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Purpose/Problem: To understand the potential of 
genetically engineering coral reefs to be more 
resistant toward effects of climate change.

Here is what we plan to look into:
 

- The different methods of genetic engineering, such as CRISPR Cas9 through 
vectors, and understanding the limits of genetic technology in cnidarians. 

- Possible methods to implement CRISPR Cas9 genetic engineering in corals 
to increase heat tolerance. 

- The potential consequences of genetically altering groups of marine 
organisms and the impact they could have on their ecosystem. 

- Interviewing some climate change and genetics experts

- Possible ways to respond to coral reef population declination.



What is Coral 
Bleaching?



Clustered Regularly Interspaced 
Short Palindromic Repeats

What is 
CRISPR?



Study 1: Reduced Thermal Tolerance by 
Phillip Cleaves



Study 2: Aiptasia and the HSF1 Gene



Study 3:  Philip Cleaves’ Coral 
CRISPR Experiment



SLC4ү: 
The 
bicarbonate 
transporter

arrows indicate where 
septa should form at 
different times (indicated 
by arrows)

Arrows indicate where the septa formed properly. Asterisks 
indicate where gaps where septa should have formed.



ROSA26: The 
Safe Harbour 
Locus

- Safe harbour loci allow for 
ubiquitous & stable 
expression with different 
promoters

- Yet to find safe harbour 
locus in anthozoans, but can 
utilize genomic sequence 
homology analyses to help 
us find one

Different promoter types 
were used to drive GFP 
vectors… found that 
ROSA26 was supportive 
of all to an extent

Rosa26 has only 
been around since 
1991, but it has been 
used for many 
different knock-in 
experiments since.



- Found in 1987 in Escherichia coli 
during an analysis of phosphate 
metabolism

- Early 2010s, found its role in the 
immune system

- Currently being used in many 
different studies, including one to 
treat mosquitoes to prevent spread of 
malaria!

CRISPR: A Brief History



Ecosystem

Ethics and Public Concerns

“Naturalness”
"Humans have no right 
to change what was 
created as perfect"

Use Evidence
"How can we 
guarantee that the 
modifications won't 
affect the food chain?"

"Frankencoral"
"...Technology could be 
used in terrible ways."

"There a lack of 
scientific evidence that 
proves this an effective 
solution."



Deliver Cas9 through 
electroporation

Electroporation 
and Growth

Testing the Aiptasia in an 
ecosystem environment and in a 
heat shock environment

Observing and 
testing growth
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Preparation of sgRNA HSF1
Cloning zygotes

Preparation

An Ideal Experiment

Using the Aiptasia as a 
model for future 

engineering

Application
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Present Solutions to Slow Down and/or prevent Dying 
Coral Reefs in Response to Climate Change
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-footprint/



CONCLUSIONS
Currently, coral restoration has been a 
common practice to restore coral reefs. The 
genome of a coral still needs to be studied. 
Genetic engineering provides a promising 
method to relieve dying reefs. Nevertheless, 
it is our responsibility to reduce our carbon 
footprint to slow down climate change.
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