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crRNA-guided effector complexes (ECs) of CRISPR–Cas systems mediate the cleavage or silencing of invading
phage genetic material. Class 1 CRISPR–Cas systems, which rely on multiprotein effector assemblies, are the
most abundant CRISPR systems in nature [1] and have been widely adapted for biotechnological applications,
including genome engineering and transcriptional silencing [2]. In type I CRISPR systems, the crRNA-guided
Cascade complex recruits the Cas3 nuclease–helicase, which drives processive and unidirectional (3′→5′)
degradation of target DNA [3].
Here, we investigate the molecular mechanism of CRISPR interference by resolving four Cryo-EM structures
capturing intermediate steps of target recognition and stepwise R-loop propagation. Together with com-
plementary biochemical analysis, these structural snapshots reveal how R-loop formation induces the con-
formational rearrangements required to expose the Cas3-binding interface and initiate target degradation.
Mutational analyses identify key Cascade–Cas3 interactions that are essential for interference, while other
contacts appear to be functionally dispensable. Furthermore, we examine the contribution of these interac-
tions to primed adaptation and show that this process requires less stringent Cascade–Cas3 coordination than
target interference.
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