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Golden Rice and the GM Crop Controversy
Production and Utility of Golden Rice  |  Controversies over Genetically Modified Crops

A genetically modified (GM) or transgenic crop is one whose genome has been altered by genetic

engineering to introduce a trait not present (or not expressed strongly enough) in the original plant -

pest resistance, herbicide tolerance, or, in the case discussed here, improved nutrient content

(biofortification). Golden Rice is rice genetically engineered to accumulate beta-carotene (provitamin

A) in the grain endosperm, developed to address vitamin A deficiency (VAD) in populations that rely on

rice as a dietary staple. VAD is a recognised public-health problem in much of Asia and Africa: it is a

leading cause of preventable childhood blindness and increases the severity of, and mortality from,

common childhood infections such as measles and diarrhoeal disease. Ordinary polished rice

endosperm contains essentially no beta-carotene, because the metabolic pathway that makes it is

switched off at that stage of grain development - which is precisely the gap Golden Rice was

engineered to close. Golden Rice is also one of the most closely-watched case studies in the wider,

ongoing controversy over GM crops, discussed in Section 3.

1.  Production of Golden Rice

1.1  The engineering strategy

Rice endosperm already makes geranylgeranyl diphosphate (GGPP), an early precursor common to

many carotenoids, but lacks the downstream enzymes needed to convert GGPP into beta-carotene.

Golden Rice supplies the two missing steps by introducing two new genes into the rice genome, while

relying on an enzyme rice already possesses for the final step:

• psy (phytoene synthase) - converts GGPP to phytoene; the version originally used came from
daffodil (Narcissus pseudonarcissus).

• crtI (carotene desaturase) - a bacterial enzyme from the soil bacterium Erwinia uredovora that
converts phytoene all the way to lycopene in a single step (in plants this normally takes several
separate enzymes).

• lcy (lycopene cyclase) - converts lycopene to beta-carotene; rice's own endogenous enzyme is
used, so this gene does not need to be introduced.

Both introduced genes are placed under the control of an endosperm-specific promoter (such as the

glutelin Gt1 promoter), so the pathway is switched on only in the grain and not throughout the rest of

the plant.
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Fig. 1 - The engineered beta-carotene biosynthesis pathway in Golden Rice endosperm.

1.2  Development history
• Golden Rice 1 (1999-2000): developed by Ingo Potrykus and Peter Beyer using the daffodil psy

gene; grain beta-carotene content was low (on the order of a few micrograms per gram), enough to
prove the concept but too little on its own to meet a meaningful share of a child's vitamin A needs
from typical rice portions.

• Golden Rice 2 (2005): a Syngenta team replaced the daffodil psy gene with one from maize (Zea
mays), which raised grain beta-carotene content roughly twenty-fold over Golden Rice 1, bringing it
into a range considered nutritionally meaningful.

1.3  From laboratory event to a farmer's variety

A single transformed plant is not a farmer-ready variety: the transgene must be bred into rice varieties

that are already agronomically adapted to local growing conditions. This is done by repeated

backcrossing, followed by field trials, biosafety assessment, and formal regulatory approval, before

seed can be released for cultivation.
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Fig. 2 - Production process for Golden Rice, from gene construct to farmer-ready seed.
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2.  Utility of Golden Rice

• Addresses a dietary gap using an existing staple: rather than asking people to change their diet,
Golden Rice delivers provitamin A through a food already eaten daily in many VAD-affected regions,
which is intended to make it easier to sustain than one-off supplementation programmes.

• A complement, not a replacement: Golden Rice is designed to work alongside - not instead of -
existing interventions such as vitamin A capsule distribution, food fortification, and dietary
diversification; modelling studies suggest it could meaningfully reduce (though not eliminate) VAD
prevalence among children and women in rice-staple countries, even allowing for beta-carotene
losses during storage, milling and cooking.

• Deployment status: the Philippines approved Golden Rice for direct use as food, feed and for
processing in 2021, and released a variety commercially under the local name "Malusog Rice" - the
first country to approve cultivation. Bangladesh's regulatory review has been under consideration
but, as of the most recent reporting, has not concluded with cultivation approval.

Recent development
•  In April 2024, the Philippine Court of Appeals ruled in favour of a petition brought by Greenpeace
Philippines and allied groups, revoking the biosafety permits for commercial cultivation of Golden Rice (and
Bt eggplant) on precautionary-principle and constitutional environmental-rights grounds; the ruling was
upheld on reconsideration in August 2024. The Department of Agriculture has said it will appeal to the
Supreme Court. This illustrates how, even after scientific and regulatory approval, legal and political
challenges can still determine whether a GM crop actually reaches farmers - the subject of Section 3.
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3.  Controversies over Genetically Modified Crops

3.1  Environmental concerns
• Gene flow: pollen from a GM crop can cross-pollinate wild relatives or nearby non-GM crops,

potentially spreading the introduced trait beyond the intended field.
• Effects on non-target organisms: concern that insect-resistant (Bt) crops could harm beneficial or

non-pest insects, most famously in the disputed 1999 laboratory finding on monarch butterfly larvae
and Bt maize pollen - a finding that later field-based studies suggested did not reflect real-world
exposure levels, but which remains a frequently cited example in the debate.

• Resistance evolution: repeated use of a single Bt toxin or a single herbicide can select for resistant
pest or weed populations over time (Bt-resistant pests, herbicide-resistant "superweeds"), which is
why resistance-management practices (such as refuge planting) are recommended alongside GM
crop use.

• Biodiversity: critics argue that widespread cultivation of a few GM varieties could narrow the
genetic diversity of a crop over time, though this concern also applies to non-GM high-yield varieties
bred by conventional methods.

3.2  Health and food-safety concerns
• Long-term safety: regulators generally require GM foods to be assessed for "substantial

equivalence" to their conventional counterparts and screened for new allergens or toxins before
approval; critics argue current testing periods and methods may not capture rare or long-term
effects, while most mainstream scientific bodies that have reviewed the evidence describe approved
GM foods as no riskier to eat than their conventional counterparts - though this remains a genuinely
contested question in some scientific and advocacy circles.

• Labelling: a separate and less scientifically contested debate concerns consumers' right to know
whether a food contains GM ingredients; policy differs widely by country, from mandatory labelling to
no labelling requirement at all.

3.3  Socio-economic and ethical concerns
• Corporate control and seed patents: most commercial GM seed is developed and patented by a

small number of large agribusiness companies, raising concern about farmer dependency on
purchased seed and the erosion of traditional seed-saving practices.

• Cost of access for smallholder farmers: patented GM seed can cost more than conventional
seed, which critics argue can disadvantage smallholder farmers even where the technology would
otherwise benefit them.

• Genetic use restriction technology ("terminator" technology): proposed methods to make
GM-crop seed sterile after one generation (preventing farmers from saving seed) drew particularly
strong criticism and were never commercialised, but the controversy shaped public distrust of GM
crops more broadly.

• Biopiracy concerns: use of genetic material or traditional plant knowledge from developing
countries by companies or institutions based elsewhere, without adequate benefit-sharing, has been
raised as an equity concern in some GM crop development.

3.4  Regulatory frameworks

Internationally, the Cartagena Protocol on Biosafety (under the Convention on Biological Diversity) sets

out a precautionary-principle-based framework for the transboundary movement of living modified

organisms. Individual countries then apply their own biosafety and food-safety regulatory processes on
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top of this, which is why the same GM crop can be approved in one country and restricted or delayed in

another.

3.5  Golden Rice as a case study in the wider debate

Golden Rice has been opposed by Greenpeace and allied groups since the early 2000s, on the

grounds that its environmental and health safety was not adequately proven, that it risked opening the

door to wider corporate-controlled GM agriculture, and that cheaper interventions (vitamin A

supplementation, dietary diversification) should be prioritised instead. Proponents counter that decades

of delay have had a real human cost in a preventable public-health problem; in 2016, more than 100

Nobel laureates (107 initial signatories, with more adding their names since) signed an open letter

urging Greenpeace to end its opposition to Golden Rice specifically. Both the 2021 Philippine approval

and the 2024 Court of Appeals reversal (Section 2) should be read as two recent data points in this

still-unresolved dispute, not as its ending.

Key points
•  The GM crop debate is not a single argument but several distinct ones - environmental, health/safety,
socio-economic, and regulatory - and a given crop can be relatively uncontroversial on one axis while
contested on another.
•  Golden Rice is scientifically a biofortification crop with a narrow, health-motivated purpose, but politically it
has become a proxy battleground for the broader GM crop debate.
•  Scientific approval and legal/political approval are separate hurdles - a crop can clear biosafety review and
still be delayed or blocked by litigation or public opposition, as the 2024 Philippine ruling shows.
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4.  Arguments For and Against GM Crops — Quick Reference

Dimension Case for GM crops Case against / concerns raised

Nutrition/health Can deliver nutrients (e.g.
beta-carotene) through a staple food
at low recurring cost

Long-term safety testing and
allergenicity screening seen by critics
as insufficient

Yield/pest control Bt and herbicide-tolerant crops can
reduce pesticide use and crop loss

Pest/weed resistance can evolve;
non-target organism effects debated

Environment Endosperm-specific or trait-specific
engineering can limit effects to the
intended tissue/trait

Gene flow to wild relatives or non-GM
crops; possible biodiversity effects

Economics Can lower input costs and stabilise
yields at scale

Patented seed cost; farmer
dependency on seed suppliers

Governance International (Cartagena Protocol) and
national biosafety frameworks provide
structured review

Precautionary-principle litigation can
block or delay approved crops, as with
Golden Rice in 2024

Notes prepared for study purposes. Regulatory status (approvals, court rulings) reflects the most recent reporting available at the
time of writing and may have changed since; consult current primary sources for anything required in formal citation or for
up-to-date legal status.


