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• What is gene editing

• Current and future applications

• How is it perceived by public / media

• Regulatory status

Disclaimer: Views expressed are my own, based on my academic role at
Aberystwyth University and not necessarily those of EFSA or FSA

Structure of the talk



Genome editing: Suite of technologies to make targeted changes to genomes

• Zinc-Finger Nuclease (ZFN)

• Transcription activator-like effector nucleases 
(TALENs) 

• Clustered Regularly Interspaced Short Palindromic 
Repeats (CRISPR CAS-9)

• Meganucleases

• Oligonucleotide Directed Mutagenesis (ODM)

HD Jones (2015)  Nature Plants 1: 14011

A      Zinc finger nuclease

B      TALEN

C      CRISPR Cas-9

‘A collection of advanced molecular biology techniques that have been developed 

over recent years that allow precise, targeted changes to an organism’s DNA’.  

(BBSRC Genome editing working group 2017).



A ranking of the top countries publishing on CRISPR 
gene editing (inc. reviews, opinion pieces etc).  
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Geoffrey H. Siwo (2018). The Global State of Genome Editing bioRxiv 341198; doi: https://doi.org/10.1101/341198 
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Primary research papers on genome editing 
since 2000. CRISPR Cas9 system is by far the 
most well-researched.
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Adapted from: Huang, Y., Porter, A., Zhang, Y. et al. Collaborative networks in gene 
editing. Nat Biotechnol 37, 1107–1109 (2019)

Number of articles published in 2017

CRISPR: 



CRISPR editing tools are continuously advancing

Deactivated (dead) CAS9 plus transcriptional activators or repressors lead to 
altered gene expression but no change in DNA sequence

Malzahn 2017 Plant genome editing with TALEN and CRISPR. Cell Biosci. 2017; 7: 21.

Cpf1 (Cas12a) better for experiments targeting AT-rich DNA sequences where a staggered ds cut is needed.

Cas14a targets single-stranded DNA and does not require PAM sequence for activation.

Cas9 Nickases: cut only one DNA strand. Two single nickases give a double-strand break with fewer off-targets

High-Fidelity Cas9s e.g. eSpCas9, SpCas9-HF1, HypaCas9, FokI-Fused dCas9,

Deactivated (Catalytically Dead) Cas9 has many novelties including being fused to other proteins (see below).

Nucleotide/ Base pair Editors give precise Genome Engineering by converting GC to AT or  AT to GC.

RNA Editors: Cas13a and Cas13b altered gene expression with no change in genome sequence.

CasX is smaller than Cas9 and not found in bacterial pathogens of humans so lower immune response.

MAD7 Crispr (Inscripta Co.)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5404292/


Basic gene editing in the lab

Single cellHost plant 
variety

Recover whole plants via 
In-vitro plant tissue culture Transgenic plant 

with gene edit Non-transgenic plant 
with gene edit
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Intron

Ubi1 + I
Ubi1 + I

Bar

nos 3'
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Npt

Recombinant DNA 
encoding editor

Targeted edit to unlinked 
gene in host genome

Inserted recombinant DNA removed 
by segregation =  null segregant 

Only newly generated edit 
remains 

Selfing or 
crossing



DNA sequence: Part of a gene

Loss or gain of 
few nucleotides

DNA repair template 
for gene repair

Altered gene 
function or  knockout               

Gene repair or    
insertion 

Gene editing via NHEJ
targeted generation
of SNPs

Gene editing via HR
targeted repair or
gene replacement

Whether generated by ZFN, Talen or Crispr etc. and 
whether delivered as DNA, mRNA or protein etc.

Outcome can be categorised into two basic types:

At the molecular level



Initial commercial applications for agriculture?

Traits under simple genetic control ie. single functional genes or a single 
transcription factor that regulates a transcriptional cascade.

Also target existing valuable ‘natural’ mutations in poor genetic backgrounds 
where costs / technical challenges of introgressing trait into elite inbreds or F1 
parents are higher than gene editing.





Waxy maze in current Pioneer 
varieties  30 bp intronic deletion 









Table 1. Summary of genes that were shown to have a 
role in heat and drought tolerance in wheat and maize



Opportunities for breeding: new varieties for VF 



Robots will end blanket 
pesticide spraying and   
‘slaughter harvesting’
But will need new 
genetics to optimise their 
application



Hydraulic shaker removing all 
apples whether ripe or not

Robot apple picker selecting 
only ripe fruits 





Gene editing is already saving human lives and 
there is general consensus that research into 
somatic cell cures should progress with caution.







34 per cent agreed that new plant-breeding technologies, such 
as GM and gene-editing, should be used in the UK to grow 
food. 

27 per cent said they should not

Those aged 18-24 were more likely to agree with the 
statement than any other age group.

A ComRes survey of 2,000 British adults, commissioned by the British 
Guild of Agricultural Journalists and carried out in Sept 2019

Irish Times readers have voted for advances in gene editing as 
their innovation of the decade in an online poll. The scientific 
innovation won out with 33.8 per cent of the vote against 
smarter phones, which secured 22.5 per cent. Improvements in 
battery technology came third with 17.5 per cent.



Pesticides in food

GMOs

Familiarity:
21% of people had heard of genome editing. Ranged 
from 8% in Italy, 9% in Romania, 30% in UK  and 62% in 
Finland.

Concerns:
Antibiotic, hormone or steroid residues in meat (44%), 
followed by pesticide residues in food (39%), 
environmental pollutants in fish, meat or dairy (37%) 
and additives like colours, preservatives or flavourings 
used in food or drinks (36%).

Topics registering lower levels of concern: traces of 
materials that come into contact with food (16%), 
poisonous moulds in food and feed crops (11%), plant 
diseases in crops (9%), nanoparticles found in food (8%) 
and genome editing (4%).

Gene editing



• USDA have ruled that at least 7 plant products generated using genome editing are NOT 
Regulated as biotech products (a low-phytate maize, a herbicide-tolerant (HT) canola, a 
mildew-resistant wheat; a non-browning mushroom, PPO knock-out potato, FAD3 
knockout soybean  and the first ‘CRISPR crop’, a waxy maize.

Global status of regulatory oversight of genome editing of crops and animals 

• Japan, Israel, Australia, Argentina, 
Brazil, Colombia and Chile have given 
guidance that on a case-by-case basis 
Type I genome editing in plants 
wound not be regulated as a GMO

• Canada use ‘novel product’ regulation so should 
accommodate editing



Significant media reaction to ECJ ruling
Almost all covered the critical view of industry and researchers 



Regulating simple gene editing with GMO laws is illogical, disproportionate and unworkable.

Why illogical?

Conventional mutation breeding (which has generated 1000’s of new crop varieties) through uncharacterised and   
untargeted mutations are not regulated as GMOs

Simple gene editing generates less genetically disruptive and better characterised mutations but are regulated in EU as 
GMOs.

Why disproportionate?

Because the time and cost of the full GMO risk assessment process, for both the applicant and the EU, is not 
proportional to the safety benefits implied for gene edited crops. 

Why unworkable? 

Current EFSA guidance that support the GMO risk assessment process cannot be applied to organisms produced from 
simple gene editing. There is no inserted DNA, no newly expressed protein, no unique event identifier etc.

Imports of gene edited food/feed cannot be tested at ports but EU has a zero-tolerance of unauthorised GMOs. 





“Mr Eustice: The point I would make is that there is a reason why 
I think we should be a bit concerned about switching to a trait-
based approach, and that is that the Commission is currently 
considering whether other novel breeding techniques, such as 
cisgenics and gene editing, should be covered by GM legislation. 
Our view is that they should not, because this is about moving 
genes within species; it is not about moving them between 
species. We would not want those to be treated as GM, 
otherwise you are going to hold back the development of a very 
exciting new area, modern gene techniques, that has its genesis, 
if you like, and is still rooted in conventional techniques.”

1st Report of Session 2015-16 - published 17 December 2015 - HL Paper 68

Still the view of George Eustace (Minister of 
State at Defra) who gave evidence to a Lords 
select committee in 2015 and who reiterated 
this view in a face-to-face meeting in Nov 2017



‘There are some people who think that simply because we 
have committed to maintaining high environmental standards 
that we will remain subject to the jurisdiction of the ECJ.

We won’t, what we will be doing is achieving high 
environmental goals by different means and means that do 
allow for greater innovation.’

“The Government has always been clear that we take a 
science-based approach to GM regulation and our priority 
is safeguarding health and the environment. 

“Our view remains that gene-edited organisms should not 
be subject to GM regulation if the changes to their DNA 
could have occurred naturally or through traditional 
breeding methods. 

11th Feb 2019




