Volume No.5 | IssueNo.9 | Pages9-10

b Biological Times

GOLDEN RICE: A biotechnological innovation saving lives
Abrish Imran™!, Ahmad Shahwar Nacem', Muhammad Ahmad', Samia Aden Muneer! and Asad Ullah?

1. Faculty of Agriculture, University of Agriculture Faisalabad, Pakistan
2. Agriculture Officer, Agriculture Extension and Cooperative Department, Government of Balochistan, Institute of
Horticultural Sciences, University of Agriculture Faisalabad, Pakistan

*Corresponding Author: abrishimran255@gmail.com

ABSTRACT

Micronutrient malnutrition, often called ‘hidden hunger’, remains a major global public health challenge, especially in low and middle
income countries where rice is the staple food. As conventional rice lacks provitamin A in its grain, populations relying on rice based
diets are at a greater risk of Vitamin A deficiency, leading to blindness, weakened immunity and increased child mortality. Golden rice
was developed through genetic engineering as a biofortified crop that produces beta carotene in the rice endosperm providing a sustainable
dietary source of Vitamin A. The introduction of a carotenoid biosynthetic gene enables beta carotene accumulation, giving the grains
their characteristic golden colour and enhanced nutritional value. Compared with Vitamin A supplementation, food fortification and
dietary diversification, Golden rice offers a complementary, affordable and long term approach to reducing micronutrient deficiencies.
However, its widespread adoption is limited by regulatory challenges, public concerns, nutrient loss after harvest and consumer
acceptance. Continued advances in breeding, genome editing and biofortification and supportive policies are expected to improve its
effectiveness and availability. Overall, Golden rice is a promising biotechnological innovation with the potential to reduce Vitamin A

deficiency and hidden hunger in rice dependent populations.
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Introduction

Micronutrient malnutrition is a widespread public health problem caused by
inadequate intake of essential vitamins and minerals [1].Although rice is an
important source of energy for billions of people,it lacks several essential
vitamins and minerals .As a result the populations that predominantly
depend on rice based diets are at higher risk of developing nutrient
deficiency especially vitamin A deficiency.Vitamin A deficiency remains a
major public health concern in low and middle income countries increasing
risk of mortality and blindness in young children [2]. Golden Rice
represents a significant breakthrough in agricultural biotechnology, offering
a sustainable strategy to reduce Vitamin A deficiency among populations
that rely heavily on rice as their staple food. It was developed as a
sustainable nutritional intervention to combat hidden hunger. The
distinctive golden yellow colour of golden rice is due to accumulation of
beta carotene in the rice endosperm, a nutrient that is absent in conventional
white rice. Golden Rice is a variety of rice engineered to produce beta
carotene to combat Vitamin A deficiency [3]. Several strategies have been
implemented worldwide to reduce vitamin A deficiency or micronutrient
malnutrition including vitamin A supplementation, food fortification and
dietary diversification. Biofortification has emerged as an innovative
strategy to improve the nutritional quality of staple crops. It is the process
of increasing critical nutrient constituent and bioavailability in crops during
the growth of plants. Rice biofortification is a novel, promising, cost
effective and long term strategy for providing micronutrients to people who
do not have access to varied diets. Biofortification of popular staple crops
such as rice is an efficient and relatively low cost means of alleviating
malnutrition [4].

Despite the potential of biofortification to improve the nutritional quality of
staple crops such as golden rice, several limitations must be addressed to
ensure its widespread adoption and long term success. One of the major
challenges of rice biofortification is maintaining the stability and retention
of vitamins during storage, as nutrient levels may differ depending upon the
biofortification or fortification approach employed. Moreover, the
economic feasibility of implementing fortified rice programs remains a
concern, especially in low income communities where access to nutrient
rich foods and supplements is limited [5]. Future research on Golden rice
may focus on the use of improved breeding and biotechnology approaches,
such as conventional breeding, molecular breeding and genome editing
techniques to develop better biofortified varieties. In the future these
methods can be used to study the genes and metabolic pathways involved
in nutrient accumulation so that provitamin A content can be increased
without reducing yield or grain quality [6].

Conventional strategies for combating Vitamin A deficiency:
Traditionally, vitamin A deficiency has been managed through
interventions including vitamin A supplementation, food fortification and
dietary diversification. Vitamin A supplementation has long been used as
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an effective public health intervention to prevent and treat vitamin A
deficiency particularly in populations at high risk. Supplementations serve
as temporary measures until sustainable food based strategies can be
successfully implemented [7]. Food fortification is a dietary approach that
enhances commonly consumed foods with vitamin A to improve
micronutrient intake among the population. Food diversification is a
nutritional strategy that encourages the regular consumption of a wider
variety of vitamin A rich foods to improve overall micronutrient intake. It
helps reduce vitamin A deficiency by promoting diets that include fruits,
vegetables and other nutrient dense foods, especially in populations with
limited dietary variety [8]. Although these conventional interventions have
significantly reduced vitamin A deficiency, their long term sustainability
and accessibility remain challenging in many low resource settings. This
has led to the development of biofortification strategies, such as Golden
Rice, a complementary and sustainable solution.

Development and history of Golden Rice:

Golden Rice was developed through genetic engineering to enhance rice
with provitamin A biosynthetic pathway, providing a sustainable approach
to combat Vitamin A deficiency [9]. Golden Rice was first developed in
1999 by Potrykus and Beyer as genetically engineered rice. After being
declared safe for consumption in Australia, New Zealand, Canada and the
United States, the Philippines became the first country to approve its
commercial cultivation in 2021. This approval marked a major milestone in
the development of Golden Rice, making it the world’s first commercially
approved genetically modified biofortified crop [10]. Golden rice was
introduced to the scientific community over 25 years ago and has since
become one of the most well known biofortified crops. It was developed
because conventional rice varieties do not naturally produce beta carotene
in the edible grain. Using modern genetic engineering scientists inserted two
transgenes to enable the synthesis and accumulation of carotenoids in the
rice endosperm. A second generation Golden rice was later developed by
incorporating genes from maize and soil bacterium significantly increasing
its beta carotene content. Following its development, the technology was
transferred to the public sector breeding programs in countries such as
Bangladesh and Philippines, where Vitamin A deficiency is widespread and
rice is the primary staple food. Researchers successfully developed locally
adapted Golden rice varieties with agronomic performance comparable to
conventional rice. These milestones highlight the historical development of
Golden rice from an early genetic engineering concept into an important
biofortification innovation [2]

Mechanism of Golden Rice:

The development of Golden Rice involved the introduction of genes
required for the beta carotene biosynthetic into the rice endosperm, where
this pathway is naturally absent. Scientists initially inserted the phytoene
synthase and lycopene beta cyclase genes from Narcissus pseudonarcissus
together with the bacterial phytoene desaturase gene from Erwinia
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uredovora. Further investigations showed that the beta cyclase gene was not
essential, as the combined activity of phytoene synthase and phytoene
desaturase alone was sufficient to produce beta carotene and other
downstream carotenoids. This finding suggested that endogenous enzymes
already present in the rice endosperm could complete the remaining steps
of'the carotenoid pathway. The successful establishment of this biosynthetic
pathway demonstrated the potential of genetic engineering to enhance the
nutritional quality of staple crops such as rice [11]. Golden Rice has a
golden yellow colour due to the accumulation of beta carotene in rice
endosperm. The genes PSY and crtl initiate carotenoid production within
the edible part of rice. As a result, beta carotene is synthesized and
accumulates in the grain. The presence of this pigment gives Golden Rice
its distinctive yellow colour. This engineered pathway enables the visible
change in colour of the rice endosperm [12].

Applications and global impact of Golden Rice:

Golden Rice is one of the most important applications of Recombinant DNA
technology in modern agriculture, developed to enhance the nutritional
quality of rice through genetic engineering. As rice is staple food for more
than half of the global population and contributes significantly to daily
calorie intake, it has far-reaching public health benefits. Golden rice was
specifically designed to help reduce Vitamin A deficiency, a major cause of
preventable blindness and poor health in many developing countries.
Although it is not intended to eliminate hunger, it plays a valuable role in
addressing micronutrient malnutrition and strengthening nutritional
security. In addition, advances in genetic engineering have demonstrated
the potential to improve crop productivity, stress tolerance and nutritional
quality simultaneously. Therefore, Golden rice represents a promising
biotechnological innovation with the potential to improve the health and
well-being of millions of people who depend on rice as their primary food
source [13]. By enriching a widely consumed staple food with provitamin
A, Golden Rice serves as a nutritional intervention aimed at improving
public health [14].

Challenges:

Despite the promising nutritional benefits of Golden rice, its widespread
adoption has been limited by several scientific, regulatory and social
challenges. Regulatory approval has been a lengthy and complex process,
requiring extensive biosafety assessments and compliance with
international guidelines before commercialization. Public opposition to
genetically modified crops has also slowed its acceptance, with concerns
related to environmental safety, biodiversity and food security [15]. Legal
disputes and policy restrictions have further delayed its cultivation and
deployment in countries such as the Philippines and Bangladesh. In addition
the postharvest degradation of beta carotene during storage and processing
may reduce its nutritional value if appropriate handling practices are not
followed. Consumer acceptance is strongly influenced by awareness and
effective communication regarding its health benefits [1].

Future prospects:

Future research on Golden rice could focus on improving the efficiency and
sustainability of biofortification to enhance its nutritional impact. A better
understanding of micronutrient uptake, transport and accumulation in rice
plants may help optimize nutrient enrichment. Advanced breeding
technologies, molecular gene transfer, genome editing and nano based
fertilizers might further improve the nutritional quality and bioavailability
of micronutrients in rice grains. Future Golden rice varieties could also
maintain high yield, stress tolerance and desirable cooking and sensory
characteristics to encourage farmer and consumer acceptance.
Strengthening the interdisciplinary collaboration among crop scientists,
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nutritionists and policymakers may be essential for developing improved
biofortified rice varieties. In addition, supportive agricultural policies,
public awareness programs and effective agronomic management practices
could play a key role in promoting the large-scale adoption of Golden rice
and improving global food and nutritional security. The application of
CRISPR-Cas9 genome editing offers promising opportunities to develop
next generation Golden rice with enhanced beta carotene content, improved
nutritional quality and greater breeding efficiency.
Conclusion:
Golden rice represents a significant achievement in agricultural
biotechnology and offers a sustainable approach to addressing Vitamin A
deficiency and micronutrient malnutrition in populations that depend
heavily on rice as staple food. Through the application of biofortification
and genetic engineering, it has demonstrated the potential to improve the
nutritional quality of rice while complementing conventional interventions
such as Vitamin A supplementation and biofortification and dietary
diversification. Although substantial progress has been made in its
development, implementation and evaluation, several scientific, regulatory
and social challenges continue to limit its widespread adoption.
Overcoming these barriers will require coordinated efforts involving
researchers, policymakers, public health organizations and local
communities to ensure its safe acceptance and effective utilization. With
continued advancements in biotechnology, supportive policies and
increased public awareness, Golden rice has the potential to become an
important component of global strategies for improving nutrition and
reducing Vitamin A deficiency. In the future, continued research and
innovation are expected to further enhance the effectiveness, accessibility
and global impact of Golden rice in promoting sustainable food and
nutrition security.
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