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MHC binding predictions

ÅMHC molecules are highly polymorphic ςthousands of different 
variants exist

ÅMHC-peptide binding is promiscuousin nature 

ÅExperimental characterization of peptideςMHC interactions is 
highly cost-intensive

ÅPrediction methods facilitate selection of potential epitopes from 
a pool of peptides
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Peptide IC 50(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 I Binding Prediction
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tools.iedb.org/main/tcell/
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Endogenous antigen processing pathway
(class I)

ÅAntigens generated within 
the cell
ÅViral particles

ÅSelf proteins

ÅDRiPs (Defective Ribosomal 
Particles)

ÅDifferent factors influence 
ǇŜǇǘƛŘŜ ōŜƛƴƎ άŜǇƛǘƻǇŜέ
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Class I MHC molecule

ÅExpressed by almost all nucleated 
cells

ÅPresents antigen to CD8+ T cells
(Cytotoxic T cells)

ÅOne MHC encoded polymorphic 
ŎƘŀƛƴ όʰύ όнƴŘ ŎƘŀƛƴ ς̡ н-
microglobulin)

ÅThe binding groove is closedat 
both ends and can accommodate 
peptides of 8-15 AA

ÅOnly h  ŎƘŀƛƴimpacts binding
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Figure Source
Cellular & Molecular Immunology, 5th Ed by Abbas and Lichtman
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MHC-I binding prediction - example
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>LCMV Armstrong, Protein GP
MGQIVTMFEALPHIIDEVINIVIIVLIVITGIKAVYNFATCGIFALISFLLLAGRSCGM
YGLKGPDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHYISMGTSGLELTFTNDSII
SHNFCNLTSAFNKKTFDHTLMSIVSSLHLSIRGNSNYKAVSCDFNNGITIQYNLTFSDA
QSAQSQCRTFRGRVLDMFRTAFGGKYMRSGWGWTGSDGKTTWCSQTSYQYLIIQNRTWE
NHCTYAGPFGMSRILLSQEKTKFFTRRLAGTFTWTLSDSSGVENPGGYCLTKWMILAAE
LKCFGNTAVAKCNVNHDAEFCDMLRLIDYNKAALSKFKEDVESALHLFKTTVNSLISDQ
LLMRNHLRDLMGVPYCNYSKFWYLEHAKTGETSVPKCWLVTNGSYLNETHFSDQIEQEA
DNMITEMLRKDYIKRQGSTPLALMDLLMFSTSAYLVSIFLHLVKIPTHRHIKGGSCPKP
HRLTNKGICSCGAFKVPGVKTVWKRR

Epitope 
sequence

(copy or upload)

tools.iedb.org/mhci/
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>LCMV Armstrong, Protein GP
MGQIVTMFEALPHIIDEVINIVIIVLIVITGIKAVYNFATCGIFALISFLLLAGRSCGM
YGLKGPDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHYISMGTSGLELTFTNDSII
SHNFCNLTSAFNKKTFDHTLMSIVSSLHLSIRGNSNYKAVSCDFNNGITIQYNLTFSDA
QSAQSQCRTFRGRVLDMFRTAFGGKYMRSGWGWTGSDGKTTWCSQTSYQYLIIQNRTWE
NHCTYAGPFGMSRILLSQEKTKFFTRRLAGTFTWTLSDSSGVENPGGYCLTKWMILAAE
LKCFGNTAVAKCNVNHDAEFCDMLRLIDYNKAALSKFKEDVESALHLFKTTVNSLISDQ
LLMRNHLRDLMGVPYCNYSKFWYLEHAKTGETSVPKCWLVTNGSYLNETHFSDQIEQEA
DNMITEMLRKDYIKRQGSTPLALMDLLMFSTSAYLVSIFLHLVKIPTHRHIKGGSCPKP
HRLTNKGICSCGAFKVPGVKTVWKRR

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

Prediction 
method
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MHC class I binding prediction methods available
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Method Reference Performance Reported 

NetMHCpanEL - 4.1 Reynissonet al., 2020 0.978 AUC (evaluated on EL data)

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

NetMHCpanBA - 4.1 Reynissonet 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:MHCBinding 
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)
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Guidelines: Choosing the prediction method

Å{ǳƎƎŜǎǘŜŘ ƳŜǘƘƻŘ Ґ άL95. ǊŜŎƻƳƳŜƴŘŜŘέ
ÅEmploys NetMHCpan EL 4.1 across all alleles

ÅProvides binding affinity & percentile rank for each method 
separately as well

ÅRecommendation will change with the new benchmark 
studies
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IEDB Tools Version Recommended Method

2020.09 (current) NetMHCPan 4.1 EL

2020.04 NetMHCPan 4.0 EL

2.22 and earlier Consensus, if available; otherwise, NetMHCpan
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>LCMV Armstrong, Protein GP
MGQIVTMFEALPHIIDEVINIVIIVLIVITGIKAVYNFATCGIFALISFLLLAGRSCGM
YGLKGPDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHYISMGTSGLELTFTNDSII
SHNFCNLTSAFNKKTFDHTLMSIVSSLHLSIRGNSNYKAVSCDFNNGITIQYNLTFSDA
QSAQSQCRTFRGRVLDMFRTAFGGKYMRSGWGWTGSDGKTTWCSQTSYQYLIIQNRTWE
NHCTYAGPFGMSRILLSQEKTKFFTRRLAGTFTWTLSDSSGVENPGGYCLTKWMILAAE
LKCFGNTAVAKCNVNHDAEFCDMLRLIDYNKAALSKFKEDVESALHLFKTTVNSLISDQ
LLMRNHLRDLMGVPYCNYSKFWYLEHAKTGETSVPKCWLVTNGSYLNETHFSDQIEQEA
DNMITEMLRKDYIKRQGSTPLALMDLLMFSTSAYLVSIFLHLVKIPTHRHIKGGSCPKP
HRLTNKGICSCGAFKVPGVKTVWKRR

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

Choose species
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MHC-I binding prediction ςexample
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tools.iedb.org/mhci/

Specify allele(s) & 
peptide length
(select or upload)

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

Upload format:
HLA-A*01:01,9
HLA-B*07:02,10

Complete set

Reference alleles
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Natural length distribution in epitope prediction

ÅAlleles differ in their preference for lengths on binding 
and presentation of peptides
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Allele selection ςReference set for global coverage

ÅReference set of 
27 alleles

ÅCovers > 97% of  
population
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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/entries/2
5054538-HLA-allele-frequencies
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Prediction method dependent allele selection
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tools.iedb.org/mhci/
NetMHCpan prediction 
methods allow FASTA 

sequence input

{ŜƭŜŎǘ ά{ǇŜŎƛŦȅ aI/ ŀƭƭŜƭŜ ǎŜǉǳŜƴŎŜέ
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bpeters@lji.org

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

Output

Input

>LCMV Armstrong, Protein GP
MGQIVTMFEALPHIIDEVINIVIIVLIVITGIKAVYNFATCGIFALISFLLLAGRSCGM
YGLKGPDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHYISMGTSGLELTFTNDSII
SHNFCNLTSAFNKKTFDHTLMSIVSSLHLSIRGNSNYKAVSCDFNNGITIQYNLTFSDA
QSAQSQCRTFRGRVLDMFRTAFGGKYMRSGWGWTGSDGKTTWCSQTSYQYLIIQNRTWE
NHCTYAGPFGMSRILLSQEKTKFFTRRLAGTFTWTLSDSSGVENPGGYCLTKWMILAAE
LKCFGNTAVAKCNVNHDAEFCDMLRLIDYNKAALSKFKEDVESALHLFKTTVNSLISDQ
LLMRNHLRDLMGVPYCNYSKFWYLEHAKTGETSVPKCWLVTNGSYLNETHFSDQIEQEA
DNMITEMLRKDYIKRQGSTPLALMDLLMFSTSAYLVSIFLHLVKIPTHRHIKGGSCPKP
HRLTNKGICSCGAFKVPGVKTVWKRR
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How the tool works

ÅBreaks the sequence into all possible peptides (of 
chosen length).

ÅPredicts the binding affinity for each peptide based on 
the method.

ÅCompares the predicted affinity to that of a large set of 
randomly selected peptides.

ÅAssigns a percentile rank depending on individual 
predicted affinity.

ÅConsensus picks the median rank of the methods used.
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MHC-I binding prediction ςexample
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tools.iedb.org/mhci/

Output
(sorted low-to-high by 

percentile rank)

Input sequence

A percentile rank for a 
peptide is the percentage 
of randomly sampled 
peptides scoring better 
than the peptide.
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MHC-I binding prediction ςexample

19

tools.iedb.org/mhci/ Individual scores for different methods
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Downloaded prediction results
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Emailed prediction results
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{ŜƭŜŎǘƛƻƴ ƻŦ άōƛƴŘŜǊǎέ
ÅPick peptides below percentile rank 1.0

ÅPick peptides below predicted binding affinity of 500 nM
ÅIC50 < 50 nM - high affinity
ÅIC50 < 500 nM - intermediate affinity
ÅIC50 < 5000 nM - low affinity
ÅSette et al. 1994, J. Immunology (PMID: 7527444)
ÅEnsures that all peptides have reasonable affinity

ÅPick top 1% of peptides for each allele/length combination to 
cover most of immune responses
ÅMoutaftsi et al. 2006 (PMID: 16767078)
ÅKotturi et al. 2007 (PMID: 17329346)
ÅEnsures equal number of peptides per allele

ÅSelect based on allele specific binding affinity threshold
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Different peptide-binding repertoires

ÅThe size of the peptide repertoire binding at a given affinity varies 
between alleles
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HLA-A*02:01 HLA-A*01:01

Allele-specific affinity cutoffs
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Allele-specific thresholds
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Recommendations

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

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

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

ÅChange threshold values depending on your need
Åe.g. in case you have too few or too many predicted binders.

ÅSet 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.
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Class II MHC Binding Prediction
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ÅBasic structure and principles same as class I binding prediction 
tool
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