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The greenhouse effect caused by greenhouse gases dominated by CO2 is changing the global climate, which poses a significant threat to ecosystem and human sustainable development. Bamboo plays an integral role in mitigating climate change owing to its excellent photosynthetic carbon fixation capacity. The Golden2-like (GLK) transcription factor is a critical regulator of plant photosynthesis. In this study, a total of four GLK family members were identified in moso bamboo (Phyllostachys edulis). The expression pattern analysis suggested that PeGLK1-1 may play a dominant role in regulating moso bamboo photosynthesis. Functional validation further showed that the overexpression of PeGLK1-1 significantly enhanced the carbon fixation capacity of transgenic rice (Oryza sativa) under elevated CO2 environment. Subsequently, the binding targets of PeGLK1-1 were identified by DAP-seq analysis on a genome-wide scale and verified using yeast one-hybrid (Y1H), dual luciferase reporter (DLR), and β-glucuronidase (GUS) assays. Weighted correlation network analysis showed that PeGLK1-1 was positively co-expressed with several key genes in the photosynthetic carbon metabolism pathway of moso bamboo, such as PeRbcS2 and PePRK1 in the Calvin cycle. In-planta gene editing or overexpression of PeGLK1-1 in moso bamboo resulted in downregulating or upregulating the expression levels of these genes, respectively. Furthermore, Y1H, DLR, GUS, and electrophoretic mobility shift assays confirmed that PeGLK1-1 directly bound to the promoters of PeRbcS2 and PePRK1, thereby activating their transcription. Additionally, overexpression of both PeRbcS2 and PePRK1 in rice all enhanced the photosynthetic capacity of transgenic rice under elevated CO2 environment. In conclusion, the elevated CO2 concentration is proposed to induce the expression of photosynthetic carbon metabolism genes activated by PeGLK1-1，thereby enhancing the carbon sequestration capacity of moso bamboo. These findings provide key molecular evidence for bamboo in alleviating greenhouse effect by its effective photosynthetic carbon-fixing capacity under elevated CO2 environment.
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