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The crystal structures have been deposited in the Protein Data Bank with accession code 7F3S (Sth1BD-H3K14bz), 7F4A (Taf14YEATS–H3K9bz), 7F5M (Sas5YEATS–
H3K27bz), 7F4E (Hst2-H3K9bz complex), and 7F51 (Hst2-2'-O-Benzoyl-ADP-ribose complex). The mass spectrometry data have been deposited to the
ProteomeXchange Consortium via the PRIDE partner repository with the dataset identifier PXD030110 (LC-MS/MS identification of histones Kbz sites catalyzed by
non-enzymatic mechanism and by Gcn5-Ada2), PXD030070 (LC-MS/MS identification of histone Kbz sites in yeast), and PXD029997 (global profiling of lysine
benzoylation in S. cerevisiae). Subcellular distribution analysis was performed by Uniport (https://www.uniprot.org/). Gene Ontology analysis was performed by
DAVID platform 6.8 (https://david.ncifcrf.gov/). Source data are provided with this paper. All other data are available from the corresponding author on request.

No statistical methods were used to predetermine sample size. Sample sizes were decided based on the literature and prior experience in our

laboratory. All MALDI-ToF based deacetylation and debenzoylation experiments and the acetylation rate assays of Gcn5-Ada2 subcomplex
were performed independent three times. Afterwards, the results of the three experiments were statistically analyzed by GraphPad Prism 8.0
software.

No data were excluded in this study.

All ITC experiments were repeated twice, and one representative plot was shown. The WB assays and purification of SAGA and Gcn5-Ada2
subcomplex were performed at least twice. The identification of histone and non-histone Kbz sites were performed at least twice. All MALDI-
TOF based deacetylation and debenzoylation experiments and the acetylation rate assays of Gcn5-Ada2 subcomplex were repeat independent
three times. The MS/MS identification of histone Kbz sites catalyzed by non-enzymatic or Gcn5-Ada2 subcomplex assays shown in Fig. 2d-e,
and the benzoylation rate assays shown in Supplementary Fig. 3f were not repeated due to the material limitation.

Samples were randomly allocated to different groups.

Yeast strains were blinded to group allocation.

The HRP secondary antibody were used: Peroxidase AffiniPure Goat Anti-Mouse IgG (Jackson ImmunoResearch, 1:5000,
115-035-003), Peroxidase AffiniPure Goat Anti-Rabbit IgG (Jackson ImmunoResearch, 1:5000, 111-035-003). And anti-Kbz (Anti-




