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Notes to educator

This document supplements The Genomics Game {quiz). These are identical to the corresponding slide
notes, and are meant tc help teachers start the discussion and add thought-provoking ideas to help
continue the discussion and quide student learning.

Section: Genes vs genomes
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Genomic variation makes us different

Between two people, 0.2% their genome is different.

This may seem tiny, but it's 6 million changes (variations) in
our genome.

Discussion: Was this more or less than you expected? What
other human traits could genomic variation be responsible

for?
Most variations have no health consequence, but some are
serious.

NHS England's National Genomics Education e s

Note to educator; For this discussion, get the learners to think about everyday natural human
differences like eye colour, hair colour and curl, how individuals perceive the taste of Brussels sprouts or
coriander, and sc on.

It is also useful to help learners recognise just how similar we are.

Furthermore, stating some fun facts can embed the idea of how important genemic differences in
growth and development can help. For example, our gencmes are around 98%-99% similar to that of
chimpanzees. Also, more than half of our genome shares similarity with less human-like organisms, such
as chickens, fruit flies and bananas.

More information:

e Food, glorious food and its bitter aftertaste: www . genomicseducation.hee.nhs.uk/blog/food-
gloricus-focd-and-its-bitter-after-taste/

e Boncbos join chimps as closest human relatives: www . sclence.crg/content/article/boncbos-join-
chimps-closest-human-relatives

e Infographic showing “all living things” percentage DNA similarity with humans:
www.popscl.com/humans-genetically-linked-to-bananas/

Publication reference: The Genomics Game (Online) supplementary material 1


https://www.genomicseducation.hee.nhs.uk/education/teaching-resources/the-genomics-game-quiz/
http://www.genomicseducation.hee.nhs.uk/blog/food-glorious-food-and-its-bitter-after-taste/
http://www.genomicseducation.hee.nhs.uk/blog/food-glorious-food-and-its-bitter-after-taste/
http://www.science.org/content/article/bonobos-join-chimps-closest-human-relatives
http://www.science.org/content/article/bonobos-join-chimps-closest-human-relatives
http://www.popsci.com/humans-genetically-linked-to-bananas/
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Different types of proteins
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Enzymes catalyse,
cause or speed up
biochemical reactions.

Regulatory proteins, such as
hormones, maintain a constant
environment in cells or the body.
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Structural proteins give shape,
structure or strength to cells or
tissues.

Defensive proteins work as a
part of the immune system
keeping us safe.

And many morey

™
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Note to educator: Here are scme other types of protein and their function:
- Blood-clotting proteins: part of an organism’s blood clotting response.

- Cell membrane/channel proteins: found in a cell's membrane.

- DNA- and RNA-associated proteins {(nucleoproteins): proteins that attach to nuclectides.
- Contractile proteins: help muscle fibres to contract.
- Motor proteins: ‘molecular machines’ that help move material in a cell.
- Receptor proteins: are bound to by other molecules.
- Toxins: used in predation or defence by some non-human organisms.
- Transport proteins: move material in an organism.

- Storage proteins: store scmething until needed.
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Section: Inheritance and variation
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Words have meaning
Healthcare workers are continually understanding how to choose word§

that sensitively describe a patient’s condition.

Patients with a rare disease report preferring their DNA to be described
as having a ‘variant’ causing the condition.

Patients with cancer are neutral to the cancer’s DNA being described
as ‘mutated’.

Discussion: Why do you think this is? Are there any other commonly
\ used medical terms that may be distressing for a patient to hear?

v

netics and genomics quiz for nursing educstars v3.01

" Ger
NHS England’s National Genomics Education Fub. date: & October 2023; Version pub. date: 6 Ootober 2023

Note to educator: For this discussion, encourage learners to think about how the patient might feel or
react 1o being referred to as “having a mutation”. Explore how complicated or dense medical words and
phrases may affect the patient and their understanding of the situation.

Continued on next page.
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No genome is ‘perfect’
We all have genetic
variations in our

genomes.

Most are linked to
traits such as hair
type and eye colour.

Discuss: What other
differences arise due
to genetic variation?

NHS Englamd’s Nabooal Genomics Educalion

Note to educator: Learners may repeat items from previous discussions where hair colour and curl, eye
colour, how we perceive some flavours (and so on) are all differences with a genomic basis.

Consider prompting for unseen differences. Same examples of what genetic variation affects include:

e how we respond to certain medications,;
e our predispasition to diseases such as cancer, or illnesses such as schizaphrenia; and
e how our immune system responds to communicable diseases and infections.

Be careful to avoid framing differences as only genetic or genomic since a person's environment or
personal circumstance will tend to influence them. For example, a person vaccinated will experience a
different disease outcome when compared to scmecne wha is not.

Continued on next page.
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Genetic conditions

Sickle cell disease and Huntington disease are just N
two examples of inherited conditions.

Discussion: What are the implications of an inherited
condition? In terms of condition management, how
might inherited conditions differ from other medical
conditions?

N =

Genefics and genomics quiz for nursing educstors v3.01
Pub. date: 6 October 2023; Version pub. date: 6 Oclober 2023

NHS England’s National Genomics Education

Note to educator: For this discussion, prompt the learners to explore what the future looks like for a
patient, who may be a child, and their family. How long will a patient have that condition. Is the
condition easy to manage and live with? What lifestyle changes might need to be considered? How
favourably does today’s society view people with that condition?

Ask questions to encourage comparisons between treatment and management for a genetic condition
to that of non-genetic conditions. For example, sickle cell disease (genetic) vs sepsis (not genetic), or
Duchenne muscular dystrophy {(genetic) vs broken bones or sprains {not genetic).

You may also wish to think about the advantages and disadvantages of using genomics to predict the
chances of family members developing a condition.
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Section: Research and techniques
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Genomes are ‘read’ via genomic sequencing

Genomic sequencing is used to ‘read’ or ‘map’ some N

We can now sequence a human genome in only days
and for under £1,000.

Discussion: Do you know of any clinical scenarios
where genomic sequencing is currently being used?

. v

. Genetics and genomics quiz for nursing educstors v3.01
NHS England s National Genomics Education Pub. date: 8 October 2023; Version pub. date: 8 October 2023

Note to educator: Sickle cell disease and cystic fibrosis are two examples, but many exist. For this
discussion, you may wish to note the National Genomic Test Directory, which has a list of all eligible
genomic tests commissicned by the NHS in England, the technalogy by which they are available, and the

types of patient who will be eligible.
More information:

e The National Genomic Test Directory: www.england.nhs.uk/publicaticn/national-genomic-test-
directories/

© NHS England 2024 6


http://www.england.nhs.uk/publication/national-genomic-test-directories/
http://www.england.nhs.uk/publication/national-genomic-test-directories/

Section: Diagnostics
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NHS vs direct-to-consumer genomic tests
Anyone can buy a direct-to-consumer (DTC) testing kit. \

Results may give insight into ancestry, traits or gene variants.

The interpretation of DTC results is often inconclusive.

Discussion: What advice would you give to an individual who had taken
a DTC test and received unsettling results about variants linked to a
particular condition?

Note: Always consult a healthcare professional to find out what DTC
\ test results really mean. /

. Genetios and genomics quiz for nursing educstors v3.01
NHS Eng‘and s National Genomics Education Pub. date: 8 Octobar 2023; Version pub. date: 8 October 2023

Note to educator: For this discussion, get the learners to think about how a patient seeing their primary
care clinician {such as a GP) might be feeling if they have used an off-the-shelf test and received
unsettling results. What could the clinician do to reassure the patient?

© NHS England 2024 7
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Antibiotic resistance and bacterial genomes

Some antibiotics can no longer be used to treat )
certain infections.

Discussion: How is genomics playing a role in

the effort against antimicrobial resistance?

What might some of the advantages of using
these genomic technologies?

- /

. . Genetics snd genomics quiz for nursing educstors v3.01
NHS England’s National Genomics Education Pub. date: 8 October 2023, Version pub. dale: § Oclaber 2023

Note to educator: For this discussion, genomics alse has a great potential in terms of targeted prescribing
of antibiotics. For example, a genomic test can tell if bacteria sampled from a patient are resistant to
specific antibiotics. Also, genomic technologies are quicker than culturing microbiclogy samples and so
they may permit bedside testing. Finally, antibiotic resistant bacteria outbreaks can also be better tracked

with genomics.

© NHS England 2024 8



Section: Family history
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It runs in the family

For every 100 diagnosed cancer cases, between 5 and 10 of \

them are thought to be due to an inherited genetic variant.

Discuss: Do you know of any inherited cancer syndromes?

Click to reveal answers.

B

NHS England’s National Genomics Education

Genetics and genomics quiz for nursing educstors v3.01
Pub. date: 6 October 2023; Version pub. date: 8 October 2023

Note to educator: There are many, but some more commaon ones are listed.

Programme England
Family histories are valuable
Discuss: What other information might be )

valuable when drawing a family history?

Click to reveal answers.

\J

NHS England’s National Genomics Education

/

Genetics and genomics quiz for nursing educstors va.01
Pub. date: § October 2023; Version pub. dste: 6 October 2023

Note to educator: For this discussion, any infermation that helps a clinician reach a diagnosis is good
information to have.

© NHS England 2024 9



Section: Results are far reaching
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Patients make choices based on genetic tests
In 2013, actor Angelina Jolie chose to have a double

mastectomy.

Her preventative surgery was based on a genetic test.

The test had revealed she had a gene variant that raises her
chance of developing breast cancer.

Discussion point: How can media stories raise awareness
around genomics? Are there any others you know of?

/

. Genetics and genomics quiz for nursing educstors v3.01
NHS England's National Genomics Education Pub. date: 6 October 2023; Version pub. date: @ October 2023

Note to educator: Media stories can get people talking about something, which may remove the taboo
and get people seeing clinicians. Chris Hemsworth (Thor in the Marvel movies) discovered he has an
APOE4 gene variant which is connected to Alzheimer’s disease. Journalist Krishnan Guru-Murthy has
hypertrophic cardiomyapathy which is a genetic heart condition.

More information:

e Chris Hemsworth's APOE4 diagnosis: www.genomicseducation.hee.nhs.uk/blog/marvel-star-
goes-public-on-his-apoe-genetic-link-to-alzheimers/

e Krishnan Guru-Murthy's hypertrophic cardiomyopathy diagnosis:
hitps:/virginradio.co.uk/entertainment/119068/strictly-202 3-krishnan-guru-murthy-doctors-
health-concerns

Continued on next page.
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http://www.genomicseducation.hee.nhs.uk/blog/marvel-star-goes-public-on-his-apoe-genetic-link-to-alzheimers/
http://www.genomicseducation.hee.nhs.uk/blog/marvel-star-goes-public-on-his-apoe-genetic-link-to-alzheimers/
https://virginradio.co.uk/entertainment/119068/strictly-2023-krishnan-guru-murthy-doctors-health-concerns
https://virginradio.co.uk/entertainment/119068/strictly-2023-krishnan-guru-murthy-doctors-health-concerns
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Protect sensitive data

An individual’s genomic data is treated with the
same sensitivity and confidentiality as other
medical information.

Discuss: Since genetic information is shared
between family members, why might some be
more concerned about how this data is used?

) Genetics and genomics quiz for nursing educstors v3.01
NHS England’s Nalional Genomics Education Pub. date: 8 October 2023; Version pub. date: 8 Oclober 2023

Note to educator: For this discussion, encourage the learners to think about ramifications of genomic
data, how it is stored and who might use or access it. For example, years after it was taken from a crime
scene, DNA was eventually matched against some stored data the killer's family members had sent in for
DNA-based ancestry testing. This led to the killer being arrested.

In terms of health insurance, should a family member discover they have a genetic condition, your own
premiums and costs might increase as the company will assume you have something similar.

Additional information: Since 2018, the Code on Genetic Testing and Insurance, which is an
agreement between our government and the Association of British Insurers (ABI), states that predictive
genetic test results are not taken into account, unless the life insurance is over £500,000 and the
applicant has had a predictive test for Huntington disease. However, the increasing use of genomics as a
predictive tool means this agreement is regularly reviewed and may change in the future.

e The Code on Genetic Testing and Insurance can be found at: wwwv.abi.org.uk/data-and-
resources/tools-and-rescurces/genetics/code-on-genetic-testing-and-insurance/
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http://www.abi.org.uk/data-and-resources/tools-and-resources/genetics/code-on-genetic-testing-and-insurance/
http://www.abi.org.uk/data-and-resources/tools-and-resources/genetics/code-on-genetic-testing-and-insurance/

Section: Precision medicine
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Precision medicine encompasses everything

Information, such as current health, lifestyle N
and genomic factors, is used to make sure the
individual is receiving the right treatment, at the
right time, at the right dose.

Discuss: In addition to genomics, what other
health information will also be taken into

\_account when making prescribing decisions? )

NHS England's National Genomics Education e e e

Note to educator: For this discussion, think about the patient as a whole {holistically), from genomics to
lifestyle to the environment they live in. For most clinical situations genomics is only one part of the
puzzle. More often there is an interplay between the variation in our genome and other non-genetic
factors.
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