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Strategies and prospects of synthetic biology in crop photosynthesis
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(State Key Laboratory of Crop Stress Adaptation and Improvement, Henan Key Laboratory of Synthetic Biology and
Biomanufacturing, School of Life Sciences, Henan University, Kaiteng 475004, Henan, China)

Abstract: Photosynthesis is the primary source of energy and materials for nearly all life activities on Earth, and its
efficiency directly impacts crop growth and yield. With the rapid development of synthetic biology, researchers have
begun to explore engineering approaches to optimize the fundamental processes of photosynthesis at various levels,
including light energy utilization, carbon fixation, photorespiration, and stress adaptation. This review summarizes
recent advances in improving photosynthetic efficiency, with a focus on the synthetic biological strategies that can be
implemented in crops. To achieve efficient light absorption and electron transport, novel light energy conversion
models have been developed, involving the engineering of light-harvesting antennae to minimize energy loss and the

development of orthogonal electron transport chains to enhance quantum yield. Multi-level optimization strategies have
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been developed for carbon assimilation pathways, including directed evolution and activity modification of Rubisco,
optimization of key enzymes in the Calvin-Benson-Bassham cycle, and the introduction of CO, concentrating
mechanisms into C, plants. Furthermore, novel photorespiratory bypasses have been engineered through synthetic
biology approaches, which optimize glycolate metabolism to effectively reduce photorespiratory carbon loss while
enhancing photosynthetic efficiency in crops. Additionally, various engineering strategies have been developed to
optimize photosynthetic performance under adverse conditions, such as the enhancement of non-photochemical
quenching components to tolerate high light and the application of stress-responsive elements to adapt to temperature
fluctuations. By employing synthetic biology techniques, significant improvements in plant photosynthetic efficiency
and stress resistance have been achieved. This has led to enhanced biomass and crop yields, thereby providing new
solutions to address global food security challenges. In the future, strategies based on synthetic biology, combined with
a deeper understanding of the molecular mechanisms of photosynthesis and emerging technologies like artificial
intelligence, will offer more effective methods and pathways for the engineering of photosynthesis, resulting in a
substantial enhancement of crop photosynthetic efficiency.

Keywords: photosynthetic efficiency; synthetic biology; photosynthetic electron transfer model; Rubisco

engineering; photorespiratory bypass; photosynthetic stress adaptation
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Fig. 1 Engineering of photosynthetic electron transport and design of novel light-energy conversion models

[The upper section illustrates modifications of electron transport on the existing photosynthetic membrane system, with target proteins
experimentally modified being highlighted in yellow. Linear and cyclic electron transport are indicated by orange and green dashed arrows,
respectively. The lower section, enclosed within a black dashed box, depicts novel light energy conversion models/projects currently under design

(awaiting experimental validation). From left to right, these include: (1) the new photosynthetic reaction center and electron transfer model designed
()

by Ort et al. ™, (2) the novel light-harvesting model proposed by Leister

, and (3) the introduction of chlorophyll f into the photosystems of higher

plants ", Purple dashed arrows indicate potential electron transport pathways.]
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Fig. 2 Strategies and technologies for multi-level

optimization of carbon assimilation pathways
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cycle) FI[EIBR AL ]

Fig.3 Current photorespiratory bypasses constructed in rice.

[The photorespiratory bypasses engineered in rice (highlighted in
yellow) directly metabolize glycolate within chloroplasts (indicated by
black solid arrows), aiming to reduce carbon loss associated with
photorespiration and thereby enhance the carbon fixation efficiency of
the CBB cycle.]
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