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Genome editing technologies make precision damage
to alter DNA sequences

DNA



Endogenous DNA repair pathways 
actually make the edits

DNA



A network of DNA repair pathways has
evolved to protect cells (not to edit genomes)
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Genome editing by repair
with template sequence
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Incorporation of sequences from exogenous templates 
enables genome editing downstream of end resection
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Inhibition of competitive branches modulates pathway 
activity and therefore editing outcomes 
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Systematic knowledge about the organization of these 
pathways would aid precision editing efforts   
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Two CRISPR-based technologies now make systematic 
interrogation of DNA repair experimentally tractable

1. CRISPR-Cas systems make 
DNA damage and sequencing-
based methods can ‘read out’ 

genome edits

2. CRISPR-based screens for 
interrogation of gene function
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Together these technologies can quantify gene effects 
on single-molecule repair outcomes
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100s to 1,000s of distinguishable repair outcomes

Systematic knowledge about the organization of these 
pathways would aid precision editing efforts   
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Evaluating editing outcomes as mutational signatures 
gives a high-resolution view of DNA repair

40 most common outcomes shown
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40 most common outcomes shown

BRCA1 and 53BP1 
have antagonistic 
roles in DNA repair
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40 most common outcomes shown

BR
C

A1

53
BP

1

LI
G

4

PO
LL

KU
70

KU
80

C
TI

P

Depletion of known pathway regulators 
changes the distribution of edits



Correlation between edit signatures delineates the 
genetic pathways of DNA repair in an unbiased way



Correlation between edit signatures delineates the 
genetic pathways of DNA repair in an unbiased way



The value of assaying DNA repair pathway activity in a 
quantitative, unbiased manner

• Has practical implications for genome editing strategies that aim 
to enrich for particular events (not just alter pathway balance) 

• Allows us to isolate mechanisms that cells use to maintain 
genome integrity and study how they work

• Gives us a powerful way to deduce gene-gene functional 
relationships and understand how repair mechanisms interact
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