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ABSTRACT 

Introduction Mutations in the KCNN2 gene have been linked to phenotypes of 

movement disorders and autism. The goal of this experiment was to use the 

CIUSPR-Cas9 system to create a deletion within the KCNN2 gene and to observe the 

effect on the expression of movement in zebra fish embryos. Methods Linearized Cas9 

DNA and guide DNA underwent in vitm transcription (IVT) reactions to produce RNA to 

be injected into zebrafish embryos at the one cell stage. KCNN guide RNAs were 

produced for the KCNN2 and KCNN3 genes (to prevent KCNN3 protein function from 

compensating for loss ofKCNN2's protein function), and the SLC45A2 gene, which was 

used as a positive control to indicate success of reagent preparation and Cas9 function. 

Genorypic and phenotypic analyses were performed 2 days post-fertilization (dpf). 

Results No notable difference was seen with genotypic analysis, but KCNN-injected 

embryos moved less in unprovoked and provoked phenotypic movement tests than wild 

type (WT) embryos. Discussion Microdeletions may have been the cause of the 

observed phenotypic difference between KCNN-injected and WT embryos, however, 

statistical analysis showed that the observed differences in quantity of movement were 

not statistically significant. Conclusion The data collected in this experiment is not 

sufficient to conclude whether or not microdeletions in the KCNN2 gene were produced 

or may have co11tributed to a difference in the expression of movement in zebrafish 

embryos. Future research should be conducted targeting different guide sequences and 

using more sophisticated genotypic and phenotypic analyses. 

Keywords: CRISPR-Cas9, KCNN2, zebrafish 



INTRODUCTION 

This experiment examined the effect of the disruption of the KCNN2 gene in 

zebrafish embiyos. Each of the following sections of the introduction provides further 

detail on(!) zebrafish as a model organism, (2) the CRISPR-Cas9 system, and (3) the 

KCNN2gene. 

Zebra/isl, as a Model Organism 

Danio rerio, zebrafish, can be used in research as a model organism. Zebrafish 

and humans share 70% of tbeir genes, and 84% of buman genes associated with disease 

have analogous genes in zebrafish, enabling researchers to use zebrafish to study human 

diseases.'- 2 Zebrafish have many of the same body systems and carry out many of the 

same functions as humans, and the pathways and genes associated with development and 

disease in these body systems are highly conserved between zebrafish and humans, 

making zebrafisb ideal for studying human disease.' In addition, zebrafish are relatively 

easy to maintain, develop quickly, are h·ansparent in early development, reach 

reproductive age quickly, and produce abundant offspring in a short amount of rime.' 

Because zebra fish reproduce via external fertilization, their embiyos can easily be 

modified at an early stage, allowing for whole-organism genetic modification.2 The full 

sequence of the zebrafisb genome is known, so any mutations produced in their genes 

that lead 10 the development of disease can be identified.' Zebrafish have been used to 

study genetics, cancers, and heart, muscle, brain, blood, cognitive, and neurological 

diseases. ,.3.u

2 



CRISPR-Cas9 

Clustered regularly interspaced short palindromic repeats (CRJSPR) is an immune 

response used in prokaiyotes to prevent viral infections.6 CRJSPR systems use any one of 

several different nucleases to cut nucleic acids in the cell; one such nuclease is Cas9.7 Tbe 

Cas9 system is part of the type IT CRISPR-Cas systems, in which the Cas protein uses the 

host's cellular enzymes and molecules to process the CRJSPR RNA.a Researchers can use 

CRJSPR-Cas systems to alter a genome's DNA sequence by targeting and cutting at 

specific DNA sequences to either change their sequence, knock it out of the genome, or 

add a sequence to tbe genome. 

The CRISPR-Cas9 system works by using guide RNAs to guide the Cas9 

nuclease to a specific location in the genome, where the Cas9 will make a cut in the DNA 

sequence. 7 The DNA sequence will be modified by the cut because the DNA repair 

mechanisms will tiy to fix the damaged DNA, but the edits made to fix the sequence will 

likely not be the same as the in.itial DNA sequence. Tl1is leads to the DNA sequence 

becoming altered from that of the WT sequence. The DNA then does not produce the 

same RNA sequence as a WT DNA sequence would, so the protein that is produced from 

the altered DNA sequence is different from the protein produced in a WT organism, 

meaning that its function will be modified. 

The KCNN2 Gene 

The KCNN2 gene encodes for proteins called small-conductance 

calcium-activated potassium type 2 channels (SK2) that are highly expressed in the 

human brain and have been associated with neurotransmitter release, synaptic plasticity, 
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and memory formarion.9 There are four isoforms (functionally similar proteins with 

similar amino acid sequences) of the SK2 protein coded for by the KCNN2 gene that are 

produced via different splicing patterns of the mRNA: the standard SK2 isoform, a long 

isofonu, and two short isoforms.9 

The KCNN2 gene has been linked to autism in multiple genome-wide association 

studies, which look for genetic markers that are present in people with a particular 

phenotype and absent in people not expressing the phenotype. 10
· 11 This indicates that

mutations in the KCNN2 gene may have a role in the development of autism in humans, 

which frequently expresses an atypical movement phenotype, such as lack of 

coordination and balance. 12 In addition, several mutations in the KCNN2 gene (including 

nonsense, splice site, frameshift deletion, in-frame deletion, and missense mutations) 

have been associated with phenotypes of the movement disorder dystonia and muscle 

spasms and tremors. 13
• 

14 

In zebrafisb, the model organism used in this experiment, tbe KCNN2 gene bas 

three paralogs, or homologous genes: KCNN3, KCNNI, and KCNN4."These paralogs 

are derived from the same genetic origin, but produce different proteins. In humans, the 

KCNN3 paralog has the most similar expression pattern to KCNN2, so it was also 

targeted in this experiment to avoid KCNN3 expression compensating for any phenotypic 

effect caused by deletious in the KCNN2 gene. '6• 17 

It was hypothesized that the disruption of the KCNN2 gene using the 

CRISPR-Cas9 system would produce a phenotypic difference in the injected embryos' 

expression of movement. 

4 



METHODS 

This experiment had six unique parts: (I) guide selection and PCR primer 

generation, (2) Cas9 !VT, (3) guide !VT, (4) microinjection, (5) genotypic analysis, and 

(6) pbeootypic analysis.

Guide Selection and PCR Primer Ge1terati<m 

Guide DNAs were selected using CRISPRScan. Two guides each were chosen for 

KCNN2 and KCNN3 from the largest exon within each gene. Guides with the highest 

ClUSPRScau score aud lowest CFO off-target score were cboseu, with the exception of 

those that were within 20 nucleotides of either end of the exon. The guides were then 

modified with the addition of the following sequences: 5'-TAATACGACTCACTATA[GG 

N(l8)]GTTTTAGAGCTAGAA-3'. SLC45A2 guide DNAs from previous research were 

used. 

Forward and reverse PCR primers were designed for both tbe KCNN2 and 

KCNN3 genes. Primers were designed to be located between the end of the exon and the 

nearest guide, and to be 2 2  nucleotides in length with approximately equal proportions of 

A/f and C/G, with G and C on the ends, ensuring that no primer would base pair with 

any other primer. Guides and PCR primers were resuspended to I 00 mM in nuclease free 

water and stored at -20°C. 

The primers were tested via a 2 5  ul PCR reaction (2 ul template DNA, 12.5 ul 2x 

clear GoTaq master mix, 9.5 ul nuclease free water, 0.5 ul forward primer, 0.5 ul reverse 

primer) with DNA from a WT zebra fish fin to ensure that they would amplify the desired 

region of the genome. The PCR parameters were (I) 95°C, 2 minutes; (2) 95°C, 30 
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seconds; (3) 58°C, 30 seconds; (4) 72°C, 2 minutes; (5) Go to step 2, 34x; (6) 72°C, 10 

minutes; (7) 12°C, unlimited time. *These PCR parameters were used/or all PCR 

reactions in this procedure. 

Ca.1·9 TVT 

An overnight culture of£. coli containing the pT3TS-nCas9n plasmid was 

prepared. Cas9 DNA was extracted following the QIAGEN Q!Aprep Spin Miniprep Kit 

instrnctions. DNA was eluted in nuclease free water and quantified via nanodrop. A 40 

uL lineari.zation reaction was performed by incubating 7 - 10 ug of plasmid DNA in 4 ul 

!Ox CutSmart buffer, I ul Xbal, and the remaining volume of nuclease free water at 37°C

overnight. The reaction was then spiked by adding an additional 17 ul nuclease free 

water, 2 ul !Ox CutSmart buffer, and I ul Xbal and incubating for 30 minutes at 37°C. 

The DNA was purified following the QIAGEN Q!Aquick PCR Purification Kit 

instrnctions. DNA was eluted in nuclease free water and quantified via nanodrop. 

Linearization was con finned by running the product on a I% agarose gel. 

The IVT reaction was performed following the Ambion mMessage mMachine T3 

kit instructions for a 20 ul reaction, using up to I ug of DNA, IO ul 2x NTP/cap mix, 2 ul 

I Ox transcription buffer, 2 ul I Ox T3 enzyme mix, and the remainder nuclease free water. 

The reaction was incubated at 37°C for 3 hours. To the reaction, I ul Turbo DNase was 

added, then incubated at 37°C for 15 minutes. The reaction was cleaned using ammonium 

acetate/ethanol precipitation by adding IO ul ammonium acetate, then 60 ul I 00% ethanol 

to the reaction and incubating at -800C for at least 20 minutes. The solution was 

centrifuged at max speed at 4°C for 15 minutes and the supernatant was discarded. The 
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FIGURES 

Guide Selection and PCR Primer Generation 
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F'igure 1 DNA guide and PCR forward and reverse primer generation for KCNN2 and 
KCNN3 genes. A KCNN2 gene with two guides selected from the largest cxon, and 
PCR primers designed on either end of the largest exon. B KCNN3 gene with two 
guides selected from the largest exon, and PCR primers designed on either end of the 
largest exon. 
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/VT Reactfons 
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Figure 2 The plasmid from which Cas9 DNA was linearized, and mRNA was 
transcribed. A The pT3TS-nCas9n plasmid is 7332 base pairs. B Cas9 plasmid was
linearized by Xbal and rnn on a l % agarose gel. Cas9 DNA concentration was 92. l 
ng/ul, as determined by nanodrop. C Purified Cas9 mRNA produced by IVT was run
on a 2% agarose gel. Cas9 mRNA concentration was 1992.5 ng/ul, as detennined by
nanodrop.
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Figure 3 KCNN and SLC45A2 amplified guide DNA and transcribed guide mRNA 
was visualized by agarose gel electrophoresis. A Amplified KCNN guide DNA was 
run on a 2% agarose gel. B Purified KCNN guide mRNA produced by IVT was run on 
a 2% agarose gel. C Amplified SLC45A2 guide DNA was nm on a 2% agarosc gel. D 
Purified SLC45A2 guide mRNA produced by IVT was nm on a 2% agarose gel. 
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Microinjection 

WT SLC45A2-injected KCNN-injected 

\. 

Figure 4 All three groups of embryos developed at the same rate. The WT embryos 
exhibited typical developmental features. The SLC45A2-injected embryos expressed 
an albino phenotype. The KCNN-injected emb,yos expressed no substantially different 
phenotype than the WT embryos. 
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Ge,wtypic Analysis 
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RP 
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Figure 5 DNA was extracted from 2 WT emb1yos and 10 KCNN-injected emb1yos 
and amplified with PCR reactions using either KCNN2 or KCNN3 primers. A The 
PCR products of the reactions using KCNN2 primers were run on a 2% agarose gel. B 
The PCR products of the reactions using KCNN3 primers were run on a 2% agarose 
gel. 
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Phen()typic Analysis 
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Figure 6 Fewer KCNN-injected embryos expressed movement in total and in each 
test, provoked and unprovoked, than WT embryos. 
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