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Abstract 
MicroRNAs (miRNAs), approximately 21-22 nucleotides, play vital roles in gene regulation. The functions 

of miRNAs are mainly dependent on their expression level that is primarily determined by their biogenesis. 

The dysregulation of miRNA biogenesis causes various defective cellular processes and human diseases such 

as cancer, virus infection, and neurodegenerative diseases. miRNAs are produced from primary miRNAs 

(pri-miRNAs), which are cleaved by the Microprocessor complex. Therefore, Microprocessor is crucial for 

determining the efficiency and precision of miRNA production, and thus miRNA functions. Here, we showed 

that Microprocessor has an unexpected single cleavage that creates a single cut on one of the pri-miRNA 

strands. This cleavage does not lead to miRNA production and thus downregulates miRNA expression. We 

found that the asymmetric internal loop (AIL) in the lower stem of pri-miRNAs facilitates the nicking 

activity. Therefore, by manipulating AILs, we could regulate the level of nicking activity, thereby controlling 

miRNA production both in vitro and in vivo. Besides, by performing high throughput enzymology assays, we 

discovered multiple BMWs (bulges, mismatches, and wobble base-pairs) that control the Microprocessor's 

efficiency and accuracy activity. These findings reveal different regulation levels of miRNA expression and 

offer an alternative approach to miRNA knockdown and foundation to explain miRNAs' abnormal expression 

in various cellular contexts. 
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