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Supplementary Figure 1. (a) Score distributions of target and decoy glycoPSMs for FDR calculation on the mouse br
ain dataset (PXD005411) from Liu et al.27. (b, c) Two glycoPSMs identified by GlycanFinder and pGlyco3 from the sa
me spectrum scan 56805, sample 2 (cwq_mix2-2_726.raw) of the fission yeast dataset (PXD005565) from Liu et al.
27. The glycan identified by GlycanFinder, (HexNAc)2(Hex)11, has more supporting glycopeptide ions and has a high
-mannose (HexNAc)2(Hex)n structure, which is commonly observed in the fission yeast species. Peptide- 
backbone b/y ions are highlighted in blue and red, respectively. Glycopeptide B/Y ions are highlighted in purple. (H: 
Hex; N: HexNAc). 
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Supplementary Figure 2. Example glycoPSMs of different de novo glycans predicted by StrucGP and GlycanFinder on 
the same spectrum. StrucGP failed to detect NeuAc signals in the spectrum (red arrows). 



Supplementary Figure 3. N-linked glycopeptide analysis by GlycanFinder on the IgG Orbitrap dataset. (a) Example glycopeptide-s
pectrum matches of the four isomeric glycopeptides EEQ[Y/F]N(HexNAc4Hex3Fuc1)ST[Y/F]R on IgG1-4. (b) Zoom-in to the 
peptide backbone b/y ions of the glycopeptide-spectrum matches that could distinguish the four isomeric glycopeptides 
EEQ[Y/F]N(HexNAc4Hex3Fuc1)ST[Y/F]R on IgG1-4. The key ions b3/b4, y5/y6, b7/b8, and y1/y2 corresponding to Tyr (Y) and Phe
(F) amino acids at the 4th and 8th positions are highlighted. The tables below the annotated spectra show the masses of the 
fragment ions and the matched b/y ions are highlighted in blue and red, respectively. 
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Supplementary Figure 4. N-linked glycopeptide analysis by GlycanFinder on the IgG timsTOF dataset. (a) Example g
lycopeptide-spectrum matches that could distinguish isomeric peptides and glycans on four IgG1-4 subclasses. (b) 
Venn diagram of unique N-linked glycopeptides identified from the IgG Orbitrap and timsTOF datasets. (c) Relative 
quantification results of the top five most abundant N-linked glycans on the protein IgG2. 
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Supplementary Figure 5. Comparison of N-linked glycopeptide analysis results by GlycanFinder, pGlyco3, and 
MSFragger on the IgG Orbitrap dataset. (a) Venn diagram of unique N-linked glycopeptides identified by the three 
search engines. (b) Relative quantification results of the top five most abundant N-linked glycans on the protein IgG2. 
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Supplementary Figure 6. As there are often more than one O-glycosylation sites in a peptide sequence. GlycanFinder
allows at most two O-linked glycans per peptide and considers internal fragment ions to determine the best 
glycosylation sites. In this example, the best candidate (a) has 4 more matched ions, y3-HexNAc1, z’4-HexNAc1, c8-
HexNAc1 and c9-HexNAc1, than the candidate in (b). 
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Supplementary Figure 7. Performance of O-linked glycopeptide database search engines on community-based 
evaluation benchmarks proposed in Kawahara et al.3. 



Supplementary Figure 8. Deep learning model for glycan de novo sequencing. (a) Our approach involves the 
extraction of information from both the spectrum and the current substructure at each time step. Each node within 
the substructure represents compositions derived from dynamic programming. For instance, <sos> in the initial time 
step consists of node features of two Hexes and three HexNAcs, the HexNAc node in the second time step consists of 
two Hexes and two HexNAcs. These combinations of monosaccharides are integrated into the substructure. The 
generation process concludes either when all monosaccharides in composition have been utilized or when all child 
nodes are connected by a <stop> sign. (b) We use Graphormer to encode structure at each time step. Each node in 
structure is labeled by breadth-first-search order starting from the root attached to the peptide. As a result we use 
positional embedding introduced in the transformer to encode the label and centrality encoding that encodes the in 
and out degrees of each node. 
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