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Introduction



Exogenous antigen processing pathway
(class II)
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• Antigens generated 
outside the cell

– Entered through 
inhalation, 
ingestion, injection

– Bacteria, Allergens, 
Parasites etc.



MHC class II binding prediction tool

• Basic structure and principles same as class I binding 
prediction tool.

• Some differences.
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MHC Class I & II molecules
Class I:
- Present in all nucleated cells
- One MHC encoded polymorphic chain (α) 

(2nd chain – β2-microglobulin).
- Only one chain (α) impacts binding.
- Binding groove is closed.
- Can bind only shorter peptides (8-14 AA).
- Presents antigen to CD8+ T cells
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Figure source: Cellular & Molecular Immunology, 5th Ed by Abbas and Lichtman

Class II:

- Only in antigen presenting cells

- Two MHC encoded polymorphic chains (α, β).

- Both α and β chains impact binding.

- Binding groove is open.

- Can bind longer peptides (13-25 AA).

- Presents antigen to CD4+ T cells



HLA Nomenclature

• Class I: 

– Only α chain is variable

• HLA-B*07:02

• Class II: 

– Both α and β chains are variable for DP & DQ loci 

• HLA-DPA1*01:03/DPB1*02:01

• HLA-DQA1*01:01/DQB1*05:01

– Only β chain is variable for DR locus

• HLA-DRB1*01:01
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Class II binding peptide “Binding core”

• 9 AA core within the peptide that interacts with the binding 
groove of MHC molecule.

HLEFWEGVFTGLTHI

• Challenge: Correct identification of the binding core.

• Needs proper alignment of the binding core with the binding 
groove.
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Binding Core



“Peptide flanking residues” (PFR)

• Residues flanking the binding core - interacts with MHC 
molecule outside the groove.

HLEFWEGVFTGLTHI

• Challenge: PFR length & composition influence binding.
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Peptide flanking residues

Binding Core



Other challenges of class II binding prediction

• Availability of uniform experimentally measured binding data 
which can be used for training the tools - less compared to 
class I.

• A minimum of 200 peptides with binding affinity data needed 
for description of binding motif in MHC class II alleles.

• Fewer alleles available for class II tools compared to class I.
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Other differences between class I & II tools

• Peptide length = 15 (for the tool)

• Lesser accuracy compared to class-I tool

• Higher threshold for selecting binders than class-I.
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1. Andreatta & Nielsen, 2016, Bioinformatics
2. Jensen et al. 2018, Immunology
3. Kim et al. 2009, BMC Bioinformatics
4. Wang et al. 2010, BMC Bioinformatics

Class I Class II

Method AUC* Method AUC*

NetMHCpan 0.9001 NetMHCIIpan 0.7812

SMM 0.8943 SMM-align 0.7634

* The AUCs reported here are from different studies and obtained from different data sets



Methods Prediction based on Reference
Performance 

reported*

Consensus
Combination of SMM-align, 
NN-align &
CombLib/Sturniolo

Wang et al., 2008 0.783 AUC

NetMHCIIpan-3.1 Artificial Neural Network Andreatta et al., 2015 0.870 AUC

NN_align-2.2 Artificial Neural Network Nielsen & Lund, 2009 0.782 AUC

SMM_align-1.1 Stabilization Matrix 
Alignment Nielsen et al., 2007 0.763 AUC

Combinatorial 
Library

Position scanning 
combinatorial libraries Sidney et al., 2008 0.691 AUC

Sturniolo Scoring matrix based Sturniolo et al., 1999
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MHC class II binding prediction methods available

* All AUCs are averaged across several MHC molecules and obtained from Wang (2010) BMC Bioinformatics 
(Table-4) with similarity reduced data set, except NetMHCIIpan-3.1 (from Andreatta et al., 2015).



Class II tool – Web version
http://tools.iedb.org/mhcii 
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Web interface - http://tools.iedb.org/mhcii 
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Guidelines: Choosing the method



Guidelines: Choosing the method

• Method to use: IEDB recommended method -

employs Consensus (Combination of NN-align, SMM-
align & CombLib/Sturniolo) or NetMHCIIpan 
depending on the allele.

• Advantages:
– Best available methods.

– Gives a consensus percentile rank.

– Gives binding affinity & percentile rank for each method 
separately as well.
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Allele selection



Allele selection - α and β chains separately
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Allele selection – 27 allele reference set
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Help page



Allele selection – 7 allele set
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Help page



Allele selection – upload file
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Help page

• Only available alleles

• No allele sequence



How the tool works

1. Breaks sequence into all possible 15-mer peptides.

2. Predicts the binding affinity for each peptide based on the 
method.

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

4. Assigns a percentile rank depending on individual predicted 
affinity.

5. Consensus picks median rank of the methods used –
consensus percentile rank
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Percentile rank

• Generated by comparing the selected peptide’s predicted 
binding affinity against that of a large set of peptides.

• Provides a uniform scale allowing comparisons across 
different predictors. 

• A lower percentile rank indicates higher affinity. 

• In case of consensus method, median of the percentile ranks 
of the three methods involved is consensus percentile rank.
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Input
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Result
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Expanded Result
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Result – Consensus percentile rank
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Result – Downloaded file (CSV)
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Result – Email
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Guidelines: Selecting binders
• Based on Percentile rank or MHC binding affinity?

Recommendation: IEDB Percentile rank

• Cut-off guidelines:

– Percentile rank ≤ 10.0 (Percentile rank on linear scale (0-
100), lower value = better binder)

– MHC binding affinity IC50 ≤ 1000nM

• Select all peptides with IEDB percentile rank ≤ 10.0

30



Alternate approaches for selecting binders 

• Recommended threshold is arbitrary.

• Change cut-off 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.
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Issue of overlapping peptides
• The tool breaks the sequence into all possible 15-mers - Peptides 

overlapping by 14 amino acid residues
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Issue of overlapping peptides: Solution

• Pre-processing:

– Generate 15mers overlapping by 10 AA residues and do 
the prediction

APITAYAQQTRGLLGCIITSLTGRD

APITAYAQQTRGLLG----------

-----YAQQTRGLLGCIITS-----

----------RGLLGCIITSLTGRD

– 15 is mostly preferred length for class II

– 10 AA overlap captures minimal 15mers with all possible 
9mer binding cores with at least 1 flanking residue

– Python/Perl script or Excel
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Issue of overlapping peptides: Solution

• Post-processing: 

– Remove largely overlapping peptides after prediction 
(based on same binding core or position)
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Prediction of promiscuous binders



Promiscuous binders

• Peptides that bind to more than one MHC molecule.

• Significance:

– Associated with stronger antigenicity & larger population 
coverage

– Important in reducing immunogenicity of therapeutic 
proteins

– Can be predicted based on binding affinity

• Consensus percentile rank threshold ≤ 20.01

1. Oseroff et al. 2010, J Immunol
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Promiscuous binders - Multiple alleles
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Multiple alleles - Result
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Panel of 27 class II alleles to allow for global coverage

Locus Molecule Phenotype 
frequency Locus Molecule Phenotype 

frequency
DRB1 DRB1*01:01 5.4 DQA1/DQB1 DQA1*05:01/DQB1*02:01 11.3

DRB1*03:01 13.7 DQA1*05:01/DQB1*03:01 35.1
DRB1*04:01 4.6 DQA1*03:01/DQB1*03:02 19.0
DRB1*04:05 6.2 DQA1*04:01/DQB1*04:02 12.8
DRB1*07:01 13.5 DQA1*01:01/DQB1*05:01 14.6
DRB1*08:02 4.9 DQA1*01:02/DQB1*06:02 14.6
DRB1*09:01 6.2 Combined 81.6
DRB1*11:01 11.8 DPA1/DPB1 DPA1*02:01/DPB1*01:01 16.0
DRB1*12:01 3.9 DPA1*01:03/DPB1*02:01 17.5
DRB1*13:02 7.7 DPA1*01/DPB1*04:01 36.2
DRB1*15:01 12.2 DPA1*03:01/DPB1*04:02 41.6

Combined 71.1 DPA1*02:01/DPB1*05:01 21.7
DRB3/4/5 DRB3*01:01 26.1 DPA1*02:01/DPB1*14:01 7.4

DRB3*02:02 34.3 Combined 94.5
DRB4*01:01 41.8
DRB5*01:01 16.0

Combined 87.7 Greenbaum et al., 2011. Immunogenetics
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• Set of alleles used for promiscuous binder predictions

• Link provided in the “Help” tab (section-3) (allele file can be uploaded to the tool)



Promiscuous binders

40

• Binders with ≥ 50% alleles binding (consensus percentile ≤ 20.0) 
considered promiscuous binders



“7-allele” method

Paul et al. (2015) Development and validation of a broad scheme for prediction of HLA class II restricted T 
cell epitopes. Journal of immunological methods.
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“7-allele” method

• Aim was to capture maximum immune response with 
minimum no. of peptides

• 6 peptide datasets with measured immune responses 
(SFCs/106 PBMCs)

• 15 or 16mer peptide sets with 10 AA residues overlapping
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Dataset Purpose No. of 
Antigens

Total 
peptides

No. of 
donors Reference

Der p/f (House dust mite) Training data 4 156 20 Hinz et al., 2015, CEA

Phl p (Timothy grass) Training data 10 425 25 Oseroff et al., 2010, JI

TB-1 Training data 4 71 18 Arlehamn et al., 2012, JI

TB-2 Training data 11 499 32 Arlehamn et al., 2016, PLoS Path

Cockroach Validation data 6 463 19 Dillon et al., 2015, CEA

Pertussis Validation data 9 785 23 Bancroft et al., 2016, CEA

TOTAL 44 2399 137



“7-allele” method

• Optimal results obtained with a set of 7 alleles:

– 3 DRB1 alleles with frequency ≥ 12% (DRB1*03:01, 
DRB1*07:01, DRB1*15:01) and 4 DRB3/4/5 alleles 
(DRB3*01:01, DRB3*02:02, DRB4*01:01, DRB5*01:01)

• Top 21.41% peptides ≈ 50% response

• The median consensus percentile rank of the 7 alleles ≈ 20.0 
- Universal prediction threshold

1. Paul et al. (2015) Journal of Immunological Methods 422, 28-34
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“7-allele” method

• Generate 15mers overlapping by 10 AA residues 

• Do binding prediction for the 7 selected alleles

• Estimate the median consensus percentile rank

• Select all peptides with median consensus percentile rank ≤ 
20.0

• This set of peptides can capture ≈ 50% of the response

• These 7 alleles can be selected as a set in Tepitool

• This is implemented in CD4Episcore tool 
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Exercise
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Exercise

• Question:

Predict the alleles from the given set of 6 MHC class II alleles to 
which the peptide “HLEFWEGVFTGLTHI” may bind.
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Locus Alleles

DPA1/DPB1 DPA1*01/DPB1*04:01

DPA1*01:03/DPB1*02:01

DQA1/DQB1 DQA1*05:01/DQB1*03:01

DQA1*03:01/DQB1*03:02

DRB1 DRB1*03:01

DRB1*07:01



• Steps:

1. Predict the binding affinity of the peptide for the given 
alleles

Peptide: HLEFWEGVFTGLTHI

Alleles:

2. Identify alleles with consensus percentile rank ≤ 10.0
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Locus Alleles

DPA1/DPB1 DPA1*01/DPB1*04:01

DPA1*01:03/DPB1*02:01

DQA1/DQB1 DQA1*05:01/DQB1*03:01

DQA1*03:01/DQB1*03:02

DRB1 DRB1*03:01

DRB1*07:01

Exercise



Exercise: Input
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Exercise: Output
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Tepitool
http://tools.iedb.org/tepitool 
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TepiTool

• New interface to prediction of class I and class II epitope 
candidates.

• Motivation: 
– Make tools more user friendly
– Provide recommendations as default
– Provide a set of top peptides as concise results

• In the form of a step-by-step wizard (6 steps).
• Provides recommendations as default values.
• Input parameters can be adjusted as desired.
• New methods incorporated.
• Available at http://tools.iedb.org/tepitool
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Step 1: Sequence data
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Step 2: Species & Allele class
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Step 3: Alleles - Class I
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Step 4: Peptides - Class I
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Step 4: Peptides - Class I

56



Step 4: Peptides - Class I
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Step 4: Peptides - Class I
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Step 5: Method - Class I
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Step 5: Method - Class I
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Step 5: Method - Class I
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Step 5: Method - Class I
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Step 5: Method - Class I
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Step 6: Review & Submit
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Results: Web - Class I
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Results: Web - Class I
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Results: Complete results
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Results: Peptide conservancy
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Results: Email
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Step 3: Alleles - Class II
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Step 3: Alleles - Class II
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• No. of alleles will 
be updated to 27



Step 3: Alleles - Class II
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Step 3: Alleles - Class II

73

• No. of alleles will be 
updated to 27



Step 4: Peptides - Class II
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Step 4: Peptides - Class II
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Step 4: Peptides - Class II
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Step 4: Peptides - Class II
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Step 4: Peptides - Class II
(7-allele method & panel of 26 most frequent alleles)
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Step 5: Method - Class II
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Step 5: Method - Class II
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Step 5: Method - Class II
(7-allele method)
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Step 5: Method - Class II
(panel of 26 most frequent alleles)
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Results: Web - Class II
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Results: Non-redundant results (Class II)
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Redundancy removal to solve the issue of 
overlapping peptides

• Post-processing: 
– Remove largely overlapping peptides after prediction
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Other versions
• Run using command line or script

– Write scripts to run them easily

– Integrate into your own pipeline



API version
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• A programming interface where the client can send parameters to the 
server over internet and get the processed results back.
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API (Application Programming Interface)

Client API Server



• Both class I & class II tools can be accessed via the IEDB RESTful Web 
Services. Other tools are also available.

• Sends request to the tools server at LJI and does prediction based on user 
supplied parameters.

Advantages:

• No need to install tools on your machine

• No need to use the web interface

• Freely available to all users

• Automatic update without re-installing

• Build custom scripts/tools or integrate into your pipeline

• Submit multiple sequences/alleles/peptide lengths in same command 

• Submit large data set and receive results in email
89

IEDB tools API
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IEDB tools API
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IEDB tools API sample command – class I
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IEDB tools API sample command – class II



Standalone version
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Can be downloaded 
from “Download” tab
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Standalone version



• Available for class I, class II & some other tools also.

• Runs on Linux (Can use Vmware or Virtualbox to create virtual machine to 

run Linux on Windows machines).

Advantages:

• No internet needed.

• Implement tools on your own machine.

• Large amount of data (genome scale).

• Repetitive analysis.

• Free for non-profit & academia.

• Available for industry at a nominal license fee.
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Standalone version
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Standalone version sample command – class I
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• Detailed instructions available in README file

Standalone version sample command – class II



Versions of IEDB Analysis Resource tools

Web API

• http://tools.iedb.org

• Client uses browsers to submit data

• Predictions run on IEDB tools 

server

• Can be run on Windows/Mac/Linux

• Internet is needed

• May not be suitable for very very

large data sets

• Automatically updated 

Standalone API

• http://tools.iedb.org/main/download

• Uses command line interface

• Downloaded from IEDB website 

• Installed and run on local machine

• Runs on Linux only (can use virtual 

machines to run Linux on other OS)

• Internet not needed once installed

• Better for very large data sets

• Need to update for every release

• Free to academia/non-profit; 

License fee for industry

• http://tools.iedb.org/main/tools-api

• Uses command line interface 

• Predictions run on IEDB server

• Clients send parameters to IEDB 

server using commands or scripts

• Internet is needed

• Can be used to make custom 

scripts for use with large data sets

• Automatically updated 

• Free to all



• Comparison of class I & II tools

• How the tool works

• How to use the tool – web version

• Recommendations – method, thresholds

• Prediction of promiscuous binders

• “7-allele” method

• TepiTool
• Other versions

– API/RESTful interface

– Standalone
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Summary



Thank you
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