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Figure	2.		Three	day	old	wild-type	
zebrafish	and	spinner zebrafish.		
Note	the	large	cyst	in	the	spinner
mutant	(arrow).		

Introduction

Figure	1.			Comparison	of	a	
healthy	human	kidney	(left)		to	a	
cystic	kidney	(right).

Patients with autosomal domain polycystic 
kidney disease (ADPKD) suffer from disrupted 
kidney function due to large, fluid-filled cysts 
that form in the collecting ducts and kidney 
tubules (Figure 1) [1]. There is no known cure 
and current treatments for the disease only 
manage cyst growth but do not prevent cyst 
formation. 

In collaboration with the Sussman and Ekker 
labs at Mayo Clinic (Rochester), we have begun 
to characterize the changes that take place 
during kidney cyst formation using spinner, a 
zebrafish mutant that develops kidney cysts 
(figure 2) [3,	4].

Previous work in our lab identified a region of 
chromosome 17 that appears to be deleted in 
spinner mutant zebrafish. This region contains 
at least 6 protein coding genes.  We hypothesize 
that deletion of one or more of these genes 
causes the spinner phenotypes.  None of these 
genes has previously been identified to play a 
role in cystic kidney disease. Thus, if we can 
identify the causative gene(s), we can 
potentially understand more about the disease. 
Utilizing DNA extraction and PCR techniques 
we are working to redefine the deletion 
boundaries. 

This year, our research objectives included:
- Redefining boundaries of the deletion
-Analysis of TALEN injected embryos
-Collection of relevant research from the field and organizing 

it into an annotated bibliography 
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Attempting	to	recreate	the	deletion	
using	genome	editing	techniques

The deletion present in spinner mutant is known to contain 7 missing 
genes based on previous research. We hypothesized that if a gene within 
the deletion caused the spinner mutant phenotype, the same phenotype 
should occur if we recreate the deletion in (formerly) wild-type fish 
using genome editing techniques known as TALENS (figure 5).  
Further, to determine which of the genes in the deleted region is 
specifically responsible for the phenotype, we plan to make a series of 
smaller overlapping deletions (figure 6).  

Figure	6.		Strategy	for	using	genome	editing	to	create	deletions	within	the	putative	region	
containing	the	spinner	mutation.		RNA	encoding	TALEN	arms	encompassing	part	of	each	
pair	of	genes	(indicated	by	the	vertical	lines)	will	be	injected	into	zebrafish	embryos.		
After	isolating	DNA	from	these	embryos,	presence	of	the	deletion	(indicated	by	the	
horizontal	line)	will	be	determined	by	PCR	genotyping.	
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Figure	5.	TALEN	targeting	of	two	different	genes.		TALEN	pair	1	and	TALEN	pair	2	are	
used	in	combination	to	delete	a	large	genomic	fragment..	The	Blue	arrows	indicate	primer	
pair	for	screening	of	mutagenesis	with	techniques	such	as	PCR[5].

Unfortunately, TALENs analysis has been limited this year due to COVID-19 
restrictions. However, we have continued to work with the preliminary data 
we collected from previous experiments. 

Gross abnormalities characteristic of the spinner mutant were observed 
during embryo development with the injection of RNA encoding TALEN arms 
encompassing part of papl and fsip1 (figure 7). Three separate clutches of 
embryos (from three sets of parents) were divided into control groups 
(uninjected) and injected groups for further observation and PCR genotyping.

Figure	7.	The	level	of	severity	of	developmental	defects	varied	among	larvae	injected	with	
TALENs	(3	days	post	fertilization).		By	3dpf,	uninjected larvae	have	developed	structures	
including	eyes,	heart,	functioning	circulatory	system,	and	functioning	musculature	(A).		
Injected	siblings	display	a	range	of	phenotypes:		downward	tail	curvature	(B)	heart	edema,	
shortened	trunk	and	upward	tail	curvature	(C)	and	severe	edema,	lack	of	tail	extension	and	
severely	shortened	trunk	(D).

Preliminary	Results	of	TALENs	injections	
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Refining	the	deletion	boundaries
Using a number of published DNA markers which are short sequences of 
DNA specific to locations on the chromosome, we are working to localize 
the spinner mutation to a defined region on the chromosome (figure 3). 
Currently, this region is not well defined and includes multiple 
inconsistencies (published genome and our own data). To better 
understand this region we utilized a strategy (outlined in figure 4) to 
detect deletions.

Figure	3.		Identification	of	the	boundaries	of	the	deletion	originally	indicated	by	whole	genome	
sequencing.		z7266,	z4268,	z652	and	z9179	are	DNA	markers	on	chromosome	17.		z4268		was	missing	
in	spinner	mutant	fish	but	not	in	wild-type	siblings	while	the	other	markers	tested	were	present.		

Figure	4.		Strategy	for	refining	the	deletion	boundaries.		PCR	primers	to	amplify	portions	of	the	genes	
predicted	to	be	within	the	deletion	region	were	designed	so	that	the	presence	or	absence	of	these	
DNA	segments	could	be	detected	within	populations	of	fish.		
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Extract DNA and amplify DNA markers 
(including those previously tested and 
markers we identified specific to the 
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Annotated	Bibliography	

Identify multiple, reputable databases.

Search databases for articles using 
key words.

Save articles to EndNote based on 
abstract relevance

Skim articles and select the most 
relevant

Summarize key findings of these articles

Strategy for Finding Sources

Click to add text

1. 2. 3.

4. 5.
Results

Databases used: EBSCO and JSTOR

Keywords: Zebrafish, Mutant, Kidney 
tubules, Kidney cyst, Deletion, Genes 

Initial findings: 15 journal 
articles

8 relevant articles focused 
on...

• Polycystic Kidney Disease 
(PKD) 1 & 2 

• Spinal curvature of zebrafish 
mutant

• Secretory pathways
• Cilia motility  

Key findings:
1.Results affecting cilia motility 

suggest an alternative mechanism 
different from PKD 2 morphants 

2. Polycystin 2 regulates secretory 
protein translation resulting in 

upregulation of proteins and the 
overproduction of collagen II


