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• Antigens generated 
within the cell

• Viral particles
• Self proteins
• DRiPs (Defective 

Ribosomal Particles

• Different factors 
influence peptide being 
“epitope”

Endogonous Antigen Processing Pathway 
(Class I)

MHC binding

Processing

Immunogenicity
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MHC I Binding Prediction

nextgen-tools.iedb.org/tc1

MHC 
binding
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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, aka B2M)

• The binding groove is closed at 
both ends and can accommodate 
peptides of 8-11 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-I Binding Prediction – Example

Antigen sequence
(type, copy/paste, or 

drag & drop)

nextgen-tools.iedb.org/tc1
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MHC-I Binding Prediction – Example

Specify allele(s) 
& peptide length

nextgen-tools.iedb.org/tc1
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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

https://iedb.zendesk.com/entrie
s/25054538-HLA-allele-
frequencies
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Using the Reference Allele Panel

Open the ‘Allele 
Finder’

Click on ‘27 Allele 
Panel’

Click Submit
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Natural Length Distribution in Epitope Prediction

• Alleles differ in their preference for lengths on binding 
and presentation of peptides
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MHC-I Binding Prediction – Example

Prediction 
method

nextgen-tools.iedb.org/tc1

11



2023 IEDB User Workshop

Guidelines: Choosing the Prediction Method

• IEDB-recommended epitope predictor
• Employs NetMHCpan EL 4.1 across all alleles

• IEDB-recommended binding predictor
• Employs NetMHCpan BA 4.1 across all alleles

• Recommendation will change with the new benchmark studies

IEDB Tools Version Recommended Method

2023.09 (current)
NetMHCPan 4.1 EL (epitope)
NetMHCPan 4.1 BA (binding)

2023.05 NetMHCPan 4.1 EL

2020.04 NetMHCPan 4.0 EL

2.22 and earlier Consensus, if available; otherwise, NetMHCpan
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MHC Class I binding prediction benchmarks
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tools.iedb.org/auto_bench/mhci/weekly/
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MHC-I Binding Prediction – Example

Run!

nextgen-tools.iedb.org/tc1
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How the Tool Works

• Breaks the sequence into all possible peptides of chosen 
length(s), unless ‘as-is’ option is selected

• Predicts the binding affinity / elution score for each 
peptide based on the method

• Compares the predicted affinity / elution score to that 
of a large set of randomly selected peptides

• Assigns a percentile rank depending on individual 
predicted affinity / elution score

• Calculates the median percentile rank
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MHC-I Binding Prediction – Example

Output
(sorted low-to-high 
by percentile rank)

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

nextgen-tools.iedb.org/tc1
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IC50 value distributions vary by allele
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HLA-A*02:01

HLA-A*24:02

Percentile=1
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Mapping IC50 values to percentile ranks 
enables comparisons across alleles
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HLA-A*02:01

HLA-A*24:02

Percentile=1

IC50=27

IC50=511
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Show / Hide Output Columns

‘Display 
Columns’ button
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With more 
methods, 
more fields 
are visible

Additional 
selected 
methods

(Mo methods, 
Mo columns)
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Downloaded Prediction Results
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Emailed Prediction Results and Link

Fill in details 
and click Submit

22



2023 IEDB User Workshop

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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https://doi.org/10.4049/jimmunol.1302101
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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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Class I processing prediction

nextgen-tools.iedb.org/tc1
Processing
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Class I Processing 
‘Combined Predictor’
nextgen-tools.iedb.org/tc1

• Combines predictions for:
• MHC binding
• proteasomal cleavage
• TAP transport

• Trained on specific in vitro
datasets
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Proteasomal Cleavage & 
TAP Transport Parameters

Proteasomal Cleavage
• Proteasomes create the C-terminal end 

of peptides
• Prediction looks for sequence motif up 

and downstream of potential cleavage 
site

• Cells may switch between immuno and 
constitutive proteasome machinery 
depending upon state

nextgen-tools.iedb.org/tc1

TAP Transport
• TAP transport efficiency of peptides is 

sequence dependent; motif derived based 
on in vitro assays

• Overall TAP transport efficiency of a 
presented MHC ligand can be result of a 
collection of precursors

• Unless paper thoroughly read and details 
about the precursor length distribution 
are known, keep parameters unchanged 
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Class I ‘Combined 
Predictor’ – Example
nextgen-tools.iedb.org/tc1

Run!
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Class I ‘Combined Predictor’ – Example

• Higher scores = higher efficiency for MHC-I presentation
• MHC binding score = –log10(IC50) (sign change)
• Combined scores are additive 

• Processing = proteasome + TAP
• Total = proteasome + TAP + MHC

nextgen-tools.iedb.org/tc1
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Caveats / Performance of Processing 
Predictions
• Predictions help understand why a given peptide may not be 

a good MHC ligand, despite strong predicted binding

• Most high-affinity binders are also efficiently processed due 
to co-evolution of MHC molecules with the proteosome and 
TAP

• Total processing score can be used as an additional filter for 
peptide selection, but should not be used without also 
considering binding independently
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Recommended Alternative: Use Predictors 
Directly Trained on Eluted Ligand Data

• Mass spectrometry of eluted ligands 
allows for the identification of a very 
large number of ligands in a single 
experiments

• Ligand sequences contain signals from 
both binding and processing

• NetMHCPan EL predictions (trained on 
eluted ligands) performs excellent, and 
can be used just like a regular MHC 
binding prediction 
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Incorporating Antigen Expression: Axel-F

• Increased expression of an 
antigen in a cell increases the 
likelihood that peptides 
derived from it are processed 
and presented

• Axel-F tool
integrates
expression data
into MHC ligand
predictions

33

tools.iedb.org/axelf
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Class I immunogenicity 
prediction

nextgen-tools.iedb.org/tc1

Immunogenicity
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Class I Immunogenicity Prediction

• Approach: Assemble two 
datasets of peptides with 
similar MHC binding affinity, 
that are (i) recognized or 
(ii) not recognized by T cells

• Enrichment of W,F,I and 
depletion of S,M,K in 
immunogenic peptides

• Use enrichments to 
calculate propensity scores

immunogenic
non-immunogenic
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Class I 
Immunogenicity 
Prediction –
Example

*Although predictions can be made for any length, this tools was only 
validated for 9mer peptides.

Mask positions that 
are MHC anchors

nextgen-tools.iedb.org/tc1

Run!
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Class I Immunogenicity Prediction – Example

• Scores are sums of propensity scores at all unmasked positions
• High scores = peptide is more likely to be immunogenic
• If ‘allele-specific’ is unselected, the same score will apply over all alleles

nextgen-tools.iedb.org/tc1
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Class I Immunogenicity Prediction Caveats / 
Performance 

• Experimentally, many 
MHC binding peptides can 
be immunogenic (~50%) 

• Cross validation gave AUC 
values ~ 0.65. Test on 
independent blind set 
gave AUC = 0.69

• Recommendation: Use as 
filter (cutoff 0) if high 
specificity is desired.
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Combining 
Multiple 
Predictors
nextgen-tools.iedb.org/tc1

Add another 
prediction
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Combining Multiple Predictors
nextgen-tools.iedb.org/tc1

Run!
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Apply Filters and Save Your Work!

• Pipeline link will include all selected 
parameters plus all data

• Pipeline ‘configuration’ link will only include 
selected parameters

41

Source: CNN
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Review
• Next-generation IEDB Tools website (nextgen-

tools.iedb.org) hosts the complete T cell, class I suite 
of tools
• MHC binding & elution
• Antigen processing
• Immunogenicity

• Recommended methods will continue to change as 
algorithms are evaluated

• No uniform threshold exists for selecting peptide 
candidates

• Tools may be executed simultaneously, and results can 
be filtered and shared
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