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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?




GENOMIC SEQUENCE
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Table 1.
Numbers of injected and surviving A. millepora zygotes
Night 1
Target gene(s)* FGFla GFP RFP
146 123 47
ving until 12 h T4 88 79

Reduced Thermal Tolerance by
Phillip Cleaves

Night 2
None (Cas9- WT GFP?
FGFla only) 10-bp deletion

13-bp deletion
23-bp deletion
246 227 1-bp insertion

WT GFP2
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GFP1 sgRNA target 3
e ——— — — — — | *
TTGAGGATGGAGCAGTTGCTACAGCCAGCTGGAACATTCGGTATAAATGTAATTCCTTTCAGTT
TTGAGGATGGAGCAGTTGCT—————————— GGAACATTCGGTATAAATGTAATTCCTTTCAGTT
TTGAGGATGGAGCAGTTG-———————=———— GAACATTCGGTATAAATGTAATTCCTTTCAGTT
TTGA -GCTGGAACATTCGGTATAAATGTAATTCCTTTCAGTT
TTGAGGATGGAGCAGTTGCTACAGCCAAGCTGGAACATTCGGTATAAATGTAATTCCTTTCAGTT

GFP2 sgRNA target
e ———
TTGAAGATGGAGCAGTTGCTACAGCCAGCTGGAACATTCGGTAAAAATGTAATTICTTTCAGTA
TTGAAGATGGAGCAGTTGCTGGA. —-ACATTCGGTAAAAATGTAATTICTTTCAGTA
TTGAAGATGGAGCAGTTGCTACA. TTCGGTAAAAATGTAATTICTTTCAGTA
TTGAAGATGGAGCAGTTGCTACAGCCAAGCTGGAACATTCGGTAAAAATGTAATTICTTTCAGTA
TTGAAGATGGAGCAGTTGCTACAGCCTAGCTGGAACATTCGGTAAAAATGTAATTICTTTCAGTA

Fluorescence
B RFP sgRNA (80 of 87)
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D RFPsgRNA (70f87)
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NFKB1 Heal shock factor protein 1
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° ° Philip Cleaves’ Coral
CRISPR Experiment

A (1) Cas9 Only (2) sgRNAs + Cas9
Table 1.

Numbers of injected and surviving A. millepora zygotes

Experiment 1 Experiment 2 Experiment 3
Injected Cas9 Cas9 Cas9
12 h at 34°C 12 h at 34°C 2
material* alone sgRNA/Cas9 alone sgRNA/Cas9 alone sgRNA/Cas9
B Uninjected 34°C C Cas9 Only 34°C Nos. of individuals for 100 200 200 200 300 300
100 .—.—¢ 100 .—w which injection was
<_>u § attempted
; 75 ; 75
D 50 9 50 Nos. of individuals 68 180 147 148 239 205
= [=
g 55 Exp 1:N =24 g - Exp 1:N =12 surviving until 12 h
o} Exp2:N=24 o Exp 2:N =60 stfertiliz t
o Exp 3:N =84 B Exp 3:N =84 postfertilization
0 0
0 12 24 36 48 0 12 24 36 48 o — - - 55 5 _— e
Time (h) Time (h) os. of survivors that 5: 12 7 3 ) 5
had been injected
sgRNAs + Cas9 27°C E sgRNAs + Cas9 34°C sticeesstullyt
100 =@ 100
E E
£ 75 s 75
> 3
D 50 9 50
3 3
e o Exp 1:N =36
&’ % Exp 1:N =15 & % Exp 2: N =48
Exp3:N=24 Exp 3:N =84
0
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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
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CRISPR: A Brief History

- Found in 1987 in Escherichia coli
during an analysis of phosphate {%\ Q
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!




Ethics and Public Concerns

- Py |
Ecosystem “Naturalness” Evidence
"How can we "Humans have no right "Frankencoral" "There a lack of

guarantee that the
modifications won't

affect the food chain?"

to change what was
created as perfect"

"...Technology could be

used in terrible ways."

scientific evidence that
proves this an effective
solution."




An Ideal Experiment .
O

EIectroporation Preparation of sgRNA HSFI

and Growth Cloning zygotes

Deliver Cas9 through

electroporation Observing and

testing growth

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

sing the Aiptasia as a
model for future
engineering



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

THE CARBON FOOTPRINT
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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.




THANKS!
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