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Nga hangarau &=ra i
Genetic technologies in
Aotearoa New Zealand

He kupu whakataki
Introduction

Here in Aotearoa New Zealand, scientists
develop world-leading gene technology
innovations in research labs every day. Many
imported foods contain genetically modified
ingredients and we already have gene-edited
New Zealanders walking amongst us — the
beneficiaries of life-saving gene therapies
being trialled here. Today, the potential of
new genetic technologies is exploding as
techniques, including ones that use machine
learning and artificial intelligence (Al), rapidly
improve (1-3).

Aotearoa New Zealand has a complicated
history with gene technologies, which goes
back over 30 years. Our current regulations
are among the strictest in the world (4,5).
Researchers are allowed to alter genes of
approved species inside the lab, but it is
extremely difficult to get approval to apply this
science outside the lab (for example, growing
gene-edited crops outdoors).

In 2026, the way gene technologies are
requlated may be changing with a new
Gene Technology Bill being considered at
Parliament.

As discussion increases about expanding the
use of gene technologies in Aotearoa New
Zealand, so does korero about what this means
for our unique environment, economy, culture,
and te ao Maori.

This paper is one of two:

e Genetic technologies in Aotearoa New
Zealand — how they work

e Genetic technologies in Aotearoa New
Zealand — how they're used.

This project is web-first.

With these publications, Royal Society

Te Aparangi aims to help people better
understand gene technologies — and the issues
surrounding them — so more communities can
join these important conversations.

The full content is available at https://
www.royalsociety.org.nz/what-we-do/
our-expert-advice/all-expert-advice-
papers/genetic-technologies-in-
aotearoa-new-zealand
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He aha nga hangarau a-ira?
What are genetic technologies?

Genetic technologies are a collection of
techniques applied to DNA.

In this report, we have divided genetic
technologies into two broad categories:

1. 'Reading’ DNA: DNA sequencing and
genomics

2. Making changes to DNA: gene editing and
genetic modification.

We use the term genetic technologies when
referring to both reading and changing DNA.
Gene technology refers to techniques for
changing DNA, but we typically use either gene
editing or genetic modification.

He aha te pitau ira?
What is DNA?

DNA is a molecule in almost all living things
that carries genetic instructions used in
development, general functioning, and
reproduction.

DNA is collected and studied by researchers for
wide-ranging reasons. These include informing
the development of food varieties, gaining
insights into the genetic causes of disease, and
supporting conservation programmes.

FIGURE 1 | A DNA molecule consists of two strands that wind around one another to form a shape
known as a double helix. The genetic instructions it carries are spelled out in nucleotides (A, T, C, G)
that form base pairs that are the rungs of the DNA ladder.
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https://BioRender.com/w108udk

Nga hangarau a-ira me nga
tikanga matatika

Genetic technologies and
ethics

Genetic technologies can be controversial
worldwide, including in Aotearoa New Zealand.
Concerns most often relate to the ethics of
changing genes in food, people, and animals,
and to issues of inequity, Indigenous rights, and
privacy (both reading and changing genes).

Robust conversations about gene technology
in this country have been taking place since
the 1980s and are described in detail in these
references (6-9).

Nga hangarau a-ira me te ao
Maori

Genetic technologies and te ao
Maori

In te ao Maori, the Maori worldview, DNA is
linked with whakapapa, the genealogy of all
human and non-human life, including animals
and plants (10,11). Genetic material (DNA and
the tissue it is extracted from) and associated
data are tapu, sacred, and taonga, treasures
(8,10,11).

Te Tiriti o Waitangi, this country’s founding
document, affords Maori tino rangatiratanga,
absolute sovereignty, over taonga katoa,
everything that is precious (12). In 2011, the
Waitangi Tribunal report WAI262 identified data
as a taonga (13,14). Maori therefore have an
interest in protecting and governing genomic
data related to Maori and taonga species,

and benefitting from genomic research (9,

11). Changing DNA through gene technology
modifies whakapapa. Genetic modification,
which introduces foreign genes with different
whakapapa, is often of greater concern to
Maori than gene editing, which makes small
changes to existing genes (8). However, it

is important to assess the impacts of gene
technology applications on a case-by-case
basis (8). Perspectives vary between and within
iwi, tribes — there is no single, universal Maori

consensus on this issue (8,9,15).
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Tikanga and matauranga Maori-guided
gene technology research

Leading Maori researchers, in collaboration
with iwi, strongly recommend that research

in genetic technologies in Aotearoa New
Zealand (genomics, gene editing, and genetic
modification) be co-created with Maori (8,9).
Maori and tangata Tiriti, Pakeha, researchers
have developed multiple ethical frameworks to
guide genetic research processes (7,11,13,16 -
23).

Co-created research projects involve engaging
with Maori early and often throughout the
research process (9). They are led by tikanga,
protocols, and incorporate Matauranga Maori
and te ao Maori values to ensure genetic
material is treated with respect (9). Maori data
sovereignty and Maori data governance may
require that genetic data is stored on local
servers with access controlled by kaitiaki

iwi (such as the Aotearoa Genomic Data
Repository (24)), ensuring the information is
used only for consented purposes (8).

Te ao Maori values are beginning to be applied
more widely in genetic research in Aotearoa
New Zealand (see examples below). Surveys
have suggested that tikanga-led approaches
to gene editing have strong support from both
Maori and non-Maori (9).

Collaborative and Maori-led projects

Examples in genomics (collecting, recording,
studying genetic information):

e Kauri trees and myrtle rust — projects using
DNA sequencing to track a disease that
endangers kauri ngahere, forests (25-29)

e Naga lwiiTe Rohe o Te Waiariki — an
aquaculture project supporting the
development of yellowtail kingfish (30)

e Hector's and Maui dolphins — a project
using genomics to aid conservation of
these endangered taonga species (31)

e Explore more examples in these references
(32-39).

An example of gene technology (changing
DNA via gene editing or genetic modification)
is Rakeia te Momo — a research project
focused on turbocharging plant production
(40).



Nga motika o nga iwi taketake
me nga raraunga huinga ira
Indigenous rights and genomic
data

Maori and other Indigenous Peoples have

a long history of experiencing inequity in,

and harm from, genetic research (41-43)
(discussed below in Genetic data collection
and inequity). In response, several declarations
have been developed. For example, the 2007
international United Nations Declaration on the
Rights of Indigenous Peoples, Article 31 (44)
states:

Indigenous Peoples have the right to
maintain, control, protect and develop
their cultural heritage, traditional
knowledge and traditional cultural
expressions, as well as the manifestations
of their sciences, technologies and
cultures, including human and genetic
resources, seeds, medicines, knowledge
of the properties of fauna and flora, oral
traditions, literatures, designs, sports

and traditional games and visual and
performing arts. They also have the right
to maintain, control, protect and develop
their intellectual property over such
cultural heritage, traditional knowledge,
and traditional cultural expressions.

— 2007 United Nations Declaration on the
Rights of Indigenous Peoples, Article 31 (44)

The 1997 Universal Declaration on the Human
Genome and Human Rights (45) states:

e 'Everyone has a right to respect for their
dignity and their rights regardless of their
genetic characteristics’

e Genetics are ‘expressed differently
according to each individual's natural
and social environment including
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the individual's state of health, living
conditions, nutrition and education’

e Genomic research on people shall only
occur if it is deemed safe and ‘prior, free
and informed consent of the person’ is
obtained

e 'The human genome in its natural state
shall not give rise to financial gains’ (45).

The 1992 Convention on Biological Diversity
and the 2014 Nagoya Protocol recognise
Indigenous rights to and interests in non-
human genomic data (46). The Nagoya
Protocol is an international treaty for the fair
and equitable sharing of benefits arising from
the use of genetic resources and associated
traditional knowledge (46). The protocol
requires users to exercise due diligence and
follow the national access and benefit-sharing
regulations of the country where the genetic
resource was accessed, with consequences
for non-compliance (46). The Protocol
entered into force in 2014 with the required 50
ratifications (47). Aotearoa New Zealand has
neither signed nor ratified the Nagoya Protocol
(48,49).

Indigenous rights relating to genetic resources
and data are further discussed in these
references (33,41,50-53).

Te whakaemi raraunga a-ira
me te tautika-kore

Genetic data collection and
Inequity

All peoples should be able to benefit from
information gained from DNA sequencing.
Most genetic data, however, is currently
collected from people in North America,
Europe, and East Asia — wealthy, developed
nations that can afford to collect, store, and
investigate the information (52). Groups whose
data is not recorded and studied can therefore
be disadvantaged (52) — for example, when
medicines are developed based on only a
select group’s genetic information and needs.

For us in Aotearoa New Zealand, this inequity
means that Pakeha can benefit from genomic
information from their ancestral homes in
Europe, while Maori, Pacific peoples, and
people from other minority groups have less
ancestral data to draw on (54,55).



Maori and other non-European communities
have good reason to be cautious of sharing
genomic information with researchers. The
field of genetics has been known to take from,
but not give back to, Indigenous Peoples (42).
A generalised example is using DNA from
Indigenous Peoples to develop a product from
which the Indigenous community does not
receive any commercial benefits.

Genetic research in healthcare, in particular,
has a history of inflicting harm upon
Indigenous Peoples (42,56). For example, a
variant of the gene MAQO! was labelled the
‘warrior gene’ and used to perpetuate harmful
stereotypes about violence and Maori men
(58). This has been debunked and condemned
as bad science (59-62), but events like this
stoke distrust in genetics for many Maori.

Maori researchers are tackling these inequities
and complicated histories through Maori-led
hauora healthcare initiatives, including the
development of the Aotearoa New Zealand
genomic variome (54,63). A variome is a
collection of all the different genomes that
exist within a population (in this case Aotearoa
New Zealand with an emphasis on Maori).

It shows how each genome differs from a
‘'standard’ human genome. An Aotearoa-
specific variome or gene bank is a powerful
resource when using Maori data in service of
positive Maori outcomes (55,63,64).

Maori and other Indigenous Peoples’ voices are
essential to discussions about genetic records
(41,54,55) and privacy (41,65), discussed next.

Nga hangarau a-ira me te
noho tumataiti

Genetic technology and
privacy

Your DNA isn't yours alone. If you share your
genetic data, you also share information about
your parents, siblings, children, and even
distant relatives — whether they have given
consent or not.

1 The MAO gene encodes monoamine oxidase, an
enzyme involved in breaking down neurotransmitters such
as serotonin and adrenaline (57). A genetic study related
particular MAO gene variants with aggressive behaviour in
Maori men (58).
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Privacy of personal genetic data is a growing
concern. Some people are worried, for
example, that health and life insurance
companies could withhold coverage for
people who are shown to have a genetic
predisposition to certain diseases, such as
cancer or cardiovascular diseases. Genetic
discrimination such as this is already
happening in Aotearoa New Zealand (66).
Concerns like this can lead to people not
taking part in genetic studies (67), which

may limit healthcare research and treatment
options (68). As of 2025, Aotearoa New
Zealand does not have legal protections over
genetic health information (66,69) but several
countries, including Australia and the United
Kingdom, do (70).

Several online genealogical databases — to
which you might send a saliva sample to learn
about your genetic heritage — have been
shown to be at risk from hacking (71) or have
gone into bankruptcy without a plan for the
extensive DNA data they store (72,73).

If collected and used ethically, however, large
databases of genetic information could lead
to benefits for society that could outweigh
an individual's rights over their data (74). For
instance, in healthcare, studies of genetic
trends could lead to advances in public
health, such as predicting risk factors for
cardiovascular disease and identifying the
best preventative medicines for people with
particular genetic profiles. Large databases
of genetic information could, on the other
hand, be misused — for example, for profit,
surveillance, or violating privacy.

Regulations about who can access genetic
information do exist (74), although standards
for data collection and privacy protection
differ around the world (75). A lot of data

is international (that is, stored in online
databases whose servers are based overseas),
so regulation on a single-country level is

not enough (76). In te ao Maori, it may be
important for genetic data from tangata
whenua, Maori, and taonga species (see
Genetic technologies and te ao Maori (pg

5)) to be kept in Aotearoa New Zealand and
governed by iwi (11,14,16,17,24,41,51).



Te pinaha hauers
Healthcare

Genetic technologies (for either reading the
sequences of or changing our DNA) have many
important roles in healthcare.

Technologies for reading DNA, such as PCR
(polymerase chain reaction) and sequencing
technologies, have become integral to
diagnosis, tracking infectious diseases, and
learning about our genealogy.

Genomics and sequencing technologies are
particularly useful in personalised medicine
(also known as precision medicine). This is a
developing field where healthcare is tailored to
the needs of the individual rather than applying
a one-size-fits-all approach (77,78).

Gene editing (to change DNA) is a common
tool enabling the manufacture of many
important medicines. It is also used in the
developing field of gene therapy to treat
diseases by changing a person’s genes.
Aotearoa New Zealand has hosted several
clinical trials for gene therapies to treat rare
disorders (79-84), so we already have gene-
edited people in our communities.

Te whakaraupapa ira me te huingaiirai
te punaha hauora

Gene sequencing and genomics in
healthcare

Genetic technologies, such as PCR and
sequencing, that allow us to read DNA can be
used to:

e Diagnose diseases, including:

- Inherited genetic disorders

Genetic disorders that are caused by a
single change in a single gene are the
most straightforward to test (an example
is cystic fibrosis). However, tests also
exist for more complicated disorders
that are caused by multiple genes.

To develop a genetic test for a disorder,
researchers must first study the disorder
and identify which gene variants are
causing it. This means tracing the
genetics of affected families to isolate
the cause. It is particularly important
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to do work in Aotearoa New Zealand
because international researchers likely
will not study the genes of Maori and
Pacific peoples, who have different
genetic histories and risks than Pakeha
(55).

Routine genetic tests in Aotearoa New
Zealand include prenatal testing for
disease-causing DNA changes and heel-
prick tests in newborns for metabolic
disorders that would benefit from
immediate treatment.

Infectious diseases

PCR tests and sequencing technologies
are used to identify infectious diseases
like COVID. They can also be used to
identify the strain of virus or microbe
behind the infection — knowledge which
can be important for public health
measures and vaccine development.

Case study: A Wellington neonatal
intensive care unit uses whole genome
sequencing to identify infections in pre-
term babies before illness can spread.
In 2022, two babies had eye infections
that turned out to be due to methicillin-
resistant Staphylococcus aureus (MRSA)
(85). All babies in the unit were rapidly
tested and six babies without symptoms
were quickly quarantined to halt the
spread.

Cancers

Sequencing technologies help health
professionals and researchers detect
and classify active tumours and identify
which treatments would be most
appropriate. Sequencing and PCR can
also be used to identify gene variants
that indicate a risk for developing
cancers that can be inherited.

Case study: Hereditary Diffuse Gastric
Cancer is a deadly form of stomach
cancer that is common in the MclLeod
whanau, family, in the Bay of Plenty.
Whanau members teamed up with
geneticists who paired DNA analyses
with the whanau's deep knowledge of
their whakapapa, genealogy, and found
the genetic variant (version of a gene)
that causes their cancer (86).



With this information, individuals can be
screened for the gene variant and opt
for preventative surgery before cancer
develops. This research has saved over
400 lives in Aotearoa New Zealand

and won Te Puiaki Putaiao Matua a Te
Pirimia, the Prime Minister’'s Science
Prize in 2023 (87).

Choose appropriate treatments or
preventions

Our genetics affect how our bodies
respond to different drugs. The study of
this is called pharmacogenomics and is an
important part of personalised medicine
(adapting healthcare to the individual).
Sequencing technologies can be used to
identify which treatments and dosages are
appropriate for a patient.

Example: certain types of chemotherapy
for breast cancer are only appropriate if
the tumour is HER2 positive (88) (meaning
there is a lot of the HER2 protein, the
target of the treatment). A genetic test
can determine whether a tumour is HER2
positive.

Example: drugs for pain relief like codeine
are activated by a liver enzyme called
CYP2D6 (88). Some people have an
over-active enzyme, so codeine doesn't
work well because it is processed too
quickly. Other people have an under-
active enzyme, so codeine is not activated
and these people don't benefit from its
analgesic properties. A genetic test would
help doctors prescribe the safest, most
effective pain relief and appropriate dose.

Track infectious diseases

Sequencing the DNA of diseases — human,
animal, or plant — helps researchers, public
health organisations, and government
agencies keep tabs on where in the
country disease-causing microbes are,
whether numbers are rising, and whether
they are evolving.

Wastewater monitoring for COVID-19 is
an important example in Aotearoa New
Zealand. These measures allow public
health to detect rises in cases without
relying on people to test and report.

e Unlock the past through DNA

- PCRis used to compare genetic variants
within families for paternity testing
and help adopted children find their
biological families.

- PCR and sequencing allow us to learn
about whakapapa through ancestry
testing: commercial genealogy
companies can use regions of our
DNA to find out which countries our
ancestors were from.

In-depth genetic studies have confirmed
oral histories about Maori settlement of
Aotearoa (89-92) and the journey of the
first humans out of Africa 65,000 years
ago.

- We can also learn about our ancestors
directly through ancient DNA. For
example, DNA, extracted from the
plaster casts of huddled people, was
used to learn about relationships
between victims at Pompeii and even (in
some cases) their eye colour (93,94).
Ancient DNA has also been recovered
from moa bones (95-97) and the kiwi
feathers in kakahu Maori cloaks (98),
helping us tell our histories in Aotearoa.

Te rawekeweke ira i te punaha hauora
Gene editing in healthcare

Gene editing (rewriting short stretches of DNA)
can be used to treat or cure genetic disorders
and cancers.

Gene technology to make medicines

Genetic modification (large changes to DNA,
may include ‘foreign’ genes) and gene editing
(small, precise changes to DNA) are essential
tools for developing and producing many
important medicines. Drug production of this
kind often uses microorganisms in fermenters,
much like in beer or yoghurt making.

These medicines include:

e Hormones — eg, insulin to treat diabetes or
growth factors to treat growth disorders

e Antibodies — eg, monoclonal antibodies to
treat COVID-19 or Herceptin to treat breast
cancer
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o RNA?drugs — eg, RNA drugs to attack
RNA viruses such as CMV? or the function
of disease-causing genes (eg, an RNA
treatment for Spinal Muscular Atrophy
(100))

e Vaccines - the active vaccine
component can be either protein (eg,
yearly flu vaccines and most childhood
immunisations) or mRNA (such as some
COVID-19 vaccines). Both require gene
technology.

Gene technology is also an essential tool for
the growing field of RNA-based medicine.
Aside from gene therapy (discussed

below), RNA can be used for rapid vaccine
development and many other important
applications (101,102).

Te rawekeweke ira i te haumanu ira
Gene editing in gene therapy

What is gene therapy?

Gene therapy is a medical approach that treats
or prevents disease by using gene editing
(among other technologies) to correct the
underlying genetic problem (103-106).

Gene therapy can target DNA or RNA (102).
CRISPR#-based systems allow precise gene
editing with smaller changes than older
genetic modification techniques. (Read more
about gene editing and CRISPR in Genetic
technologies — how they work.)

Gene therapy can:

e Introduce a new gene

e Tune an existing gene's activity
o Edit a gene directly.

Depending on the genetic disorder, gene
therapy can treat it by supplementing the
protein the gene should be making or getting
rid of protein if there is too much or it is not
behaving properly (107).

2 RNA, ribonucleic acid, is a single-stranded nucleic acid
with multiple important functions in the cell.

3 CMV stands for cytomegalovirus. It is a common virus
that is harmless to most people but can be dangerous to
people who are pregnant or have compromised immune
systems (99).

4 This stands for clustered regularly interspaced short
palindromic repeats
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Gene therapy can:

» Take place outside the body (ex vivo)
(104) - egq. blood cells removed from the
patient, modified, and then replaced like
in CAR® T-cell therapy (when a patient’s
immune T-cells are genetically modified to
recognise and attack cancer cells)

or

o Take place inside the body (in vivo)
(104) — eg, genetic cures for hereditary
angioedema (a swelling disorder) (82).

Non-heritable gene editing

The type of cell that is edited determines
whether changes to a person’s genes are
inherited by their potential future children:

e Reproductive cells (germline cells): any
gene edits are inherited by future children

e Non-reproductive cells (somatic cells),
which make up most of the body: gene
edits are not inherited by future children.

As of 2026, all gene therapies available
worldwide and currently under development
affect only the people who receive treatment,
not their children (discussed further on pg 16).

Ka péhea te whakamahia o te
haumanu ira?
How is gene therapy used?

Gene therapy for cancer

Cancer is a genetic disease. It occurs when
errors in DNA (either inherited or caused by
carcinogens, such as UV radiation or cell
misfunction) lead to uncontrolled cell growth,
which forms tumours. Our immune system
then struggles to distinguish tumour cells from
healthy ones.

Traditional cancer treatments, such as radiation
and chemotherapy, have well-documented
significant side effects.

Gene editing as a cancer treatment is in its
infancy, but it can potentially be used to:

e Treat cancer — by helping our existing
immune defences fight tumours.

5 This stands for chimeric antigen receptor



Example: A new form of immunotherapy
called CAR T-cell therapy uses our own
T-cells — white blood cells that coordinate
immune responses and directly kill
infected cells in the body (108) — to target
and attack cancer cells (108). Several
treatments are available internationally,
but the price is prohibitive (109) and side
effects can be severe (110).

Clinical trials are underway in Aotearoa
New Zealand to develop CAR T-cell
therapy to treat blood cancers (79,80).
Domestic manufacturing to keep costs of
treatment down is also being explored.
Overseas, CAR T-cell therapy is showing
promise for the treatment of solid
tumours (111-114) and even autoimmune
disorders®.

e Prevent cancer - by fixing heritable
genetic variants that make cancer more
likely. However, because this would require
the use of germline gene editing, it is not
currently being considered, but there are
alternative approaches’.

Gene therapy for genetic disorders

Gene therapy is a treatment that addresses the
genes (or gene products) that cause a disease,
rather than a disease’s symptoms.

Currently, gene therapy is only practical when
a small change is required in just one location
in the genome. Fortunately, many genetic
disorders are due to a single DNA letter change
(a single nucleotide variant or a SNV®) in a
single gene.

Most single gene disorders are very rare but
combined they occur at about 1% of the world
population. An estimated 200,000 to 300,000
New Zealanders live with a genetic rare
disorder (119,120) (defined as affecting fewer
than or equal to 1 in 2,000 people (121)). Well-

6 Clinical trials are underway for CAR-T cell therapies for
rheumatoid arthritis, multiple sclerosis (115,116), lupus , and
similar disorders . At time of writing, there have been about
40 clinical trials (115). Lab trials (pre-human testing) are
testing CAR-T cell treatments for type | diabetes.

7 In some family situations, if a parent knows they are
a carrier of a cancer-causing gene, IVF with genetic
screening (117) could be sufficient to avoid inheritance.

8 SNVs are common (we each have 5-6 million SNVs in
our genomes (118)) and usually do not cause disease. In
fact, they are responsible for the genetic traits that make
us unique.
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known examples are muscular dystrophy and
cystic fibrosis, which affect around 1000 (122)
and 600 (123) New Zealanders, respectively.

To date, gene therapy has not been designed
for disorders caused by multiple genes
(multifactorial disorders). For example, gout

(a disorder that causes painful swelling in the
joints) is a common example of a multifactorial
genetic disorder (124) and affects people of
Maori or Pacific descent at greater rates than
Pakeha (125,126).

At the time of publication in 2025, 38 gene
therapies have been approved for use in
people by the FDA in the US (127) and about
500 more are in the pipeline. Two have been
approved for use in Aotearoa New Zealand
(128,129).



FIGURE 2 | Sickle cell anaemia gene therapy
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First CRISPR gene therapy cures sickle
cell anaemia

One of the most prominent recent gene
therapies — and the first to use CRISPR gene
editing® — is a treatment for sickle cell anaemia
and transfusion-dependent f-thalassemia
(130-133). These are both blood disorders
caused by SNVs in the gene that encodes
haemoglobin, the protein that carries oxygen
in our red blood cells. Both are serious
disorders that can be deadly without treatment
and affect about 8 million people globally*®
(134).

There has never been a cure for sickle cell
anaemia (named for the crescent, or sickle,
shape of the affected red blood cells), only
treatment and pain management. Patients are

9 Other approved gene therapies mostly work by
providing a missing gene without inserting it into the
patient’'s own genome.

10 Incidence is low in Aotearoa New Zealand because
the genes are most common in people of sub-Saharan
African descent.
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likely to require blood transfusions and bone
marrow transplants (135); sufferers are also at
higher risk of infection and stroke (135).

The one-time gene therapy CASGEVY is an ex
vivo (occurring outside the body) treatment
that works by editing red blood stem cells to
switch on the gene for foetal haemoglobin,
which then produces a functional protein

to compensate for the faulty adult protein
(132,136,137). Twenty-nine of 30 eligible
patients in the clinical trial went from multiple
pain crises every year to zero in 12 months
following treatment (138). There were no
significant side effects from the treatment, but
the FDA requires patients be closely monitored
for 15 years for lasting impacts (138). The
treatment was approved in the UK and US in
2023 (139-141) and the EU in 2024 (130).

CASGEVY, like all gene therapies, is
prohibitively expensive: as of 2024 it cost

2.2 million USD per treatment (142). For

more on this topic, see The costs and ethical
considerations of gene editing in medicine (pg
14).


https://BioRender.com/j3f6ay2

Gene therapies under development

Clinical trials in humans are — as of 2025

— underway eg, (143) for gene-editing
treatments to treat cardiovascular diseases
(81,84,144-149), haemophilia (150), HIV AIDS
(151-153), metabolic disorders (154,155) such
as diabetes (156), muscle wasting disorders
(157-159), dementia (148), chronic urinary tract
infections!! (161), congenital vision loss (162-
164), congenital deafness (165), fragile skin
disorders (166,167), hereditary angioedema (a
swelling disorder) (82), and many more genetic
disorders.

Gene therapies for many other conditions are
at earlier testing stages in the lab. One example
is a treatment that appears to reverse the
premature aging disorder Hutchison-Gilford
progeria’? in mice (168), and another that edits
lung cells to treat cystic fibrosis®® (169-171). A
long-term cure for diabetes (172) using gene
therapy would improve the lives of millions
around the world.

Gene therapy in Aotearoa New Zealand

A number of these clinical trials are taking
place in Aotearoa New Zealand (81,82,84,145—-
147,173), so we already have gene-edited
people in our population.

Early trials included treatments for:

e Hereditary transthyretin amyloidosis,

a rare disorder where buildup of faulty
proteins** causes damage to the heart and
nerves (81). The first clinical trials for a
treatment using gene therapy were co-
hosted by Aotearoa New Zealand (81). The
in vivo therapy uses CRISPR to remove
the disease-causing protein in the liver
(and only the liver) (81). Early trials were
successful; safe for patients and leading to
lowered levels of the faulty protein (81). As

11 In this treatment, gene therapy targets the bacteria in
the gut, rather than the person’s own DNA (160).

12 Children with this disorder typically die at about age
14 (168).

13 Cystic fibrosis poses a huge challenge to gene therapy
because immune defences in the lungs make it very
difficult to deliver inhaled treatments into cells (169).

14 Mutations in the gene encoding transthyretin cause
the protein to misfold (form the wrong three-dimensional
shape) and aggregate into atypical fibres called amyloids in
the nerves and the heart (81). These amyloids cause tissue
damage and life-threatening disease (81).
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of 2025, this drug is still in the clinical trial
stage (174)

e Hereditary angioedema, a painful swelling
disorder that can be deadly if it blocks
airways. Aotearoa New Zealand co-
hosted the first clinical trials of a gene
therapy to treat the disorder (82,83), led
by researchers in Auckland. The in vivo
treatment delivers Cas9% and guideRNA
to the liver, where it inactivates a gene
that encodes a protein that is overactive
in this disorder'® (82). Early results were
promising: the drug is safe and a single
dose appears be sufficient for lifelong
treatment (83). As of 2025, this drug is still
in the clinical trial stage (175)

e High cholesterol and cardiovascular
diseases due to familial
hypercholesterolaemia and related
disorders of cholesterol and lipid (fat)
metabolism. New Zealanders have
participated in clinical trials for two
different gene therapies to combat
treatment-resistant high cholesterol
(84,146), one of which was developed by
New Zealand and Australian researchers'
(84).

Cholesterol-lowering gene therapy could
benefit millions of people with and at risk
of cardiovascular diseases. Treatments

15 This stands for CRISPR-associated protein 9.

16 The gene encodes a protein called Kallikrein, which, in
people with the disorder, makes organs ‘leaky’ and causes
swelling (82). Loss of the protein has no other detectable
effects on health (82).

17 The therapy developed in Aotearoa New Zealand,
CTX310, uses CRISPR in vivo to target and disable a liver
gene that usually produces a protein in the liver, ANGPTL3
(84). ANGPTL3 acts to inhibit lipases, enzymes that break
down lipids (fat), so when it is non-functional, lipases are
more active and more fat is broken down (84). People with
naturally low ANGPTL3 have low levels of cholesterol-
rich fat particles called low-density lipoproteins (LDL) and
reduced risk of atherosclerotic cardiovascular disease
(176). Early results from the clinical trials show that the
treatment is safe and successfully lowers ANGPTL3 levels.

The other gene therapy, VERVE-101, was developed
overseas and phase 1 trials were conducted in Aotearoa
New Zealand and the UK (177). It uses in vivo CRISPR to
disable a gene that encodes the protein PCSK9, which
regulates LDL-cholesterol processing (146). People with
naturally low PCSK9 levels have low LDL-cholesterol and
low rates of atherosclerotic cardiovascular disease (146).
Early results from the gene therapy trials show that patients
had significant reductions in PCSK9 and LDL-cholesterol
(146,147). For more on PCSK9, see our publication Gene
Editing Scenarios in Healthcare (178).



could be broadly applicable as gene

edits do not have to treat the specific
genetic cause, which can vary widely
between people, just the resulting elevated
cholesterol.

Researchers in Aotearoa New Zealand are

also doing pre-clinical studies into gene
therapies for epidermolysis bullosa (a fragile
skin disorder) (179,180) and Batten disease

(a degenerative, deadly childhood disease)
(181-183). The gene therapy targeting Batten
disease was developed in Aotearoa New
Zealand through studies in sheep (181,182) and
mice (183), and is currently undergoing clinical
trials in humans in the US and UK (184).

Regulating gene therapy

Cost is more of a stumbling block to

the development of gene therapies than
regulation. Under the proposed 2024 Gene
Technology Bill, humans are not 'regulated
organisms’ (185). As with any medical
procedure or product, gene therapies would
be subject to rigorous efficacy and safety
requirements under other legislation. At the
time of publication in 2026, Aotearoa New
Zealand has and is hosting several cutting-
edge pre-clinical and clinical trials, but few
have been approved?®® (128,129) and none are
funded.

Read more about costs below.

Delivering gene therapy: How to get
CRISPR into human cells

The biggest challenge of gene therapy is
getting the therapy to the right cells in the
body. The first gene therapies have all involved
blood cells because they are easy to access —
getting treatment inside a solid organ is a lot
harder.

Many in vivo gene therapies use hollowed-out
viruses as vehicles called vectors to deliver
genes and gene editing machinery (107,188).
The viral packages cannot cause infectious

18 Treatments include gene therapy for Leber congenital
amaurosis, a rare disease affecting vision in children (186),
and spinal muscular atrophy, a childhood muscle wasting
disorder (187). Both are gene therapies but neither involves
gene edits to patients’ genomes.
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disease!® 2, but our immune systems learn to
recognise them like they would a vaccine. This
effectively makes these types of in vivo gene
therapy a one-shot treatment — a second dose
could cause a dangerous immune response
(191).

At time of publication, one person has died as
a result of a CRISPR gene therapy clinical trial
(192). This was due to the delivery method, not
the gene edit or the CRISPR machinery (192).

Research is underway to try to solve the
delivery problem to increase treatment options
(191); one alternative is to deliver treatments
via nanoparticles (193,194), similar to the

ones used for RNA vaccines. The clinical trials
for gene therapies in Aotearoa New Zealand
described above all used liponanoparticles (tiny
fat capsules) for delivery (81,82,84,147).

Nga utu me nga take matatika hei
wananga mo te rawekeweke ira i nga
mabhi rata

The costs and ethical considerations of
gene editing in medicine

Gene editing in healthcare holds huge promise
for people living with (or pre-disposed to
developing) a wide variety of disorders and
illnesses. As described above, gene therapy and
related treatments can save lives and greatly
improve quality of life.

These benefits, however, must be weighed
against the costs of gene editing in healthcare
- financial, physical, and ethical — which can
be substantial:

¢ Financial costs
Internationally, the financial costs of gene
editing in medicine are staggering. Many
gene/cell therapies cost hundreds of

19 Only the viral coat (called a capsid or envelope) is
used. Scientists use viruses because they are so good

at infecting human cells — the proteins on the coat are
specialised to recognise and bind proteins and sugars on
the outside of human cells, and then get the virus and/or
its genetic material inside. Viral coats are often specialised
to only bind and infect specific cell types, like lung or liver,
which is a helpful function for gene therapy. The viral coats
used in gene therapy do not carry any of the original viral
DNA so they cannot replicate (make more viruses) or infect
more cells.

20 Some early gene therapy trials had high rates of
cancer in participants because the viruses used as vectors
disrupted cancer-causing genes (189,190). CRISPR’s
precision minimises this risk in today's gene therapies.



thousands, or even millions, of US dollars
per treatment (142,195-197). Gene/

cell therapies are very new, very labour
intensive to develop, typically service
small markets (ie, people with very rare
disorders) with little competition, and are
often personalised to the patient, all of
which push the price up.

These prices mean that — unless covered
by health insurance or government
healthcare — the treatments are only truly
accessible to self-funders (198). Some
pharmaceutical companies have pledged
to provide a certain number of treatments

for rare conditions for free each year (199);

others have withdrawn their treatments
from places where the government is
unwilling to pay (200,201) or abandoned
projects (202).

Determined families affected by rare
genetic disorders and cancers raise
money (203) and advocate for research
into lifesaving treatments to continue.
Governments (204,204), hospitals (205),
charities (204,206,207), and academics
(205) sometimes try to bypass for-profit
companies to provide treatment to people
in need. Academics and policy-makers
have proposed new ways to value and pay
for therapies (208,209).

There is an argument that gene and cell
therapies are actually cost saving when
you take into account the lifelong costs
associated with traditional treatments
(210,211). By one 2023 estimate, the
medical costs of supporting a person with
sickle cell anaemia to the age of 64 was
SUSD 1.7 million (212). In this context, a
one-time payment of SUSD 2.2 million
(213) for a cure via gene therapy is much
more reasonable.

In contrast, future gene therapies for
common conditions, such as high
cholesterol (145) or diabetes (156), could
hopefully become affordable over time,
given the economy of scale.

Physical costs

Gene and cell therapies are not always
straightforward. Treatments differ, but
many for treating blood disorders require
the patient to go through chemotherapy
to kill off bone marrow containing faulty
genes before they receive gene-edited
cells with a functional version of the gene

(214). Side effects of the various gene and
cell therapy treatments can include higher
risk for cancer (215).

Many traditional treatments, on the other
hand, are onerous, painful, and carry risks
of significant side effects. For instance,
people with hereditary angioedema
experience unpredictable debilitating
swelling, which can be life-threatening

if it affects the airways (216). The disease
can be managed with heavy-duty steroids
(217,218), but this is often not enough to
stop attacks from happening and steroids
can cause damage to the liver (219).

Ethical considerations

The 1997 Universal Declaration on the
Human Genome and Human Rights, Article
10 (45), states that:

No research or research
applications concerning the human
genome, in particular in the fields
of biology, genetics and medicine,
should prevail over respect for

the human rights, fundamental
freedoms and human dignity of
individuals or, where applicable, of
groups of people.

— 1997 Universal Declaration on the Human
Genome and Human Rights, Article 10 (45)

Every country, culture, and community has
differing perspectives on gene editing in
healthcare. There are arguments regarding
safety, consent, equity, disability rights, and
eugenics. These complicated issues are
discussed in depth in these reports in the
references (221-229).
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Te Tiriti o Waitangi obligations

In Aotearoa New Zealand, we have obligations
to te Tiriti o Waitangi and te ao Maori when
considering gene technology for healthcare
and wider applications. Our genes are
inextricably linked with whakapapa and are
considered taonga (8,10,11).

One example of culturally responsive
healthcare research is a clinical trial

for gene therapy that treats familial
hypercholesterolemia, which involved Maori
experts from the beginning of the process
(230). Hui were held with affected whanau
and healthcare workers to discuss the disease,
its genetics, the clinical trial, and the access,
affordability, and data protections surrounding
resulting treatments (231). Whanau drove

the design of protocols around healthcare,
communications, and genetic data (collected
and stored in Aotearoa New Zealand) (231).

Te rawekeweke i te ira tangata
Gene editing in people

Gene editing in people is very new and very
rare. The only instances in Aotearoa New
Zealand have been in clinical trials. Currently,
all gene therapies approved for use in humans
are of somatic (non-reproductive) cells only.
This means that the edits only affect the
person receiving the treatment, not their future
children. Gene edits that affect the germline
(reproductive) cells are not allowed. Germline
edits — performed at the embryo stage — are
heritable, meaning the changes are passed on
to future children.

There are multiple views on these topics. Some
people think that any gene editing in humans
is okay if it improves health but are less
comfortable if it effects less-essential changes
to, for example, sporting prowess?! (178,220).
The public and scientists alike have concerns
about gene edits that can be inherited by
future children (220,228,234-236), which
would lead to a permanent change in the
population gene pool.

21 See our publication Gene Editing Scenarios in
Healthcare (178) for a hypothetical example involving gene
edits to increase erythropoietin (a hormone that stimulates
red blood cell production (232)) levels in the bloodstream.
Erythropoietin has been used in sports doping (233).
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Gene-edited babies

In 2018, there was a global outcry after a
researcher in China announced the birth of
twin girls whose genes had been edited in an
attempt make them resistant to HIV infection?
(242-244). This led to leading scientists uniting
to call for caution regarding germline editing
and a hold on research until the technology
was better understood (227,229,245-248).
Researchers also called for the World Health
Organization to develop and impose global
standards for the use of these technologies
(242,249-252). However, all countries still have
their own policies and regulations regarding
gene therapy and heritable genome editing
(253,254). A survey in 2020 found that 75
countries, including Aotearoa New Zealand,
ban or discourage germline editing (254) and
none explicitly permit it (254). Regulations are
evolving?®.

For further discussion on the ethical and legal
considerations of gene editing in healthcare,
see our previous publication: Gene editing
scenarios in healthcare (178).

22 The researcher, He Jiankui, was imprisoned for three
years for his actions (237) and admits that he acted in haste
(238). The scientific community has debated whether the
genome edits he made would help or harm the two girls
(239-241); the unpublished study is full of scientific errors
and ethical oversights (241).

23 In October 2024, South Africa updated their health
guidelines in a way that appeared to allow germline
genome editing in humans (255,256).
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Nga hangarau a-ira i te punaha hauora: Nga mea e whakapaetia
ana, hei a hea hoki?
Genetic technologies in healthcare: What to expect and when?

We hear about new medicines that are in the pipeline, but sometimes it's hard to know what's
realistically happening soon. Here's a summary of what to expect:

Already happening
e Genetic testing
e Disease tracking

» Medicines made using gene technologies (eg, insulin), though many of these are GM
(genetically modified) rather than gene-edited.

Newly available

e Some gene therapies for rare disorders, such as sickle cell anaemia

e Genetic treatments for cancer, such as CAR-T cell therapy

» Rapid development of diagnostics for new infectious diseases.

2-10 years away (being tested as of 2026)

e Personalised medicine (for the motivated and the self-funding (typically wealthy))
e More gene therapies, may include treatments for type Il diabetes

e More cancer treatments

e "Humanised’ organ transplants from pigs to reduce deadly long waitlists

» Rapid vaccine development to new infectious diseases

e Medicine in our foods, eg, gene-edited cows that produce human insulin in their milk.
Over 10 years away

e Personalised medicine more accessible

o Genetic treatment for complex conditions, such as Alzheimer's disease

e Personalised organ transplants — organs grown to be a genetic match for you

e MAYBE: germline editing to correct genes that could cause cancer and disorders

e MAYBE: stem cell technologies, when paired with IVF, to help same-sex couples have biological
children.
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Te ahumahi métémus
Primary industries

The primary industries — agriculture,
horticulture, forestry, fisheries — are essential
to Aotearoa New Zealand and important areas
for innovation. Genetic technologies have an
established and growing role in production and
protection of primary industries worldwide. In
fact globally, 13% of agricultural land is used to
grow genetically modified crops (257).

Sequencing and genomics are used to:
e Track disease
e Aid breeding.

Gene editing and genetic modification can be
used to alter plant or animal species to:

e Make foods tastier, appealing, safe,
nutritious

e Resist disease, pests, and climate change

e Be more fit for purpose (eg, editing trees to
make stronger wood).

While PCR and DNA sequencing are common
tools in the primary industries in Aotearoa New
Zealand, gene editing is rare due to regulatory
constraints (258). Therefore, many gene-
editing applications remain hypothetical in this
country.

Te whakaraupapa ira me te huinga irai
te ahumahi matamua

DNA sequencing and genomics in
primary industries

DNA sequencing technologies are important
tools in primary industries, mainly used in
disease management and breeding. These
technologies can help growers and farmers
innovate without needing to use gene editing,
ie, accelerate conventional breeding.

Disease testing in farm animals

An important application of DNA sequencing
technologies in Aotearoa New Zealand is using
PCR to screen cattle for Mycoplasma bovis (M.
bovis) bacteria (259), which cause a range of
serious health conditions in cows, including
pneumonia and arthritis®.

24 M. bovis does not infect humans.
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PCR tests can detect disease before symptoms
show, preventing disease spreading between
herds. They can be used to test the herd as

a whole (by testing the milk from the farm)

or individual cows to isolate infected animals
(260). PCR is also used to screen imported
semen to avoid bringing the disease into

the country with breeding stock (261). An
ambitious pest-management scheme aims

to use tools that include PCR screening to
eradicate M. bovis from Aotearoa New Zealand
by 2028 (259,262).

M. bovis — a problem for cattle worldwide —
was not detected in Aotearoa New Zealand
until 2017 (263). DNA sequencing was used to
determine how long the disease had been in
the country, how it likely arrived, and where

it came from — all important information for
minimising harm from the disease (264). The
sensitivity and efficiency of these technologies
allow biosecurity to be nimble in protecting
the cattle industry.

Help with crop and stock breeding

PCR and DNA sequencing can be used to
speed up traditional breeding in agricultural
crops, such as fruit trees or pasture grass, and
livestock. If breeders know the gene variant
required for the desired trait, they can use
these technologies to:

1. Identify the ideal parents to get the
offspring breeders want, and

2. ldentify the desired offspring genetically
rather than waiting for the trait the gene
encodes to show itself, which could take
months or years.

This is called rapid genotyping. Because the
growth of gene-edited crops and stock in
Aotearoa New Zealand is strictly regulated
(258,265), these technologies are a tool to
accelerate conventional breeding as local
innovators try to keep up with growers and
farmers overseas who have access to cutting-
edge gene-editing technologies.

In Aotearoa New Zealand, cows have been
bred for the ‘slick’ gene, reducing the thickness
of their coats, to keep them cool in changing
climates (266,267). Breeders were able to
sequence the DNA of calves at birth — rather
than waiting to see how they grew up — to
make breeding for the trait more efficient.



Te rawekeweke ira i te ahumahi
matamua
Gene editing in primary industries

Gene editing and genetic modification are
applied in the primary industries (agriculture,
horticulture, and forestry) to foods and
materials. Applications include protection from
disease, pests, and the changing environment,
as well as improving yields and quality to
support our growing population.

Progress for gene technology in Aotearoa
New Zealand's primary industries has stalled
in recent years, compared with faster
developments in human health. Our 2019
publication, Gene editing: scenarios in the
primary industries (268), is still very relevant
today.

Gene editing (making small, precise changes
to DNA) has been slower to take the place of
genetic modification (which involves making
larger changes and introducing foreign DNA)
in agriculture and horticulture than in animal
and human genetics, partly because plants are
harder to edit.

Here's a summary and update on recent
developments in:

e Food

e Forestry

e Plant breeding

o Allergies.

Gene editing and new foods

Gene editing is being used in the primary
industries to keep up with the food supply and
nutrition needs of changing populations, as
well as environmental pressures.

Its applications include speeding up breeding
for desirable traits, such as:

e Improved yield
o Shelf-life
e Taste and nutrition

e Hardiness against disease, pests, and
climate change.

Gene-edited and genetically modified crops
cannot be readily cultivated in Aotearoa New
Zealand (258). However, we likely consume
genetically modified ingredients — including
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rice, wheat, soy, and corn — via imported
processed foods every day. In the US, 75-90%
of soybean, cotton, and corn crops are
genetically modified and over half of all crop
land grows genetically modified plants (269).

Genetically modified crops use transgenes
(genes from different organisms) to introduce
a new function. Current research, however, is
moving to modern gene-editing techniques
utilising CRISPR, where researchers can
fine-tune techniques so that edits are small,
efficient, and accurate (270,271). Off-target
edits are still a concern (272-274) but are rare
(273). Further, specialised CRISPR systems
and rigorous genetic testing ensure only the
desired edits get into approved crops.

Examples of gene editing in food

For a taste of recent progress in common
foods, we can look to corn/maize. Recent
gene edits using CRISPR techniques include
resistance to the herbicide glyphosate;
resistance to diseases such as leaf blight; and
improved growth and reproduction under
drought or salty conditions (275). Gene tweaks
using CRISPR can influence the kernel number
per corn cob to improve yield, and change
protein levels, texture, and taste (276). Similar
changes are being developed in rice and the
other grains that provide most our dietary
calories.

Recent genetically modified foods:

e Pink pineapples (277): modified to increase
lycopene content, a coloured compound
that occurs naturally in pineapples

e Impossible burger patties: contain
proteins with a plant pigment called
leghaemoglobin that looks like
haemoglobin, the protein that makes
muscle red. The proteins are originally
from soy beans but produced by yeast
(278).

Recent gene-edited foods:

» Sicilian Rouge tomato (279): edited to
contain five times the typical levels of
GABA. GABA is a neurotransmitter that
aids in relaxation and helps lower blood
pressure

o Self-pruning, fast-fruiting tomato (280):
developed for urban farming

e Delayed ripening (eg, tomatoes) and non-
browning fruits and vegetables: reducing



food waste (eg, potatoes, bananas, apples,
eggplant, mushrooms)

e Climate-smart plants: improved heat
tolerance (eg, bananas (281) and jasmine
rice (282)

o Disease-resistant crop plants: protecting
important food crops (eg, bananas (283)
and cacao plants (284))

o Tasty greens (285): salad leaves edited to
remove bitterness

e Healthy oils: edited to produce more
omega-9 fatty acids (eg, soybeans (286),
rapeseed (287), and rice (288))

e Low glycaemic index potatoes (289,290):
edited to make modified starch molecules
that are slow to digest and release energy
when we eat them

e Big, high-protein fish (291): edited to grow
faster and put on more muscle mass.

Genetically modified and gene-edited
foods — an ongoing discussion

People in Aotearoa New Zealand have been
concerned about gene technology and food
since the 1980s.

Opponents have voiced the opinion that

the technology is unnatural and altering our
foods may introduce allergens or give large
corporations too much power over seed
stocks. Some organic farmers are concerned
about cross-pollination between modified
crops and their own.

Supporters of the technology often argue that
farmers have been reshaping the genetics of
our food for millennia — through breeding for
improved yield, taste, nutrition, and resilience
— and gene editing is merely the latest tool

in our toolbox to help feed the world as the
population grows and arable land shrinks.

A 2025 survey suggests that New Zealanders
feel cautiously optimistic about gene-edited
crops (63% would eat), but are less sure about
gene-edited meat, dairy, or fish (35-45% would
eat) (292).
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Gene technologies and forests

The application of gene editing to forests has
been slow. This is for three reasons:

1. Conifer trees — which dominate much of
forestry in the western world — have large,
complicated genomes and not many have
been sequenced

2. Genetic technologies are difficult to use in
trees

3. Controversies around gene technologies
and strict regulations (293).

However, the technology holds great promise
for disease resistance, adapting to climate
change, and improving timber quality (294).

Gene-edited forests in Aotearoa New Zealand

In 2025, Aotearoa New Zealand began the
world’s first field trial of gene-edited pine trees.
Two separate edits are being tested to generate
higher quality timber: one will straighten trees’
growth so they are better suited to processing,
and another will change synthesis of a high-
value biopolymer, hemicellulose (295).

Under current regulations, the trees will have
to be destroyed after five years — before they
can flower — which will not be long enough
to get a full picture of the gene edits’ effects
(296).

The Scion Group at the New Zealand Institute
for Bioeconomy Science is also using gene
editing to make Douglas fir trees that are sterile
— but otherwise unchanged — to help Aotearoa
New Zealand's problem with wilding pines
(uncontrolled spread of introduced conifer
trees) (295). However, under current legislation
in 2025, researchers would not be able to test
the fertility of these trees in the field (258).

See more about Douglas fir and wilding in our
previous publication: Gene editing scenarios in
the primary industries (268).

Gene technologies and plant breeding

Developing new crop plants takes a long
time. New fruit cultivars typically take 15-50
years to develop (297,298). Horticulturalists
using traditional breeding must grow many
generations of plants to get the perfect
combination of genes, and generation time

is the bottleneck in the process. Plants with
desired traits are bred (one is used to pollinate
another) and then the plants’ offspring must



grow enough to:

1. Show whether they have inherited the
desired traits (this can be sped up with
DNA sequencing technologies), and

2. Be able to reproduce themselves to repeat
the cycle.

Fruit trees

Fruit tree breeding cycles are slow, usually
taking at least ten years per generation (297).
Trees (and crop plants), however, can be

bred or gene-edited for rapid flowering. This
involves engineering environments (299) and
genetics (297) to shorten a tree's 'youth” and
bypass the normal cellular checks that control
timing around flowering. Rapid-flowering
apple trees flower within a year (298). Speed
breeding using rapid flowering and DNA
sequencing technologies can allow 3-9
breeding generations per year (299) for staple
crop plants.

For more on fast flowering in apples, see Gene
editing scenarios in the primary industries
(268).

Null segregants

Plants that have been genetically modified

to allow rapid flowering (gene editing is
developing in this area) paired with traditional
breeding gives horticulturalists the option to
generate null segregants as their final crop.
Null segregants are descendants of genetically
modified parents but do not contain any edits
themselves (in this case, the edits that confer
rapid flowering). In 2024, the EPA reclassified
null segregants as not genetically modified?.

This is a win-win situation where breeders can
use gene editing to speed up the development
of a new product and a cautious public can
avoid gene-edited produce. For instance,
genetically modified rapid-flowering apple
trees are used to develop a new type of apple
faster than traditional breeding would allow.
However, once the new apple tree has been
produced, the genes encoding rapid flowering
can be removed from any of its offspring. This
means the apples grown for the public would
have no traces of genetic modification or gene
editing?®.

25 See EPA determination APP204173 (365).
26 https://www.youtube.com/watch?v=GLHatMyQCJs
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Gene editing and allergies

The issue of allergies is often raised in
discussions about gene technologies and food.

Concerns about creating allergens

There is a concern that inserting transgenes
(genes from different organisms) — more
common in earlier genetic modification
techniques than recent ones — could introduce
allergens (allergy-causing particles) into
otherwise ‘safe’ foods. Due to these concerns,
researchers are discouraged from using genes
from known allergens (300).

Food regulators take this concern seriously.
Genetically modified and gene-edited foods
are subject to safety checks that are more
stringent than for other foods.

In fact, there are very few recorded instances
of an allergen being introduced. In the 1990s,
researchers used a gene from Brazil nuts to
alter the amino acid composition of soybeans.
However, the beans were identified as a risk
to people with Brazil nut allergies (301) and
development was halted.

Using gene editing to remove allergens

Gene editing has been used to remove
allergens from our foods and environment.
CRISPR has been used to remove common
allergens from plant-based foods — including
making allergy-safe wheat, soy, and peanuts
— while maintaining taste and nutrition (302).
Other projects include sterile trees to avoid
release of pollen (303) and cows which make
milk lacking a protein — B-lactoglobulin — that
many people are allergic to? (304,305).

A cautious approach is taken in response to
fears that gene editing in known allergens
could change or introduce new epitopes (the
part of the food that enflames the immune
system), exacerbating the issue.

Researchers have also developed sensitive
molecular tools for rapid detection of trace
amounts of allergens in foods (306).

27 Some of this research was happening in Aotearoa
New Zealand (see our previous publication, Gene editing
scenarios in the primary industries (268)).


https://www.youtube.com/watch?v=GLHatMyQCJs

Nga hangarau a-ira me te ahumahi matamua: Nga mea e
whakapaetia ana, hei a hea hoki?

Genetic technologies and primary industries: What to expect and
when?

Gene technology has huge potential in the primary industries, but what are the realistic
expectations? When could the world see gene-edited products in homes and on dinner plates?

Fresh GM and gene-edited foods are not available in Aotearoa New Zealand; examples are
indicated below with (*).

Already happening
» Herbicide and pesticide resistance (GM crops, not gene-edited)*

e Fruits and vegetables with improved traits, eg, pink pineapple (GM)* or produce with a longer
shelf life*

e Vegetarian ‘meats’ (GM).

Newly available

e Foods with new traits (eg, GABA-rich tomato, non-bitter salad greens, purple rice, waxy corn)*
e Foods with improved shelf life (eg, non-browning lettuce)*.

2 —10 years away (being tested now)

» Low-allergy foods (eg, low-gluten wheat) and forests

e More desirable foods (eg, seedless black raspberries, cassava without naturally occurring
cyanide, protein-rich fish)

o Disease-resistant crops (eg, grapevines, apples, many others)

o Shelf-stable foods (eg, hon-browning mushrooms)

e Some climate-resilient crops and stock animals (eg, heat-tolerant cows).
Over 10 years away

e More climate-resilient crops (improved tolerance to drought and other adverse conditions,
removing the requirement for chilling to flower)

o Disease-resistant plants
e Improved yield and crops that are easier to manage
o Crops that keep better, taste better, and have more nutrients

e Domestication of new crops.
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Te whiemeeme me @
talae

Conservation and the
environment

Genetic technologies are important tools

in conservation'’s toolbox for the protection
of native species and elimination of harmful
invasive species (307). The wise use of
genetic technologies can help protect taonga
species and Aotearoa New Zealand's unique
environment.

DNA sequencing and genomics are already
being used to:

e Help breeding programmes

e Track the spread of invasive species and
diseases

e Monitor water quality.

Gene editing is not systematically being used
in practice yet, but could potentially be used in
the future to:

e Stop invasive pest species from
reproducing

e Make endangered species more resilient to
challenges

e Engineer microbes for bioremediation (to
clean up the environment)

e Bring extinct species back from the dead
(the resulting species will not be true
replicas).

In Aotearoa New Zealand, te Tiriti o Waitangi
considerations are an important part of

any work with taonga (treasured) species
(17,51,308,309): read more in Genetic
technologies and te ao Maori (pg 5).

Te whakaraupapa me te huingairai te
ao whaomoomo me te taiao
Sequencing and genomics in
conservation and the environment

DNA sequencing in breeding

Genetic information about endangered species
can be used by conservationists to increase the
success of breeding programmes. For example,
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it can help pair individuals that are most likely
to have healthy offspring, strengthening the
gene pool of the whole population.

Kakapd conservationists, led by the
Department of Conservation and Ngai Tahu,
have been early adopters of sequencing
technologies to help breeding.

As of 2025, there are 242 kakapd in Aotearoa
New Zealand (310), all descended from

51 ‘founder’ birds (311). Genetic diversity

is essential for a species’ survival and
conservationists guiding a population back
from a small surviving group must be careful
to avoid the downsides of inbreeding. This

is where the genomics come in: by 2023,
almost all individuals had had their entire
genomes sequenced (38,312). Scientists

and conservationists have identified genes
important for disease susceptibility, egg
number, and fertility (38), and they use this
information to matchmake the kakapo
(38,310).

In the plant world, the culturally important
and critically threatened native swamp
maire is being protected by a collaborative
effort between iwi Rangitane o Manawata,
Te Herenga Waka — Victoria University of
Wellington, and the Bioeconomy Science
Institute.

Samples of maire DNA from the Palmerston
North region have been sequenced (35) to
better understand how to protect this taonga
species. The resulting genome sequence was
named ‘Nga Hua o te la Whenua’, ‘the fruits of
the land’, and is believed to be the first genome
to be given a te reo Maori name (35,313).

DNA sequencing and tracking disease in
native species

Kauri dieback is a deadly disease that has been
leaving gaps in our ancient ngahere, forests,
over the past decade. The disease, caused
and spread by invasive soil microbes called
Phytophthora agathidicida, threatens to push
kauri to extinction (25).

Iwi kaitiaki and research partners (26,27) use
PCR to identify infected trees and track the
spread of the disease. A rapid lab turnaround
means sick trees can be quickly quarantined to
avoid the disease spreading further.



DNA sequencing and tracing the spread of
invasive species

Researchers can sequence the genomes of
harmful invasive microbes, insects, or bigger
pests (314,315) to find out clues about where
the pest came from and how it might have
travelled to or within Aotearoa New Zealand.

Monitoring biodiversity and water
contamination with eDNA

Environmental DNA (eDNA) is genetic material
from environmental samples, such as soil,
water, and even air (316).

Researchers, in partnership with iwi and
communities, study eDNA to identify

which organisms have been in different
environments. Rivers are common sites for
eDNA sampling in Aotearoa New Zealand
and abroad. eDNA was used, for example, in
the early detection of invasive New Zealand
mudsnails in an American river (317). eDNA is
also used to monitor the health of waterways
(308,309,318-320), including by counting
taonga native species (308), measuring levels
of bacteria, such as E. coli, and detecting the
impacts of farming (308) and forestry (318) on
the ecosystem.

Nga hangarau ira i te ao whaomoomo
me te taiao

Gene technology in conservation and
the environment

Gene technology (gene editing

and genetic modification) to make
endangered species more resilient to
threats

Gene editing can be used to help struggling
species cope better with a changing world.

Interventions could include using CRISPR to
introduce or alter genes to improve disease
resistance, climate resilience, or fertility.

In the US, for example, researchers are
preparing to gene edit the American

chestnut to remove genes that make the

trees susceptible to a deadly blight (321). A
promising genetic modification approach may
provide disease resistance via a transgene from
wheat (322).
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Gene editing to restore genetic diversity
in endangered species

Genetic diversity, meaning a large degree

of genetic differences between individuals

in a population or gene pool, is crucial for a
healthy species — be it plants, animals, or fungi.
If individuals are very genetically similar (or
inbred) then they share the same weaknesses,
putting them at risk of all being wiped out by a
single illness or event.

Species brought back from the brink of
extinction using traditional conservation have
low genetic diversity, because they are all
descendants of a small number of breeding
ancestors. Kakapd have very low genetic
diversity because of this (323).

Gene editing could be used to introduce
genetic diversity (324,325) to at-risk species by:

e Fixing harmful mutations (eg, disease-
causing gene variants)

e Reintroducing lost traits, using stored DNA
from preserved tissue

e Introducing variation to genes that encode
essential parts of the immune system, such
as antibodies.

Gene editing endangered species for
easier tracking

Researchers have floated the idea of
genetically ‘barcoding’ endangered species to
make it easier to monitor population numbers
(326). The barcodes are short stretches of DNA
from non-coding regions (ie, not in genes or
any instruction-carrying DNA sequence), with
a unique sequence for each individual. Like
reading a tag on a bird’s ankle, researchers can
use PCR to ‘read’ the identity of an individual.
A key benefit of this system is that you can
detect an individual from eDNA without having
to capture the bird.

Gene-editing microbes to help clean up
the environment

Our tiniest conservationists might be the most
impactful: microbes can evolve to tidy up the
mess humans leave behind (bioremediation).

In nature, innovations often evolve naturally
when new substances are introduced to

an environment — such as bacteria that eat
pesticides (327,328), clear oil spills (329), and
devour plastic (330) — and scientists who know
where to look can harness and improve new
abilities found in nature.



Specialist microbes for bioremediation can also
be engineered in the lab (via synthetic biology),
in some cases introducing traits that do not
already exist in nature. Aotearoa-founded
company Lanzatech developed a system

that funnels byproduct gases (eg, hydrogen,
carbon monoxide, or carbon dioxide) from
manufacturing into a vat with bacteria that
repurpose them into useful chemicals and
fuels — keeping the waste gases out of the
atmosphere (331). Researchers overseas have
developed living systems to detect and signal
environmental contamination — eg, a version
of bacterium E. coli that glows red in the
presence of arsenic (291).

Cloning endangered species

Gene technology can be used to clone
endangered animals if we have tissue that
contains DNA (and an appropriate surrogate).
In this case, cloning refers to taking a cell
from an adult animal and converting it into a
gamete (egg or sperm cell) or embryo (332).
In contrast, plants can be cloned just by taking
cuttings and propagating them.

Although cloning is different to the ‘de-
extinction” of long-gone species (described
below), there are still many practical and
ethical issues to consider before scientists
choose to use cloning in conservation
(discussed in (332)).

The Northern white rhino is a prime candidate
for conservation through cloning. As of 2025,
the known population is just two females
(333). Scientists have tried to do rhino IVF
(without cloning) using a Southern white rhino
surrogate (334) but have not had success yet.

Bringing extinct species back from the
dead?

‘De-extinction’ is different to cloning, because
scientists do not have access to cells from
living or preserved animals. Instead, they edit
the genes of living animals so they are more
similar to those of extinct animals.

In 2025, scientists used gene-editing
techniques to ‘resurrect dire wolves’ from their
10,000-year extinction (335,336).

The wolves are not exactly dire wolves (337)
- they are grey wolves that have gene edits
to make them look and sound more like dire
wolves. Scientists used traces of ancient

dire wolf DNA to identify critical differences
between it and the DNA of modern grey
wolves. Grey wolf embryos were gene-edited
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in the lab in 20 sites over 14 genes to switch
to the dire wolf DNA sequence (336). The
embryos were then carried to full term by
surrogate mothers (large hounds, not wolves)
(336).

News of the wolves’ births in 2025 incited
debate (337,338) about the authenticity and
ethics of de-extinction technologies.

People in favour say:

e ’'De-extinction’ of dire wolves returns
a special part of our ecological history,
undoing an extinction that humanity likely
contributed to (336)

e Research into ‘de-extinction’ will help
develop technologies that could help
today's endangered species (336).

Opponents say:

» These are just gene-edited grey wolves?®
(337,338)

e This is cruelty to animals because:

- We do not know how these altered
genetics will affect the wolves’ wellbeing

- If this were true de-extinction, then the
dire wolves are returning to a changed
environment they are not adapted to.

e 'De-extinction’ is taking resources and
awareness away from protection of today’s
endangered species.

Our own moa nunui, South Island giant moa,
has been proposed for de-extinction (340).
The team behind the dire wolf are working
with Ngai Tahu Research Centre, Canterbury
Museum, and sponsor Sir Peter Jackson to
‘resurrect’ the moa in the next five to ten years
(340). Early reactions from Aotearoa New
Zealand experts have generally been negative
(341).

Gene editing to reduce invasive species
without using chemical or physical pest
controls

e The sterile insect technique: Engineer
members of a pest species (typically
male) to be infertile and release a large
number into the wild. There, they will mate
with wild insects but produce no young,
shrinking the population over time (342).

28 For official distinctions between hybrids and ‘de-
extinct’ species, see (339).



Examples include mosquitoes carrying
dengue fever in Brazil (343) and moths that
damage cabbage crops in the US (344).
The sterile technique is also used with
invasive plants — for example, a research
group in the US has been working on a
sterile eucalyptus to stop these introduced
trees spreading (345,346).

e The toxic male technique: Engineer a male
insect to produce toxic proteins that kill
the female when they mate (347). Unlike
the sterile insect technique, you don't have
to wait a generation to see a change in
population numbers. This research is new
— being piloted in the lab with fruit flies
(347) — but could be used against disease-
carrying mosquitoes or other invasive
insect species in the future.

e Gene drive: A genetic defence that
controls populations by infiltrating wild
pest species with gene-edited individuals.
The altered pests are intended to mate
with wild individuals, with a goal to either
change the pest's characteristics (ie, a
mosquito that cannot carry malaria (348)
or a mouse that cannot catch tick-borne
disease (349)) or limit reproduction.

Conservationists have proposed using
gene drives to rid Aotearoa New Zealand of
invasive species that put our native fauna
and flora at risk (350).

For more information on potential applications
for gene drives in Aotearoa New Zealand — and
associated technical challenges and ethical
risks — see our previous publication: Gene
editing scenarios in pest control (351).

Nga hangarau ira i te ao whaomoomo:
Nga tararu

Gene technology in conservation:
Risks

Researchers and conservationists take risks
seriously and a cautious approach is why most
of the interventions described above are still at
the development stage. Here, we list the risks
with hypothetical examples.

e Gene-edited pests spreading beyond the
target area

A trait designed to disable pests (eg, a gene
drive for infertility) is a risk if it spreads
into the area the pest is originally from
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(352-356). However, scientists can design
genetic contingencies to limit the spread
of gene drives (356-358). Island nations
like Aotearoa New Zealand are ideal testing
grounds, due to the inbuilt isolation (358).

Scenario: A gene drive released to limit
populations of brushtail possums in
Aotearoa New Zealand could spread to
Australia, where the possums are endemic
and protected.

Unintended gene-editing consequences

Trait trade-offs

A gene-edited trait chosen for a desired
effect in a certain circumstance may
have a negative impact in a different
circumstance (356). Animal wellbeing
needs to be considered when weighing
trade-offs.

Scenario: An endangered bear is
gene-edited to put on weight faster to
store energy reserves for winter after
lean summers. However, in bountiful
summers the bear could be at risk of
getting so chubby it loses mobility.

Low-information edits

Editing a poorly understood gene could
have unintended consequences. Just
because we know the sequence of a
genome does not mean we know what
all the genes do — this takes years of
careful research.

Scenario: Conversationists edit a gene
known to control egg numbers in

an endangered bird, with hopes to
increase clutch size. However, the same
gene may have an important role in
development and the gene edit could
lead to birth defects.

Off-target edits

Gene editing can cause unintended
changes to DNA away from the target
gene (359). These changes can cause
unexpected traits in the edited species
that could be harmful to it or its
ecosystem (356,360). However, careful
quality control, including resequencing
the entire genome, makes sure only
individuals carrying correct edits make it
into the field.



Scenario: Researchers gene edit an at-
risk fruit tree to make it more drought
hardy. However, if an edit also occurred
off target, in a completely different gene,
and it could result in trees with fewer
flowers, so it yields less fruit.

Evolved resistance

Pests can evolve to be resistant to
almost anything. Even if resistance rates
are fractions of a percent, the offspring
of the survivors will reproduce and grow
a population of resistant individuals
(356).

Gene editing interventions in
conservation can however be designed
to anticipate and minimise resistance
(361). Conservationists can use genetic
surveillance to keep an eye out for
resistant strains.

Scenario: Gene-edited toxic male
mosquitos might evolve so that the toxic
protein in their sperm loses its function.
When these males mate, the female
might survive to carry offspring who also
make the non-functional protein.

Disruption of ecosystems

No species lives in isolation. Conservation
plans around a species (356,360,362) must
consider the whole ecosystem, as effects
can be far-reaching.

Scenario: Conservationists use gene
editing to eliminate a disease that affects
an endangered bat. Bat numbers rise and
they gorge themselves on their favourite
fruit. If a native bird eats from the same
tree, it might now have to compete to get
enough food. The birds would lay fewer
eggs and, because the tree relies on the
birds to distribute its seeds, impacts would
ripple through the forest.

Complacency in conservation

If we know that we can use gene editing

as a 'last resort’ to save at-risk species,
then we might not bother to use traditional
conservation to prevent situations
becoming dire (363,364).

Societal impacts

The conservation value of an intervention
must be weighed against societal
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concerns. An invasive species may be
damaging to our native ecosystems
while also carrying cultural importance.
Examples include introduced plants we
like to eat or enjoy in our surroundings and
introduced animals that are important as
pets or for hunting.

Changing a taonga species

There is a concern that gene-editing a
species to protect it will alter whakapapa.
This concern could be addressed on a
case-by-case basis by kaitiaki guardians
of the taonga (8). Careful korero is crucial
in deciding which interventions are
appropriate for each species and situation.



Nga hangarau ira i te ao whaomoomo me te taiao: Nga mea e
whakapaetia ana, hei a hea hoki?

Genetic technologies in conservation and the environment: What
to expect and when?

Genetic technologies have the potential to make big changes in conservation and environmental
protections, but the ethics and implications are complex. Most applications described above are
still under development. Here's a rough timeline of things we can realistically expect to see soon.

Already happening

e Using genomics to improve breeding of endangered species.

Newly available

o Disease tracking

» |dentifying genetic variations responsible for positive or negative traits
e Environmental monitoring

e Gene drives to control or suppress pest species (trial scale).

2—-10 years away (being tested now)

e Widespread environmental monitoring using DNA

e Cloning of endangered species from stored tissues

e Vaccination of wildlife with bespoke vaccines for specific diseases

» Gene editing to provide conservation species with resistance to environmental factors
e Gene drives to control or suppress pest species.

Over 10 years away

e Gene editing to build resilience against climate change

¢ Real-time environmental monitoring with DNA

e Stem-cell technologies for wildlife species.

We go into detailed scenarios of gene editing and conservation in our previous publication: Gene
editing scenarios in pest control (351).
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Going forward

Genetic technology is a rapidly
developing field with many potential
applications in Aotearoa New Zealand,
in healthcare, primary industries, and
conservation. New Zealanders can
expect to increasingly encounter new
concepts, products, and choices in our
everyday lives; it is important that we
are able to have informed conversations
about the risks and benefits of genetic
technologies in our own backyard.




Nga mihi
Acknowledgements

This paper was prepared by the Expert Advice
team at Royal Society Te Aparangi.

We received generous guidance from the
following experts:

» Professor Louise Bicknell (University of
Otago Otakou Whakaihu Waka)

e Professor Amanda Black, Tuhoe,
Whakatdhea, Te Whanau a Apanui (Lincoln
University Te Whare Wanaka o Aoraki)

» Professor Peter Dearden (University of
Otago Otakou Whakaihu Waka; Genomics
Aotearoa)

e Dr Patrick Gladding (Waitemata District
Health Board)

e Dr Kimberley Snowden (Bioeconomy
Science Institute)

e Professor Phillip Wilcox, Ngati Rakaipaaka,
Rongomaiwahine, Ngati Kahungunu ki
te Wairoa (University of Otago Otakou
Whakaihu Waka).

The content was peer-reviewed by:

e Professor Andrew Allan (Bioeconomy
Science Institute; University of Auckland
Waipapa Taumata Rau)

e Professor Stephen Robertson (University of
Otago Otdkou Whakaihu Waka; Curekids).

30 | ROYAL SOCIETY TE APARANGI

Conflicts of interest:

Professor Black is a member of the Maori
Focus Group, which supports Ministry of
Business, Innovation and Employment (MBIE)
to identify and understand Maori rights and
interests for inclusion in policy advice to
Government regarding gene technology.
Professor Black is also participating in a
research programme with MBIE, weaving
cultural authority into developing gene drives
for pest wasps.

Dr Gladding is the founder of Theranostics Lab,
a company which offers molecular diagnostics,
pharmacogenomic testing.

Professor Wilcox co-chairs Te Ira Tatai
Whakaheke Charitable Trust whose mission is
to ensure culturally safe use of genomics in
Maori healthcare. Professor Wilcox also co-
leads the He Kakano and Rakeiora projects, is
Deputy Director of Maurice Wilkins Centre, and
is co-chair (Maori) of Rare Diseases of New
Zealand (RDNZ) research network leadership

group.

Professors Allan and Robertson are members
of the Technical Advisory Group which
provides technical advice to MBIE on up-to-
date gene technology regulation.



Read more

Read about the latest innovations in genetic
technologies:

e Genetic technologies in Aotearoa New
Zealand — how they're used

e Full content is available on the Society's
webpage

Our previous publications on genetic
technologies include:

e Gene editing: Legal and regulatory
implications

e Gene editing: Scenarios in healthcare

e Gene editing: Scenarios in primary
industries

e Gene editing: Scenarios in pest control

e Gene editing: Reflections from the panel
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Kuputaka
Glossary

“-ase”

allele

amino acid |
waikawa amino

artificial selection

base

base editor
base pair

biotechnology

Cas nickase

Words that end in -ase are usually enzymes. Examples are
lactase (digests lactose), nuclease (cuts DNA or RNA), and reverse
transcriptase (builds DNA from an RNA template).

An allele is one of two or more versions of a gene. An individual
inherits two alleles for most genes, one from each parent.

Exceptions include sex-linked genes on the X and Y chromosomes in
men, where a single X chromosome is inherited from the mother and
a single Y chromosome from the father. Women generally have two X
chromosomes (and no Y) and men one X and one Y.

A molecule that serves as the building block of proteins. Twenty
different amino acids are found in proteins, each with different
chemical properties.

See conventional breeding.

The basic unit of our genetic instructions: DNA instructions are
encoded in the sequence of its chemical ‘letters’ or bases. There are
four bases: adenine (A), cytosine (C), guanine (G) and thymine (T).
Another base, uracil (U) replaces T in RNA.

In a version of CRISPR, a base editor is an engineered cas9 that edits
DNA by changing one base (A,T,G,C) into another.

A base pair is two chemical bases bonded, via a hydrogen-bond, to
one another forming a “rung” of the DNA ladder.

Biotechnology is the use of biology to develop new products, methods
and organisms intended to improve human health, the environment
and society.

A version of Cas9 that only cuts one strand of DNA, not both.

FIGURE 3 | Central dogma
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functional protein
(enzyme or structural)
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Cas9

cell | patau

chromosome |
puira

conventional
breeding |
whakatupu

CRISPR (Clustered
Randomly
Interspaced Short
Palindromic
Repeats)

data sovereignty

DNA
(deoxyribonucleic
acid) | pitau ira

DNA sequencing

dominant | ira
tapua

double helix

eDNA

In CRISPR, Cas9 is an enzyme that cuts DNA as directed by guideRNA.
Cas9 is a nuclease.

A cell is the basic building block of living things.

A chromosome is an organized package of DNA (each comprising

a single molecule), often found in the nucleus of the cell. Different
organisms have different numbers of chromosomes. Humans have 23
pairs of chromosomes. Each parent contributes one chromosome to
each pair so that offspring get half of their chromosomes from their
mother and half from their father.

Choosing parent organisms with desirable traits and breeding these
to produce offspring with the same desirable traits. Results can be
variable, and the trait is not always passed from parent to offspring.
Tools and techniques in this category do not fall under genetic
modification regulations.

CRISPR-Cas9 is a genome editing tool that is creating a buzz in the
science world. It can be faster, cheaper and more accurate than
previous techniques for editing DNA and has a wide range of potential
applications. CRISPR is a molecular system that guides a protein called
Cas9 towards a chosen sequence of DNA. Cas9 cuts the DNA at that
chosen sequence.

The concept that if data is stored in a country, then the rules of

that country apply to it. More broadly, data sovereignty relates to
individuals, particular groups, and nations having ownership over and
the ability to control their own data as they see fit.

Indigenous data sovereignty states that data is subject to the laws of
the nation from which it is collected. It recognises that Indigenous
Peoples have inherent rights and responsibilities to Indigenous data.
Maori data sovereignty refers to the rights Maori have to data that
relates to Maori.

The DNA molecule consists of two strands that wind around

one another to form a shape known as a double helix. It carries
genetic instructions used in development, general functioning and
reproduction in almost all living things.

DNA sequencing is a laboratory technique used to determine the exact
sequence of bases (A, C, G, and T) in a DNA molecule.

The stronger version of a pair of alleles. Dominant alleles show their
effect even if there is only one copy in the genome, for example the
allele for brown eyes.

The structure formed by double-stranded molecules of DNA. It has the
shape of a twisted ladder.

The diverse genetic material that can be found in environmental
samples such as soil, water, and even air.
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enzyme | pdmua
whakoki

epigenomics

eukaryote

evolution/evolve |
kukuwhatanga

ex vivo

exon

gene | ira

gene bank

gene drive

gene editing

gene pool | mataira

gene therapy

gene variant |
rerenga

A biological catalyst that is almost always a protein. It speeds up the
rate of a specific chemical reaction.

Epigenomics, the study of chemical changes that regulate the
expression, or use, of the entire collection of DNA molecules in an
organism'’s cells. An epigenome refers to the total changes for an
individual.

Organism composed of one or more cells with a nucleus — a special
compartment to store DNA. Member of one of the three main divisions
of the living world, the other two being bacteria and archaea.

Adaptation based on the process of natural selection. Successful
organisms survive and reproduce while unsuccessful ones die off.

Taking place outside the body — eg, gene therapy on human cells in a
Petri dish.

Segment of a eukaryotic gene that consists of a sequence of
nucleotides that will be represented in messenger RNA. In protein-
coding genes, exons encode amino acids in the protein. An exon is
usually adjacent to a noncoding DNA segment called an intron.

The gene is the basic physical unit of inheritance. Genes are made
up of DNA and are passed from parents to offspring and contain the
information needed to specify traits. Genes are arranged, one after
another, on structures called chromosomes.

A store of genetic material and/or the information it encodes.

Gene drives use gene technology to ensure that a gene is copied
across from one DNA strand to its paired DNA strand. This means
that the gene and its associated trait are passed on to all subsequent
generations, even if the gene confers a disadvantage on the species.

Technologies that change the genome of a living organism without
(permanently) introducing foreign DNA. Gene editing is typically more
precise than genetic modification and leaves less trace in the genome.

A gene pool refers to the combination of all the genes (including
alleles) present in a reproducing population or species. A large gene
pool has extensive genomic diversity and is better able to withstand
environmental challenges. Inbreeding contributes to a smaller gene
pool, making populations or species less able to adapt and survive
when faced with environmental challenges.

A procedure aimed at replacing, manipulating or supplementing non-
functioning genes.

A gene variant is a permanent change (mutation) in the DNA sequence
that makes up a gene. Can be inherited or acquired during the lifetime.
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genetic
discrimination

genetic material

genetic
modification |
raweke ira

genetic technology

genetic testing

genetic variant

genome | huinga ira

genotype (noun)

genotype (verb)

germline

guideRNA

The unequal treatment of individuals based on an aspect of their
genetic code or genome, such as the risk for genetic disorder. Genetic
discrimination can involve such genomic information being used
against individuals in a variety of circumstances, such as employment,
health or disability, insurance status, or education, or health care.

Genetic material can be a gene, a part of a gene, a group of genes, a
DNA molecule, a fragment of DNA, a group of DNA molecules, or the
entire genome of an organism.

Technologies that change the genome of a living organism with the
addition of foreign DNA (from another species). What technology and
resultant organisms are encompassed under this definition varies by
country.

Any modern technique used for modifying genes. Products of gene
technologies can be used in areas such as human and animal health,
medicines, and food production.

A tool for identifying changes in DNA that could increase the risk of
developing a disease. It can describe any number of different
techniques.

A variation between individuals in a population due to a difference in a
specific nucleotide at a defined point in the DNA sequence.

The complete set of genes or genetic material present in a cell or
organism.

A genotype is a scoring of the type of variant present at a given
location (i.e., a locus) in the genome. It can be represented by symbols.
For example, BB, Bb, bb could be used to represent a given variant in a
gene. Genotypes can also be represented by the actual DNA sequence
at a specific location, such as CC, CT, TT. DNA sequencing and

other methods can be used to determine the genotypes at millions

of locations in a genome in a single experiment. Some genotypes
contribute to an individual's observable traits, called the phenotype.

To determine the genotype of an organism. This can be accomplished
by PCR- or sequencing-based tests and also through family histories.

The germline is the cells that produce eggs and sperm as well as the
eggs and sperm themselves that are used by sexually reproducing
organisms to pass on genes from generation to generation. Egg and
sperm cells are called germ cells.

A component of CRISPR. The guide RNA (gRNA) dictates the region of
DNA where Cas9 will bind and cut. Cas9 first binds the gRNA and then
only binds DNA that is an exact complement to the gRNA sequence.

Researchers design gRNA to target Cas9 to the desired site for editing.
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heritable

immunotherapy

in vitro

in vivo

Intron

knockout

molecule | rapoi
ngota

mutagen

mutagenesis | iranoi

mutation | iranoi

nuclease

nucleic acid

null segregant

off-target effects

PAM site
(protospacer
adjacent motif)

A gene or trait passed on to future children. It can lead to a
permanent change in the population gene pool. Heritable traits can
be heterozygous - meaning having one copy of an alteration, or
homozygous - meaning both copies have the alteration.

Immunotherapy is treatment that uses your body’s own immune
system, eg, to help fight cancer.

Term used by biochemists to describe a process taking place in an
isolated cell-free extract. Also used by cell biologists to refer to cells
growing in culture (in vitro), as opposed to in an organism (in vivo).
(Latin for "in glass.”)

In an intact cell or organism. (Latin for “in life.”)

Noncoding region of a eukaryotic gene that is transcribed into mRNA
but is then excised before the mRNA is used.

A gene modified to lose its function. Also used to refer to the organism
with the gene knockout or as a verb - “to knock out a gene.”

Group of atoms joined together by covalent bonds.

An agent that generates mutations in DNA. Examples include x-rays,
UV light, and various chemicals.

Process by which DNA of an organism is changed due to a mutation.
Can occur spontaneously in nature or via exposure to mutagens such
as chemicals or radiation. Can also be used in a targeted way via gene
editing.

A change that occurs in a DNA sequence. Mutations are relatively
common in our DNA, but most have no detectable effect.

An enzyme that cuts nucleic acids (DNA or RNA). There are two main
types: ones that cut randomly and ones that only cut when they
recognise a given DNA/RNA sequence.

DNA or RNA or related information-carrying molecules.

The offspring of a gene-edited or gene-modified parent that no longer
contains any altered DNA.

An edit to the genome where the genome editing system cuts at a
different place in the DNA to the one that was intended to be edited.

In CRISPR, a PAM (protospacer adjacent motif) site is a 2—6 base pair
sequence near a guide RNA binding site. It must be present for Cas9
to bind. It is a safety check to confirm the DNA is an invader and part
of the bacterium. Researchers can alter the PAM requirements of
engineered cas proteins to make them more or less strict.
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PCR (polymerase
chain reaction)

pegRNA (prime
editing guide RNA)

point mutation

prime editing

protein | pdmua

recessive | iramoe

recombinant DNA

recombination

retrovirus

reverse
transcriptase

reverse
transcription

RNA (ribonucleic
acid)

selective breeding
somatic cell

stem cell

A technique used to make many copies of a given DNA sequence.

In prime editing, pegRNA contains both the guide RNA sequence and
the template for DNA changes required in the gene edit.

Change of a single nucleotide in DNA, especially in a region of DNA
coding for protein.

A version of CRISPR that allows researchers to add short sequences of
DNA to the target site.

Proteins are an important class of molecules found in all living cells. A
protein is composed of one or more long chains of amino acids, the
sequence of which corresponds to the DNA sequence of the gene that
encodes it.

When the allele of a gene shows its effect only if both copies in the
genome are the same.

Any DNA molecule formed by joining DNA segments from different
sources. Recombinant DNAs are widely used in the cloning of genes,
in the genetic modification of organisms, and in molecular biology
generally.

Process in which DNA molecules are broken and the fragments
are rejoined in new combinations. Can occur in the living cell — for
example, through crossing-over during meiosis — or in vitro using
purified DNA and enzymes that break and ligate DNA strands.

RNA-containing virus that replicates in a cell by first making an RNA-
DNA intermediate and then a double-strand DNA molecule that
becomes integrated into the cell's DNA.

Enzyme first discovered in retroviruses that makes a double-stranded
DNA copy from a single-stranded RNA template molecule.

Using RNA as a template to make a complementary DNA strand (the
reverse direction to transcription).

Ribonucleic acid. A single-stranded nucleic acid. Can have multiple
functions within an organism, including being the intermediate
product between a gene (encoded by DNA) and a protein — this form
of RNA is called mRNA, messenger RNA.

See conventional breeding.
Any cell of the body except sperm and egg cells.

Undifferentiated cell that can continue dividing indefinitely, producing
daughter cells that can either commit to differentiation or remain a
stem cell (in the process of self-renewal).
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synthetic biology

synthetic nucleic
acid

trait | huaira

transcription

transgene

transgenic

transposon

variome

vector

wild-type

A subset of biotechnology which includes the design and construction
of biological systems and devices, as well as the redesign of existing
biological systems for useful purposes.

Nucleic acid molecules (DNA or RNA) that are chemically synthesized
or amplified but can base pair with naturally occurring nucleic acid
molecules.

A trait is a specific characteristic of an organism. Traits can be
determined by genes or the environment, or more commonly by
interactions between them.

Copying of one strand of DNA into a complementary RNA sequence
by the enzyme RNA polymerase.

The foreign or modified gene that has been added to create a
transgenic organism.

Introducing specific genetic material from one donor organism to
another host organism to produce a desired trait, where the two
organisms are not sexually compatible species.

Segment of DNA that can move from one position in a genome to
another.

A collection of all the variations to the ‘typical genome’ presentin a
population.

A small nucleic acid molecule, usually derived from a bacteriophage
or plasmid, which is used to carry the fragment of DNA to be cloned
into the recipient cell, and which enables the DNA fragment to be
replicated.

Normal, non-mutant form of an organism; the form found in nature (in
the wild).
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