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Introduction
Agricultural productivity has been a central focus
of scientific advancements for centuries. From
the Green Revolution to modern molecular
breeding, innovations have continuously aimed
at increasing crop yields while reducing resource
dependency.

environmental

However, climate change and
fluctuations  present new
challenges, necessitating the development of

stress-resilient crops. Recent research has
identified a novel gene, BOOSTER (BSTR), that
enhances plant growth and productivity. BSTR
holds promise for optimizing photosynthesis,
improving biomass accumulation, and increasing
yield potential under variable environmental
conditions.

Challenges in Crop Growth and Photosynthetic Efficiency

Plants rely on sunlight, water, and nutrients for
growth. Photosynthesis is the fundamental
process by which plants convert carbon dioxide
into carbohydrates using sunlight. However,
environmental stresses such as excessive light
drought, and limit

exposure, shading

photosynthetic efficiency. Under high light
intensity, plants risk photodamage, whereas low-
light conditions reduce carbon assimilation.
Addressing these limitations is crucial for
improving crop performance in diverse agro-
climatic conditions.

Approaches for Improving the Photosynthetic Efficiency

Photosynthesis involves two main stages: the
light-dependent and light-independent reactions.
Traditionally, efforts to enhance photosynthetic
performance have concentrated on the light-
independent phase. This includes strategies such
as modifying Rubisco activity, reducing
photorespiration losses, and incorporating C4
plant traits into C3 crops—approaches that have
shown some promise in boosting yield potential
(Weber & Bar-Even, 2019). Although this phase
plays a central role and is highly sensitive to
environmental conditions, comparatively little
attention has been given to the light-dependent
reactions. However, given their critical role, the
light-dependent processes present promising
opportunities to enhance photosynthetic

efficiency and resilience under stress (Ghosh et
al., 2023). Improvements in this area could
involve broadening the range of light absorption,
increasing the efficiency of light energy
utilization and protective mechanisms, and
restructuring the photosystems and the electron

transport pathway.
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The Discovery of BOOSTER (BSTR)

BSTR is an orphan gene that originated from
plastid-to-nuclear DNA  transfer.  Unlike
conserved genes involved in photosynthesis,
BSTR lacks homologs in other species,
suggesting a unique evolutionary adaptation. It
plays a key role in regulating Non-Photochemical
Genetic and Molecular Function of BSTR
The BSTR gene is predominantly expressed in
chloroplasts, where it regulates the synthesis and
stability of key photosynthetic proteins,
particularly Rubisco, the enzyme responsible for
carbon fixation. Functional studies reveal that
BSTR enhances electron transport efficiency in
Photosystem I (PSI) and Photosystem II (PSII),
thereby improving overall quantum yield.
Additionally, BSTR  modulates stomatal
conductance, optimizing CO: uptake and

maintaining efficient carbon metabolism.

Quenching (NPQ), which protects plants from
excessive light by safely dissipating surplus
energy. BSTR facilitates dynamic adjustment of
NPQ, enabling plants to maximize light
utilization while preventing oxidative stress.

At the transcriptional level, BSTR has been
linked to anterograde signalling pathways, which
coordinate nuclear and plastid gene expression.
Its ability to regulate plastid gene transcription
independent of sigma factors suggests that BSTR
operates  through  alternative  regulatory
mechanisms. Comparative transcriptomics have
identified upregulation of genes involved in
light-harvesting complex proteins (LHCPs) and
PSI core subunits, reinforcing its role in

photosynthetic optimization.

Experimental Evidence Demonstrating BSTR Function

GWAS and Genetic Association Studies:
Genome-wide association studies (GWAS) in
Populus species identified BSTR as a significant
regulator of NPQ and photosynthetic efficiency.

Enhanced Biomass Accumulation:
Overexpression of BSTR in Populus tremula % P.
alba resulted in a 200% increase in plant height,
while Arabidopsis lines expressing BSTR
exhibited up to 200% greater biomass and 50%
higher seed yield.

Photosynthetic Performance: Transgenic plants
demonstrated 62% increased Rubisco levels,
leading to improved CO: assimilation rates and
carbohydrate synthesis.

Field Trial Assessments: Under natural light
fluctuations, BSTR-overexpressing lines
exhibited 17-37% greater height growth, 38%
increased canopy size, and 88% enhanced stem
volume, indicating superior adaptation to
environmental variability.

Optimized Electron Transport and
Photoprotection: Increased PsaA/PsaB
expression and faster NPQ relaxation were
observed, confirming BSTR’s role in protecting
chloroplasts from photooxidative stress.

Future Lead

Functional Rescue of Sigma Factor
Mutants: BSTR successfully complemented
sigb mutant phenotypes in Arabidopsis,
demonstrating its role in plastid gene
regulation beyond sigma factor dependency.

Potential Biotechnological Applications:
Given its profound role in photosynthetic
BSTR  presents promising
applications in agricultural biotechnology.
Strategies for leveraging BSTR in crop

regulation,

improvement include:

Targeted Breeding Programs: Identification
of natural allelic variations of BSTR in crop
germplasm could provide a basis for marker-
assisted selection (MAS) to enhance
productivity traits.

Synthetic Biology Approaches: Engineering
high-efficiency photosynthetic pathways by
incorporating synthetic promoters for BSTR
expression in crops such as rice, wheat, and
maize.

Genome Editing Strategies: CRISPR-Cas9-
mediated modifications to optimize BSTR
regulatory elements could fine-tune its
expression for maximum yield potential under

diverse agro-climatic conditions.
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Ongoing research aims to determine the broader
regulatory network of BSTR and its interactions
with other genes involved in stress adaptation.
Further investigations into its post-translational
modifications and protein-protein interactions
will help uncover additional regulatory layers of
BSTR function. Additionally, large-scale field
trials across different latitudes and soil types are
required to evaluate the stability of BSTR-
mediated yield enhancements in staple crop
Conclusion

The discovery of BOOSTER (BSTR) marks a

significant step toward enhancing photosynthetic

efficiency and stress resilience in plants. By
regulating NPQ dynamics, optimizing electron
transport, and improving carbon assimilation,

BSTR offers a novel approach to increasing

agricultural productivity. Its integration into

breeding programs and genetic engineering
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