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Who am I?

What did we find?

Introduction

Aniridia is an inherited condition in which the iris 
(the coloured part of the eye) does not develop 
properly. Most cases of aniridia are due to 
changes in the DNA sequence (mutations)  
in the PAX6 gene, a gene that is important  
for eye development (see Figure 1).

Genes are regions of the DNA that encode 
information to make proteins; proteins perform 
essential functions in cells, such as providing 
structure or speeding up chemical reactions. 
Genes are surrounded by other regions of DNA 
that do not code for proteins. This non-coding 
DNA can regulate when and where the genes are 
switched on, to make sure proteins are produced 
in the appropriate place at the appropriate time.

In some cases of aniridia, no mutations are found 
in the PAX6 gene. We wanted to investigate 
whether mutations in these neighbouring  
non-coding regions of DNA may cause aniridia. 

We found that a single mutation in 
one of the non-coding DNA regions 
– named HS2 – was sufficient to 
change where the PAX6 gene 
was turned-on in a zebrafish: the 
PAX6 gene was no longer switched 
on in the lens cells of a zebrafish 
(see Figure 4). My supervisor had 
previously identified this mutation 
in a patient with aniridia and it may 
cause the condition in humans.

Our findings suggest that the  
non-coding HS2 region of DNA 
might be important for switching  
on the PAX6 gene in the lens,  
and mutations in this region might 
cause aniridia. To investigate this 
further, we are deleting the HS2 
non-coding regions in the DNA  
of mouse embryonic stem cells.  
These embryonic stem cells can 
develop into eye-like structures 
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We used zebrafish as a model organism 
in our experiments because their eye 
development is similar to that of humans, 
and because we share many of our  
genes, including PAX6 (see Figure 2).  
Zebrafish develop very quickly from an  
egg to a fish, and are transparent, so it  
is possible to see the inside of fish. 

We used a system, developed by my 
supervisor, to test the ability of different 
regions of non-coding DNA to switch-
on a gene. We attached the non-coding 
DNA surrounding the PAX6 gene in the 
zebrafish to a gene for a fluorescent 
protein so that, when and where the  
non-coding DNA switches the gene on,  
we should see fluorescence (see Figure 3). 
We compared regions of non-coding DNA 
with and without mutations to see  
if mutations changed when and where  
the gene is expressed and, hence, when 
and where we saw fluorescence.

What does this mean?

What did we do?

Figure 1 PAX6 is an important gene for eye development in many different animals, as can be seen by 
the effect of mutations (mut) in the gene. Credit for Image: Figure 1 from Washington NL, Haendel MA, 
Mungall CJ, Ashburner M, Westerfield M, Lewis SE “Linking human diseases to animal models using 
ontology-based phenotype annotation.” PLoS Biol 7(11): e1000247. doi:10.1371/journal.pbio.1000247. 
https://commons.wikimedia.org/w/index.php?curid=8626896 Reproduced under Attribution 2.5 Generic 
Creative Commons Licence 2.5 (CC BY 2.5) https://creativecommons.org/licenses/by/2.5/deed.enn

Figure 2 Zebrafish (Danio 
rerio) is a model organism 
for investigating eye 
development. Credit 
for image: Zebra Danio. 
Zebrafish (Brachydanio 
rerio, Danio rerio) swarm 
in an aquarium; Image 
ID: BMX4RF from Alamy.
com. Contributor: 
WILDLIFE GmbH/Alamy 
Stock Photo. https://
www.alamy.com/search.
html?qt=BMX4RF&imgt=0

Figure 3 The Green 
Fluorescent Protein (GFP)  
is expressed in the cells  
of the developing zebrafish 
where the associated  
non-coding DNA sequence(s) 
switches the GFP gene on.  
This can be detected by 
fluorescence microscopy.

Figure 4 Comparison of 
expression of fluorescent 
proteins with the normal  
(WT-eGFP) and mutant  
(Mut-mCherry) versions of  
HS2 PAX-6 non-coding DNA.  
Where the expression of the 
green and red fluorescent 
proteins overlap across 
development (hpf = hours post 
fertilisation), a yellow signal 
is seen in the Merge channel. 
During development, fluorescent 
protein expression driven by 
the mutant non-coding DNA 
decreased compared to the 
normal non-coding DNA,  
which was particularly evident  
at 120hpf, shown by the 
absence of red signal in the eye.

in the laboratory. The aim is to 
investigate whether these deletions 
disrupt eye development and, 
therefore, whether changes in the 
regulation of PAX6 might cause 
aniridia. If so, this knowledge could 
be used to diagnose cases of aniridia 
and to provide genetic counselling 
for individuals who are found to 
have a mutation in HS2. 
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