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2004-16: Glycomics-centric community studies
1st HGPI Study: Yoshinao Wada1

2nd HGPI Study: Anne Dell2

3rd HGPI Study: Pauline Rudd3

2017- : Glycoproteomics-centric community studies
1st HGI Study: Nicki Packer & Morten Andersen4

2nd HGI Study: Stacy Malaker & Nick Riley (launched, early phase)

3rd HGI Study: Daniel Kolarich (scheduled, stay tuned)

1Wada et al., Glycobiology. 17(4)411. 2007. 
2Wada et al., Mol Cell Proteomics. 9(4)719. 2010. 
3Ito et al., Glycoconj J. 33(3)405, 2016.
4Kawahara et al., Nat Methods. 18, 1304, 2021.

Past, current and future glyco-centric initiatives under B/D-HPP (HUPO)



Glycopeptide identification is challenging!

Each level can be 
correctly or 
incorrectly 
identified

Zeng et al. Sci Rep, 2016, Zhu et al. Anal Chem, 2014, Strum et al. Anal Chem, 2013, Baker et al., Mol Cell Proteomics, 2010

HLFWVSAVLNETLPPQKHNISMSGR
Ox

Correct site?

Correct peptide?

Correct type and position of  
peptide modification(s)?

Correct monosaccharide 
composition and glycan structure?

NeuAc

NeuGc

Ac

Correct type and position 
of glycan modification(s)?

• Peptide identity
• Site localization
• Monosaccharide composition
• Glycan PTM modification(s)
• Other peptide modification(s)

Goal: Holistic FDR-based identification 



The rise of glycoproteomics…

Thaysen-Andersen, Packer, Schulz. Mol Cell Proteomics. 15(6):1773-90. 2016.

Chernykh, Kawahara, Thaysen-Andersen. Biochem Soc Trans. 49(1):161-186. 2021.

Gal2Man3GlcNAc4Fuc2NeuAc1

Hex5HexNAc4dHex2NeuAc1

or

or

Traditional 
glycoproteomics 

(composition focused)

Next-generation 
glycoproteomics 
(structure focused)

Are these correct 
identifications??



Modified from: 
- Lee et al. J Proteome Res. 15(10):3904-3915. 2016.
- Darula et al., Anal Chem. 87(12):6297-302. 2015.

Ambiguous methionine
modifications

Non-mod

Oxidation

Alkylation

15.9949 Da

41.0266 Da

Δm = 1 .0204 DaΔm = 0 Da

Δm

+

+

+

Near-isobaric monosaccharide 
combinations

Δm = 1 .0034 Da
(=>  4.25 ppm*) 

Isobaric monosaccharide 
combinations

12C mono-
isotope

13C isotope

Δm = 0.9840 Da
(=>  13.04 ppm* )

Asn

Asp

Precursor 
selection

Spontaneous 
deamidation

* Calculated for a standard size tryptic N-glycopeptide of 4 kDa

NeuAc

NeuGc

Difficult-to-identify glycopeptide features….



Peptide identification

Site identification

Glycan identification

Parker, Thaysen-Andersen, Fazakerley, Holliday, Packer, James. Mol Cell Proteomics. 15(1):141-53. 2016. 

Fragmentation modes for intact glycopeptides

10,000s-100,000s 
glycopeptide 
MS/MS per run

(SCE-) 
HCD

EThcD

CID



Informatics developments in glycoproteomics

Thaysen-Andersen, Packer, Schulz. Mol Cell Proteomics. 15(6):1773. 2016

Recent glyco-informatic reviews:                                                     
Hu H, Khatri K, Zaia J. Mass Spectrom Rev. 36(4):475-498. 2017. 

Abrahams J, Taherzadeh G, Jarvas G, Guttman A, Zhou Y, 
Campbell MP. Curr Opin Struct Biol. 62:56-69. 2020. 

Advances in glycoproteomics software:

• IQ-GPA (Park et al., 2016)

• pGlyco (Zeng et al., 2016)

• Sweet-NET (Nasir et al., 2016)

• Byonic (Bern et al., 2012) 

• Protein Prospector (Chalkley et al., 2008)

• GPQuest (Toghi Eshghi et al., 2015)

• GlycopeptideID (Joenväärä et al., 2013)

• SweetHeart (Wu et al., 2013)

• GlycoFragWork (Mayampurath et al., 2014)

• GlycoMaster DB (He et al., 2014)

• GP Finder (Strum et al., 2013)

• MAGIC (Lynn et al., 2015)

• OMSSA (Geer et al., 2004)

• MS Amanda (Dorfer et al., 2014)

• Glycopep Evaluator (Zhu et al., 2014)

• etc……

How do these 
software compare??

Recent tools (2019-21): 
MSFragger-glyco, pGlyco3, 
O-Pair Search, StrucGP…
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Improving glycoinformatics solution for 
glycopeptide identification

Kawahara et al., Nat Methods. 2021 Nov;18(11):1304-1316. doi: 10.1038/s41592-021-01309-x. 

(Continuation of former HGPI headed 
by Prof Taniguchi and Prof Narimatsu)

(2004-2016)

The 1st HGI Study (2017-2021)

1st HGI Study Committee:
Morten Thaysen-Andersen, Nicolle H. Packer, 
Daniel Kolarich, Kay-Hooi Khoo, Katalin 
Medzihradszky, Joe Zaia, Goran Larson, Stuart 
Haslam, Giuseppe Palmisano, Jong Shin Yoo

Objective 
Evaluate the performance of the current 

glycoproteomics software and 
strategies for glycopeptide 

identification from LC-MS/MS data



The 1st HGI Study

Objective 

Evaluate the performance of the

current glycoproteomics software

and strategies for glycopeptide

identification from LC-MS/MS data

1st HGI Study Committee:
Morten Thaysen-Andersen, 
Nicolle H. Packer, Daniel Kolarich, 
Kay-Hooi Khoo, Katalin 
Medzihradszky, Joe Zaia, Goran 
Larson, Stuart Haslam, Giuseppe 
Palmisano, Jong Shin Yoo

HUPOST Newsletter. Bringing the Community Together to Evaluate and Improve Glycoproteomics Software. Aug 31, 2021
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Approach

Kawahara et al., Nat Methods, 2021



Approach

Kawahara et al., Nat Methods, 2021



Dramatic variation in the glycopeptide identification

Kawahara et al., Nat Methods, 2021

163 consensus N-glycopeptides
(>50% of teams)

(GlyConnect ID 2943)

Identified glycopeptides 
/ glycoproteins

Glycan search space



Example of an “easy” HCD-MS/MS spectrum (consensus N-glycopeptide)

Kawahara et al., Nat Methods, 2021

4+



Example of a challenging HCD-MS/MS spectrum

Kawahara et al., Nat Methods, 2021

4+



Performance tests Description of scoring

N1
Synthetic                         

N-glycopeptide 

Accuracy (specificity, %) and coverage 

(sensitivity, %) of the identification of the 

synthetic glycopeptide

N2
N-glycan 

composition*

Match of expected (Clerc et al., 201628) 

and reported glycan distribution in serum

N3
Source                               

N-glycoprotein*

Match of reported source glycoproteins 

to expected serum glycoproteins                   

(Clerc et al., 201628, Sun et al., 201844)

N4
N-glycoproteome 

coverage
Number of unique glycopeptides

N5

Commonly 

reported 

‘consensus’ 

N-glycopeptides

Proportion of reported glycopeptides out 

of the consensus glycopeptides reported 

by most teams

N6

NeuGc and                 

multi-Fuc 

N-glycopeptides 

Reported non-NeuGc and non-Fuc ≥2 

containing glyco-PSMs out of total PSMs

N-glycopeptide data
Ceruloplasmin (Asn762)

Alpha-1-antitrypsin
Haptoglobin

IgG1

How was performance assessed?

Kawahara et al., Nat Methods, 2021



Kawahara et al., Nat Methods, 2021

3+

4+

5+

HCD

EThcD

CID

HCD

EThcD

CID

HCD

EThcD

CID

Synthetic N-glycopeptide (performance test N1)



N-glycoproteomics performance

Kawahara et al., Nat Methods, 2021

Top performers:
1. Protein Prospector (Team 2) 

2. ByonicTM (Team 4)

3. GlycoPAT (Team 8)
Performance tasks:
N1. Synthetic N-glycopeptide 
N2. N-glycan composition
N3. N-glycoprotein identity
N4. N-glycopeptide coverage
N5. Common “consensus” N-glycopeptides
N6. NeuGc and multi-Fuc N-glycopeptides 



Search engine-centric analysis

Kawahara et al., Nat Methods, 2021

N = 11



Glycan database (SS1/SS2)
Spectral calibration? (SS5)
Protease specificity (SS6)

Missed cleavage (SS7)
Variable mod (type) (SS8)

Glycan/peptide (SS9)
Variable mod/peptide (SS10)

Precursor accuracy (ppm) (SS11)
Fragment accuracy (ppm) (SS12)

Decoy database (SS13)
Monoisotopic correction (SS14)#

309 25 309 25
No No No No
Full Full Semi Semi

2 2 2 2
1 4 1 4
1 1 2 2
1 4 1 4

10 5 10 5
20 10 20 10
Yes Yes Yes Yes
Yes Yes Yes Yes

14 9 3274 315
448 265 812 376

Time (min)
Glycopeptides (unique)

N-glycopeptide search

1.00 1.40 0.96 1.42
1.00 0.89 1.03 0.93

Specificity
Sensitivity

Performance 
gain^

(1.07 ± 0.16)
(0.85 ± 0.14)

Byonic 
teams

Byonic-centric analysis – improving performance 

Kawahara et al., Nat Methods, 2021

0.49
1.55

0.31
0.77

1.00
1.02
1.01

0.93
1.11

0.44
1.00

0 1 2 3

2.60

1.86
0.65

1.65
0.89

0.30
1.05
1.01
1.05
0.99
0.85

1.25
1.00

012

Specificity
(accuracy)

Sensitivity
(coverage)

Default
SS1
SS6
SS7

SS8/10
SS9

SS11/12
SS13
SS14

N-glycopeptide search

Rel performance (norm) Rel performance (norm)

Iteration level 1
Iteration level 2
Iteration level 3

Selected for 
iterative searches

Not selected 
(high cost)

Recommended settings for 
improved glycoproteomics 

data analysis

Evaluating the 
impact of each 

search setting on 
performance



Key conclusions from 1st HGI study

• Kawahara et al., Nat Methods, 2021 Community evaluation of glycoproteomics informatics solutions reveals high-performance search strategies for serum glycopeptide analysis. Nat 
Methods. 2021.

• Chau, Chernykh, Ugonotti, Parker, Kawahara, Thaysen-Andersen, Methods in Mol Biology, 2022 Glycomics-assisted Glycoproteomics Enables Deep and Unbiased N-Glycoproteome 
Profiling of Complex Biological Specimens 

• Diverse software exist for comprehensive glycopeptide data analysis

• Dramatic variance of glycopeptides identified across teams (high FDRs)

• Systematic and fair evaluation of relative software and team performance:

• High-performance software (Protein Prospector, Byonic, IQ-GPA, GlycoPAT, glyXtoolMS)

• High-performance search strategies identified => improved search strategies recommended

• All team reports and data publicly available to encourage re-interrogation 

• Follow-up study to test latest software (MSFragger-glyco, O-Pair Search, pGlyco3, StrucGP…)

“Want to do glycoproteomics well? 
Use a powerful search engine, tailored search settings and post-search filtering criteria, and know your glycobiology!”

Benjamin Schulz, UQ



1st HGI study Post-study benchmarking

1 2 3 4 5 6 7 8 9
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Overall score

Overall score

Open for benchmarking of new 
glycoproteomics software or updated 

versions of existing tools…

1st HGI developer software
1: IQ-GPA
2: Protein Prospector
3: glyXtoolMS

4: Byonic
5: SugarQb
6: Glycopeptide Search
7: GlycopeptideGraphMS
8: GlycoPAT
9: GPQuest

Post-study team software
23: MS-Fragger-Glyco

Post-study benchmarking of recent glycopeptide software following 1st HGI study

To make best use of methodology and outcomes of the 1st HGI
study and to bridge to the 2nd HGI study, the Human 
Glycoproteomics Initiative are offering a post-study benchmarking 
opportunity for new and updated software against the 
performance of the nine developer teams that completed the 
1st HGI study (Kawahara et al., Nat Methods, 2021).

https://www.nature.com/articles/s41592-021-01309-x
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Want to know more and contribute…..?

https://www.hupo.org/Human-Glycoproteomics-Initiative

2nd HGI Study: Stacy Malaker & Nick Riley (launched, early phase)

3rd HGI Study: Daniel Kolarich (scheduled, stay tuned)
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