Executive Summary

CRISPR and related tools can be used to build various forms of biological containment into crop
genomes (e.g., male sterility, seed sterility, chloroplast-localized traits). These approaches can
substantially reduce gene flow via pollen or seed, but none provide a perfect, zero-leak “fence” in real
landscapes, and some of the most-discussed systems (e.g., classic “terminator” GURTSs) have never been
commercialized due to strong political and regulatory opposition. There is also no public evidence that
Mars has committed to, or described in detail, such containment strategies for CRISPR-edited cacao. So
the text’s prescriptive idea (“require gene edits to be incapable of spreading”) is technologically plausible
in principle but overstates current capabilities and ignores major practical and governance constraints.

Overall credibility of the specific claim (“CRISPR can build an internal fence that prevents wild
pollination, and Mars has not used it”): ~78/100.

Detailed Findings (per claim)

I'll extract and analyze the verifiable factual claims embedded in your quoted paragraph.

Claim1

“CRISPR technology can, in principle, be used to make gene-edited plants incapable of spreading via
natural pollination (‘build the fence into the seed’).”

Verification Status: Partially True
Confidence: High

Supporting Evidence:

There is a large literature on biological confinement / biocontainment of transgenes and edited traits in
plants. Technologies include:

1. Male sterility or pollen sterility
* Plants can be engineered (using transgenes or potentially genome editing) to produce
non-viable pollen or greatly reduced pollen, thereby lowering or nearly eliminating gene
flow via pollen. This has been explored for both hybrid seed production and
biocontainment.



* Reviews such as the National Academies report Biological Confinement of Genetically
Engineered Organisms summarize these strategies, including pollen sterility and seed
sterility as containment tools. https://www.nationalacademies.org/publications/10880

2. Seed sterility / Genetic Use Restriction Technologies (GURTSs, “terminator technology”)

* Variety-specific and trait-specific GURTs were explicitly developed to make
second-generation seed non-viable (V-GURTS) or to restrict function of a trait unless a
chemical activator is applied (T-GURTS).
https://en.wikipedia.org/wiki/Genetic use restriction technology

* Adetailed review in Plant Biotechnology Journal describes these technologies and
emphasizes their potential both for IP protection and for bio-confinement of traits.
https://onlinelibrary.wiley.com/doi/10.1111/pbi.12242

* These concepts are usually framed around transgenes, but the mechanistic principle —
engineering developmental failure in pollen/embryo or conditional activation — could in
theory be implemented with CRISPR-based edits instead of transgenic cassettes.

3. Cytoplasmic/chloroplast transformation

* Putting traits in chloroplast genomes (in species where chloroplasts are maternally
inherited) can strongly reduce pollen-mediated gene flow, because chloroplast DNA
typically is not transmitted via pollen. This is used as a confinement strategy in some crops
and is discussed in confinement reviews.
https.//link.springer.com/article/10.1007/BF00360874

4. Stacked systems and engineered dependency

* Synthetic biology work (in microbes and some plant models) has produced “genetic
firewalls” and dependencies where organisms need an external signal, metabolite, or
synthetic amino acid to survive or express a trait. National Academies and
bioconfinement reviews note that such approaches are being explored as conceptual
blueprints for plants. https://www.nationalacademies.org/publications/10880

In all of these cases, genome editing (CRISPR, TALENS, etc.) is a tool for introducing the necessary
genetic changes. So the idea that “you could build some containment into the genome” is technically
sound as a research direction.

Contradictory / Limiting Evidence:

Reviews and the National Academies report stress that no biocontainment strategy is perfect;
they reduce risk, they do not abolish it.
Many GURT-style technologies have never reached commercial deployment, in part because:
* Thereis an effective de facto moratorium on “terminator” seeds under the Convention on
Biological Diversity. https://en.wikipedia.org/wiki/Genetic use restriction technology
» Several countries (e.g., India, Brazil) have passed laws explicitly prohibiting GURTSs.
https://en.wikipedia.org/wiki/Genetic use restriction technology
Most practical gene-flow studies indicate that, even with measures like chloroplast localization or
male sterility, low-level escape still occurs via rare events (e.g., incomplete sterility, maternal
seed flow, volunteers).




Assessment:

» ltistruein principle that you can engineer traits to sharply reduce their ability to spread via
pollen or seed, and CRISPR makes it easier to do so without transgenes.

» However, the notion of an absolute “fence” that prevents spread entirely is not supported by
current evidence. At best, we can design strongly reduced-risk systems, not mathematically
zero-risk systems, especially for a long-lived, cross-pollinating perennial like cacao.

Claim 2

“Require [any patented gene edit] to be incapable of spreading by natural pollination... Build the fence
into the seed or don’t plant it”’

This is normative, but it rests on two testable factual premises:

1. That such complete containment is technically feasible at scale in tree crops like cacao.
2. That you can “build the fence into the seed” in a way that keeps the trait useful and the plant
agronomically viable.

Verification Status (technical feasibility as stated): Partially True / Overstated
Confidence: Medium

Supporting Evidence:

* The GURT and confinement literature supports conceptual feasibility of:
* Pollen- or seed-sterility traits.
+ Conditional trait expression (chemical “on” switches).
¢ Cytoplasmicinheritance strategies.

* Confinement reviews (e.g., Lombardo 2014; National Academies 2004) explicitly discuss
bio-confinement as a realistic, though imperfect, tool for reducing gene flow, particularly for
pharmaceutical crops or traits with high environmental concern.
https://onlinelibrary.wiley.com/doi/10.1111/pbi.12242
https://www.nationalacademies.org/publications/10880

Contradictory / Limiting Evidence:

» For aperennial, insect-pollinated tree like cacao:
* Implementing male sterility could severely impact fruit set and yield, since cacao already
has notoriously low pollination efficiency and depends on cross-pollination.



» Seed sterility (V-GURTs) would, by design, make farm-saved seed impossible and would
raise exactly the farmer-rights and equity concerns that have made GURTSs politically
toxic.

* Chloroplast localization or similar strategies would need to be adapted to cacao’s specific
cytoplasmic inheritance patterns; that’s non-trivial and has not been demonstrated for
CRISPR-edited cacao to date.

* No current literature describes a deployed, field-tested, fully self-containing CRISPR-edited
tree crop that has zero risk of pollen-mediated gene transfer.

Assessment:

» Asapolicy demand (“we should require high-confinement designs where feasible”), the idea is
coherent.
» As afactual assertion that we can simply “require” every patented edit in cacao to be incapable of
spreading via natural pollination, it is overstated:
* Some forms of confinement are technically plausible but would break the agronomy of
cacao as we know it.
« Othersremain largely conceptual or are blocked by treaties and national laws.
¢ None are perfect in real landscapes.

Claim 3

“Across eight years of development, | can’t find a single published statement about how Mars plans to
keep their genetic modification from spreading to the next generation of cacao seedlings everywhere.”

Two parts are checkable:

1. That Mars has been working on cacao genetic improvement (including CRISPR) for about ~8
years.
2. That there are no public statements detailing their gene-flow containment strategy.

Verification Status:

* Mars-cacao-CRISPR development timeline: Likely True, but not precisely pinned.
» Lack of public containment statements: Plausible, but strictly Unverified (absence-of-evidence
problem).

Confidence: Medium

Supporting Evidence:



» Mars has along history in cacao genetics (genome sequencing, breeding, sustainable sourcing).
CRISPR-related press materials are more recent:

« UC Berkeley/Innovative Genomics Institute and Mars collaboration on CRISPR cacao was
publicized around 2017-2018.

* In 2025, Mars announced a licensing deal with Pairwise to use the Fulcrum CRISPR
platform for cacao trait development. https://www.pairwise.com/insights/mars-and-
pairwise-collaborate-to-accelerate-cacao-research-and-developmentA development
window of “around eight years” for CRISPR/cacao work is thus reasonable.

* Public copy from Mars and Pairwise about the cacao CRISPR collaboration focuses on yield,
resilience, disease resistance, and supply-chain security. In what | can access, there’s no explicit
discussion of:

» Male sterility, GURTSs, pollen-containment designs, or other specific containment
strategies.

¢ Regulatory submissions that would typically detail confinement, if any, are not public at
this stage.

Contradictory Evidence:

* Not seeing a public statement is not proof that:
¢ Nointernal strategy exists, or
* No future regulatory documents contain detailed gene-flow risk assessments or proposed
mitigation.

Assessment:

)

» ltisfair, as a personal research report, to say “I haven’t found any public statements” about Mars
containment plans for CRISPR cacao.

* |t would be too strong to claim as a factual statement that “no such plans exist” or that they have
definitively “not used any containment technology.” We simply lack visibility into R&D-stage
details and regulatory dossiers.

Source Bibliography and Credibility Ratings

(Scale 1-5, higher = stronger for this topic.)

1. National Academies of Sciences - Biological Confinement of Genetically Engineered
Organisms (2004)
« Type: Consensus report by a distinguished scientific panel.
* Methodology: Extensive literature review, expert assessment of confinement strategies
across taxa.
* Relevance: Directly addresses bioconfinement, GURTs, male sterility, chloroplast
strategies, realistic vs theoretical containment.



* Rating: 5/5 https://www.nationalacademies.org/publications/10880
2. Lombardo, “Genetic use restriction technologies: a review” - Plant Biotechnology Journal
(2014)

¢ Peer-reviewed; journal has a strong impact factor in plant biotechnology.

* Provides detailed technical and policy analysis of V-GURTs, T-GURTSs, bio-confinement,
and associated risks/benefits.

* Rating: 5/5 https://onlinelibrary.wiley.com/doi/10.1111/pbi.12242

3. Van Acker et al., “The potential benefits, risks and costs of genetic use restriction technologies’
- Canadian Journal of Plant Science (2007)

* Peer-reviewed, established agronomy journal.

* Explores economic and ecological implications of GURTSs, including their use for
bio-confinement.

* Rating: 4.5/5 https://en.wikipedia.org/wiki/Genetic use restriction technology

4. National Academies and related confinement literature (Springer review: “Transgenic plants:
performance, release and containment”)

* Peer-reviewed chapter/article on release and containment of transgenic plants, including
male sterility, apomixis, cytoplasmic inheritance as tools.
https://link.springer.com/article/10.1007/BF00360874

» Rating:4.5/5

5. Penn State CRISPR cacao disease-resistance work - Plant Biotechnology Journal (2025) as
summarized by Penn State News

* Peer-reviewed article (Plant Biotechnology Journal) shows transgene-free CRISPR edits
in cacao and USDA's conclusion that such edits without foreign DNA are not subject to
certain GMO regulations. https://www.psu.edu/news/research/story/gene-editing-
traditional-crossbreeding-produce-disease-resistant-cacao-plants

*  While not about containment per se, it documents current state-of-the-art for edited
cacao.

+ Rating:4.5/5

6. Mars-Pairwise CRISPR cacao collaboration - Pairwise press release (2025)

e Company PR, but authoritative for the existence and scope of collaboration.
https://www.pairwise.com/insights/mars-and-pairwise-collaborate-to-accelerate-cacao-
research-and-development

« Rating: 3/5

7. Wikipedia - “Genetic use restriction technology”

« Secondary source, but extensively cited with peer-reviewed and institutional references.

* Good for high-level description and regulatory context (CBD moratorium, national bans).
https://en.wikipedia.org/wiki/Genetic use restriction technology

» Rating: 3.5/5

)

Final Assessment and Credibility Score



On the narrow question you asked—can CRISPR build safeguards into edited plant genomes to prevent
“wild” pollination, and has Mars publicly described such safeguards for cacao?—the picture is:

» Technological feasibility:

» The toolbox for genetic biocontainment (male sterility, seed sterility, chloroplast
localization, inducible traits) is real and reasonably well studied.

* CRISPR can, in principle, make such systems cleaner and more precise, without foreign
DNA, as seen in the emerging cacao disease-resistance edits.
https://www.psu.edu/news/research/story/gene-editing-traditional-crossbreeding-
produce-disease-resistant-cacao-plants

» But large-scale, fully reliable containment in a perennial, cross-pollinated tree is not yet
demonstrated; at best, we can greatly reduce gene flow, not guarantee its absence.

* Policy feasibility:

« Many strong containment tools (GURTSs) are effectively politically frozen by CBD
moratoria and national bans.

* Demanding that every patented edit be non-spreadable via pollination would, in practice,
force reliance on exactly those controversial tools and/or severely constrain agronomy.

e Mars’s public posture:

* Public materials about Mars’s CRISPR cacao work (via Berkeley/IGl or Pairwise)
emphasize resilience and sustainability; | see no explicit public discussion of engineered
pollen/seed containment.

» That is consistent with your statement that you haven’t found such a statement, but it
does not prove there is no internal plan.

Given all that, I'd assign a credibility score of 78/100 to the text’s underlying factual core:

» Strong: The notion that genome editing could, in principle, be used to add containment features
to crops.

» Weaker / overstated: The implication that we can straightforwardly “require” fully
non-pollinating, non-spreading cacao edits today without breaking agronomy or running into
international moratoria and national bans.

» Unverifiable as phrased: The categorical suggestion that Mars has “not used any” containment
tools; we can only say the topic doesn’t appear in public-facing materials, which is common for
work at this stage.

Recommendations for Further Verification

If you want to dig deeper or write on this rigorously:

1. Read the National Academies report Biological Confinement of Genetically Engineered Organisms
for a systematic survey of confinement strategies, their leakage rates, and practical constraints.
https://www.nationalacademies.org/publications/10880

2. Use scholarly databases (Web of Science / Google Scholar) to search for:




» “gene use restriction technologies bioconfinement cocoa”
* “male sterility transgene containment tree crops”
» ‘“chloroplast transgenic inheritance confinement cacao”You'll get a sense of how much is
still conceptual vs field-tested.
3. Track regulatory filings if and when Mars or others move CRISPR-edited cacao into regulated
field trials:
¢ Inthe US, USDA APHIS petitions and risk assessments.
* In Ghana/Céte d’'lvoire, biosafety committee documents if they become public.

That’s where you'd expect any concrete gene-flow containment plan to be spelled out in detail, if one
exists.



