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Abstract 
In recent decades, natural nucleic acids have been extensively engineered and utilized in 

various applications due to their programmability, synthetic accessibility, and diverse 
functionality. However, the inherent limitations of natural oligonucleotides, such as their narrow 
chemical repertoire and susceptibility to nuclease degradation, have prompted the development 
of modified oligonucleotides with expanded functionalities at the nucleobase, sugar, and/or 
phosphate backbone levels. In this talk, I will present our recent progress in α-L-threose nucleic 
acid (TNA) research, encompassing its synthesis, chemical structure, physical and biological 
properties, as well as its diverse applications. TNA is an artificial nucleic acid analog that has been 
discovered to form stable antiparallel Watson−Crick duplex structures with complementary 
strands of itself, RNA, and DNA. TNA possesses a backbone composed of an unnatural four-
carbon sugar, α-L-threose, with phosphodiester linkages connecting at the 2’ and 3’ vicinal 
positions of the sugar ring. Due to the chemical simplicity of threose sugar relative to ribose sugar 
and its ability to exchange genetic information between TNA and RNA, TNA has attracted 
significant interest as a potential RNA ancestor. My talk will begin with a historical account of the 
discovery of TNA, followed by discussions on the synthetic methods employed for its production 
and the distinctive features of its chemical structure. The thermodynamics and biocompatibility 
of TNA will also be presented. Furthermore, we will explore the potential of TNA-based antisense 
oligonucleotides as targeted treatments and diagnostic modalities in medicine, as well as the 
applications of TNA-based oligonucleotides in new materials for biomolecular detection. 
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