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Eukaryotic genome replication requires the coordinated function of multiple DNA polymerases, each differing in
fidelity and catalytic efficiency. While replication mechanisms have been elucidated in yeast, mammalian cells utilize a
broader array of polymerases, suggesting a more flexible and redundant replication system. This study investigates how
error-prone polymerases, particularly Poln and Polk, contribute to genome replication under physiological conditions.
Using CRISPR-Cas9, we generated human cell lines with active-site mutations in Poln and Polk that promote
ribonucleotide incorporation. By detecting genomic regions with elevated levels of embedded rNMPs, we identified the
genome-wide activity of these polymerases. This approach, known as polymerase usage sequencing (Pu-seq), revealed
that although Poln and Polk exhibited only modest synthesis profiles across the genome, their activity was specifically
detectable in replication initiation zones, particularly on the lagging strand. Moreover, mutation signature analysis based
on cancer genome data suggested that Poln- and Polk-mediated synthesis may underlie strand-biased mutagenesis near
1Zs. We also mapped replication initiation using Pole and Pola profiles and found that IZs correlated with intergenic
regions marked by H2A.Z and H3K27me3. In contrast, heterochromatic regions lacked distinct [Zs, likely due to dispersed
initiation events. These findings highlight the complexity of genome replication control, where both DNA polymerase

dynamics and chromatin context collectively shape the spatial organization and fidelity of replication initiation.
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