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When algorithms decide on the genetic
modification of living organisms
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For many years now, multinationals have been collecting an increasing amount of genetic, proteic
sequences and epigenetic informations. They are reducing living organisms to data compiled in
digital databases. Using "artificial intelligence" algorithms, they claim to have the tools to determine
which genetic modifications will produce a given new characteristic. In a society where genetic
modification techniques and patents are intimately linked, these algorithms will above all accelerate

the claim to own living organisms.

In the field of genetic technologies, the digitisation of living beings and the computer processing of
the data derived from them are growing rapidly. Using sequences of genomes present in
biodiversity, the owners of "artificial intelligence" algorithms now claim to be able to predict the
genetic modifications required for new characteristics.

A still partial reading of a large number of genomes
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In 2023, an article reported how researchers at the Wellcome Sanger Institute (UK) had fed
algorithms factories to make them predict "the best fix for a given genetic flaw".. The researchers
established 3,064 DNA sequences of variable length to be inserted into a genome. After
implementing a method for inserting each of these sequences, they sequenced the modified
genome obtained to see whether the genetic modification had been carried out correctly. Using
their results, they fed an algorithm used in ‘machine learning' so that it could "detect patterns that
determine insertion success, such as length and the type of DNA repair involved".

Others go further in their ambitions for such algorithms. In 2024, Science published an articlell
reporting on the work of US researchers to develop an algorithmic model of "artificial intelligence"
(Al). According to the article, this algorithm can "interpret and generate large-scale genomic
sequences". Called Evo, it is capable of analysing "millions of microbial genomes" and then "
generate realistic genome-length sequences"”. Without any modesty, the authors explain that the
Evo algorithm "has developed a comprehensive understanding of life’s complex genetic code, from
individual DNA bases to entire genomes". According to the researchers, Evo is therefore capable of
predicting how small changes in DNA could modify the characteristics of organisms, just as it can "
generate realistic genome-length sequences, and design new biological systems", if a biological
system is defined solely by its genetic sequences.

According to a report by the German association Save Our Seeds, published in January 2025,
this dynamic of feeding algorithms with genetic sequence information is shared by several
companies. Among the given examples is the algorithmic model developed by the company Inari,
called FloraBERT. According to the report, the algorithm was fed with the regulatory sequences of
93 plant species and 25 different maize varieties. The expected use of this algorithm is that it will
be able to predict how genetic modifications to regulatory sequences in the maize genome may
alter the characteristics of this plant. A partnership between Google and Instadeep has also
resulted in an algorithm, AgroNT (for Agronomic Nucleotide Transformer), finalised at the end of
2023. Fed with genetic sequences from 48 plant species, the algorithm is said to have been used
to simulate more than 10 million mutations in cassava, with a prediction of changes in
characteristics.

Combining genetic modifications and algorithms

The use of algorithms by researchers aims to establish which genetic modifications in which
sequences would be the most effective in obtaining a given characteristic. This combination is the
result of the work described above, namely the analysis by these algorithms of a growing number
of genomes. But, as the Save Our Seeds report¥ points out, such work is still in its infancy, having
been carried out after 2022.

To date, the genetic modifications envisaged with the use of algorithms mainly concern so-called
regulatory sequences. These sequences regulate the expression of other genetic sequences
according to internal or external signals received. Genetically modifying these regulatory
seguences can be aimed at turning off the expression of a sequence rather than removing it. Other
work using algorithms aims not to switch off the expression of a genetic sequence, but to modulate
its level of expression. The ICREPCP algorithm from Huazhong University (China) is being used to
identify promising sequences and suggest the most 'promising' genetic modificationsY. Other
sequences are also targeted: those of the small RNAs used in Crispr complexes.

“Artificial intelligence" algorithms are also being used to predict genetic modifications that could
potentially alter protein structures. Work on genetic modifications to increase tomato resistance to
the fungus Phytophthora infestans has been identified. This research was carried out using the



AlphaFold algorithm, which led to the targeting of two building blocks of a protein to be modified in
the hope of increasing resistance. Other researchers have used the same algorithm to increase the
viscosity of potatoes. For maize, the aim is to modify the architecture of the plants so that they can
be grown more densely in the fields. In the case of wheat, proteins are targeted to make wheat
more easily 'workable' in the food industry...

Algorithms to replace laboratory assistants

Rather than remain confined to the role of work tools, some people are working to ensure that Al
algorithms become laboratory assistants. At the end of 2024Y!, a press article reported how Google
DeepMind and BioNTech were working on developing automated systems to help choose the
scientific experiments to be carried out, from their protocols to the collection and analysis of results.
For Karim Beguir, CEO of BioNTech, such assistants would be "productivity accelerator" for
researchers.

As we have already seen, assistant projects are being developed to analyse genetic sequences or
predict the structure of proteins. Others could also be used to "design, plan, and execute complex
chemistry experiments". Anthropic's Claude 3.5 could even be used further upstream, this time to
generate ideas for experiments. As the author of the 2024 articleY! points out, this use has yet to
be tested against the actual usefulness of such experimental proposals.

Multinationals in the front row

Bayer, BASF, Syngenta, Corteva... these multinational seed companies are already using their
algorithms to genetically modify plants. Save Our SeedsY!!! points out that these companies have
been collecting vast quantities of genetic and protein data for several years, precisely to feed their
algorithms.

Corteva, for example, has developed its own algorithm using Google's BigBird software. To obtain
predictions of genetic modifications, in this case mutations, to be carried out in regulatory
sequences, Corteva has provided its algorithm with sequence information from 14 plant species,
including barley, rice, wheat, maize, canola (a rapeseed) and soya. Corteva is also working with
Tropic Bioscience in the hope of being able to carry out genetic modifications to resist disease.

For its part, like BASF, Bayer is working with Evogene and its algorithm to define the genetic
modifications needed to obtain disease resistance in various plants. Save Our Seeds adds that it
has also invested in two companies that use algorithms and the Crispr/Cas genetic modification
tool, Ukko and Amfora.

Finally, Syngenta has developed its own algorithm, AgroNT, which we have already mentioned, in
conjunction with InstaDeep and Google. With this tool, the company is now seeking to establish
genetic modifications to be carried out in maize and soya.

The algorithms used predict genetic modifications solely on the basis of knowledge of genetic
sequences, without taking into account the cellular context within the organism, or the diversity of
environments in which the organism is disseminated. This approach is reductive, to say the least,
and the reliability of its results depends on the data it is proposed to process, which in no way
constitutes all the data concerning living organisms. This data is going to be produced at an ever-
increasing rate, and is taking precedence over data derived from direct observation of living
organisms, which necessarily takes place over a slower but more collaborative period...
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