) 

Acquired Fragment Sizes 
(bp) 

rab3d Amplicon 
Length (bp) 

rab3d 754 * 

754 

rab3d-sgRNA1 288 + 466 290 + 472 + 768  
rab3d-sgRNA2 289 + 465 290 + 468 + 762 
rab3d-sgRNA3 285 + 469 284 + 469 
rab3d-sgRNA4 253 + 501 254 + 500 
rab3d-sgRNA1 + 4 213 + 253 + 288 758 + 211 + 256 + 291 
rab3d-sgRNA2 + 3 180 + 285 + 289 * 
rab3d-sgRNA2 + 4 212 + 253 + 289 756 + 211 + 257 + 293 
rab3d-sgRNA3 + 4 32 + 253 + 469 26 + 257 + 477 
Control sgRNA + 
Control Fragment 614 + 350 + 264 631 + 349 + 263 
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Fig. 5: sgRNA(1-4)-CRISPR-Cas9 in vitro Screen upon rab3d Amplicon: 1: Ladder, 2: rab3d 
amplicon cut by Cas9-sgRNA 1, 3: rab3d amplicon cut by Cas9-sgRNA 2, 4: rab3d amplicon cut by 
sgRNA 3, 5: rab3d amplicon cut by sgRNA 4, 6: manufacturer positive control with control Cas9-sgRNA, 
7: rab3d amplicon cut by Cas9-sgRNA’s 1&4, 8: rab3d amplicon cut by Cas9-sgRNA’s 2&4, 9: rab3d 
amplicon cut by Cas9-sgRNA’s 3&4, 10: water (negative control). Molecular weights labeled are those 
acquired by the bioanalyzer with manufacturer settings. Off target products and those too faint to be 
quantified by the bioanalyzer are not labeled.  
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Fig. 5: sgRNA(1-4)-CRISPR-Cas9 in-vitro Screen upon rab3d Amplicon: 1: Ladder, 2: rab3d amplicon cut by Cas9-sgRNA 1, 3: rab3d amplicon cut by Cas9-sgRNA 2, 4: rab3d amplicon cut by 
sgRNA 3, 5: rab3d amplicon cut by sgRNA 4, 6: manufacturer positive control with control Cas9-sgRNA, 7: rab3d amplicon cut by Cas9-sgRNA’s 1&4, 8: rab3d amplicon cut by Cas9-sgRNA’s 
2&4, 9: rab3d amplicon cut by Cas9-sgRNA’s 3&4, 10: water (negative control).  
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Fig. 6: sgRNA(2-4)-CRISPR-Cas9 in vitro Screen upon rab3d Amplicon: 1: Ladder, 2: rab3d 
amplicon, 3: rab3d amplicon cut by Cas9-sgRNA 2&3, 4: rab3d amplicon cut by sgRNA 2&4. Molecular 
weights labeled to the right are those expected of the products.  
 
  

1 2 3

289 bp + 285 bp
289 bp
253 bp
212 bp
180 bp

4
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800
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rab
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Fig. 6: sgRNA(2-4)-CRISPR-Cas9 
in-vitro Screen upon rab3d
Amplicon: 1: Ladder, 2: rab3d 
amplicon, 3: rab3d amplicon cut 
by Cas9-sgRNA 2&3, 4: rab3d 
amplicon cut by sgRNA 2&4.

754 bp
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IV. Discussion 

The sgRNAs targeting exon 1 of rab3d within the X. maculatus JP 163 A genome 

were designed and tested in vitro with rab3d amplicon cleavage successfully. The in vitro 

knockout of rab3d from the X. maculatus genome concludes the first step in creating X. 

maculatus knockouts in a vertebrate animal model who naturally has the potential to 

develop malignant melanoma. We recently discovered that rab3d is the oncogenic 

inhibiting factor preventing the spontaneous presentation of lethal melanoma in 

Xiphophorus within the GKA model 8. Therefore, future directions of this project remain 

in completing the in vivo rab3d knockouts in X. maculatus JP163 A animals utilizing the 

identified sgRNA’s in this study. We expect to see spontaneous melanomagenesis within 

rab3d knockout X. maculatus animals.  
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