Immunome Browser maps and visualizes queried in IEDB linear peptidic epitopes along the length of a protein sequence (a target, or reference, protein). The purpose of the tool is to allow users exploring how often each protein region has been studied in immune assays and in how many assays the immune response was positive or negative. 
Immunome Browser provide a summarized data by reference antigens; and the main reasons for doing that are the following: (i) epitopes reported in IEDB were identified for different strains and protein isoforms – mapping to the reference protein allows to visualize and study such epitopes as they would have the same antigen; (2) different mutant variants of the same epitope were tested and reported; and (3) immune response varies among studies and assays due to heterogeneity of samples and complexity of immune response.
Immunone Browser is accessible in IEDB via two entry points (or tabs): either the Antigen or Epitope navigation paths [the latter is subject of release by 2015 and will provide functionality of changing mapping parameters and target proteins]. 
To get started, run the following query:
[image: ]

and click on the Immunome Browser icon:
[image: ]
Each selected antigen is considered to be a target protein, and the tool by default maps and visualizes all epitopes in the query result that are from the source antigen which is the target protein or any of its taxonomic child. The mapping is done using the alignment between the source antigen and the target protein and matching the epitope positions in the source antigen with the residue positions in the target protein (* -- the default mapping criteria are provided below). Note, by default, epitopes that were tested as negative for the correspondent query will be mapped as well, even if the user queried only for positive assays. Also, the epitopes that failed to satisfy the default mapping criteria won’t be mapped and visualized.
Immunome Browser outputs two plots and the table. 
[image: ]

The results are query-specific! See the following figures for examples.
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The upper plot renders the lower (dark color) and upper (light color) bounds of the 95% confidence interval (CI) of the response frequency (RF)** for each position target protein position, averaged over all epitopes mapped to that position. RF is calculated as the number of positively responded subjects (or individuals in this case) relative to the total number of those tested summed up by mapped epitopes. Note, however, that the graph displays only the upper and lower bounds of the 95% confidence interval (CI) for the RF score and not the RF score itself. 

[image: ]
The bottom plot shows the number of positive and negative assays averaged over epitopes mapped to each position of the target protein. 
[image: ]

The table presents results for each epitope. The figures below provide explanation how values in the table are calculated.
[image: ]
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Note the essential difference: the plots depict values defined for each residue position in the target protein; while the table displays the values of the RF score and CI for each epitope.
The user can interactively zoom in and out the plots to a specific protein region and, if the check box for the table to correspond the plots is selected, the table is automatically updated to show only epitope from the selected region. 

* Default mapping criteria: 
· Source protein and target alignment: NCBI Blast is used with default parameters. If less than a half of the length source protein were aligned or the epitope match didn’t satisfy identity criteria, the needlman-wunsch algorithm for global alignment was used.
· Epitope matching criteria:
· Short epitopes of length <= 5 aa. Sequence identity = 100%, no gaps in the matching alignment.
· Long epitope > 5 aa. Sequence identity >= 50%, maximum length fraction of gaps in the alignment (for each source and target) = 20%.
· Long epitopes (> 5 aa) that have multiple exact matches in the source protein. Sequence identity >= 70%, sequence similarity (based on BLOSUM62) = 100%, no gaps in the matching alignment. 

** Response Frequency (RF) and Confidence Interval (CI) calculation: 
N is the number of subjects tested, and R is the number of subjects responded.
If an assay lacks information on the number of subjects responded or tested, the following values of N and R are used: 
R = 1, N = 1, if the assay outcome is positive;
R = 0, N = 1, if the assay outcome is negative.
Reporting CI instead of directly calculated RF (RF = R/N) allows correcting for the sample size. Otherwise, a peptide found to be positive in only one donor (R=1; N=1) would be considered more immunogenic than a peptide showing response in 99 out of 100 donors as the former has the RF score of 1.0 and the latter of 0.99. However CI will be very large in the former case, and small in the latter.
The 95% CI is a range of possible values that will contain the true RF value 95% of the times if the experiment (same epitopes & assays) is repeated an infinite number of times under the same conditions, assuming that the statistical distribution of outcomes of either a B- or T-cell assay can be approximated by the binomial distribution as, in general, the following conditions of experiments are satisfied: (1) an assay is repeated for a fixed number N of tested subjects; (2) each tested subject can show only two possible outcomes (response or no response); (3) the probability of response, or no response, is the same for each subject; and (4) the subjects are statistically independent (see http://en.wikipedia.org/wiki/Binomial_distribution ).  
CI (light pink area on the upper plot) ranges from 0 to 1.0.
Given the observed RF score, which is binomially distributed, it is possible to estimate the 95% CI for the true RF.   There are several ways to compute a confidence interval for a binomial proportion (see http://en.wikipedia.org/wiki/Binomial_proportion_confidence_interval). One of the widely used formulas is the Wilson score interval: 
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where n is the number of tested subjects (N); p is the number of responded subjects divided by the number of tested (R/N); and z is the (1-½𝛂) percentile of a standard normal distribution; for a 95% confidence interval (an error level 𝛂 = 0.05), z = 1.96. In this formula, the upper bound for the CI is calculated using the sign ‘+’, and the lower bound, using the sign ‘-‘. The Wilson score interval is asymmetric unless p=0.5. 
It was shown that for small sample size n (or N, the number of tested subjects) the Wilson interval underestimates the error (http://www.ucl.ac.uk/english-usage/staff/sean/resources/binomialpoisson.pdf ) and a continuity-corrected version of the Wilson interval is suggested. Therefore, the Wilson score interval was used for N>=50, and the lower bound of 95% CI was calculated as: 
(((R/N) + 1.96*1.96/(2*N) - 1.96 * sqrt(((R/N)*(1-(R/N))+1.96*1.96/(4*N))/N))/(1+1.96*1.96/N)); 
while, the upper bound as: 
(((R/N) + 1.96*1.96/(2*N) + 1.96 * sqrt(((R/N)*(1-(R/N))+1.96*1.96/(4*N))/N))/(1+1.96*1.96/N))

For N<50, we calculate the approximations for CI directly based on the binomial cumulative distribution function. 
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T cell response: chronic vs. acute Hepatitis C
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How values in the table are calculated

» For each reference, N (total tested subjects) and R (number of
responded subjects) are assigned the highest values from any
positive assay (if there is no positive assay, N comes from a
negative assay with the highest N).

» For each epitope, N and R values are summed up by references.
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How values in the table are calculated (cont.)

* The statistical distribution of outcomes of either a B- or T-cell assay,
or RF score, can be approximated by the binomial distribution.

» For each epitope, given the observed RF score, it is possible to
estimate the 95% confidence interval for the true RF.

» This interval is a range of possible values that will contain the true

RF value 95% of the times if the experiment is repeated an infinite
number of times under the same conditions.

Results Returned: 167 | Displaying: 167 Display Graphed Residue Positions Export Resuits []

Eoiiops 1D Ephors Sewence Pothon |dontty  |TS6” |Rocbonded | Fosive  Nepalve |(emene

126664 MASSSSVLLVVALFA 1-15 100% 50 0 [ 2 0.00 (0.00:0.00)

126665 MASSSSVLLVVVLFA 1-15 100% 50 0 0 2! 0.00 (0.00:0.00)

YKDVDKPPFSGM 66-77. 100%

I 127443 YKDVDKPPFSGMTGC

0.06 (0.00:0.16)

1
2 | 0.08 (0.01:0.17)

1
0

VDKPPFSGMTGC 69-80 100% 17 1 1 2700:0.16)
o

0.12 (0.03:0.22)

1
126461 KPPFSGMTGCGNTPT 71-85 100% 26 3 2

95% Confidence Interval for RF score estimate





image10.png
Values for each epitope are summed up by references
Epitope &
A le—]_query

Max N, Max R

Ref #1 N=10 R=10

Summing up N &R

N=100R=0 | | Ignore negative for the epitope
T Max N N=50R=12
Ref #2 <: —{_N=20R=2
R N=20R=2 2 positive assays

1 negative assay
Max N

N=10R=0
Ref#3 N=20R=0
N=20





image11.png
ﬁ+21; iz/ (17]7)+L17}

1+122




image1.jpg
& 1EDR.org: Free epitope gt x |

€ & C [ www.iedb.org/beta

Q%@ =

IMMUNE EPITOPE DATABASE
AND ANALYSIS RESOURCE

Specialized Searches

The IEDB is a free resource, funded by a |
contract from the National Institute of Alergy |
and Infectious Diseases. It offers easy |
searching of experimental data I
characterizing antibody and T cell W»
studied in humans, non-human primates, |
and other animal species. Epitopes involved
in infectious disease, allergy, autoimmunity,
and transplant are included.

The IEDB also hosts tools to assist in the
prediction and analysis of B cell and T cell

Epitope @

O Any Epitopes
(@® Linear Epitope

-4 on

Ex: SINFEKL | Exact Matches|
O Discontinuous Epitopes
O Non-peptidic Epitopes

EPoemveAmyOnly W

[ T Cell Assays
B Cell Assays
MHC Ligand Assays

epitopes.
Learn More

Summary Metrics

Peptidic Epitopes 120,698

2,069

Y

Antigen ®

Organism

Antigen Name

- Hopatts G virus (01103

Ex: core, capsid, myosin

MHC Restriction 2

(® Any MHC Restriction
O MHC Class |

O MHC Class Il

(O MHC Nonclassical

Host @

O Any Host

(@® Humans

O Rodents

O Non-human Primates

O/ other Common Hosts ¢ |

&

[ Disease @

T

@® Any Disease
O Infectious Disease

O Allergic Disease
O Autoimmune Disease
O Transplant Disease

Reset

Analysis Resource

Help More IEDB

Keyword Search | Search ]

START YOUR SEARCH HERE Epitope Analysis Resource

T Cell Epitope Prediction @

Scan an antigen sequence for amino
acid patterns indicative of:

« MHC | Binding

« MHC Il Binding

» MHC | Processing (Proteasome, TAP)
« MHC | Inmunogenicity

B Cell Epitope Prediction @
Predict linear B cell epitopes using:
« Antigen Sequence Properties

Predict discontinuous B cell epitopes
using antigen structure via:

« Solvent-accessiility (Discotope)
« Protrusion (EIliPro)

Epitope Analysis Tools (@
Analyze epitope sets of:

« Population Coverage

« Conservation Across Antigens

« Clusters with Similar Sequences

« Location in 3D Structure of Antigen

Data Last Updated: September 28, 2014





image2.jpg
(o1 =L 82X Epitope Structure: Linear Sequence Jl{ X Positive Assays Only l{% No B cell assays B[ X No MHC ligand assays
itis C virus (1D:11103, Hey s C) M X Host: Homo sapiens (human’

(1472) 3) (3505) (226)

Go To Records Starting At| Ex: 1200 @ Export Antigens ResultsE
3 Records Found Page/| 1 of1 25 %] per Page
I v Organlsm v lipitopu v ;Mv # References v

F protein £ Hepatitis C virus

Other Hepatitis C virus protein Yo “I Hepatitis C virus Yo| 1 | 2 | 1





image3.jpg
The tool retrieves negative epitopes for the antigen
automatically even if the user queried for “positive assays only”
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The results are query-specific: T cell vs. B cell response
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