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Deficiencies in DNA mismatch repair (MMRd) leave characteristic footprints of microsatellite
instability (MSI) in cancer genomes. We used data from the Cancer Genome Atlas and International
Cancer Genome Consortium to conduct a comprehensive analysis of MSI-associated cancers,
focusing on indel mutational signatures. We classified MSI-high genomes into two subtypes based
on their indel profiles: deletion-dominant (MMRd-del) and insertion-dominant (MMRd-ins).
Compared with MMRd-del genomes, MMRd-ins genomes exhibit distinct mutational and
transcriptomic features, including a higher prevalence of T>C substitutions and related mutation
signatures. Short insertions and deletions in MMRd-ins and MMRd-del genomes target different
sets of genes, resulting in distinct indel profiles between the two subtypes. In addition, indels in the
MMRd-ins genomes are enriched with subclonal alterations that provide clues about a distinct
evolutionary relationship between the MMRd-ins and MMRd-del genomes. Notably, the
transcriptome analysis indicated that MMRd-ins cancers upregulate immune-related genes, show a
high level of immune cell infiltration, and display an elevated neoantigen burden. The genomic and
transcriptomic distinctions between the two types of MMRd genomes highlight the heterogeneity
of genetic mechanisms and resulting genomic footprints and transcriptomic changes in cancers,

which has potential clinical implications.



