CRISPR
DETECTIVE
MISSION

Investigate DNA.
Spot Mutations.
Predict Traits.




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.




Learning Intentions

e | can explain how DNA
becomes a protein.

Explain

|dent|fy e | can identify CRISPR edits.

. e | can predict how changes in
P red ICt DNA affect traits.




Diverse tomato varieties in the wild

What differences can you see among the diverse wild tomatoes in the picture? — Size,
colour, shape?

https://phys.org/news/2020-09-analysis-wild-tomatoes-elucidates-genetic.html



- CRISPR—Cas9 acts like molecular

- Cas9 = scissors that cut DNA
How

CRISPR - Guide RNA = GPS that directs Cas9
Works where to cut

- Small DNA changes (insertions or
deletions) can switch off genes

In tomatoes, scientists use CRISPR to improve shelf
life, disease resistance, and nutritional value.




A quick recap!

The gene-to-protein
information flow
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PROTEIN SYNTHESIS
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mRNA
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COPY CARRY COOK COMPLETE
COPY - CARRY - COOK - COMPLETE

ed using ChatGPT4.0




Genetic

Code

first letter

second letter
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Presenter Notes
Presentation Notes
Image source - https://www.wizeprep.com/practice-questions/85665


Detective Vocabulary

Insertion = extra base added

Deletion = base removed

Substitution = base swapped

Frameshift = shift in the reading frame that produces a truncated or aberrant protein

Truncated protein = protein cuts early due to early STOP codon

Gene Repair (NHEJ/HDR) = damage fixed accurately or sloppily

Critical site disruption = genetic edit breaks an important functional region — thus the protein cannot fold correctly/ other
proteins cannot bind to the protein

Susceptibility gene = gene that opens the door to disease

Drought-response gene = gene that helps the organism survive water stress




Decode Tommy’s DNA!

CRISPR-Cas9 in Tomato:Understanding gene functions,
sequence edits, and the resulting traits




Well, I'll be darned, ,
Tommy! You've been si- | C-g;glga mdy' t
ttin’ in this basket all /| e I'
week and you're still £ at work!

Scientists added RIN gene?
’ a tiny change to Sounds fancy!
Ca se 1 D10 y RIN gene. | |
Q

It's the gene that con- Fresher tomatoes,
trols ripening. With a less waste!
small tweak, | ripen

c created

using




Gene Function: Controls ripening

Case 1:

RIN Gene




Case 1:

Zoom into TCTCAT — stop after the last T.
RIN Gene '
Detective

A single extra ‘C’ sneaks in.
Clue

Rewrite the entire final edited sequence!




Edited DNA: With 1 nucleotide insertion
causes a frame shift

5’-AGTGTACAATATAGACATGAACAGC
CTTCTCATCCATGAGGGATTTTTTCAACAT-3’

Case 1:

RIN Gene
Outcome: Slower ripening - longer shelf
life

Answer | (L GRNA Binding ) PAV |

. TATAGACATGAACAGCCTTCTCAT-ATGAGGGATT
Wildtype v R H E Q P S H -lN R "D

] TATAGACATGAACAGCCTTCTCATCATGAGGGATT
Edited Y R H E Q P S H H E G F

PAM - Protospacer Adjacent Motif
gRNA - Guide RNA




Tommy... it’s hotter No wor;!::{“ R

than a toaster in My SILBD40 gene "
= ' got turned down! /

| became a
7 WATER-SAVING
Case 2 ) NINJA! £

So you don’t shrivel || | [ Noo.. my desert-ready)
like a raisin anymore?! tomato mode is ONNN...




Gene Function: Suppresses drought-
response pathways

Case 2:

SILBD40 Gene




Find the twin T’s in TGTCTT.
Case 2:

SILBD40 Gene

Omit the 6 nucleotides that follow.
Detective Clue

Rewrite the edited sequence.




Edited DNA: With 1-nucelotide

deletion causes a frame shift

Case 2:
SILBD40 Gene

Answer

. gRNAbinding ___ |PAM
WT AGCATTAGGCCTTGTCTTCAATGGATCAAAACCC
s I R P C L Q W I K T

, AGCATTAGGCCTT------ AATGGATCAAAACCC
Edited S | R P H------ Bl | K T




) Oh no! All the tomato Not me! My SIMlo1
plants have white gene is OFF like a
fungus dust! _4 | \ broken doorbell!

The fungus front
door! CLOSED!

Case 3

So the fungus just
stands there like,
'hellooo??”

Comic created using ChatGPT4.0




Gene Function: Allows fungal entry
(susceptibility gene)

Case 3:
SIMlo1

Gene




Case 3:
SIMlol Gene

Detective
Clue

Delete 3 bases before the 15t PAM.
Delete everything all the way to 3
bases after the 2nd PAM.

Ends are glued together causing the

middle portion to ‘drop-out’.

Write the final version.




Edited DNA: A large 48-bp deletion (a

drop-out) is found between the two
targeted regions.

Case 3:
SIMlol Gene

Answer

WT AAGGTGTACCTGTGGTGGGAGACTGGTGACCATCTTTTTCGTTTTCTGGTTTAATCGCCCTGCCCTTGTCCTATTCTTGATTAACTTTGTACT
R ¢ T C G G R L V T I F F V F W F NRP A L V L F L I N F Vv L
AAGGTGTACCTGTGGTGGGA = == === == == === = = = == —m oo o oo oo CTTGATTAACTTTGTACT

R C T € G B  mom oo oo oo oo oo oo EEODE T Y

Edited



PRECISION BENEFITS

How CRISPR
Changes the World

CRISPR allows us to edit It can improve crops, treat
CRISPR allows us to edit DNA with DNA with incredible precision. genetic disease, and reduce
food waste.
incredible precision.
CONFIDENCE THE TWIST

It can improve crops, treat genetic

disease, and reduce food waste.

However, is it aways reliable?

Thanks to CRISPR, edits go ...But is it always reliable?

exactly where we want Well... that’s what we're
...most of time. still figuring out.

Comic created ticineg ChatGPT4 O



o

As scientists, we are excited
about the possibilities that
are opened up by new
technologies, but we also
need to be cognizant of the
consequences of those
technologies.

JENNIFER DOUDNA

GRACIOUSQUOTES.COM



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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