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Gene editing technologies are emerging as powerful tools for agricultural
development, spurring both hopes and concerns in society. To understand
emerging discourses and coalitions around the role of CRISPR gene editing
in food and agriculture we map the main actors and themes emerging from
English-speaking Twitter networks over the course of one year (2021).
Scientific actors are the most active and best networked in the debate. They
promote a positive image of CRISPR gene editing and actively work to
strengthen their network. A smaller but equally distinct group comprises
civil society actors, who voice skepticism towards the technology and
sometimes questions scientists’ claims, but without eliciting responses from
the scientists. We conclude that emerging discourse coalitions forming
around the topic of CRISPR in food and agriculture on Twitter are siloed,
with limited interaction between contrasting perspectives.

Keywords: genome editing; GMO; biotechnology; network analysis; social
media

1. Introduction

In 2020, Jennifer Doudna and Emmanuelle Charpentier were awarded the Nobel
Prize in Chemistry for their work, first published in 2012, demonstrating the use
of the Cas9 protein associated with Clustered Regularly Interspaced Short Palin-
dromic Repeats (henceforth CRISPR) in gene editing (Jinek et al. 2012). This
technology’s ability to edit and turn off genes has created new, potentially
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life-changing, possibilities to eradicate inheritable diseases and adapt crops to
climate change (Caplan et al. 2015; Gates 2018; Kaiser 2021; Ledford 2015).
As CRISPR technology is potentially cheaper to use and less invasive than
earlier genetic modification (GM) methods that relied on introducing foreign
DNA, there are also hopes that it will be more easily accepted by the public and
more accessible to a wider group of stakeholders (Caplan et al. 2015). Alongside
these hopes are concerns about potential environmental and health risks (Ledford
2015), ethical issues (Gyngell 2017; Ledford 2015) as well as indications that the
hopes of a more openly accessible technology will not materialize (Jasanoff,
Hurlbut, and Saha 2015; Rock et al. 2023).

In this paper, we focus specifically on the emerging public debate regarding the
use of CRISPR in food and agriculture. As of 2021, media reporting and public
debate on CRISPR have mainly concerned scientific advances, particularly in
medical applications, as well as ethical and legal issues (Calabrese et al. 2020;
Ji et al. 2022; Miller et al. 2020; Ni et al. 2022). While food and agriculture
had received limited attention, there are indications of an emerging debate on
this domain (Tabei et al. 2020; Walker and Malson 2020). Previous controversies
about GM crops (Fischer, Wennstrom, and Agren 2019) suggest that applications
of CRISPR to food and agriculture might well spur controversies and debate in the
developing public discourse.

Acknowledging that public debate will also play out on other arenas, our analy-
sis focuses on the debate emerging on the micro-blogging social media platform
Twitter (http://twitter.com). Making use of social network analysis techniques
and analyzing emerging networks and discussions through Hajer’s (1995) concep-
tualization of discourse coalitions and storylines, we examine the most circulated
tweets about CRISPR in food and agriculture over the course of one calendar year
(January—December 2021). We identify how actors build coalitions around
common interests, and how storylines about CRISPR technology begin to
emerge. The next section (1.1) summarizes some key events in the public
debate on GMOs and describes what is known about the emerging public
debate on CRISPR in food and agriculture. Section 2 describes the study
design, including the analytical framework and data collection. Section 3 outlines
key findings about the emerging actor coalitions and the topics that dominated the
debate amongst English-speaking actors on Twitter around CRISPR in food and
agriculture during 2021. In section 4 we discuss what these early findings
suggest about the emergent debate about CRISPR in food and agriculture and
outline some potential avenues for future research.

1.1. Public Debates on GMO and CRISPR

CRISPR and other gene editing technologies constitute the most prominent current
wave of technical development in the field of modern biotechnology. We can
expect that the emerging debate on CRISPR in food and agriculture will be
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shaped and influenced by earlier debates about GM organisms (GMOs). Indeed,
connections are repeatedly made in the public debate, between the previous gen-
eration of “classical” GMOs and new gene editing techniques (Greenpeace 2021;
Ribero 2020; Walker and Malson 2020).

GM technology emerged on the public radar during the 1980s, but media
reporting during this period has been described as rather limited. Early reporting
focused mainly on scientific breakthroughs, medical applications, safety, and
ethical and regulatory issues (Bauer 2002). When GM crops first appeared in
the mid-1990s the public debate intensified, particularly in Europe (Bauer
2002; Frewer, Miles, and Marsh 2002; Levidow 1999). This coincided with an
increase in negative media reporting and negative public perceptions which fol-
lowed several controversial events surrounding the technology, including the
cloning of the sheep Dolly, the import of unlabeled GM soy into the European
Union, public awareness campaigns about GM foods, and scientific reports on
unforeseen effects of genetic modification in food and agriculture (Fischer,
Wennstrom, and Agren 2019). The British outbreak of so-called Mad Cow
Disease in humans (variant Creutzfeldt Jacob’s Disease, vCJD), and the way
this outbreak was handled by public authorities, has been identified as a
game-changer in the GMO debate,' shifting British and wider European
publics to much more negative views of GMOs in food and agriculture in the
late 1990s (Stephan 2012). The presence and desirability of GMOs in food
and agriculture remain controversial today, whereas medical applications of
GM technology have gone largely unnoticed in public debate (Fischer, Wenn-
strom, and Agren 2019).

An important difference between the context of the former GMO debate and the
unfolding debate on CRISPR is in the media landscape. GM crops arrived during
the infancy of the worldwide web and before the takeoff of social media plat-
forms, so that the public debate largely unfolded via traditional media (newspa-
pers, television and radio) (Bauer 2002; Cook, Robbins, and Pieri 2006).
Today, much public debate occurs on social media platforms, such as Facebook,
Weibo and Twitter. Thus, studies of the media debate on gene editing have mainly
focused on social media (two exceptions are Dawson et al. 2022 and Stapleton
and Torres Yabar 2022). These studies indicate that the early debate has been
dominated by reporting of scientific advances and their medical applications, tech-
nical discussions about the technology itself, as well as ethical and legal issues
(Calabrese et al. 2020; Ji et al. 2022; Miiller et al. 2020; Ni et al. 2022). In
these respects, there are clear similarities with early media reporting about
GMOs in the 1980s.

A large share of the literature on media discourse about gene editing (Calabrese
et al. 2020; Ji et al. 2022; Miiller et al. 2020; Ni et al. 2022; Stapleton and Torres
Yabar 2022; Zhang, Chen, and Zhang 2021) focuses on the “CRISPR babies
experiment” (Dickenson and Darnovsky 2019), in which the Chinese scientist
Jiankui He revealed that his research laboratory had edited human genes to
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confer resistance to the human immunodeficiency virus (HIV). Jiankui He was
imprisoned amid uproar in the scientific community and heated discussions
about ethics and regulation (Dickenson and Darnovsky 2019). Studies of how
this event was reported and commented on in social media indicated that it stimu-
lated increased public debate on CRISPR (Calabrese et al. 2020; Ji et al. 2022;
Zhang, Chen, and Zhang 2021), with some studies finding indications that attitudes
became more critical towards CRISPR technology than before the event (Miiller
et al. 2020; Zhang, Chen, and Zhang 2021).

The CRISPR babies experiment was announced in 2018 and most published
studies on the media debate about CRISPR focus on a short period following
the announcement (Calabrese et al. 2020; Ji et al. 2022; Ni et al. 2022; Stapleton
and Torres Yabar 2022; Tabei et al. 2020; Zhang, Chen, and Zhang 2021). One of
few studies spanning over a somewhat longer period is by Miiller et al. (2020),
who explored all tweets in the English language that included the term CRISPR
over a period of 6.5 years starting in 2013 (January 1, 2013 to May 31, 2019).
The authors found the dominant topics to be technical discussions about gene
editing and medical applications of the technology, with tweets being predomi-
nantly positive (52.3%) or neutral (40.3%) in sentiment. However, negative senti-
ment increased after 2017, with more spikes in negative sentiment as well as more
negative sentiments overall (although tweets were more commonly positive than
negative over the whole time period).

Most studies mapping the CRISPR debate on social media focus solely on
mapping the topics discussed, and do not analyze the actors engaged in the discus-
sion. One exception is Zhang, Chen, and Zhang (2021) who mapped the debate on
the Chinese social media platform Weibo during 2018, before and after the babies
experiment. They grouped actors deductively into government, science pro-
fessionals, general journalists, and laypeople, and showed that laypeople actively
engaged in the debate during that period.

Overall, published studies of the debate show that applications of CRISPR in
food and agriculture have been present, but remain marginal (Calabrese et al.
2020; Ji et al. 2022; Miiller et al. 2020; Ni et al. 2022). Walker and Malson
(2020) focused specifically on agricultural and environmental gene editing.
They performed a frequency and thematic analysis of Facebook comments
made between 2015 and 2019 on news items posted by eleven US-based media
outlets. They showed that much of the debate concerned the science and technol-
ogy of gene editing in general, encompassing moral and religious perspectives,
hopes and risks, rather than the pros and cons of specific applications. Comments
repeatedly drew parallels between gene editing and earlier GM technologies
(Walker and Malson 2020). Our study on the emerging debate on CRISPR on
Twitter aims to contribute to the extant literature by mapping the debate in
2021, focusing specifically on the comparatively understudied topic of CRISPR
in food and agriculture.
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2. Materials and methods
2.1 Data selection

We used the Twitter API to capture all tweets in the English language (lang: en)
that mentioned CRISPR (case insensitive, including hashtagged versions) from
1 January 2021 to 31 December 2021, resulting in a corpus of 375,776 tweets
(134,993 from January to June and 240,783 from June to December). We sub-
sequently ran a JavaScript Object Notation (JSON) script (called Tweet sorter)
to separate out tweets containing food and agriculture related keywords (known
as keyterms in the Twitter Sorter). The final search was designed as follows: ((agri-
culture OR ag OR food OR crop OR plant) AND ((edit) AND (genome OR
gene))). We ran the Tweet Sorter program to separate the food and agriculture
tweets from the original dataset of 375,776 tweets, using the keyterm search.
This generated 16,792 tweets related to CRISPR in food and agriculture, including
original tweets (i.e. those with original content) as well as modified tweets, for
example retweets. Modified tweets were identified by JSON script, and
removed. This gave us a dataset with 5,374 original tweets about CRISPR in
food and agriculture. We sorted the tweets by most retweets to identify the most
retweeted accounts (referred to here as actors). If not otherwise stated, the sub-
sequent analysis focused on a set comprised of the top 50 original tweets (i.e.
the most retweeted tweets) on CRISPR in food and agriculture.

2.2. Analytical framework

We structured our analysis around Hajer’s (1995) approach to discourse analysis.
To facilitate conceptualization of how actors both use and are shaped by dis-
courses, Hajer introduced the concept of storylines. Storylines are punchlines or
condensed messages that play a crucial role in both reproducing and transforming
wider discourses. Actors who unite around the same storyline can be understood as
“discourse coalitions” (Hajer 1995, 65). In our analysis, we draw on a combination
of a network analysis (2.3) to identify actor coalitions, and a qualitative analysis of
tweets and associated media (section 2.4) to identify emerging storylines that sub-
sequently were connected with identified actor coalitions.

2.3 Network analysis

We began with categorizing all accounts behind the top 50 tweets into actor groups
(Table 1), based on information in the biography connected to the Twitter account,
or linked websites. We identified seven actor groups in the material and one group
containing “others” who did not logically fit into any larger grouping.

To identify how actors (accounts) and actor groups interacted, and how infor-
mation flowed between them, we ran a series of network analysis measures.
Two quantitative social network analysis techniques were used studying (i) the
overall structural features of the network (i.e. density, centralization); and (ii)
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Table 1. Actor categories

Category # of Actors

[e e}

Scientist

Scientific publication
NGO

Networking organization
Other

Popular news

Policy

University

Company

O Wb W~

actor-level measures detailing the positions and roles of specific actors within a
network (i.e. betweenness and community clustering) (Scott 2012). The between-
ness centrality measure is especially useful for gathering information flows and
information brokers in a Twitter network (Britt ez al. 2021; Riddell et al. 2017).
It measures the extent to which a node (in this case a top tweet by an account)
acts as a bridge-builder or broker connecting what would otherwise be discon-
nected segments of a network (Freeman 1977; Wasserman and Faust 1994).

Additionally, we ran measures to identify communities, defined as pockets of
densely connected nodes that are only sparsely connected to other pockets
(Newman and Girvan 2004). Several different network clustering (also known
as community detection) algorithms exist to create organic clusters based solely
on network ties, which help find subgroups of highly inter-connected nodes.
Different algorithms or layouts provide different insights into the network
(Hansen, Shneiderman, and Smith 2019); we used the Clauset-Newmann-Moore
algorithm (Wakita and Tsurumi 2007) with which the researcher does not pre-
determine the number of clusters, but rather lets the algorithm dynamically deter-
mine clusters (Hansen, Shneiderman, and Smith 2019). The data were organized in
the NodeXL Excel Template (https://nodexl.codeplex.com/) where the network
statistical analysis was run, and the network maps visualized.

2.4 Qualitative analysis

Tweets frequently share and comment on articles and other media produced by tra-
ditional media outlets (Marchetti and Ceccobelli 2016). Therefore, it makes sense
to also analyze these linked media sources when analyzing emerging debates.
Doing so also gives access to longer arguments, which makes it easier to
analyze the wider stories that tweets are part of and may build upon or contest.
For all the original tweets we identified any original sources that the tweet referred
to, such as news articles, press releases, academic papers, podcasts, and screen-
shots from academic presentations. Of the 50 top tweets, 49 linked to original
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sources. All tweets and original sources were uploaded to NVivo software for
qualitative analysis. Through repeated readings of original tweets and linked
text sources the first and last author identified three storylines that presented coher-
ent reasoning on certain topics with regard to CRISPR in food and agriculture. By
studying which accounts were connected to emerging storylines, we analyzed how
storylines connected with the actor coalitions identified in the network analysis
(2.3). We also studied differences in tweeting styles across coalitions.

3. Results
3.1 Twitter news cycles

Studying the whole dataset (not limited to CRISPR in food and agriculture), there
were many more tweets on CRISPR in the second half of the year (240,783 tweets
between June and December) than in the first half of the year (134,993 tweets
between January and June). Some of the top tweets in our sample were up to
two years old. The most circulated tweet was created in February 2019 but was
still being circulated in the timespan of our capture in 2021 and listed the inno-
vations to look forward to in the decade of the 2020s. A tweet from the account
@NobelPrize announcing that Jennifer Doudna and Emmanuelle Charpentier
won the 2020 Nobel Prize in Chemistry was the second most circulated tweet in
our timespan. The original tweet was posted on October 7, 2020 and was thus
already a few months old at the beginning of our data capture, January 2021.

Tweets about CRISPR in food and agriculture (including both original tweets
and modified content or retweets) only amounted to 6% of the total amount of
tweets (16,792) in the dataset. Like for the entire dataset, tweets about CRISPR
in food and agriculture also increased over the study period (5,688 tweets in the
first 6 months and 11,104 tweets in the last 6 months of the year).

3.2 Actor coalitions

We now narrow in on the top 50 original tweets about CRISPR in food and agri-
culture. The actor groups we identified as authors of the top 50 original tweets
(Table 1) are depicted by the different colors of the nodes in Figure 1 and
Figure 2. The most common actor group was Scientists (18/50), the majority
being plant scientists (15), two working on medical applications, and one
having expertise in sustainability studies (see Table 1). Interestingly, there were
no companies that tweeted in the top 50.

The network of the top 50 tweets is made up of 1,619 nodes (one tweet made by
one actor) connected by 1,863 unique (undirected) edges (Figure 1). The size of
each node in Figure 1 corresponds to more re-tweeted tweets. As seen to the
right in Figure 1, Scientists are the most present and active actor group in the
network and they are closely connected with the groups Universities and Scientific
publications, who mainly re-share the information published by scientists. In other
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Figure 1. The CRISPR agriculture Twitter network map depicting the most re-tweeted tweets
between January—December 2021. The color of the nodes represent the different actor groups
identified by the authors. The size of each node corresponds to its degree centrality

words, our results suggest that there is an emerging coalition of scientists and aca-
demic institutions, which constitutes the most active and visible coalition on
Twitter in the debate around CRISPR in food and agriculture. This conclusion is
also supported by the community-detection algorithm employed here, identifying
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Figure 2. Community clusters for the top 50 original, unique tweets. Actor groups illustrate that the
“scientist” accounts (green nodes) are both the most present and the best connected (for example see
NikoGeldner). Popular news (teel nodes) on the other hand, are not being retweeted by the top 50
accounts — at the moment it is primarily scientific information and breakthroughs that are being
circulated to and from scientists and scientific publications (dark blue nodes)
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the Scientist coalition as the group that is most active and most connected (Figure
2).

Another emerging coalition, smaller and less active than the Scientist coalition,
consists of NGOs and a membership group within the European Parliament
@GreensEFA (referred to here as the NGO coalition). As seen in Figure 2, @cor-
porateeurope, @GMwatch, @Testbiotech and @GreensEFA together formed a
distinct information-sharing cluster. Looking to the left in Figure 1, it is clear
that @USRightToKnow, the most influential NGO in the network (indicated by
the size of the circle), also interacts with this distinct cluster. The NGO coalition
has its own information-sharing dynamic, largely separate from the Scientist
coalition. Popular news media, located along the bottom of Figure 1, are weakly
connected with both of these coalitions, and are located in the periphery of the
network.

3.3 Storylines
3.3.1 CRISPR is a powerful and precise tool

Looking at the top 50 tweets, one storyline we identified concerns CRISPR as a
powerful and precise tool. The actors behind tweets in this storyline are mainly
found in the Scientist coalition, and many tweets are about ongoing experiments
and new publications.

We found that scientific findings were often framed within a wider argument
about the power and precision of CRISPR. For example, one tweet highlighted
that the application of CRISPR in apples could also be useful to modify pears,
affirming the power of CRISPR techniques to modify genomes across species:
“the CRISPR-Cas9 gene editing system has proved popular and cost efficient in
many organisms. Research published in @FrontPlantSci shows improved trans-
formation efficiency in the Gala apple cultivar and extends the methodology to
pear”.

A tweet from @plantae org, a platform hosted by the American Society of Plant
Biologists, provided a screenshot of an online summary of a peer reviewed paper
by Gaillochet, Develtere, and Jacobs (2021) entitled “Crispr Screen in Plants:
Approaches Guidelines, and Future Prospects” that commented “We don t need
to remind you of the tremendous positive impact that CRISPR-based technologies
have on the life sciences through enabling any gene to be edited precisely”.

Another tweet circulated by plantae_org highlighted a paper that described how
“recent advances in genome editing technologies, mainly the CRISPR-Cas system,
make the targeted and precise genetic manipulation of crops more feasible and
accelerate the transition toward precision breeding” (Ahmad et al. 2021, 8309).

Actors in the Scientist coalition frequently connected the precision of gene
editing with possibilities for speeding up plant breeding and achieving broad
impacts on basic science. For example, COST PlantEd, the twitter account of an
EU funded research and networking project led by the department of plant
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breeding at the Swedish University of Agricultural Sciences, tweeted “CRISPR-
Cas9 Based Genome Editing in wheat @JohnlnnesCentre @MarkSmedleyl5
@SadiyeHayta @wileyplantsci” and linked to a study which stated that “/t/he
development and application of high precision genome editing tools such as pro-
grammable nucleases are set to revolutionize crop breeding and are already
having a major impact on fundamental science” (Smedley et al. 2021, 1). As
exemplified in the quote, connections were frequently made between CRISPR
and positive values, for example, “cost effective”, “advances”, “tremendous posi-
tive impact” and “revolutionize crop breeding”.

In a similar vein, a scientist tweeted about an article titled: “Combined fluor-
escent seed selection and multiplex CRISPR/Cas9 assembly for fast generation
of multiple Arabidopsis mutants” (Ursache et al. 2021). The article called attention
to the impact “precise editing” would have, because it provides information on
“gene function, production of new plant traits and developing new plant breeding
strategies” (Ursache et al. 2021, 2).

The technological optimism of the “powerful and precise” storyline was a defin-
ing feature of the tweets in the Scientist coalition overall. The NGO coalition
however made efforts to challenge the way this storyline framed the technology.
For example, Corporate Europe Observatory, an actor in the NGO coalition, circu-
lated a report that questioned the inference of safety that some attributed to
CRISPR’s supposed precision. The report read: “[the] narrative equating pre-
cision = control = safety is not supported by the scientific evidence” (The
GREENS/EFA 2021, 1). No tweets from the Scientist coalition in the top 50
picked up on this and challenged the claim.

3.3.2  CRISPR will solve global food security and climate change

While many of the tweets circulating within the Scientist coalition were clearly
addressed towards scientifically literate readers, there were also tweets circulated
by this coalition that were more public facing, for example, sharing press releases
from universities. In these tweets and linked media, CRISPR was framed as a tech-
nology that would solve big contemporary societal issues, in particular, global
food security and climate change. As one scientist tweeted: “CRISPR will have
a critical role in addressing the climate change. I personally believe that the poten-
tial impact of CRISPR on agriculture will affect many more people in a short time
frame compared to the medicine field”.

The connection between CRISPR, climate change, and food security was also
highlighted in discussions that surrounded Wageningen University’s decision to
make their CRISPR patents publicly available. The Scientist coalition intensively
circulated this news. A press release published on Wageningen University’s
website, shared in the Scientist coalition, made explicit connections between the
decision and the possibility to reduce hunger and improve resilience to climate
change: “Two billion people face inadequate nutrition around the world in
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2020. Nearly all of them are also vulnerable to the effects of climate change”. One
scientist posted: “Free IP licenses to use @WUR CRISPR gene editing technology
will be provided for non-profit crop-improvement applications. This is a great step
towards changing the CRISPR IP landscape, leading to benefit for farmers and
consumers in low-income countries.” Another scientist wrote: “License CRISPR
patents for free to share gene editing globally: the follow-up in a @nature editorial
of our announcement @wur last week that we will provide licenses for free for
non-profit purposes in food security” A linked online news piece claimed that
the decision would advance the global transformation to a sustainable food
system: “CRISPR technology and other biosciences could accelerate a shift into
more sustainable, affordable and resilient food systems that could drastically
reduce hunger and malnutrition” (Noltemeyer 2021).

Yet another example of the circulation of this storyline is a journal publication
from Theoretical and Applied Genetics entitled “Hotter, drier, CRISPR: the latest
edit on climate change” (Massel et al. 2021, 1691). The article was widely circu-
lated in the Scientist coalition. University of Queensland News (UQ_ News)
tweeted “Hotter, drier, CRISPR: editing for climate change. #UQResearch on
gene editing technology for future crops from @QAAFI” and shared the article.
One of the authors to the article tweeted “Conceptual model of a futuristic breed-
ing program that integrates lab-free genome editing, speed breeding & genomic
selection to fast-track climate resilient inbred crops” and linked to a press
release from University of Queensland where the lead author, Massel, was inter-
viewed about the publication. In the interview Massel described how

[i]t’s a race between a changing climate and plant breeders’ ability to produce crops
with genetic resilience that grow well in adverse conditions and have enriched nutri-
tional qualities. [...] The problem is that it takes too long for breeders to detect and
make that genetic diversity available to farmers, with a breeding cycle averaging
about 15 years for cereal crops.

Although consensus within the Scientist coalition on this storyline was strong, it
received some pushback from the NGO coalition. This constituted a rare
example of where some contestation occurred, although critiques remained iso-
lated to the NGO coalition. One example of this contestation was how GreensEFA,
a policy group connected with the NGO coalition, shared a report widely circu-
lated in the NGO coalition (see also 3.3.1), which voiced a strong critique of
the way the European Academies Science and Advisory Council “ignores the
growing recognition among experts that the root causes of hunger are related to
social and economic issues (conflict, poverty, exclusion, etc.) more than to crop
yield” and emphasized that “There is no record of GMO interventions increasing
crop yields as such, or indeed reducing hunger” (The GREENS/EFA 2021, 2).
Notably, this kind of opposition to the storyline of how CRISPR will solve food
security and climate change did not attract any attention from the Scientist
coalition.
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3.3.3 Tomatoes pave the way

In October 2021, the GABA tomato released onto the Japanese market, was the
first CRISPR food product to go on sale anywhere in the world. The tomato, devel-
oped by Sanatech Seed, was biofortified using CRISPR to express higher than
usual amounts of Gamma Aminobutyric Acid (GABA), a neurotransmitter that
is said to have relaxing effects and is aimed at lowering blood pressure. The
news value attracted to this novel food product seems to have driven many
tweets into the top 50.

A typical example is a tweet by Nature Biotech, which stated: “GABA-enriched
tomato is first CRISPR-edited food to enter market”. Within the linked media,
hopes were evident that the GABA tomato foreshadowed greater acceptance of
CRISPR technology in the global food system. The tomato was framed as a
vehicle that would promote broader public acceptance and eventually lead to
deregulation. An article in Nature Biotechnology highlighted that the GABA
tomato was “a smart marketing strategy for genome-edited fruit and vegetables,
especially those with boutique traits” (Waltz 2022, 10). Another article pointed
out that the GABA tomato might soon be available elsewhere as regulations on
CRISPR-edited foods are changing: “Sanatech Seed has previously said it is
‘keeping a close eye’ on regulations in the UK’ (Le Page 2021, 2). A podcast
run by the NewScientist also highlighted the new technology. A tweet, linking
to the podcast, read: “4 ‘super tomato’ has been created by a startup in Japan.
@rowhoop and @PennySarchet explain why CRISPR is less controversial than
past methods of gene-editing”.

Again, the argument that CRISPR is less controversial than other methods of
gene editing and previous types of GMOs is validated within the Scientist
coalition, but not within the NGO coalition. This leads us towards our next
insight, regarding the limited extent of debate between actors in different discourse
coalitions. In particular, the Scientist coalition seems to have been reluctant to
engage in debating alternative and critical perspectives.

3.3.4 Siloed discourses reveal limited debate between perspectives

The Scientist coalition and the NGO coalition voice clearly different sentiments on
CRISPR in food and agriculture. In the preceding sub-sections of this paper, we
have noted that actors within the NGO coalition challenged the Scientist
coalition’s storylines of the technology. Despite this, our analysis did not
capture any explicit conflicts between coalitions. In fact, tweets within the top
50 did not appear to cross coalitions. While NGOs made efforts to oppose positive
framings of CRISPR technology advanced by the Scientist coalition, their cri-
tiques were left uncommented upon by scientists. Overall, our analysis of the
top 50 tweets suggests that participants belonging to the Scientist coalition
focused mainly on building their own coalition and supporting one another, and
ignored rather than engaged with challenges to their preferred storylines about
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CRISPR in food and agriculture. When we look at the wider dataset, not only the
top 50 tweets, open contestation is still limited. The use of scientific jargon in the
Scientist coalition as well as the fact that the most commonly shared media form
by actors in the Scientist coalition were academic journal articles, gives further
support to the conclusion that the actors in the Scientist coalition were mainly
focused on talking with each other. In the next sub-section, we dig deeper into
this phenomenon by looking at contrasting tweeting styles.

3.3.5 Different actor groups employ different tweeting styles

A major feature of discussions on Twitter about CRISPR is the way certain actors
use hashtags and “at” symbols. Scientists commonly used “at” symbols to tag col-
laborators and publications. One example of this use of the “at” symbol is the
COST PlantEd tweet mentioned in section 3.3.1: “CRISPR-Cas9 Based Genome
Editing in Wheat @JohninnesCentre @MarkSmedleyl5 @SadiyeHayta @wiley-
plantsci”. All tagged actors in this tweet are scientists, research centers or scientific
journals. This practice of tagging collaborators serves to further strengthen the
Scientist coalition.

The Scientist coalition overall employed the “at” symbol far more than any
hashtag. This structure differed from how the NGO coalition constructed tweets.
NGOs frequently used hashtags, but rarely tagged other actors using the “at”
symbol. The hashtags #newGMO and #GMO were used particularly frequently,
indicating strong efforts to connect newer gene editing technologies with
longer-established GMO technologies. For example, one tweet from an NGO
read: “For a tech that'’s being sold by the seed giants as #nonGMQO, it'’s hard to
see any difference from their old #GMO playbook. #CRISPR #BigFood”. Like
most tweets in the NGO coalition, and in contrast to the Scientist coalition, the
tweet did not employ the “at” symbol to identify who #BigFood represents. In
fact, the NGO coalition rarely highlighted the actors involved in the issues they
were tweeting about. This strategy might serve to avoid direct confrontation
with those critiqued which avoids acts to challenge the storyline. However, not tar-
geting particular actors also has the effect of generalizing critique (Mahé 2019;
Rundblad 2007).

4. Discussion and conclusions

Previous studies on CRISPR reporting in social media have shown that scientific
advances and general discussions about the technology’s capability persist over
time as the dominant themes (Calabrese et al. 2020; Ji et al. 2022; Miiller et al.
2020; Ni et al. 2022). Our study confirms that this continued to be the case in
2021. Both in the whole dataset capturing all tweets on CRISPR (375,776
tweets), and in the dataset focused on CRISPR in food and agriculture (16,792
tweets) the dominant focus was reporting on scientific advances. Our study also
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shows that agricultural topics are only mentioned in a minority of tweets about
CRISPR, only 6% of all tweets about CRISPR related to food and agriculture.
Another finding is that Twitter debates are not necessarily so short-lived as pre-
viously indicated (Vosoughi, Roy, and Aral 2018). A handful of tweets in the
top 50 continued to circulate for up to two years following the original posts, indi-
cating a similarity between how news circulates on social media with how it cir-
culates in traditional news media (Cook, Robbins, and Pieri 2006; Fischer and
Hess 2022).

At the same time, our study shows that the CRISPR babies experiment from
2018 did not dominate Twitter discussions in 2021, suggesting that it had not
had any obvious long-term effect on the debate that was visible at the time we col-
lected our data. The leading theme of the debate — relating to both CRISPR in
general and with regard to CRISPR in food and agriculture — continues to be
characterized by rather positive or neutral reports about scientific and technical
developments, which suggests to us that the CRISPR babies experiment has not
been the game-changer that studies reporting on trends from 2018 to 2019
assumed (Calabrese et al. 2020; Ji et al. 2022; Ni et al. 2022; Stapleton and
Torres Yabar 2022; Tabei et al. 2020; Zhang, Chen, and Zhang 2021). At the
time of writing, we do not perceive strong indications that this situation has
changed since 2021.

Most previously published work has focused on mapping dominant debates
around CRISPR, without attending to the roles of different actors involved in
those debates (Calabrese et al. 2020; Ji et al. 2022; Miiller et al. 2020; Ni et al.
2022; Walker and Malson 2020). Our network analysis of the actors posting
about CRISPR in food and agriculture on Twitter reveals that clusters of actor
coalitions had emerged and coalesced around shared interests, which framed
hopes and concerns about CRISPR in similar ways. Scientists (notably molecular
biologists and other lab-based researchers) and scientific institutions formed the
largest and most tightly networked coalition. This Scientist coalition was strength-
ened as scientists supported one another by retweeting each other’s articles and
tagging one another in tweets. The coalition coalesced around storylines of tech-
nical novelty and technological progress. The Scientist coalition was also success-
ful in gaining traction for these storylines. Our analysis did not identify any
dominant storylines about CRISPR in food and agriculture which united more
critical perspectives to the technology. Challenges to the dominant storylines on
Twitter have not been taken up by the Scientist coalition.

The other emerging coalition was dominated by civil society actors, who united
around negative sentiments towards CRISPR technology. Our quantitative and
qualitative data lends support to a previous study by Helliwell et al. (2017,
2091 ), who applied frame analysis to focus group data and showed that NGOs
“expressed an alternative framing of agricultural biotechnology that was sceptical
of the dominant problem and solution framing” and articulated their own “motiv-
ations for rejecting agricultural biotechnologies”. Within the NGO coalition,
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discursive connections were made between older GMOs and newer CRISPR-
derived organisms (a finding supported by other studies, e.g. Walker and
Malson 2020), and stories of scientific advances and progress were questioned —
but while civil society actors referred to scientific publications, news and
events, they avoided direct confrontation with actors in the Scientist coalition.
Simultaneously, scientists did not make any explicit efforts to counter claims
made by the NGO coalition. Overall, findings from the network analysis and dis-
course analysis both give support to the conclusion that conversations about
CRISPR occurred within their respective coalitions with limited evidence of
wider impacts across coalitions and that efforts to spread more critical perspectives
as of yet have had limited success.

Interestingly, the scientist and NGO coalitions identified in our study appear to
be largely the same groups that have been previously identified as key adversaries
in debates about an earlier generation of GMOs (Agre et al. 2016; Tosun and
Schaub 2017). Their rival discourses demonstrate the persistence of divergent per-
spectives in the agricultural biotechnology sphere (Berkhout 2002; Macnaghten
and Habets 2020). The fact that scientists and academic institutions dominated
English-language Twitter postings in 2021, and that open debate between contrast-
ing perspectives is limited, is reminiscent of early debates about GMOs in the
1970s and 1980s, which were similarly dominated by scientists’ perspectives,
and chiefly concerned medical applications (Bud 1993).

Private-sector entities became prominently involved in shaping public debates
about GMOs during the 1990s (Glover 2010). At present, the private sector is con-
spicuously absent from the Twitter debate about CRISPR in food and agriculture,
at least up front. Why is this? Negative experiences of their previous engagements
in contentious public debates about GMOs in food and agriculture may well have
led private-sector organizations to avoid engaging directly and openly in debates
about gene editing. This does not necessarily mean that the private sector is not
engaged in the background of these debates. Providing support to allies, who
have independent standing in public debates, is a well-established public relations
strategy employed by the biotechnology industry. For instance, corporate influence
on GMO debates was exposed in 2015, when The New York Times revealed that
Monsanto had funded third-party scientists to act as spokespeople on behalf of GM
technologies, and to publish material ghost-written by Monsanto staff (Lipton
2015). A more recent similar example of a biotech company pushing its agenda
through the publications of seemingly independent scientists is outlined in detail
by Glenna and Bruce (2021). Thus, the fact that our study did not identify
actors from the private sector in any of the dominant coalitions, does not mean
that they are not influencing the emerging coalitions and storylines that we see
in our data. Further research and other forms of data and methods would be
needed to answer the question about if and how the private sector is currently
engaged in the debate on CRISPR in food and agriculture.
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Several studies have shown that social media is serving as an increasingly
important medium for science communication (Anderson et al. 2021: Ji et al.
2022; Wang and Guo 2018). This study has provided some early findings about
how stakeholders attempted to shape debates on Twitter about CRISPR in food
and agriculture. The view presented here is essentially a snapshot of the debate
amongst English-speaking actors in 2021 on one social media platform
(Twitter). Bearing in mind that the role of Twitter as a platform for public
debate is not static, and that the platform is only one of many where public
debate on CRISPR occurs, our study still indicates some interesting trends in
emerging public discourse which will be valuable to continue exploring in
future research moving beyond Twitter. Three key conclusions are that (1) the
respective coalitions in support of and critical of CRISPR are largely similar to
those that previously supported and criticized the previous generation of GMOs;
(2) scientists currently have most influence over how the role of CRISPR in
food and agriculture is portrayed on Twitter, and (3) there is as of yet there is
limited interaction between actors with contrasting perspectives and as a result
limited debate.

Note
1. Note that the disease outbreak technically was unrelated to GMOs.
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