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ABSTRACT :  Complexi ty in DNA structures,  f rom defects and damage to the format ion of
al ternat ive structures,  p lays a cr i t ical  ro le in maintaining, regulat ing and disrupt ing the f low of
cel lu lar  informat ion wi thin the genome. We have developed a s ingle-molecule pipel ine combining
atomic force microscopy and deep- learning image analysis to quant i fy complex DNA format ion
with nanometre resolut ion.  
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Our pipel ine can trace the structure of  repl icat ion intermediates f rom Xenopus egg extracts and
determine the extent of  repl icat ion progression. We ident i fy stal led complexes as theta
structures,  separat ing and quant i fy ing the length of  repl icated and unrepl icated DNA. In ~7% of
complexes, we observe reversed forks of  length ~20 nm, providing new insights into the
l ikel ihood of  complex DNA structures forming in response to repl icat ion stress.  

Beyond repl icat ion,  we can also assess the ef fect  of  complex DNA structures on transcr ipt ion.
We determine that s ingle nick s i tes can dr ive up to a 150-fold increase in R- loops, which appear
in a range of  conformat ions,  depending on the presence of  defects in the template strand.
Final ly,  we extend our pipel ine by incorporat ing mult ic lass U-Nets to understand the ef fect  of
complex DNA structures on protein recogni t ion,  spanning Cas-9,  topoisomerase and Shel ter in
act iv i ty.

We have developed a s ingle-molecule pipel ine combining AFM and deep- learning to quant i fy
complex DNA format ion wi th nanometre resolut ion.  We trace the structure of  repl icat ion
intermediates f rom Xenopus egg extracts,  ident i fy ing stal led complexes as theta structures,
separat ing and quant i fy ing the length of  repl icated and unrepl icated DNA with 7% containing
reversed forks.  For t ranscr ipt ion,  we determine that s ingle nick s i tes can dr ive up to a 150-fold
increase in R- loops, which appear in a range of  conformat ions,  depending on defects in the
template strand. Final ly,  we probe the ef fect  of  complex DNA structures on protein recogni t ion,
spanning Cas-9,  topoisomerase and Shel ter in act iv i ty.


