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repair genes in an ancient lineage
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Study Highlichts

* Genes and pathways 1nvolved in the cell cycle and DNA damage
response and repair are highly conserved across the tree of life.

* Loss of these genes 1s rare and often leads to genome instability.

* We report the widespread loss of cell cycle and DNA damage
response and repair genes 1n the budding yeast genus, Hanseniaspora.

* One lineage harbors a strong signature of accelerated sequence
evolution (termed the fast evolving lineage; orange) and 1s missing

4’7 genes (e.g., MAGI, POL32) DNA repair genes, which 1s associated
with a broad mutational burden. In contrast, a slower evolving lincage
(denoted 1n blue) 1s missing 14 genes and has a slower mutational rate.

* Hypermutating clades that lack otherwise highly conserved cell cycle
and DNA response and repair genes can persist over long evolutionary
timescales and provide insight into the tolerance of a high mutational
burden and the associated genomic alterations.

Loss of cell cycle genes, including key regulators, across Hanseniaspora
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» Examination of genes present and absent 1n the cell cycle of budding yeasts
revealed numerous missing genes.

» Missing genes include key regulators, such as WHI),
spindle checkpoint processes and segregation, such as MADI and MAD?2,
or DNA damage checkpoint processes, such as MEC3, RAD9, and RFX1

* Genes missing 1n both lineages, the FEL, or the SEL are colored purple,
orange, or blue, respectively.

Phylogenomics and phylogenetics support a fast evolving clade
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* 1,034 single copy orthologous genes support a FE lineage
* Inset - subtracting the branch length leading up to each clade per
single gene tree reveals most genes support a FE lineage
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Loss of DNA repair genes is enriched in the FE clade
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« HMMs build from top 100 fungal blast hits per gene were used to search
for DNA repair genes across Hanseniaspora using an E-value cutoff 10~

* DNA repair genes belonging to diverse DNA repair pathways are missing
across all species but enriched among the FE lineage
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SNP analyses reveal high burden, AT bias, and random-like Ts:Tv
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* Codon based alignments of 1,034 genes were analyzed for mutational
burden (left) and mutational biases (middle and right)

 Left - All codon positions carry a high mutational burden in FEL

» Middle - Mutational biases reveal SNPs are biased towards AT

* Right - Ts:Tv reflect a random-like pattern of mutations

Genetic diversity of Hanseniaspora is on par with vertebrates
FE Clade SE Clade
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* Average protein similarity, a measure of diversity, between 1conic
species from Plants, Animals, Saccharomycetaceae, the FE and SE
lineages of Hanseniaspora, and their relatives

* Diversity between Hanseniaspora species 1s on par with vertebrates
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