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Extended Data Fig. 5 | Potential roles of OGT in RNA processing from O-GlcNAc 
functional networks. a, Schematic of identified OGT interactors and substrates 
involved in intron retention and pre-mRNA stabilization. b, Schematic of 
identified OGT interactors and substrates within the spliceosome early complex, 

including SNRPA within the U1 small nuclear ribonucleoprotein and SF1.  
Ub = ubiquitination, P = phosphorylation, Me = methylation. c, Schematic of 
identified OGT interactors and substrates within the Prp19/Nineteen complex of 
the catalytic spliceosome complex. Structure from PDB 5YZG.
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Extended Data Fig. 6 | Workflow and characterization of O-GlcNAc site 
quantification in wild-type and BAP1 knockout HEK293T cells. a, Validation 
of BAP1 knockout in HEK293T cells by western blotting. b, Instrument workflow 
for O-GlcNAc site identification and quantification. Each MS1 parent ion selected 
by the instrument is first subjected to data-dependent HCD fragmentation with 
Orbitrap detection (ddMS2-OT-HCD) to potentially generate diagnostic ions from 
the tagged O-GlcNAc moiety. Scans containing any of the diagnostic ions trigger 
three additional MS scans: (1) synchronous precursor selection of MS2 ions 
followed by HCD fragmentation with Orbitrap detection (SPS, ddMS3-OT-HCD) 
for isobaric tag quantification, (2) ETD fragmentation of the MS1 parent ion with 

the ion trap (ddMS2-IT-ETD) for site localization, and (3) EThcD fragmentation of 
the MS1 parent ion with the ion trap (ddMS2-IT-EThcD) for site localization.  
c, Representative MS scan of diagnostic ions and chemical structures produced 
by TMT-labeled chemoenzymatic linker fragment at 529.2930, 547.3036, and 
732.3720 m/z. d, Pie chart of localized and quantified O-GlcNAc sites found 
in BAP1 WT vs. KO experiment based on ion selection method. e, Bar graph of 
localized O-GlcNAc sites produced by the three fragmentation methods used. 
f, Pie chart showing the overlap between unique, localized O-GlcNAc sites 
identified by ETD and EThcD fragmentation methods in the BAP1 WT vs. KO 
quantitative glycomics experiment.
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Extended Data Fig. 7 | Characterization of OGT-FH mouse model.  
a, Genotyping strategy for OGT-FH mouse model with representative agarose 
gel. A region containing the C-terminus of the Ogt gene was amplified by PCR, 
and the PCR product was treated with BamHI. Wild-type animals yield a single 
band at 2.5 kb, and OGT-FH animals yield two bands at 1.9 kb and 0.6 kb.  
b, Punnett square of Ogtfh gene inheritance outcomes during the derivation 
of OGT-FH mouse model. Data analyzed by chi-square (χ2) test with 3 degrees 
of freedom (df) assuming 25% of each possible genotype. c, Analysis of global 
O-GlcNAc levels in brain and liver tissue from WT and OGT-FH mice by western 
blot. The RL-2 clonal antibody was used to measure global O-GlcNAc levels.  

d, Workflow to identify in vivo OGT interactors. Organs were harvested and 
lysed in nondenaturing lysis buffer. Lysates were subjected to tandem FLAG and 
HA co-immunoprecipitation, and eluted proteins were subjected to in solution 
digestion. Tryptic peptides were tagged by dimethyl labeling using CH2O or 
CD2O and NaBH3CN. For samples labeled with CD2O, peptides gained 4 or 8 Da 
based on whether the terminal residue is Arg or Lys, respectively. Samples were 
then combined 1:1 and subjected to LC-MS/MS identification and quantification. 
e, Pie chart of 1,543 O-GlcNAc sites localized using ETD or EThcD fragmentation 
in murine brain and liver tissues.
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Extended Data Fig. 8 | Analysis of O-GlcNAc functional networks from murine 
brain and liver tissues. a, b, Pie charts of the percentage of genes per GO term 
for significantly enriched GO biological process terms for each annotated 

community in the (a) brain and (b) liver O-GlcNAc networks. Pie charts were 
generated by ClueGO. For clarity, only terms with more than 5% of included genes 
are labeled.
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Extended Data Fig. 9 | Analysis of O-GlcNAc functional networks in murine 
brain and liver tissues. a, Hierarchical clustering of enriched functional 
annotations from brain and liver networks identifies both shared and 
tissue-specific functions for O-GlcNAcylation (see Fig. 5h). Significant functional 
annotations were identified using g:Profiler, P < 0.01 by two-sided Fisher’s exact 
test after correction for multiple comparisons using the default g:SCS method 

(see Methods and Supplementary Data 9). b, Liver network with color-coded 
nodes pertaining to the selected biological functions listed on the right allows 
for their rapid visualization throughout the network. c, Brain network with 
color-coded nodes pertaining to long-term potentiation (LTP) and learning and 
memory. d, Validation of the Ppfia1-OGT interaction by co-immunoprecipitation 
of Ppfia1 with OGT-FH from adult murine cortical neurons and western blotting.
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