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The European Union (EU) has very strict regulations for genetically modiﬁed
plants, but gene editing challenges the basis of the legislation. Genome editied
plants with no foreign DNA added were according to the Swedish competent
authority Jordbruksverket falling outside of the EU deﬁnition of genetically
modiﬁed plants, and should hence not be regulated. This article describes
the background to this interpretation and also how plants gene edited using
CRISPR-Cas9 (a Brassica deletion mutant) for the ﬁrst (?) time were grown in a
garden, cooked and eaten, and the subsequent media attention. Furthermore,
it also adresses the troubles authorities in other European countries have to
handle these plants.

With the advent of gene editing, it has become
clearer than ever before that the legislation surrounding genetically modiﬁed organisms (GMOs) (Directive
2001/18/EG European Parliament and European Council (2001)) is severely outdated. An obvious question
is: are plants developed using some of the so-called
new breeding techniques (NBT) – like transcription
activator-like effector nucleases zinc-ﬁnger nucleases,
oligonucleotide directed mutagenesis – covered by the
Directive or not? The Directive is binding for member
states, but it is implemented in different ways in their
national legislative frameworks. National laws fall back
on the EU deﬁnition of a genetically modiﬁed organism
dating back to 1990 (The Council of the European Communities 1990), found in Annex 1A to the Directive.
As this was formulated when the approach was new
and our knowledge about plant genes and genomes
much less advanced than it is at present, the deﬁnition
could not anticipate developments in the ﬁeld and it
left scope for interpretation. Legal analyses aiming to
clarify whether or not gene-edited plants fall within the
deﬁnition have reached different conclusions, as, for
example, demonstrated by two analyses, ordered by
different ministries in Germany, that came to opposite
conclusions (see Sprink et al. 2016 for a review).
One inherent problem with those analyses was that
they tried to cover all possible uses of the technique and

attempted to predict the future; they therefore – more or
less of necessity – lacked detail. The scientiﬁc community has been frustrated by the lack of clarity from authorities and political leaders, and the level of frustration has
increased as gene editing techniques have become easier
and more accessible, in particular through the development of the CRISPR-Cas9 system for gene editing (Jinek
et al. 2012).
While scientists and breeding companies have been
awaiting the decision of the authorities, the use of
genome editing in plants has exploded (see Bortesia and
Fisher 2015 for a review). As the ﬁrst publication describing the CRISPR-Cas9 system for gene editing was published from Umeå University (Jinek et al. 2012), I became
intrigued early on by the legal status of mutant plants
generated using CRISPR-Cas9. Bearing in mind the handling procedures of the competent authorities, it was
obvious that it would be easier to get an answer concerning one particular mutant, rather than a decision about
the technique in general. Accordingly, on 5 April 2014,
I sent a question to the Swedish competent authority
Jordbruksverket (File S1). In short, the question was: If I
should like to do a ﬁeld experiment with an Arabidopsis
plant mutated using CRSIPR-Cas9, from which the ‘foreign DNA’ ﬁrst introduced via Agrobacterium-mediated
transformation has been segregated out, do I need to ask
you? If it was not be covered by Directive 2001/18/EG, no

Abbreviations – EC, European Commission; NBT, new breeding techniques; SLU, Swedish Agricultural University.

396

© 2018 The Authors. Physiologia Plantarum published by John Wiley & Sons Ltd on behalf of Scandinavian Plant Physiology Society.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution
and reproduction in any medium, provided the original work is properly cited.

Fig. 1. Information poster about the PsbS Arabidopsis CRISPR mutants that were evaluated by the Swedish competent authority Jordbruksverket.
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Fig. 2. Press release from Umeå University about the interpretation of the Swedish competent authority Jordbruksverket.

notiﬁcation would be required. On 26 June 2014, Jordbruksverket asked for 10 points of clariﬁcation that they
considered necessary for them to be able to answer the
question (File S2). This was not surprising as the question
included only a few technical details; at this point we
had not started the work of actually producing the plants.
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The questions asked prompted us to design a concrete
strategy for the creation of Arabidopsis deletion mutants
using CRISPR-Cas9.
We decided to target the PsbS gene of Arabidopsis.
There were many reasons why this was an appropriate
‘ﬁrst case’. First and foremost, we were involved in the
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publication showing that the npq4 gene of Arabidopsis
coded for PsbS (Li et al. 2000). The ﬁrst npq4 allele
(npq4-1) was isolated from a fast-neutron bombarded
mutant population, but as the map-based cloning of it
took years (the Arabidopsis genome sequence was not
available at that time) several other alleles were isolated
in the Niyogi lab from an ethyl methanesulfonate (EMS)
mutant population. The analysis of the mutants eventually showed that npq4-1 contained a large deletion covering the whole PsbS gene and more, while the other
alleles contained point mutations resulting in amino acid
substitutions at critical sites in PsbS (Li et al. 2000). Later,
we also identiﬁed a T-DNA KO mutant of PsbS (unpublished data), which is a genetically modiﬁed organism in
the sense of 2001/18/EG. This line has the same phenotype as the original npq4 mutants and could therefore
be assumed to pose the same risk to human or animal
health or to the environment, which are the factors that
the legislation aims to regulate. Hence, plants that science treats as being equivalent fall either inside or outside the deﬁnition of a genetically modiﬁed organism.
There is an interesting contrast in the way such plants are
regarded in the scientiﬁc community and by regulators.
In order to publish detailed analysis of an Arabidopsis
EMS mutant with a supposed mutation in a speciﬁc gene
in a high-ranking journal, reviewers often require data
from a T-DNA KO line of the same gene to be included as
independent conﬁrmation. Hence, inside the scientiﬁc
community the transgenic line is regarded as the certain
and the ‘classical mutant’ as the uncertain case; in the
regulations the opposite applies.
Second, PsbS mutants can be easily and nondestructively identiﬁed using Pulse-Amplitude Modulated ﬂuorimetry (Fleig et al. in this issue). Third, npq4
mutants exhibit no abnormal growth phenotype under
controlled conditions, but we had found that they often
set a reduced number of seeds – in Arabidopsis a proxy
for Darwinian ﬁtness – under ﬁeld conditions (Kulheim
et al. 2002). Hence mutations in PsbS give no selective
advantage, invalidating arguments about the risk of
spreading the mutants and/or the alleles in the environment. Fourth, it was obvious that plants lacking PsbS
were an important research tool, but they were of no
commercial interest, invalidating arguments about company involvement. Taking these facts together, a targeted
PsbS mutation appeared – from our perspective – to be
an ideal ﬁrst case for the authorities to handle.
A precise strategy for generating the mutants needed
to be developed to be able to answer the questions
from Jordbruksverket, and this strategy is described in
Fleig et al. (this issue). By early 2015, the technical
details had been worked out, and the background (i.e.
information about PsbS) and these technical details were

Physiol. Plant. 164, 2018

Fig. 3. Screenshot from the TEDx Umeå talk ‘To be or not be a GMO,
that is the question’.

Fig. 4. The blog entry ‘Future garden plants are here’ from ‘Researchers
blog’, Umeå University.

provided in a reply sent to Jordbruksverket on 19 March
(File S3). The letter asked for regulatory clarity about
two types of plants, the ‘original mutants’ that were
generated by transformation, in which a T-DNA with
both CAS9 and two sgRNAs (single guide RNAs) were
still present, but also plants from which the T-DNA had
been segregated out. At this point, we were in the process
of generating the constructs needed for transformation
and had no plants ready, but given the time it could
take to get an answer we felt that there was no reason
to wait. In May 2015, Jordbruksverket also received
a similar – but different – question from researchers at
the Swedish Agricultural University (SLU) in Uppsala,
concerning Arabidopsis CRISPR-mutants of genes that
may be involved in male sterility (File S4). The authorities
therefore had two complementary questions to answer.
In June 2015, Jordbruksverket asked if their reply was
urgent; the background to this enquiry was that on
15 June the European Commission (EC) had urged all
399

Fig. 5. CRISPR cabbage cultivation and cooking in Bjurfors, Vindeln, Sweden in the summer of 2016. (A) Sowing, (B) precultivation (C) covering
to protect the cabbage from Diamond-back moth, (D) newly harvested cabbage, (E) cooking the cabbage and (F) The ﬁrst meal cooked with a
CRISPR-mutated plant. Photos: Stefan Jansson.

Fig. 6. Broadcasting about CRISPR meals (A) Screenshot from the PBS documentary ‘Mutant menu’. (B) Recording for the NPO documentary ‘Van
DNA tot Z’. Photo: Liselotte Eriksson.

national authorities not to make any decisions on these
matters until the EC had presented their interpretation
of the deﬁnition (to be given before the end of 2015)
(File S5). I agreed that the reply was not urgent, in part
because it would be inconvenient to have a decision
from Jordbruksverket that could be overruled by the EC
within a short time, but also since in any case the mutants
where the T-DNA had been segregated out would not
be ready for planting in the summer of 2015, and it
was unlikely that Jordbruksverket’s interpretation would
be that plants still containing T-DNA fall outside the
deﬁnition of a GMO.
400

During the autumn of 2015, I started to prepare for the
possibility that Jordbruksverket would deliver an interpretation, despite the fact that the EC had asked them
not to do so. Had we submitted an application about
a ﬁeld experiment with genetically modiﬁed plants,
Jordbruksverket ought to give their reply within 120 days
(excluding our ‘response time’ between when they asked
for additional information and when we provided it), and
Jordbruksverket is (like other Swedish authorities) committed to delivering requested services to citizens. By
now their handling time (excluding our response time)
had exceeded 200 days. Comprehensive information
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was prepared in case we received a positive decision.
An extensive technical description of the case including
scientiﬁc references (File S6) and a one-page illustrated
description (Fig. 1) was produced. With no prior notice,
on 15 November came a letter from Jordbruksverket
stating that their interpretation of 2001/18/EG was that
the plants we had described, that still contained T-DNA,
fell under the deﬁnition of a genetically modiﬁed plant,
while those that did not contain any T-DNA did not. At
the same time, the SLU researchers got a similar reply.
The decision was to be made public by Jordbruksverket on 17 November and a letter of information (in
English) was sent out (File S7). A joint press release from
Umeå University and SLU (Fig. 2) and a website with
all the necessary background information (Jansson and
Sundström 2015) were prepared. The decision received
signiﬁcant international attention; a list of links to articles referring to this, which include a news article and
an editorial in Nature (Abbott 2015), is found as File S8.
This interpretation of 2001/18/EG had several very
important implications. First, it meant that in Sweden,
anyone could plant a gene-edited plant in the ﬁeld, provided that no foreign DNA was present in the genome.
It is the responsibility of the person planting it to ensure
that it contains no foreign DNA, otherwise it constitutes a
crime against the Swedish environmental code (Sveriges
Riksdag 2002). Second, since this was the ﬁrst interpretation of the EU Directive concerning these kinds of
plants, other legal bodies need to argue differently than
Jordbruksverket – who claim that they have followed the
text of the Directive – if they reach another conclusion.
Third, it states that it does not matter whether the parent
of a plant fell under the deﬁnition of a GMO provided
that the offspring is a so-called null-segregant (i.e. it contains no foreign DNA). This settled a long-standing issue
concerning genetically modiﬁed plants that has been
debated within the EU. Fourth, the fact that gene-edited
plants without foreign DNA could be cultivated in Sweden but not in other EU countries challenged the foundation of a common market, in particular since there is
no way to ﬁnd out whether a deletion has happened
because of human intervention through gene editing
or as a result of a spontaneous or induced mutation
(which does not result in a plant being regulated under
2001/18/EG). Accordingly, even if another country delivers a different interpretation and believes that the plants
are regulated under the Directive, this will not be possible to enforce. The interpretation was therefore noted
by many scientists and regulatory bodies throughput the
world.
In April 2016, US authorities came to the same conclusion in a similar case, where a gene-edited mushroom
with no foreign DNA modiﬁed to resist browning was
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Fig. 7. CRISPR cabbage chips. Photo: Stefan Jansson.

found not to require regulation as being genetically modiﬁed (Waltz 2016). Within the EU, the Finnish competent authority stated, in response to a question from a
researcher, that their interpretation was the same as that
of Jordbruksverket, although more stringent demands
were placed on the researcher to prove that no foreign
DNA was present before planting; they had to present
data from whole-genome sequencing.
As a consequence of the Jordbruksverket decision,
gene-edited plants could be grown in Sweden in the
summer of 2016 without regulatory oversight. In a TEDx
talk in May 2016 (Jansson 2016a, Fig. 3) I showed the
audience a bag of gene-edited seeds that I was about to
sow. However, the seeds were not from Arabidopsis but
were Brassica (cabbage) seeds. They had been provided
by a colleague working with gene editing in Brassica,
who had produced a null-segregant of a line with a
deletion. When the time was appropriate, the seeds
were sown, precultivated and planted in my garden in
Bjurfors, Vindeln, ca 55 km NW of Umeå, Sweden. The
cultivation process, and its associated problems, was
documented photographically and in a diary.
A journalist, Gustaf Klarin, working at the Swedish
public service broadcasting company Sveriges Radio,
both on the gardening program ‘Odla med P1’ and on
a science program (Vetenskapsradion), had been invited
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Fig. 8. CRISPR cabbage at the restaurant Sjömagasinet in Gothenburg, Sweden, July 7 2017. (A) Menu (B) Poached cod with a terrine and foamy
bullion of suckling pig, CRISPR cabbage and a potato purée with deep fried onion and thyme. Photo: Wayne Parrott.

to document what potentially was the world’s ﬁrst meal
cooked with CRISPR-Cas9 gene-edited plants. On 16
August, the cabbage plants were harvested and cooked
(as Tagliatelle with CRISPRY fried vegetables), we ate
the dish and the procedure was recorded. The program
(Odla med P1) was broadcasted on 5 September (Klarin
2016a), and on the same day it was mentioned in Vetenskapsradion (Klarin 2016b), and the diary (in Swedish
and English), including the recipe, was published as
an entry in the ‘Researchers’ blog’ (Jansson 2016b,
Fig. 4) on the Umeå University website, together with
pictures (Fig. 5A–F). The publication attracted a lot of
attention: a list of approximately 300 links (from about
40 countries) to newspaper articles, webpages, blogs
etc. where the meal was mentioned is found as File S9,
and one example is an article in Science (Cohen 2016).
It appears that almost all of these articles are positive or
neutral; there are only a handful of negative reactions
among them. This is interesting considering the fact that
the legal status of gene-edited plants is an issue that
has evoked strong feelings and many organizations
402

have demanded that they should be covered by
GMO legislation.
It should be mentioned that the exact nature of the
modiﬁcation – i.e. which Brassica gene has been inactivated by the deletion – has not been disclosed. I have
only stated that the main phenotype resulting from the
deletion is a reduced height and other developmental effects. As the Brassica plant that was the genetic
background for the deletion experiment has not had its
genome sequenced, in reality it is impossible for someone without prior knowledge of which gene has been the
target of a deletion to ﬁnd this out (or even to discover IF
a deletion has been made).
In the following months, several other journalists
visited Bjurfors to be served the dish. In December, an
Australian TV team visited Sweden and asked for a meal
made with the cabbage but including smoked reindeer
heart. A new recipe was created and the meal was shown
in the PBS documentary ‘Mutant menu’ (PBS Digital
Studios 2017, Fig. 6A). My family had a variation of the
meal for Christmas dinner and in January 2017, a Dutch
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TV team recorded a documentary ‘Van DNA tot Z’ (From
DNA to Z) broadcast on 17 September on the Dutch
Public Service channel NPO2 (Nederlandse Publieke
Omroep 2017, Fig. 6B). A ‘CRISPR cabbage cooking
competition’ was held in Umeå in February 2017, and
the winning recipes (CRISPR cabbage chips seasoned
with sesame seeds or with chilli) were prepared in signiﬁcant quantities, packaged in bags (Fig. 7) and offered, for
example, to the public during ‘Fascination of plants day’
in Umeå on 18 May, to participants at the ‘Stockholm
FoodTech conference’ in Stockholm on 2 June and at a
display by SLU during the major Swedish politics event
‘Almedalsveckan’ on 4 July. At the NBT satellite meeting
held on 7–8 July 2017 in connection with the Society
of Experimental Biology (SEB) meeting in Gothenburg,
the main course of the conference dinner offered in the
Michelin-star restaurant ‘Sjömagasinet’ was poached
cod with a terrine and foamy bullion of suckling pig,
CRISPR cabbage and a potato purée with deep fried
onion and thyme (Fig. 8, see also Manzoor 2017).
As mentioned above, the fact that in Sweden the plants
were not regarded as falling under Directive 2001/18/EG,
but their legal status in other countries remained to be
determined, created an interesting conundrum. When
I was asked to give a presentation about the ‘CRISPR
cabbage story’ at the ChemBio meeting in Helsinki,
Finland, on 30 March 2017, the organizers consulted
the Finnish competent authority ‘Geenitekniikan lautakunta’, which said that it would not be legal to bring
in a potted plant of the cabbage, but that a piece of it, for
example the shoot, could be allowed into Finland. The
shoots of a few cabbage plants were therefore broken off
from potted plants at Umeå airport just before departure
(Fig. 9), and were exhibited during my presentation at
the meeting (with people from the competent authority
in the audience). In preparation for my presentation at
the NorPlantBio meeting in Hamar, Norway, on 21–22
June 2017, similar discussions with the organizers took
place and resulted in a recommendation not to bring any
part of the living plant to Norway. The Norwegian parliament (Stortinget) had stated, in a recently launched document (Stortinget 2017), that CRISPR-Cas9-edited plants
should not be allowed in Norway unless it could be
guaranteed that they would be traceable. The organizers did not want any edited plant (or piece of one) to
be taken to the meeting, but thought that perhaps the
‘CRISPR chips’ would be acceptable. I therefore took
onto the airplane a shoot from a CRISPR cabbage plant
(Fig. 10A), initially with the intention of eating it on the
plane at the border between Sweden and Norway. In the
end, I kept it until after landing at Gardemoen airport,
where it was ‘destroyed through eating’ in the international area before going through customs. However, a
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Fig. 9. Preparation of CRISPR cabbage plants at Umeå airport for
transportation to Finland. Photo: Liselotte Eriksson.

piece of the stem was discarded in a wastebasket at the
airport (Fig. 10B); presumably it was taken into Norway
for disposal. This was done to demonstrate that the Norwegian authorities would not be able to keep (untraceable) genome-edited plants out of the country, even if
they demanded a guarantee that they would be traceable. In January 2018, I was invited by the Ministry of
Environment and Food of Denmark to a public meeting
to lecture about this issue. In this case, the Ministry did
not want me to bring a living plant, but ‘CRISPR chips’
were OK.
I also asked the Ministry what they would do if
they regarded genome-edited plants – not carrying any
foreign DNA – as illegal imports, but I nevertheless
brought a cabbage without disclosing whether the plant
was genome-edited or just an ‘ordinary’ cabbage. I also
asked if they believed that even deliberate and overt
import of a genome-edited plant could really result in
law enforcement. A prerequisite if a prosecutor is to
open a court case is that there must be evidence that
a crime has been committed. Would a court hearing
such a case believe that there was enough evidence that
the deletion had happened through human interference
403

Fig. 10. CRISPR cabbage at Gardemoen airport, Oslo, Norway. (A) Shoot, (B) discarded piece of stem. Photos: Stefan Jansson.

(which may make the plant illegal to import), not through
a spontaneous deletion (which is legal), since the plants
could be identical? If not, the authorities will have severe
problems enforcing a law stating that genome-edited
plants would fall under Directive 2001/18/EG, particularly if in, for example, the US they would not be
regarded as GMOs and therefore not regulated. These
questions were not answered.
The activities described above pinpoint a lack of logic,
not only in the ongoing discussions in society as to
whether genome-edited plants should be regulated as
GMOs or not but indeed in the whole rationale for
handling plants completely differently depending on
whether they fall under Directive 2001/18/EG or, in
other countries, similar regulations. These discussions
are likely to go on for years to come. The case studies
of the CRISPR cabbage and non-browning mushrooms
are only the start, for many genome edited varieties of
crop plants are in the pipeline and each will doubtless
have its own story.
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