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• Antigens generated within 
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• Viral particles
• Self proteins
• DRiPs (Defective Ribosomal 

Particles)

• Different factors influence 
peptide being “epitope”
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Class I MHC molecule
• Expressed by almost all nucleated 

cells

• Presents antigen to CD8+ T cells 
(Cytotoxic T cells)

• One MHC encoded polymorphic 
chain (α) (2nd chain – 
β2-microglobulin)

• The binding groove is closed at 
both ends and can accommodate 
peptides of 8-15 AA

• Only α chain impacts binding

Figure Source
Cellular & Molecular Immunology, 5th Ed by Abbas and Lichtman
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MHC binding predictions
• MHC molecules are highly polymorphic – thousands of different 

variants exist

• MHC-peptide binding is promiscuous in nature 

• Experimental characterization of peptide–MHC interactions is 
highly cost-intensive

• Prediction methods facilitate selection of potential epitopes from 
a pool of peptides

Peptide IC50(nM)

ASFCGSPY   51.4
LTDFGLSK  739.3
FTSFFYRY 1285.0
KSVFNSLY 1466.0
RDWAHNSL 1804.6
FSSCPVAY 1939.4
RNWAHSSL 2201.7
LSCAASGF 2830.1
LASIDLKY 3464.0

Peptide binding data
 HLA-A*01:01 Machine learning algorithms

+
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MHC class I binding prediction methods available

Method Reference Performance Reported 

NetMHCpan EL - 4.1 Reynisson et al., 2020 0.978 AUC (evaluated on EL 
data)

NetMHCpan EL - 4.0 Paul et al., 2020 0.977 AUC (average)

NetMHCpan BA - 4.1 Reynisson et al., 2020 0.893 AUC (evaluated on BA 
data)

NetMHCpan BA - 4.0 Paul et al., 2020 0.975 AUC (average)

Consensus Moutaftsi et al., 2006

ANN (NetMHC - 4.0) Andreatta & Nielsen, 2016 0.887 AUC (average)

SMM with Peptide:MHC Binding 
Energy Covariance matrix 
(SMMPMBEC)

Kim et al., 2009 0.894 AUC (average)

Stabilized matrix method (SMM) Peters & Sette, 2005 0.887 AUC (average)
(Kim et. al., 2009)

Combinatorial library (CombLib) Sidney et al., 2008 0.909 AUC (HLA-A*0201)

PickPocket - 1.1 Zhang et al., 2009 0.895 AUC (average)

NetMHCcons - 1.1 Karosiene et al., 2012 0.729 PCC (average)

NetMHCstabpan - 1.0 Rasmussen et al., 2016 0.980 AUC (average)2022 IEDB User Workshop
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tools.iedb.org/mhci/

2022 IEDB User Workshop



MHC-I binding prediction - example
tools.iedb.org/mhci/

2022 IEDB User Workshop



>LCMV Armstrong, Protein GP
MGQIVTMFEALPHIIDEVINIVIIVLIVITGIKAVYNFATCGIFALISFLLLAGRSCGM
YGLKGPDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHYISMGTSGLELTFTNDSII
SHNFCNLTSAFNKKTFDHTLMSIVSSLHLSIRGNSNYKAVSCDFNNGITIQYNLTFSDA
QSAQSQCRTFRGRVLDMFRTAFGGKYMRSGWGWTGSDGKTTWCSQTSYQYLIIQNRTWE
NHCTYAGPFGMSRILLSQEKTKFFTRRLAGTFTWTLSDSSGVENPGGYCLTKWMILAAE
LKCFGNTAVAKCNVNHDAEFCDMLRLIDYNKAALSKFKEDVESALHLFKTTVNSLISDQ
LLMRNHLRDLMGVPYCNYSKFWYLEHAKTGETSVPKCWLVTNGSYLNETHFSDQIEQEA
DNMITEMLRKDYIKRQGSTPLALMDLLMFSTSAYLVSIFLHLVKIPTHRHIKGGSCPKP
HRLTNKGICSCGAFKVPGVKTVWKRR

MHC-I binding prediction - example
tools.iedb.org/mhci/
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method
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Allele selection – Reference set for global coverage

• Reference set of 
27 alleles

• Covers > 97% of 
population

HLA-A Frequency HLA-B Frequency

A*01:01 16.2 B*07:02 13.3

A*02:01 25.2 B*08:01 11.5

A*02:03 3.3 B*15:01 5.2

A*02:06 4.9 B*35:01 6.5

A*03:01 15.4 B*40:01 10.3

A*11:01 12.9 B*44:02 9.2

A*23:01 6.4 B*44:03 7.6

A*24:02 16.8 B*51:01 5.5

A*26:01 4.7 B*53:01 5.4

A*30:01 5.1 B*57:01 3.2

A*30:02 5.0 B*58:01 3.6

A*31:01 4.7

A*32:01 5.7

A*33:01 3.2

A*68:01 4.6

A*68:02 3.3

http://iedb.zendesk.com/ent
ries/25054538-HLA-allele-fre

quencies
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MHC-I binding prediction – example
tools.iedb.org/mhci/

Input sequence
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MHC-I binding prediction – example
tools.iedb.org/mhci/

Output
(sorted low-to-high by 

percentile rank)

Input sequence
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A percentile rank for a 
peptide is the percentage 
of randomly sampled 
peptides scoring better 
than the peptide.





Downloaded prediction results
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Selection of “binders”



Selection of “binders”
• Pick peptides below percentile rank 1.0

• Pick peptides below predicted binding affinity of 500 nM
• IC50 < 50 nM - high affinity
• IC50 < 500 nM - intermediate affinity
• IC50 < 5000 nM - low affinity
• Sette et al. 1994, J. Immunology (PMID: 7527444)
• Ensures that all peptides have reasonable affinity

• Pick top 1% of peptides for each allele/length combination to 
cover most of immune responses

• Moutaftsi et al. 2006 (PMID: 16767078)
• Kotturi et al. 2007 (PMID: 17329346)
• Ensures equal number of peptides per allele

• Select based on allele specific binding affinity threshold
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Allele-specific thresholds
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Recommendations

• All approaches (affinity and ranking) are reasonable, and have 
been applied in numerous studies

• Thresholds can be combined (peptides in top 1% and IC50 
<500nM) 

• Current studies suggest that allele specific thresholds can be 
derived
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Alternate approaches for selecting binders 

• Change threshold values depending on your need
• e.g. in case you have too few or too many predicted binders.

• Set a desired percentage within your peptide set 
(irrespective of IEDB percentile rank) in case you want to 
study a fixed number of best possible peptides.

2022 IEDB User Workshop


