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THIS ACTIVITY ALIGNS WITH AUSTRALIAN
CURRICULUM V9:

») Year 10 Science / Science as a human endeavour

Investigate how advances in technologies enable advances
AC9S10HO02 | . . . ;
in science, and how science has contributed to
developments in technologies and engineering.
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What is
DNA?

md DNA = Instructions for life IR

Made of 4 bases: A, T, C, G

=4 Stores the code for traits such as:

o~ Leaf shape
@ Fruit colour
. Flower size




What do you
think of when

you hear the
word 'CRISPR'?
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NEWS 07 October 2020

Pioneers of revolutionary CRISPR
gene editing win chemistry Nobel

Emmanuelle Charpentier and Jennifer Doudna share the award for developing the
precise genome-editing technology.

By Heidi Ledford & Ewen Callaway
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Armed with the complete
CRISPR toolkit, scientists can
now exert nearly complete
control over both the
composition of the genome
and its output.

JENNIFER DOUDNA

GRACIOUSQUOTES.COM

The genome = an organism's complete
set of DNA, including all the genes




Cas9 = molecular scissors

Meet
CRISPR/Cas9 Together they can edit DNA

How CRISPR lets you edit DNA - Andrea M. Henle

If the link to the video is missing or broken, search “How CRISPR lets you edit DNA“ for similar videos
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(1) Find the DNA to be
changed = the location

How

(2) Guide RNA (GPS map) targets the
CRISPR location
Works (3] Cas protein cuts the DNA
(molecular scissors)

Cell repairs the cut = fixed/

changed genetic code!




The Tools of CRISPR:
The ;:E:ors: The i:?ﬁéﬂ:atw The Cut Site: The fix:
PAo-li Repair template:
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CRISPR at work

A. The guide RNA leads
Casd to the specific
part of the DNA
we want 10 change.

Onee there, Casd cuts
the DNA at the cut o7
site (PAM).

guide
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How

Cas9

CRISPR

The DNA is then fixed,
and the change we
W O r k S wanted to make is now
added to the DNA. Then
all the tools are done and
Ipea\re'

The repair template then
comes to the rescue to
fix the DNA where it was
cut.

Casg <
DNA CUT IS FIXED AND CHANGE ‘h

WAS ADDED IN THE PROCESS!

Source - https://kids.frontiersin.org/articles/10.3389/frym.2021.600133
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Rice and maize yields boosted up to 10

Per cgnt by CRISER gene gdmng o CRISPR creates first genetically modified marsupials
to significantly boost the yield of rice and maize using CRISPR gene editing, trials in farm

New methods produce albino opossums
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Children's Hospital

CRISPR in
the Wild!

World's First Patient Treated with

Personalized CRISPR Gene Editing

Therapy at Children’s Hospital of e i
Philadelphia

Woolly mammoths could walk
the Earth again by 2027 if
CRISPR startup succeeds

Colossal lands $15 million to restore the woolly mammoth
to the Arctic by genetically modifying their Asian elephant
cousins.

4~ Stephen Shankland




Building A paper model of CRISPR —




The story behind the
CRISPR paper model

1. OsGRF4 is a “growth helper” gene in rice

* It helps rice plants grow bigger grains, stronger plants, and
sometimes even provides better stress resistance.

2. A tiny molecule called miR396 acts like a “brake”
*  miR396 sticks to a special spot on the OsGRF4 gene.

*  When it sticks, it tells the plant:
“Slow down, don’t grow too much grain!”

3. Scientists use CRISPR like tiny scissors

*  CRISPR-Cas9 works like super-precise scissors that can cut DNA
in an exact spot.

4. The CRISPR goal in this rice example is to remove the “brake”

* If CRISPR cuts the miR396 binding site, miR396 can’t attach
anymore.

*  Without the brake, the OsGRF4 gene becomes more active.

5. The result? Bigger grains!

*  When OsGRF4 works harder, the rice plant can grow:
/ larger grains, |, higheryield, (- stronger plants



BEFORE and AFTER

Wildtype rice
5- CAACCGITCAAGAAAGCCTGTGGAAACGCAGCTGGTCGC -3’

CRISPR-edited rice
5- CAACCGITCAAGAAAGCCTGTG---ACGCAGCTGGTCGC -Z

* mIiR396 binding site isin orange



Ready? Let’s cut some DNA!

1. Snip, snip! Cut out your pieces 9¢
Cut out Cas9 (your “molecular scissors”), the two little tabs, the guide RNAs (gRNA), the
DNA strips, and the random nucleotide pieces.

2. Give Cas9 its pockets

Stick the two tabs onto the black rectangles on Cas9.
Only tape the short ends — you’re making pockets, not sealing an envelope!

3. Power up your CRISPR tool 4

Slide guide RNA (gRNA) 1 into Cas9’s pockets.
Now Cas9 knows where to go — it’s like giving it a tiny GPS.

4. Find the matching DNA [

Slide target DNA 1 underneath the guide RNA (gRNA). Match the red letters on the gRNA
with the same letters on the DNA. When they match, you’ve found the perfect spot for
editing!



Template for the CRISPR paper model (1)

Cut site

Target DNA (in WT rice)
5- CAACCGITCAAGAAAGCCTGTGGAAACGCAGCTGGTCGC -3’

3’-  GITGGCAAGTICTTICGGACACICITTGCGTCGACCAGCG -5

PAM

3 random nucleotides (for the two DNA strands)
XXX

XXX

Guide RNA
5-CACCTTTGCGTCGACCAGCG

-3’



Template for the CRISPR paper model

Tabs to paste
on the
protein




Final model before
cutting and repairing

Cas Protein /7

B 5O TTTGCGTCGACCAGCG
5. CAACCGTTCAAGAAAGCCTGTQGAAACGCAGCTGGTCGC -3’ |
- GITGGCAAGTTCTTTCGGAGAC

- TTTGCGTCGACCAGCG 5’ -

Cas9 guide
Nuclease

RuvC1 Yo

eeeeeeeeeeeeee

e Cut through the line and remove nucleotides (3) to
match the edited sequence (Do not cut the guide
RNA/gRNA).
* Place random nucleotides to repair (optional).
Y NP® Done e 5'-  CAACCGTTCAAGAAAGCCTGTG---ACGCAGCTGGTCGC
i CRISPR-edited sequence

Precise insertion or modification

-3’



The next steps...

5. Time to CUT! 9€

Cut along the dotted line on the DNA strip.
(Do not cut the guide RNA — it still has work to do!)

6. Oops... the cell repairs it wrong &

Join the DNA back together but put the Random Nucleotides strip in the
middle.

This shows how cells sometimes “fix” DNA with extra pieces — creating a
mutation.

&5 You did it!
You just acted out how CRISPR searches, cuts, and changes DNA.
You're basically a junior gene editor now.



4 Name one thing
CRISPR can be used for.

Exit
Ticket ' What does Cas9 do?

* Why is gene editing

useful?




In a nutshell...

Think of DNA Then came CRISPR -
as a long string the ultimate code
of letters.

Now we can edit
the code of life

Comic created using ChatGPT4.0




“The power to control our species’
genetic future is awesome and
terrifying. Deciding how to handle it
may be the biggest challenge we have
ever faced.”

— Jennifer A. Doudna, A Crack In
Creation: A Nobel Prize Winner's
Insight into the Future of Genetic
Engineering




WE HOPE YOU ENJOYED THIS RESOURCE

Resource provided by

ARC CENTRE OF EXCELLENCE FOR
PLANT SUCCESS
‘ IN NATURE AND AGRICULTURE

This resource is licensed under Creative Commons CCBY 4.0. This license enables re-
users to distribute, remix, adapt, and build upon the material in any medium or format,

so long as attribution is given to the creator The ARC Centre of Excellence for Plant
Success in Nature and Agriculture.
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