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Project Goals: Crassulacean acid metabolism (CAM) is a specialized mode of 

photosynthesis that features a temporal CO2 pump with nocturnal CO2 uptake, facilitates 

increased water-use efficiency (WUE), and enables CAM plants to inhabit water-limited 

semi-arid or seasonally dry environments. CAM provides an excellent opportunity for 

engineering both enhanced WUE and photosynthetic performance into bioenergy crops. 

This project has two main goals: 1) to identify the CAM-associated genes and gene 

networks using systems biology approaches and 2) to engineer CAM gene modules into C3 

species using synthetic biology approaches. The success of the project could allow biomass 

production on semi-arid, abandoned, or marginal agricultural lands. 

 

Kalanchoe laxiflora is an important model species for systems biology research to understand 

the molecular basis of the CAM pathway (Yang et al. 2015) and identify the key genes necessary 

for engineering CAM into C3 species. K. laxiflora features a relatively small genome (~256 Mb), 

an established transformation system and a short life cycle. Recently, we constructed a high-
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quality K. laxiflora genome assembly consisting of 1,324 scaffolds, with a total length of ~256 

Mb and an N50 of 2.45 Mb. A total of 30,964 genes were annotated in this genome assembly. 

Our comparative analysis of the K. laxiflora genome and 24 other plant genomes, including two 

CAM species, three C4 photosynthesis species and 19 C3 photosynthesis species, revealed CAM-

specific orthologous gene groups that were shared among the three CAM species [K. laxiflora, 

Ananas comosus (pineapple) and Phalaenopsis equestris (orchid)] but absent in C3 or C4 

photosynthesis species. We analyzed the synteny between the K. laxiflora genome and several 

other plant genomes and found that the K. laxiflora genome has a distinctive whole-genome 

duplication history. Based on the comparative analysis of day-night time-courses of gene 

expression between CAM and C3 photosynthesis genes, we identified several genes that are 

involved in the CAM pathway in Kalanchoe. We also performed an in-depth analysis of selected 

gene families relevant to CAM physiology and determined that positive selection has contributed 

to the molecular evolution of CAM plants. The results highlight the potential of the K. laxiflora 

genome as a model for CAM genomics research. The CAM-related genes identified in the K. 

laxiflora genome provide a solid foundation for the ongoing effort to engineer CAM into C3 

photosynthesis bioenergy crops. 
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