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What is genome or gene editing?

Targeted alteration to the DNA of an organism:

▪ Small base unit changes (deletions/insertions)

▪ Large deletions

▪ Small/large insertions   

Claim: precise, predictable outcomes, safe

Are these claims supported by the scientific evidence

that underpins this technology?   



Summary and take-home message

Gene editing of crops, foods and animals

▪ is an artificial, laboratory-based genetic modification procedure 

▪ gives rise to genetically modified organisms (GMOs)

▪ produces unintended widespread DNA damage (off-target mutations)

▪ can result in unintended mutations at the intended gene editing site (on-target 

mutations)

▪ off-target and on-target mutations can combine to change the function of many 

genes leading to altered plant biochemistry including production of toxins and 

allergens

▪ claims of precision and predictability for the technology are not supported by 

experimental evidence  

▪ claims of safety for gene edited foods is hypothetical; no safety testing has been 

conducted; good evidence exists showing health risks from first generation GM 

foods

▪ needs to be both process-based and product-based regulated to account for 

risks of unintended mutational effects

▪ arguments for deregulation are not true to the science that underpins gene 

editing and puts public safety at risk

▪ gene editing can only manipulate one or a small number of genes and thus 

cannot engineer complex traits into crops (e.g. drought tolerance, disease 

resistance, higher yields), which are “omnigenic” characteristics requiring the 

integrated, balanced function of all genes



Basic Molecular Genetics Concepts - 1

Gene:

▪ Inherited unit of biological information

▪ Section of DNA; highly organised like pearls on a string 

▪ Genes are the “blueprint” for all body’s structures and

▪ functions

Gene expression:

▪ Process by which information encoded by the gene

becomes manifest 

▪ Genes encode for proteins – the body’s building blocks

Flow of biological information:

▪ DNA (gene) to RNA to protein

▪ Most genes give rise to more than one protein

▪ Some genes give rise to functional RNAs that

do not encode for proteins



Basic Molecular Genetics Concepts - 2

DNA structure and the genetic code:

DNA consists of four small molecules – “bases” linked

together:

cytosine (C), adenine (A), guanine (G), thymine (T)

Order of base units of a gene constitutes the genetic code

What does the genetic code actually encode for?



Basic Molecular Genetics Concepts - 3

Proteins:

▪ Proteins consist of a string of 20 different small molecules

called amino acids linked together. 

▪ Order of amino acids dictates the protein’s structure

and thus function 

Genetic code encodes the order of amino acids of a given

protein:

GGT AGC ATG TAA

Gly Ser   Met  STOP

DNA (gene)

RNA

PROTEIN

Transcription

Translation



Are plants and animals produced by genome editing for 
agricultural use genetically modified organisms (GMOs)?

▪ Proponents claim plants or animals produced by 
genome editing for agricultural use should not be 
considered as GMOs (at least in cases of small 
DNA base unit changes in one or more genes).

▪ Strong lobby for either deregulated status or 
light-touch product-based regulated status. 



Arguments of lobbyists for gene editing deregulation 
in agriculture

▪ Only the end product of the gene editing event(s), whether a 
microbe, plant or animal, should be considered by regulators, 
rather than the process by which the genomic change was 
obtained. 

▪ Small DNA base unit changes, which either knock-out (ablate) a 
gene or modify the function of a gene’s protein or RNA product, 
can mimic what may occur naturally through random 
mutation. NOTE: contradiction when claiming patents.

▪ Intended changes in a gene(s) are “precise” and no other gene 
alterations occur in the target organism.

▪ The outcome of the gene editing event(s) is totally predictable
and thus the products derived from this process are safe.



Genome editing: how does it work?

Two approaches:

▪ Oligonucleotide directed mutagenesis (ODM)

▪ Site-directed nuclease (SDN)



Site-directed nucleases - SDNs



SDN-3SDN-2

Site-directed nucleases - SDNs
ZFN, TALEN, CRISPR-Cas

Produce double-strand break in DNA at pre-determined site  

SDN-1



Procedure of gene editing a plant

Plant tissue
culture



Gene-edited CRISPR mushroom escapes US 
regulation

A fungus engineered with the CRISPR–Cas9 technique can be 
cultivated and sold without further oversight.

The common white button mushroom (Agaricus bisporus) has been modified to resist browning

Nature News, 14 April 2016

Knock-out of polyphenol
oxidase (PPO) gene

via NHEJ



Large numbers of gene-edited crops and 
animals await market approval

Calyxt (USA): Edited Potato
▪ TALEN disabled single gene; blocks sucrose conversion to 

glucose and fructose
▪ Doesn’t accumulate sweet sugars on cold storage; lasts 

longer
▪ Won’t produce as much acrylamide (suspected 

carcinogen) when fried

DuPont (USA): low amylose, high amylopectin maize
▪ CRISPR disabled Waxy gene
▪ Eliminates amylose
▪ Kernels with 97% amylopectin



Gene-edited farm animals 

Hornless cattle
TALEN gene editing tool insertion of POLLED gene
via cloning
(Carlson DF et al., Nat Biotechnol. 34: 479, 2016) 

Super-muscly pigs created by small genetic tweak
Researchers hope the genetically engineered animals will speed past 
regulators. NATURE | NEWS, 30 June 2015 

TALEN knockout of
myostatin gene via cloning



Are claims of precision and predictability of gene 
editing supported by the evidence?

The claim that gene editing-induced gene changes are 
similar to what may occur naturally is unproven.
Presently this constitutes at best an untested hypothesis.

These techniques are prone to unpredictable “off-target” 
and “on-target” mutational effects.



Currently recognized gene editing off-target  effects

▪ Unintended side-effects from the intended alteration. For 
example, alteration in enzyme activity can result in chemical 
reactions other than those that are intended.

▪ Unintended alterations or mutations to other genes in addition 
to the target gene(s). Includes mutations from plant tissue 
culture. Note: gene editing off-target mutations will not be 
random but in other genes.

Currently recognized gene editing on-target effects

▪ Large DNA deletions affecting more than one gene.
▪ Large DNA rearrangements affecting multiple gene functions.
▪ Creation of new gene sequences resulting in new RNA and 

proteins. 
▪ Insertion of contaminating DNA.



Examples of large deletions and rearrangements of
DNA at the intended editing site



When a gene knockout is not a gene knockout: 
creation of new gene sequences at the gene-editing site 

Result is new RNA and mutant proteins



Insertion of editing template and 
extraneous DNA at the intended editing site

Steven M. Solomon, US Food and Drug Administration (7 February 2020): 

“FDA’s (our, we) analysis illustrates, however, why it is necessary for there to 

be regulatory oversight of intentional genomic alterations in animals, even 

when the intended modification seeks to replicate a naturally occurring 

mutation.”



Widespread and scale damage (mutations) 
to the plant’s DNA from the gene-editing 

process

CRSIPR edits may have 

been as intended but the 

gene-editing process 

(plant tissue culture plus 

genetic transformation 

procedure) caused 

hundreds of unintended 

widespread mutations   



Multiple types and large number of  
unpredictable mutations from gene editing  

Mutations from
plant tissue
culture and

transformation
process 

Off-target and
on-target
mutations



Consequences of unpredictable off-target and 
on-target mutations from gene editing

▪ Can lead to alterations in patterns of gene function, 

leading to unintended changes in the biochemistry of 

the organism. In edited plant foods, these changes could 

include production of unexpected toxins or allergens, or

altered or compromised nutritional value. 

Same types of DNA damage (mutations) as occur at on-

target sites can also occur at off-target sites.

On-target mutations: 

• occur after gene-editing tool has completed its task

• are at the mercy of the cell’s DNA repair mechanisms 

and machinery   

Therefore, no matter how precisely the initial edit (DNA 

cut) may be targeted, unintended on-target mutations 

can still take place. 



Simultaneous and sequential use of gene editing

Gene editing was developed to be used simultaneously 
and/or sequentially.
▪ Simultaneous modification of multiple genetic 

sequences
▪ Sequential modification of a single or different genetic 

sequence(s)

Outcome:
▪ Each change may individually be small, BUT in total will 

produce an organism radically different from the parent
▪ May be as different from a parental line (or even more 

different) as any organism produced with older-style 
transgenic genetic modification techniques.



Products of gene editing must be regulated

▪ Gene editing can be used to radically alter an organism, 
completely changing biochemical pathways. Such 
products would require highly stringent regulation.

▪ Gene editing outcomes may closely resemble older-
style transgenic GM products. If gene editing-derived 
organisms were exempted from the regulations applied 
to transgenic GMOs, then (under EU law) the former 
would escape regulation, but the latter would be 
regulated. 



Process-based and product-based 
regulation must be applied

Given that gene editing:

• Uses laboratory-based, artificial DNA modification procedures
• Does not in itself involve natural cross-breeding
• Results in functional alterations of one or more DNA sequences
• Causes unintended and/or unpredictable off-target effects at DNA, 

RNA and protein levels

Gene editing is a GM procedure and regulations applied 
to their products should be process-based as well as 
product-based, as with the current UK/EU GMO 
regulations.



Necessity for process-based regulation

▪ Process-based regulation can highlight mechanisms of 
unintended and off-target and on-target gene function 
disruption effects.

▪ Process-based regulation is true to the state of this 
science and technology.

▪ Attempts to argue that such regulation is 
superfluous or excessive are disingenuous and 
place public health and the environment at risk.



Products of gene editing must be regulated

Scientific and technical facts about gene editing show that 
organisms produced by these procedures are GMOs and 
give rise to novel health risks.

This demands that all products of gene editing should be 
regulated:

▪ In accord with strictest GMO regulations (e.g. UK/EU 
regulations)

▪ As permitted by the Cartagena Protocol on Biosafety and 
Codex Alimentarius



Evidence of harm from gene editing?

No studies conducted to date

Claims of safety are hypothetical 

Numerous studies show evidence of harm 
from consumption of old-style transgenic GM 
crops 



Genome editing:
Agricultural vs clinical uses

Genome editing in medical sphere:
▪ Unquestionably considered as genetic modification 
▪ Strictly regulated 

▪ Regulation of genome editing in agriculture would 
align these methods with how they are scientifically 
observed, used, and regulated within the medical 
sphere.



Conceptual flaws of agricultural genetic engineering 

https://www.gmwatch.org/en/news/latest-
news/18593

• Function of ALL genes required to 
impart complex traits: 
“OMNIGENICS”

• No gene works in isolation
• Genes work as a highly co-

ordinated NETWORK
• Adding a new gene or altering the 

function of just one gene will have 
far-reaching consequences in the 
network

• The whole is greater than the sum 
of its parts; study of parts cannot 
predict the function of the whole

• Thus any attempt to produce a 
crop with a complex trait such as 
drought tolerance, disease 
resistance, or higher yield via gene 
editing of one or a few genes is 
doomed to fail.

https://www.gmwatch.org/en/news/latest-news/18593-bound-to-fail-the-flawed-scientific-foundations-of-agricultural-genetic-engineering-part-2


European Network of Scientists for Social and 
Environmental Responsibility (ENSSER)

Statement on New Plant Breeding Techniques
[https://ensser.org/publications/ngmt-statement/]

We encourage all scientists to sign on this statement   



Thank you!


