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ABSTRACT

The development of bioluminescent ornamental plants marks a significant fusion of science
and nature, advancing aesthetics and sustainability. From early dimly glowing tobacco to
today's commercial Firefly Petunias, this progress highlights rapid scientific innovation and
interdisciplinary collaboration. These plants utilize biotechnology to emit natural light,
envisioning futures where glowing trees illuminate cities and homes glow softly without
electricity. This shift fosters bio-integrated, sustainable design. Challenges include increasing
brightness, ensuring luminescence stability, navigating regulatory frameworks, and securing
public acceptance. Economic concerns, such as production costs and scaling, will affect
adoption, while environmental impact assessments ensure ecological safety. With continued
research and innovation, bioluminescent plants could soon become common in gardens
worldwide, blending naturally with their environments while offering a sustainable and
functional source of light.

INTRODUCTION

n twilight, imagine gardens illuminated bioluminescent ormamental plants are now
not by harsh electric bulbs, but by the soft, emerging through advances in biotechnology
ethereal glow of living plants. Once a and synthetic biology. This fascinating
vision of sci-fi films like  Avatar, convergence of science, nature, and creativity
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promises to  transform

landscaping.

lighting  and

Bioluminescence—the light produced by
living organisms via biochemical reactions—
has intrigued humans for millennia. From
fireflies’ mesmerizing dance to deep-sea
creatures’ glow, nature’s “cold light” has
inspired science and art. Now, researchers and
companies harness this phenomenon to create
ornamental plants that illuminate homes,

gardens, and cities.

debut of the first
bioluminescent  ornamental—the  Firefly
Petunia by Light Bio—in 2024 marked a
historic milestone. USDA-approved for safe
cultivation in the U.S., it caps decades of plant
biotech research and ushers in a new era of
“living  lighting”  with  potential  to
revolutionize landscape design and sustainable
urban planning (Li et al. 2021).

The commercial

The Science Behind Living Light: From
Fireflies to Fungi

Understanding bioluminescent ornamentals

requires exploring the biochemical
mechanisms that enable living organisms to
light.
enzymatic oxidation of a substrate called
luciferin by luciferase, typically

presence of oxygen and energy molecules like

emit Bioluminescence arises from

in the

ATP. This reaction produces light without
heat, termed "cold light"—a highly efficient
process surpassing traditional lighting in
energy conversion.

Early efforts used the firefly luciferase system,
with the first glowing tobacco plants
engineered in 1986. However, these required
with  costly
luciferin, emitted dim light, and worked in few
plant species. A breakthrough came with the

continuous  supplementation

2018 discovery of the fungal bioluminescence
pathway (FBP) from mushrooms such as
Neonothopanus nambi. Unlike firefly systems,
FBP forms a self-sustaining metabolic cycle
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using caffeic acid, a common plant metabolite.
It involves four enzymes: hispidin synthase
(HispS),  hispidin-3-hydroxylase =~ (H3H),
luciferase ~ (Luz), and caffeylpyruvate
hydrolase (CPH) (Mishra et al. 2020).

This  pathway integrates with  plant
metabolism; caffeic acid converts to hispidin
and then to 3-hydroxyhispidin (fungal
luciferin), which luciferase oxidizes to emit
light and produce caffeylpyruvate, which
hydrolyzes back to caffeic acid, enabling
continuous glow without external substrates.
Through protein engineering and metabolic
optimization, recent advances have increased
brightness up to 100-fold compared to early
fungal systems. New versions, FBP2 and
FBP3, have enabled visibly glowing petunias,
tobacco, tomatoes, and roses, emitting light
clearly visible to the naked eye in darkness
(Yuet al. 2025).

Engineering Tomorrow's Gardens: The

Technology Revolution

The transformation of ordinary ornamental
plants into living light sources is a landmark
achievement in synthetic biology and genetic
engineering. This begins with identifying and
optimizing bioluminescent genes from natural

sources and integrating them into plant
genomes  through advanced molecular
techniques. Currently, the fungal

bioluminescence pathway (FBP) is the most
effective method. It has been refined via
directed evolution and protein engineering,
producing improved enzymes such as
enhanced luciferase variants (nnLuzv4) and
stabilized hispidin-3-hydroxylase (nnH3Hv2),
which significantly increase light output.
These components are assembled into genetic
constructs  introduced
Agrobacterium-mediated

into plants using
transformation or
similar methods.

A key innovation is manipulating plant

metabolism to boost brightness. Since the
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fungal pathway competes with native plant
processes for caffeic acid, strategies like
overexpressing enzymes (e.g., the efficient
BnC3'H1 from Brassica napus) and
suppressing competing pathways with artificial
microRNA have enhanced luminescence up to
30-fold.
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and its engineering in plants

Light Bio’s Firefly Petunia exemplifies this
technology’s success, emitting a continuous,
gentle glow without external substrates or
maintenance. The brightest glow appears in
flower buds, inspiring public interest and
robust commercial demand. Alternatively,
nanobionic approaches deliver nanoparticles
carrying luciferase, luciferin, and cofactors
directly into plants. MIT’s watercress plants
glow for hours after such treatment, with
potential for repeated “recharging.” While less
permanent than  genetic = modification,
nanobionics enable glowing effects in any
plant species without altering DNA. This
combination of genetic engineering and
nanotechnology  promises to  expand
possibilities for sustainable, bioluminescent
ornamentals in homes and cities.

The Ornamental Revolution: Applications
and Market Potential

The rise of bioluminescent ornamentals is
creating new possibilities in horticulture,
ranging from cozy home gardens to expansive
urban spaces. These glowing plants offer
landscape designers unique opportunities to
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craft sustainable lighting that blends natural
and artificial elements.

At home, bioluminescent plants serve as gentle
nightlights and decorative accents. The Firefly
Petunia’s soft glow suits patios, balconies, and
indoor areas, delivering light without
electricity, appealing to  eco-conscious
consumers aiming to cut energy costs. Light
Bio, the pioneering company, reports over
10,000 people awaiting these plants, marking
high market demand. Commercially, glowing
plants enhance ambiance in hotels, restaurants,
and event venues, drawing on their distinctive,
eye-catching beauty that thrives in social
media culture. Botanical gardens and
educational centers use them to engage the
public with advances in biotechnology (Satani,
2022).

Urban planners see glimmering trees and
illuminated landscapes as future complements
to streetlights—though current brightness is
insufficient for widespread outdoor lighting.
Such developments could reduce energy
consumption while fostering more natural
night-time environments, helping improve
sleep quality and reduce light pollution. Artists
and designers explore “living light art” with
bioluminescent plants that change dynamically
over time and seasons. Combining various
glowing species with multiple colors and
intensities fosters elaborate light displays
responsive to environment and human
interaction.

Specialty applications involve biosensing,
where “smart plants” alter their glow in
response to factors like air quality, soil
contaminants, or drought stress. These plants
provide aesthetic appeal and valuable
environmental data, enabling landscapes that
visibly reflect and communicate their
condition. This transformative technology
blends beauty, sustainability, and
functionality, with potential to reshape
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gardening, urban lighting, and environmental
monitoring.

Future Horizons: and

Possibilities

Challenges

The field of bioluminescent ornamentals is at a
pivotal stage with great promise but significant
challenges ahead. Current focus areas include
boosting brightness, expanding color options,
enhancing plant health compatibility, and
improving delivery techniques.

Increasing brightness is a primary goal, as
current plants emit a charming but dim light
compared to conventional lighting.
Researchers are employing strategies such as
optimizing enhancing
metabolic subcellular

luciferase enzymes,
targeting
combining different

flux,

compartments, and
bioluminescent Advances  in
computational design and Al are accelerating
development of more efficient bioluminescent

systems.

enzymes, with the aim to achieve brightness
suitable  for  practical lighting  while
maintaining plant vitality.
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Figure 2. Schematic representation and different
methods involved in the production of light-
emitting plants

Color diversification is another exciting
frontier. Efforts are underway to engineer
luciferases and pathways that produce diverse
colors including red and blue, using techniques
like resonance energy transfer. This would
enable sophisticated, multicolor displays and
increase consumer appeal. Smart integration of
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IoT and AI offers potential for responsive
lighting systems where glowing plants adapt
their brightness and patterns based on
environmental cues and user preferences,
enabling personalized, dynamic “smart
gardens.” Regulatory frameworks will shape
adoption. While USDA approval for the
Firefly Petunia is encouraging, each new plant
and modification must undergo evaluation.
Harmonized international standards and clear
guidelines for containment versus release are
critical for safety and public acceptance
(Pratap et al. 2023).

Economic viability hinges on scaling
production and reducing costs. Current prices
are high due to novelty and limited supply, but
advances in propagation, tissue culture, and
transformation may drive affordability and
species application. Environmental

require careful assessment.

widen

impacts
Preliminary data suggests minimal risk from
but gene
ecological effects, and long-term outcomes
responsible

controlled  cultivation, flow,
need monitoring to

deployment of this transformative technology.

ensure

CONCLUSION
The  development of  bioluminescent
ornamental plants marks a fusion of science

in pursuit of beauty and
sustainability. From the early dim glowing

tobacco plants to today’s commercial Firefly

and nature

Petunias, this progress reflects rapid scientific
advances and interdisciplinary teamwork.
These plants, emitting natural light through
biotechnology, hint at a future where cities
could be lit by glowing trees and homes
adorned with plants providing gentle,
electricity-free illumination. This represents a
shift toward integrating biology and design for
sustainable Challenges  include
stability,
navigating regulations, and gaining public

living.
improving brightness, ensuring
acceptance. Economic factors like production

costs and widespread availability will
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influence adoption. Environmental impacts
require careful study to safeguard
ecosystems. With ongoing research and
innovation, glowing plants may soon become a
in gardens worldwide,

also

common feature
blending seamlessly with natural surroundings
while illuminating our lives in new and
inspiring ways.
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