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Section A: Recap

VCE Biology %

Active Recall: What is the purpose of CRISPR-Cas9 in bacteria?

I\M'ﬂHvé Immunrd 0({011( A punt viral infedion

44V,

Active Recall: Name and define the 5 “concepts” of bioethics in the study design.

Active Recall: Name and define the 3 “approaches” to bioethics in the study design.
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Section B: Multiple Choice Questions (19 Marks)

VCE Biology %

Question 1 (1 mark)

. It creates both sticky and blunt ends.
—

a t does not have a set recognition site.

NOT

Z. The recognition site igtpalindromic.

//It can cut any type of nucleic acid.

CRISPR-Cas9 differs from traditional restriction enzymes, such as EcoRII:

Question 2 (1 mark)
What is the role of CRISPR-Cas9 in prokaryotes?
A. It repairs damaged DNA within the cell.
It acts as an adaptive immune defence by targeting viral DNA.
C. It enhances the efficiency of protein synthesis in bacteria.

D. It integrates plasmid DNA into the bacterial genome.

Question 3 (1 mark)

A. A gene is silenced by introducing a mutation into its promoter region.

D. Cas9 binds to the PAM sequence and blocks transcription of the gene.

Which of the following best describes how CRISPR-Cas9 is used to create a "gene knockout"?

B. A gene is completely removed from the genome by Cas9 cutting it at multiple locations.

@as9 cuts the DNA at a specific site, leading to errors during repair, which inactivate the gene.

Space for Personal Notes
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Question 4 (1 mark) Mm al(am Ci\l ”I 4’019//\41

Why is the PAM sequence essential in CRISPR-Cas9 gene editing? / WM H’ {/‘Lﬁd(// ‘]ﬂ
A. It stabilises the sgRNA-Cas9 complex. J 44 ‘F QMAC M /]—

It serves as a recognition site for the Cas9 protein to bind and cut the DNA. Mm /

C. Itis part of the sgRNA sequence that guides Cas9 to the target site.

D. It allows the insertion of foreign DNA into the genome.

Question 5 (1 mark) JDML’HW H/ WW M M
wmy

Which of the following represents an ethical.concern in the use of CRISPR-Cas9 technology? m 4

he potential to accidentally modify off-target genes.

B. The lack of scalability in CRISPR-Cas9 applications.

C. The inability to design sgRNA for human genomes.

D. The reduction of the PAM sequence's efficiency during editing.

d N\

Question 6 (1 mark) OQOOQ U

A scientist is trying to use CRISPR-Cas9 to target a specific gene in eukaryotic cells. Despite designing a guide
RNA_complementary to the gene, the experiment fails repeatedly. Which of the following is the most likely
explanation, and how should thescientist proceed?

f/ The guide RNA is defective; the scientist should use a random RNA sequence to improve binding.

@he PAM sequence near the target DNA is missing; the scientist should redesign the target sequence to
include an adjacent PAM.

/Q;/ The Cas9 enzyme is ineffective in eukaryotic cells; the scientist should use an alternative editing tool.

4 The DNA repair mechanisms are too efficient; the scientists should inhibit repair pathways entirely.

Space for Personal Notes
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VCE Biology %

Question 7 (1 mark)

main methods that successfully change the genome of a plant.

»  Method 2 aims to insert a gene into a plant without disrupting other genes.

Which one of the following assumptions could be made about methods 1 and 2?

nd pasting DNA.

B. Method 2 is faster to complete than method 1.

method 2 involves cutting DNA, which has two nucleic acid strands.

implemented due to the ethical concept of non-maleficence.

CRISPR-Cas9 technology has been used to improve the efficiency of photosynthesis in crop plants. There are two

» Method 1 aims to disable an undesired gene in a plant, which may lead to a commercial advantage.

ethod 1 is easier than method 2 as it only involves cutting DNA, whereas method 2 involves both cutting
a

C. Method 1 is easier than method 2 as it involves cutting RNA, which has only one nucleic acid strand, whe

D. Methods 1 and 2 are equally viable for future use, but CRISPR-Cas9 technology will never bg widely

abgolnle,

Question 8 (1 mark)

in CRISPR-Cas9 applications?
A. Increasing the length of the guide RNA (gRNA) for higher specificity.
B. Using a CRISPR-Cas9 system with a high-fidelity variant of the Cas9 enzyme.

C. Applying whole-genome sequencing to identify potential off-target sites before the procedure.

/ All of the above.

A major concern with the CRISPR-Cas9 system is the possibility of off-target mutations which can lead to
unintended genetic alterations. Which of the following strategies could be employed to minimise off-target effects

Space for Personal Notes
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Question 9 (1 mark)

The diagram below shows the CRISPR-Cas9 complex. This is a new technology that could be superior to other
gene editing technologies.

What do the components labelled 1-5 in the diagram above represent?

1 2 3 4 5

DNA RNA Cas9 Cutting Sites RNA Spacer

RNA Cas9 Cutting Sites RNA Spacer 1 Scaffold RNA

RNA Cutting Sites Cas9 Scaffold RNA RNA Spacer

A.
@ DNA Cutting Sites Cas9 RNA Spacer Scaffold RNA

Question 10 (1 mark)

. . N DU IN
Once a specific section of DNA has been cleaved: S
@ew genes can be added between the cut sections of the DNA.
B. New genes can be added to the guide RNA.

C. Another enzyme in the cytosol will join the fragments back together.

D. The CRISPR-Cas9 complex is removed from the cell.
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Question 11 (1 mark)

The concept of risk minimisation and maximisation of benefit best describes which ethical principle?
A. Integrity

B. Justice

C. Respect

eneﬁcence

Question 12 (1 mark)

As the number and severity of droughts increase in Australia, scientists are developin ds to produce
transgenic plants that will have an increased survival rate. Identify which one of th¢ transgenig plants below would
have an increased chance of surviving in this changing environment.
Rice with an introduced gene for increasing water efficiency. &/
’\__—
o . o wL 1) e/,Lw(
B. Cotton with an introduced gene coding for herbicide resistance.

L . . . »fm A W
C. Squash with an introduced gene coding for mosaic virus resistance. 44

wa“z )

D. Bread wheat that was|selected)for its ability to grow in dry regions.j

[

\ \

~

VIMNIIJ JUIC(/HM
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Question 13 (1 mark)

The extent to which GM crops were planted in the United States of America (USA) between 1996 and 2020 was
investigated. The percentage of planted acres of GM crops out of the total planted acres of crops for five different
types of crops- HT soybeans, HT cotton, Bt cotton, Bt corn and HT corn - is presented in the graph below. "HT’
indicates herbicide-tolerant varieties and ‘Bt’ indicates insect-resistant varieties.

Porcentage of planted acres for five GM crops in the USA (1'1‘16—2020)
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Source: adapted from USDA, Economic Resear ervicw using data from the 2002 ERS veport ‘Adoptaion of
Bioengineeeved Crops’ (AER-2810) for +he yeavs 1490-1999 and National Agricuttural

Statistice Service, (o\Muml) June Agricuttural Survey for the years 2000-2020,
<wNw.us.usJo\.gov/JAh\-pvoJMd's/AAopﬁor\-o?—gu\vl'im||g-u\gir\Wo,J-uoPs-in-ﬂo—us/«mﬁ?—*‘vm&s—in-ganopﬁon.nspx)

From the graph above, it can be concluded that:

A. In 1996, the percentage of planted acres of HT cotton crops was greater than 10 per cent.

B. In 2007, the percentage of planted acres of Bt corn crops was greater than the percentage of planted acres of

HT corn crops.

C. | In 2013, the percentage of planted acre$ of Bt cotton crops and the percentage of planted acres of Bt corn
crops were similar. ~—

D. In 2020, the percentage of planted acres of HT soybean crops was the lowest that it had been for the duration
of the investigation.

Space for Personal Notes
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Question 14 (1 mark)

Browning in apples is caused by the enzyme polyphenol oxidase (PPO). The gene that codes for PPO production is
ess, suth as by bumping or cutting an apple. A strain of apples has been produced in which the PPO

gene has beer| silenced, which prevents the apples from going brown. ,‘d’
a 0 ~ NQ ¢

It would be reasonable to state that these apples are:

A. The result of selective breeding.

B. Genetically modified and transgenic.

C. [Genetically mociﬁed but not{transgenic. >) 5 / .L(/J’)'M,U 0 )Y\/ e/ 47 0N 0# W
D. Transgenic but not genetically modified. »fy\?/\/‘ . 1’/0 ﬂ/ 0’ l &\ '\) J ﬂ el ,[ /
—— i

Question 15 (1 mark)

Genetically modified organisms (GMOs) that are easier to produce through farming are becoming more available
around the world.

Examples of such farmed organisms include:
P Genetically modified corn that has an added bacterial gene, rendering the corn poisonous to some insects.

P Genetically modified potatoes that have an added RNA silencing molecule, preventing the potatoes from
browning and bruising.

P Genetically modified samo n-added growth gene from a salmon and promotor sequence from an ocean

trout, increasing the sflmon's growth rate.

Which row of the table showsTireadvantages of each GMO for farmers?

Genetically Modified Corn | Genetically Modified Potatoes | Genetically Modified Salmon
A. Antibiotic Resistance Increased Size Greater Productivity
B. Insect Resistance - Less Food Waste (' Salmon Lives Longerl
@ Lower Pesticide Use Less Food Waste _)/ Greater Productivity
D. Lower Pesticide Use Reduced Antibiotic Use Reduced Viral Infections

BI34 [0.7] - CRISPR Cas9 & Bioethics - Workshop ‘ 9




(S4ONTOUREDUCATION VCE Biology %
Question 16 (1 mark)
Bt corn expresses a protein that acts as an insecticide.
Bt corn uptake and insecticide use in covafields
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Based on your knowledge and the data in the graph above, what is the benefit of using Bt corn?
A. More insecticide is used with Bt corn crops.
B. Bt corn is cheaper to produce than non-Bt corn.

egative impacts on ecosystems could be reduced.

D. Fewer farmers are predicted to plant Bt corn in the future.

Souvce: Smavter Pest Contvol’, special section, Science, vol.34, 16 August 2013, p.731

Question 17 (1 mark)

Which of the following best reflects the principle of beneficence in the use of CRISPR-Cas9?

>
B. Informing patients of all possible risks associated with CRISPR-Cas9 treatment.

A
@usuring the benefits of CRISPR-Cas9 applications outweigh potential risks to patients.

C. Ensuring that CRISPR-Cas9 is not used for non-therapeutic purposes.

D. Preventing all possible risks associated with the use of CRISPR-Cas9.

BI34 [0.7] - CRISPR Cas9 & Bioethics - Workshop




(S4ONTOUREDUCATION CE Biology %

Y.y uwh dat e wentable—

Why fis germline pditing using CRISPR-Cas9 considered controversial?

Question 18 (1 mark)

A. It cannot be effectively used for therapeutic purposes.
B. Changes in the germline affect only the individual being treated.
C. It/ntroduces changes that can be passed on to future generations, raising ethical concerns.

D. Itis less effective compared to somatic gene editing techniques.

Question 19 (1 mark)

Which of the following scenarios best aligns with the ethical principle of justice in CRISPR-Cas9 applications?

A. Ptoviding equal gccess to CRISPR-Cas9 treatments regardless of socioeconomic status.

B. Ensuring ghly individuals with life-threatening conditions receive CRISPR-Cas9 treatment.

C. Allowing researchers to prioritise the treatment of rare diseases over common disorders.

D. Limiting CRISPR-Cas9 applications to non-human organisms to prevent human ethical dilemmas.

Space for Personal Notes
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Section C: Short Answer Questions (101 Marks)

QLU T 22

Question 20 (11 marks)

What is CRISPR, the gene editing technology that won the Chemistry Nobel prize?

CRISPR technology is adapted from a system that is naturally present in bacteria and other unicellular
organisms known as archaea.

This natural system gives bacteria a form of acquired immunity. It protects them from foreign genetic elements
(such as invading viruses) and lets them 'remember' these in case they reappear.

In 1987, Japanese molecular biologist Yoshizumi Ishino and his colleagues were the first to notice, in

E. coli bacteria, unusual clusters of repeated DNA sequences interrupted by short sequences. Spanish molecula
biologist Francisco Mojica and colleagues later showed similar structures were present in other organisms and
proposed to call them CRISPR: Clustered Regularly Interspaced Short Palindromic Repeats. In 2005, Mojica
and other groups reported the short sequences (or 'spacers') interrupting the repeats were derived from othgr—-
DNA belonging to viruses.

Evolutionary biologists...eventually proposed CRISPR and the associated Cas9 genes were acting as the
immune mechanism.

The CRISPR-associated genes, Cas9, encode a protein that 'cuts' DNA. This is the active part of the defence
against viruses, as it destroys the invading DNA.

In 2012, [Emmanuelle] Charpentier and [Jennifer] Doudna showed the spacers acted as markers that guided
where Cas9 would make a cut in the DNA. They also showed an artificial Cas9 system could be programmed
to target any DNA sequence in a lab setting.

This was a ground-breaking discovery that opened the door for CRISPR's wider applications in research.

Humans have altered the genomes of species for thousands of years. Initially, this was through approaches such
as selective breeding.

However, genetic engineering - the direct manipulation of DNA by humans outside of breeding and mutations -
has only existed since the 1970s.

CRISPR-based systems fundamentally changed this field, as they allow for genomes to be edited in living
organisms cheaply, with ease and with extreme precision.

CRISPR.. .has great potential in food production. It gangbegised tosimprove,ciopquality, yield, disease

resistance andsherbicideresistance. Used on livestock, it can lead to better disease resistance, increased animal
welfare and improved productive traits - that is, animals producing more meat, milk or high-quality wool.

A number of challenges to the technology remain, however. Some are technical, such as the risk of off-target
modifications.

BI34 [0.7] - CRISPR Cas9 & Bioethics - Workshop '1 2
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Source: Excerpt taken from D. Perrin, Queensland University of Technology, 'What is CRISPR, the gene editing technology that won the
Chemistry Nobel prize?" The Conversation, 8 October 2020, <https://theconversation.com/what-is-crispr-the-gene-editing-technology-that-
won-the-chemistry-nobel-prize-147695>

a. Identify two ways in which the CRISPR-Cas9 system is similar to the human immune system. (2 marks)

TN N ,
Bt bavtwin + humary havd memosy q/>ﬂl salbogen finvdef

« Botn fagef  JPEUFIL paikogeyy

b. Explain how the CRISPR-Cas9 system carries out immunity functions in bacteria. (3 marks)

cviral ONA 1 wedd  dedion 1 cut ond a0 4 ponc
iy pirching 1o CUSPI- pore '

The] pene 1 bansonbed h pridn guitePriA-

L T bl wih i, ﬁifmmq ~_mfley whnich floats
puronnat L va W\z/’l/{/‘/fw/\ 14/\/(/\ wm/ﬂm/lut//lrg |
o y l€ fnL WM DN, MLAMM s mbﬁ’t/ﬁ%rﬁ A

c. The use of CRISPR-Cas9 may result in off-target modifications. What is an off-target modification? (1 mark)

1 gmgmL

d. Why would an off-target modification be a matter of concern to scientists? (1 mark)

/wH')M the /A/VDM /%M/MN) mea trad—n MM%
M\z u /WAb/(A——vMWM hmn
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€.

Identify one way in which crop yields can be improved by using CRISPR-based systems. (1 mark) .

Incrensing difeate velifant ol mMll ety prart
ifermiing m&/A

Identify one way in which crop yields can be improved by using CRISPR-based systems. (1 mark)

Producing a strain of sheep with higher quality wool.
Mark allocation: 1 mark
#» 1 mark for identifying a way in which the use of CRISPR-Cas9
technology could improve productive traits in ammals, such as by [
mncreasing the quantity or quality of milk or meat from cattle.

The article states that CRISPR-based systems fundamentally changed the field of genetic engineering because
they allow for genomes to be edited in living organisms cheaply, with ease and with extreme precision.

Explain how CRISPR-based systems c @marks)
\

thte /)rea/)’on 7 U /m/rM/ o) hauns) gw(l@ Vin
/4 VM —

L / 1
ey

CAIC
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Question 21 (4 marks)

Citrus canker is a disease that affects citrus plants such as lime and orange trees, reducing fruit yield and quality by
causing the development of dark spots on the fruit and leaves. It is caused by several different bacteria species,
including Xanthomonas axonopodis. There have been several outbreaks in Australia.

5-.,

Scientists have recently tried to use CRISPR-Cas9 technology to inactivate genes involved in the citrus canker
pathway. This pathway for citrus canker disease is summarised below:

Xanthomonas axonopodis bacteria enter a citvus plant.
v
CsWRKY22 gene in citvas plant cells is activated by the bacteria.

CWRKY22 gene is transcribed producing CWRKY22 protein.

vV
CsWRKY22 protein +hen binds +o CsLOBA gene.

Transcription of CoLOBA gene produces proteine that vesult in citvus canker development.

Using the information in the flow chart above, explain how CRISPR-Cas9 technology could be used to produce
citrus-canker-resistant plants.

—| To produce citrus-canker-resistant plants using CRISPR-Cas9, the following steps would be taken:
1. Identify key genes: Scientists would first identify genes mnvolved in the citrus canker disease |
- pathway that enable bacteria to infect the plant.
2. Design guide RNA: A guide RNA (gRNA) would be designed to specifically target and direct |
the Cas9 enzyme to the identified genes involved in the infection process.
3. Edit the genes: The CRISPR-Cas9 system would then be used to cut the target genes, |
disabling their function. This could involve either knocking out the genes or altering them to
make the plant resistant to bacterial infection. n
4. Regenerate and test plants: The edited plant cells would be regenerated into full plants. These
plants would then be tested to ensure they no longer show susceptibility to citrus canker, n
demonstrating resistance to the disease.
This approach enables precise modifications of the plant’s genome, potentially making it resistant |
to citrus canker and improving fruit yield and quality.

BI34 [0.7] - CRISPR Cas9 & Bioethics - Workshop ‘1 5
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Question 22 (6 marks)
A fungal disease called Fusarium wilt affects tomato plants, leading to wilting and eventual plant death. It is
caused by the fungal pathogen Fusarium oxysporum, which infects the plant's vascular system. Recent research

has explored the use of CRISPR-Cas9 technology to target specific genes in the tomato plant that are exploited by
the fungus.

The process for Fusarium wilt progression in tomatoes is summarised below:

2. i ¢ in)tomato plant cells.
3. i he FoWRKY44 protein.
L A\ . initiati .

s immune response, allowing the fungus to ﬁ

5. Proteins produced by the FoLOBI gene weaken the piar
spread.

a. Using the information in the flow chart above, explain how CRISPR-Cas9 technology could be used to

produce tomato plants resista to Fusarium wilt) (4 marks)
- Fowﬂww JFLoB ) 7

- JnKA/ﬁL combint) rith (it imject nto the cdl
FULM/ Hne wdl be moym/f/i sd cleaved by
-~ (W
FOLOR| — protind Irduitd by i gene il ngf be sz/yme/{
W Wﬁ/e /M/ i€ pgjonse will, WO~
bt Mﬁnu// ﬂ/m/waq it repsnnd 1o J

Fangiven WM
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b. Some of the tomato plants have shown a reduced ability to grow quickly in the aftermath of the editing.
Propose a reason why this might be the case, explaining your reasoning. (2 marks)

—| # The reduced growth ability might be caused by off-target mutations introduced by |—

CRISPR-Cas9, where genes unrelated to FoWRKY44 or FoLOBI but important for

- growth and development were inadvertently disrupted.

¥ These off-target effects could interfere with critical plant processes, such as
photosynthesis or nutrient uptake, leading to slower growth.

y maWU‘ %"’%

.n’l ’1 -J—/
v

2 9(,4/\(, LM'} /

s deficiency is a al agricultural problem that affects crop yields, particularly-in-maize plants. /w
Scientists have used CRISPR-Cas9 to edit maize genomes by knocking out a gene called his gene
encodes a profein thatTeduces piosphorus uptake by degrading phosphate transporters in threroots. Knocking ouf
PHO2 increases pWon and boosts plant growth. -

The CRISPR-Cas9 complex was used to knock out the PHO?2 gene in maize plants, producing genome-edited
(GE) maize plants with enhanced phosphorus uptake. —

a. Explainw ize plants edited using CRISPR-Cas9 to knock out the PHO2 gene may be advantageous over
transgenic methods)for phosphorus efficiency. (2 marks)

? InStrting plat Jogn Spthes

= In iy oL WJ('IL ‘M"‘ﬂ o{aa_r\_wf_ mw)vc MJI%L:'%

W ,fyo,\,\ ,f—of(u)v‘\d et
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b. Phosphorus availability in soils is often limited due to its fixation in forms that are not bioavailable to plants.
PHO?2 encodes a protein that degrades phosphate transporters, reducing phosphorus uptake. CRISPR-Cas9
was used to knock out PHO?2, leading to improved root phosphorus absorption.

Refer to the diagram of the CRISPR-Cas9 complex below. & J ”\ 4M

i.  Which arrow, 1, 2, or 3, correctly points to the DNA strand being cut by Cas9? (1 mark)

hrow

ii. Describe how Cas9 cuts the DNA at the targeted location and what role the sgRNA plays in this process.
— D —_—
(2 marks) — 4

]E—CMI’I il bidJo Mt WJJMI@I’\ ng?/?’l!f\
0f e PAVY —> My rwird)
— guide VA oull Wh\?nj b Mmp/wWﬂy,j

R e Inpth deqane ”
— (nJ ) qu» Hen cnf e ghvands i I mev}
(BT by lom»ii/b /;Mme/ln‘uk/ band-

B
o
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C.

A controlled experiment was undertaken to determine the effectiveness of using the CRISPR-Cas9 complex to
knock out the PHO?2 gene in maize plants. In the experiment, maize plants were grown under identical
conditions, and phosphorus uptake and plant height were measured. The results are displayed in the graphs

below. ‘
2 (ot

oo 5o 1 “OSM/ .
Wlpac  12- heowesrben— 0 -

AN Cit® | m°7
M 0.4 ~/ 20-
0.0 : ’ 01— :

> @ Wl’“u' > @

R/

X! Xt
N — N
X R
7/ /

G )

S o
o ot
i. Using the data from the graph above, compare the levels of phosphorus uptake and plant height in the
ontrol and GE maize plants. (2 marks) —
W on
/' com f

@ PHOSPHOEOVS — bolin Lom| 4 6. € —(mdn/a 3L

(2) PblT HEILHT — Yot sondel £ € — bl PhFA—

ii. Apart fromfexperimental errorg give one reason why GE maize plants may not show a 100% increase in

phosphorus uptake. (1 mark) \—pﬁ;ov
_mﬂnpumemﬁ&aWLg{m

kmm&wl/

\

>
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i

/Question 24 (9 marks)

. Prgkaryotes contain a CRISPR DNA sequence, which consists of nucleotide repeated sections and spacer
sections. The diagram below illustrates the positioning of these sections in part of the prokaryote circular
chromosome.

R@Pw{w‘l sections
Cas genes Leader | | I
)

/\ Spacer sechions

Outline the function of the CRISPR DNA sequence in prokaryotes. In your answer, state the origin of the
spacers. (4 marks)

@ CRISPRE. _Coy 9 wed o4 an ™MAWe Aeﬁe/t(c
Mechoms™s  guaiadt  Vicuies .
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b. Sickle-cell disease and B-thalassemia are two human blood disorders. Both diseases are the result of mutations
in the haemoglobin 8 gene. In both diseases, the ability of the red blood cells to carry oxygen is reduced.
Scientists are developing a treatment that involves turning off a gene in stem cells. This will increase the
oxygen-carrying capacity of the blood in people with these disorders. The scientists are using the CRISPR-
Cas9 gene-editing technique to locate and edit the gene in stem cells. The gene is called BCL11A.

The scientists designed a single guide RNA (sgRNA) to locate a sequence of nucleotides within the BCL11A4
gene, as shown below.

ngNA tavget sequence G PAM

| Il |
> TACGTCTACGTCCAACGCTAACAGTTOCCTTTTATCACAGGCTCCAGGAAG
ATCACGATCACOCTTCOEATTOTCAACCAAAATAGTETCCOAGOTCCTTC &——

Souveer H Frangoul ot al,, 'CRISPR-Cisq Gene Editing for Sickle Cell Disease and B-Thalassemia!,
The New Eagland Vournal of Medicine, vol. 384, no. 3, 2021, p- 254,
<wr.nem.ovg/Aoi/ Full [Aei/10.1056/NEUMoa2031054>

i. Write the nucleotide sequence that must be used on the sgRNA to locate the targeted sequence within the
BCLI11A4 gene. (1 mark)

GAWCGEGUCAACGAARAUAGU

ii. Describe the function of the PAM sequence adjacent to the sgRNA target sequence. (2 marks)
- PAM wh ay o binding Sike I&r Ae (a9 e/\%;wa “G)
— (M 9 enyre il ok A toaek stguence
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C.

Scientists have successfully edited the BCL11A4 gene. Initially, two patients were treated. Some of each
patient's stem cells were extracted and then genetically modified. Each patient then had their own cells
returned to them. Both responded well, with significant and sustained increases recorded in their haemoglobin
levels. The two patients no longer needed blood transfusions to survive. However, both patients had some
adverse reactions. The scientists have since treated another 75 patients.

Identify an‘ethical concept that the scientists would have needed to consider before proceeding with the
treatment of the additional 75 patients. How would they justify the'continuation of the treatment in new

patients? (2 marks) _/Q

- ?)EAQF\LQACQ 0/\64417 Odu&AjL\ 18l

- Suu/hm wodd need tv Mwﬂs‘a e risly
(o\&»c ef’ﬂ(,oh\ uuth the BeAtHh (V’lo l«)p(/ mc&aﬂ.i'jl

N
IOLBGA tyong Am wu\
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Question 25 (9 marks)

a. Prokaryotes contain a CRISPR DNA sequence, which consists of nucleotide repeated sections and spacer
sections. The diagram below illustrates the positioning of these sections in part of the prokaryote circular
chromosome.

Ro[:w'l'ul sechions
Cas genes Leader | | I

I I
I I T R 2 3 n

NI 2 R ) B ) B ) 7 e
I

Spacer sections

Outline the function of the CRISPR DNA sequence in prokaryotes. In your answer, state the origin of the
spacers. (4 marks)

The CRISPR. array provides prokaryotes with a memory of prior viral infections.

—| The origin of the spacers 1s the viral DNA from these prior viral infections or

| bacterial plasmids.

| If a prokaryote 1s reinfected with the same virus, then guide RNA (gRNA) 13

- produced and attaches to complementary viral DNA sequences, or gRNA directs

Cas9 endonuclease to cut viral DNA | preventing it from infecting the prokaryote.
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b. Cystic fibrosis is a genetic disorder caused by mutations in the CFTR gene, which leads to the production of a
faulty protein responsible for chloride ion transport in cells. Scientists are developing a treatment that uses
CRISPR-Cas9 to correct a common mutation, AF508, in the CFTR gene in lung epithelial cells. This
treatment aims to restore proper chloride ion transport and reduce the symptoms of cystic fibrosis.

The scientists designed a single guide RNA (sgRNA) to locate and edit the mutated sequence within the CFTR
gene, as shown below.

ngNA tavget sequence @ PAM

| | |
TACGCTATOGCACGTTACCGATECTTACOGTTTTGCACGACGETCTAGTTC
CGACOGTAGTCTAACCGTAGCCCOTTTACCOTCACCGTAAACGTTAGGCT

i.  Write the nucleotide sequence that must be used on the sgRNA to locate the targeted sequence within the
CFTR gene. (1 mark)

The sgRNA sequenceis:
AUGCGAUACGUGCAAUCGAUGGAAUGGCAAAACUGCUGCCAGAUCAAG.

ii. Describe the function of the PAM sequence adjacent to the sgRNA target sequence. (2 marks)

The PAM sequence acts as the binding site for the Cas9 endonuclease and
serves as the target for designing SgRNA upstream of this sequence or
allowing Cas9 to cut the DNA sequence.
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Scientists have successfully corrected the CFTR gene. Initially, two patients were treated. Some of each
patient’s lung epithelial cells were extracted and then genetically modified. Each patient then had their own
cells returned to them. Both responded well, with improved lung function and a reduction in cystic fibrosis
symptoms. The two patients no longer required intensive respiratory treatments. However, both patients
experienced mild inflammatory side effects. The scientists have since treated another 75 patients.

Identify an ethical concept that the scientists would have needed to consider before proceeding with the
treatment of the additional 75 patients. How would they justify the continuation of the treatment in new
patients? (2 marks)

Examples of ethical concepts and their justification for continuing treatment in new patients include:
# Beneficence: The benefits of the (genetically modified epithelial cell) treatment outweigh the
adverse effects.
» Integrity: Reporting all results so patients have the choice of receiving the (genetically modified
epithelial cell) treatment or not.
———1 # Respect: Informing patients of the possibilities of any adverse effects of receiving the i
{genetically modified epithelial cell) treatment.
#» Non-maleficence: Ensuring adverse effects associated with receiving the (genetically modified
epithelial cell) treatment are minimised.

Question 26 (8 marks)
The CRISPR-Cas9 complex is a gene-editing technology used in a variety of contexts.

a.

Describe the role of the CRISPR-Cas9 complex in a bacterium. (2 marks)

The CRISPR-Cas9 complex allows the bacterium to cut sections of foreign viral DNA
-1 and incorporate them into its CRISPR gene.

Thus, the bacterium can ‘remember’ the bacteriophage so that if the bacterium is infected
again, it will be able to identify and destroy the foreign DNA.

Describe the function of a spacer in a bacterium. (1 mark)

The spacer is complementary to a section of the viral DNA.

BI34 [0.7] - CRISPR Cas9 & Bioethics - Workshop

c




(S4ONTOUREDUCATION CE Biology %

Recent clinical trials have used the CRISPR-Cas9 complex to treat sickle cell anaemia in adults. In the treatment,
the bone marrow stem cells of an individual with sickle cell anaemia are extracted and mixed with a CRISPR-
Cas9 complex that is designed to disrupt the adult haemoglobin gene. Once the gene is disrupted, the stem cells
are placed back into the individual. The cells then differentiate and express foetal haemoglobin, which alleviates
the symptoms of sickle cell anaemia.

c. Describe how a CRISPR-Cas9 complex could target and disrupt the adult haemoglobin gene. (3 marks)

A strand of guide RNA is constructed with a spacer section that is complementary to the
——1 adult haemoglobin gene. ——
The single guide RNA is added to a CRISPR-Cas9 complex, which is then added to the
extracted stem cells. The guide RNA binds to the haemoglobin gene in a complementary
fashion.

The DNA in the haemoglobin gene is then cut at the location the guide RNA is bound to.

When the DNA is repaired with other nucleotides, the DNA sequence is altered and the
gene is thus disrupted.
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d. As CRISPR-Cas9 technology becomes increasingly common, questions have been raised about its use in
medical treatments for babies. A survey consisting of five questions about the use of CRISPR-Cas9
technology in the treatment of babies is planned to assess the general public's opinion on the topic. The

questions are shown in the table below.

Question
number

Question

Do you think the technology will only be available to
the wealthy?

Do you think the technology will be used by some in
morally unacceptable ways?

Do you think the technology will be used before the
health effects are fully understood?

Do you think the technology will lead to the
development of other new medical advances?

Do you think the technology will help people live
longer and better-quality lives?

Describe the ethical concept of beneficence and identify one question in the survey that refers to beneficence.

(2 marks)

The ethical concept of beneficence relates to the maximisation of benefits when
undertaking a particular course of action.
Question 4 OR 5 relates to the additional benefits associated with this research;
thus, it relates to beneficence.

Space for Personal Notes
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Question 27 (10 marks)

W s a special form of rice that was developed to combat vitamin A deficiency, which is a major cause of
preventatie blindness in developing countries where there is not sufficient access to eggs, liver, and dairy which
are all rich in vitamin A.

Given that rice is a staple food in many of these countries, scientists thought that developing a form of rice that
would have increased vitamin A levels would improve this issue of vitamin A deficiency, and they achieved this
by adding the PSY gene from a daffodil and the CRTI gene from a soil bacterium. This causes the rice to store
beta-carotene, in the grains of rice rather than the leaves, giving them that distinctive golden colour. T

\

a. Define the term ‘GMO’ and describe specifically the type of GMO golden rice that would be considered to be.
(2 marks)

b. Why might it be beneficial for the rice to store the beta-carotene in the grain and not in its leaves? (2 marks)
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c. Discuss some of the biological implicatiogs that may result from the use of golden rice widely. (2 marks)
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d. Discuss, with reference to the principles ¢f beneficencednd justice, the ethics of introducing golden rice into
widespread use across Southeast Asia. (4

(1) Maimiving, bunelih
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Question 28 (13 marks) ’3 MW) VMWLM dww JWV[/ IL W MD/L/

Ve _proqros
The development of more precise genetic editing technologies, such as CRISPR-Cas9, has brought life to the
prospect that genetic editing can become popular, safe, and effective in the near future. Some visionaries have
suggested that this may usher in a new era wherein human embryos can be edited for desirable traits and
characteristics, as well as protecting them from potential diseases as well.

a. Describe how CRISPR-Cas9 could be applied in an experiment to edit a gene causing disease in an embryo.
(3 marks)

A gene may be causing disease as it produces a protein produet that i1s malfunctional, and needs to be
— | prevented from doing so. -
¥ Identify a target sequence for a cut, and develop a synthetic guide RNA (sgRNA) complementary
— to it —
¥ Combine this with the Cas9 enzyme, altered with a PAM to suit the target.
— | » Inject this into a target cell, and then the sgRNA will bind to the target DNA_ and then signal the | —
cut.
| » Cell repair mechanisms will try and repair causing errors, thus silencing the gene, and preventing |
its expression.
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b. What are some concerns regarding the usage of CRISPR-Cas9 to edit human embryos? (3 marks)

Respect! — the embryos are inherently unable to consent to any edits being

——— made, this 1s not respecting their autonomy at all. Some may argue that this

doesn’t respect the sanctity of human life.
Beneficence! Even if there may be a benefit conferred, might be unaware of
potential impacts and the viability of that benefit in the first place.

— Non-maleficence! Research may be potentially harmful to the embryo itself

and mav result in its loss.

C.

Using a consequences-based approach, and the principles of beneficence and justice, compare and discuss the
ethics of using CRISPR-Cas9 to fix known disease-causing abnormalities as opposed to “preference” edits
(e.g. parents wanting blue eyes not brown.). (5 marks)

»  We may not understand the consequences that much, so designer edits might
be unintentionally harmful.

»  Consequences might actually work out to be well (diseases being cured) in the
end so things might end up being good.

»  Can do a lot of good with this editing technology, will improve the quality of
life, compared to designer edits.

»  This technology may not be available to everyone and hence may cause some
class issues and class dynamics, with those with a lower socio economic
bakeground being unable to access these conditions and ultimately being left
behind and this may entrench that genetically.

» Difficult to tell how some edits may have a potential benefit — may
unneccesarily promote a procedure.

d.

Currently, despite the promise, there are still concerns over the efficacy of the CRISPR-Cas9 treatments, and
multiple rounds of trials are required before approvals can be granted.

With reference to the principle of non-maleficence, discuss the need for extensive clinical trials before making
this technology available to a wider public. (2 marks)

Extensive clinical trials are in place during the approvals process of medical treatments,
to ensure that there are no undue harms in the treatment. This is designed to ensure that
the principle of non-maleficence 1s upheld, which indicates that harms should be
mimimised. Some harms may be acceptable, as long as they are not disproportionate to
the benefits, in this case, the potential of becoming a tutoring superhero.
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Question 29 (9 marks)

Bt cotton is a type of cotton that contains two genes from a soil bacterium, Bacillus thuringiensis, enabling it to
produce insect-resistant proteins. Australian farmers of Bt cotton use only 15% of the quantity of the insecticide
that was once needed to protect their cotton crops. However, Bt cotton is not as resistant to the main insect pest of
cotton crops, Helicoverpa, as it has been in the past. In Australia, Bt cotton is picked by machine, but in India, it
is picked by hand. Workers in India have developed skin allergies, which have been attributed to Bt cotton
proteins. Traditionally, farmers have saved money by keeping seeds from one year’s crop to plant the following
year. However, it is illegal for farmers to keep Bt cotton seeds because these seeds have been declared the legal
property of the company Monsanto. Every year, cotton farmers must buy more seeds from Monsanto.

a. Is Bt cotton transgenic or cisgenic? Justify your answer. (2 marks)

Bt Cotton 1s a genetically modified organism , considered to be transgenic. -

Transgenic — as it involves genetical material being inserted from a foreign

species, in this case a soi1l bacterium. o

b. Discuss the social implications of the use of Bt cotton. (2 marks)

»  Farmers spend less money and effort protecting their plants which improves
costs, and their livelihoods as well. (they make more profit) — POSITIVE.

However,
?  The legality of re using the seeds (given that farmers must buy seeds every
year) may cause stress and damage to the farmers - NEGATIVE.

Note: There are a number of other acceptable answers.

c¢. How might Bt cotton result in increased crop yields? (1 mark)

— Fewer plants are dying due to the resistance provided by the gene. resulting |—
in more plants surviving to maturity/ripeness, allowing more plants to be
1 harvested per unit of area — thus resulting in an increase in crop yields.
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d. Discuss, using a consequences-based approach and applying the principle of justice, the ethics of this model of
Bt cotton. (4 marks)

| Justice — the principle that there should be fair consideration of competing claims, that the benefits L
of an action should be distributed equally and fairly.

Buying new seeds every time is this fair?
-1 # Providing an advantage to those who have had them and those who do not , which entrenches |
inequality. This 1s against the principle of justice.
-4 # This company may also establish full control over the market for such seeds, making thema |
neccesity and potentially inaccessible, thus establishing further unfairness and mequality.

Consequences Based Approach — judging whether an action should be undertaken or not by
4 focusing on its consequences. L

4 Impacts of using Bt cotton: L
»  Improves crop yields which helps people get more food.
4 » Might have unintended biodiversity impacts. |

Space for Personal Notes
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Question 30 (14 marks)

The Tasmanian Tiger, or the Thylacine, was a marsupial that lived in Australia, before it went extinct after the
arrival of European settlers, with the last one dying in captivity in 1931.

Recently, there has been talk about using DNA manipulation technologies to “revive” the thylacine and bring it
back, by editing it with current species still present today. Researchers claim that this would be ‘de-extinction’ and
will bring the thylacine back to life, but in reality, an exact replica of the original animal will not be created, rather,
it will be a hybrid creature.

There are a number of concerns that have been raised over this project.
The researchers claim that this is a step in reversing the damage done ecologically by the settlers, and bringing the
ecosystem back to balance, whereas critics claim that this may actually end up having adverse impacts on an

ecosystem that has adapted to modern challenges.

Further to this, concerns have been raised over how the embryos will be born, whether through a surrogate or
otherwise, and the welfare of the thylacines after birth.

a. Describe some of the social and biological implications of this plan. (3 marks)

Social Implications:

» This program may undermine existing conservation efforts which are economically more viable
than this plan.

% This may set a wider precedent regarding our treatment of the environment and wildlife, as people

may now consider these events to be easily reversible.

Biological Implications:

»  The edited animals may have unintended impacts on ecological balance, especially as the
ecosystem has adapted to life without the thylacine.

»  The introduction of the thylacine may cause biodiversity issues as they may have genetic

challenges we are unaware of as we have edited them.

The animals may help the interactions of existing wildlife by returning situations similar to a time

""’

before human intervention.

b. Would these be considered GMOs, and if so which type? Explain. (2 marks)

1 Yes, it would be considered a genetically modified organism, as it contains alterations of its -
—| genetic material from other sources. In this case, it would be considered transgenic, as it
1 involves genetical material being inserted from a foreign species, in this case a soil bacterium. |
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c. With reference to the principles of beneficence and respect, discuss the ethics of this plan of reviving the
thylacine. (4 marks)

Beneficence — the principle that we should strive to do the most ‘good’ or confer the most benefit.

»  Bringing them back may result in a positive impact of biodiversity and the environment, with an
affirmative step to overcome our errors before, better for beneficence.

P Bringing them back may cause unintended environmental impacts, which would harm the environment
going against the principle of beneficence.

P Genetically, there may be uninteded consequences from these edits, resulting in negative impacts further
down the line.

# May spark further research into this area, which could increase the resources availble for conservation
efforts.

Respect — the principle that all living things have an intrinsic value and that we should respect their rights.
The welfare of other animals 1s being respected. as they are not being forced into being surrogates.
Welfare of the new creatures — will they be able to survive properly in the wild without any similar
creatures?

Respect for the environment, trying to reverse the damages created by humans.

Survivability of the new animals in the new environment.

vyvYyy Yvy

Respect for the welfare of the exisiting environment, given the desire to introduce a brand new species,
which may be harmful.

d. Why it might be problematic to claim that this is a ‘de-extinction’ of the thylacine? (3 marks)

1 This 1s problematic when considering the ethical concept of integrity -
which requires all information to be reported honestly and fairly.
4 The new species that 1s created will be genetically distinet from the :
actual origmal thylacine, whereas the term de-extinction implies it will
— be genetically identical. -
Hence, calling it de-extinction 1s misleading, and 1s problematic when
considering the principle of integrity.

e. Explain the difference between the virtues-based and duty-based approaches to ethics. (2 marks)

» A duty/rule-based approach is concerned with how people act (the means) and places
central importance on the idea that people have a duty to act in a particular way, and/or that
certain ethical rules must be followed, regardless of the consequences that may be produced. —
On the other hand. a virtues-based approach is person, rather than action-based.

W

— Consideration is given to the virtue or moral character of the person carrying out the action, —
providing guidance about the characteristics and behaviours a good person would seek to
R achieve to then be able to act in the right way. —
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Free 1-on-1 Consults

What are 1-on-1 Consults?

Who Runs Them? Experienced Contour tutors (45+ raw scores and 99 + ATARsS).

Who Can Join? Fully enrolled Contour students.

When Are They? 30-minute 1-on-1 help sessions, after-school weekdays, and all-day weekends.
What To Do? Join on time, ask questions, re-learn concepts, or extend yourself!

Price? Completely free!

One Active Booking Per Subject: Must attend your current consultation before scheduling the next:)
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SAVE THE LINK, AND MAKE THE MOST OF THIS (FREE) SERVICE!

Booking Link

bit.lv/contour-biology-consult-2025
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