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Abstract 

The genome consists of non-B form DNA structures such as G-quadruplexes (G4), which 

are stacked guanine tetrads and are involved in regulation of transcription activity by recruiting 

transcription factors. TERRA, a telomeric repeat-containing RNA, is capable of folding into an 

RNA G-quadruplex and interacting with chromatin remodeler ATRX. TERRA ablation causes 

gene expression changes in mammalian cells; however, how this non-coding RNA regulates 

chromatin status is largely unknown. Here we uncover that TERRA regulates the DNA G-

quadruplex (G4) structures and ATRX occupancy near transcription start sites in vivo.   

We investigated the function of TERRA RNA in modulating chromatin status on a 

genome-wide scale, and performed ATAC-seq and ChIP-seq for ATRX, H3K9me3, and G4 after 

TERRA depletion in mouse embryonic stem cells. We found that TERRA depletion leads to 

increased ATRX occupancy on repetitive sequences and subtelomeric regions. Strikingly, ATRX 

ectopically binds to transcription start sites (TSS) in TERRA knockdown cells. Such elevation of 

ATRX loading at transcription start sites is accompanied by the reduction of DNA G4 structures 

and gene repression. Loss of ATRX alleviates the effect of gene repression caused by TERRA 

depletion. Immunostaining analyses demonstrate that knockdown of TERRA diminishes DNA G4 

signals, whereas silencing ATRX elevates G4 formation. These results suggest that TERRA 

prevents ATRX from binding to chromatin and maintains DNA G4 around transcription start sites. 

We propose that TERRA RNA sequesters G4 binding proteins and sustains DNA G4. In this talk, 

I will present the findings that provide insights into the mechanism of how a non-coding TERRA 

regulates genomic G-quadruplexes. 
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