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Supporting Materials and Methods 

Construction of datasets. All MHC class I peptides used in this study for analyses and the design of 

ANN-Hydro prediction model were retrieved from IEDB (1) (www.iedb.org, last accessed: 08/11/2014). 

The IEDB is the largest curated dataset of MHC-I peptides identified from different primary research 

studies from over 334 different source organisms. We set the “Immune recognition context” as T cell 

response and selected “MHC class I” as the criteria for data retrieval. In total, there were 28,444 T cell 

epitopes reported to be immunogenic by T cell assays, including self and pathogenic epitopes and 6,142 

peptides were reported to be positive by ligand elution analysis (either mass spectrometry or HPLC). To 

avoid redundancy and overrepresentation bias, we excluded all duplicate peptides, so that each peptide is 

present only once in the dataset. Positive CTL epitopes represent the immunogenic epitope group. Ligand 

eluted MHC-I self-peptides are generally eluted from cell surface and therefore they have been 

antigenically processed and MHC-bound. A vast majority of eluted self-peptides are derived from 

endogenous proteins. To completely separate immunogenic and non-immunogenic datasets, any 

immunogenic eluted self-peptide associated with autoimmunity or cancer was excluded. The remaining 

peptides were used as the non-immunogenic peptide dataset for our analyses. Additionally, we removed 

any pathogen derived non-self- eluted peptides from the eluted peptide dataset to generate mutually 

exclusive datasets. These unique peptides were further annotated for antigen name, peptide starting 

position, peptide ending position, and MHC restriction, which were required for inclusion. Peptides with 

“undetermined class I alleles” were also excluded. These filtering criteria resulted in a final dataset of 

5,035 8-11mer immunogenic epitopes and 4,853 8-11mer non-immunogenic peptides (Table S1).  

 

Amino acid frequency analysis. Overrepresentation of certain amino acids in immunogenic peptides 

was identified by calculating probability ratios of amino acids given by P(x I immunogenic)/P(x I non-

immunogenic), where P(x I immunogenic) and P(x I non-immunogenic) correspond to probability mass 

functions and x is an amino acid. Individual amino acid probability mass functions were calculated from 

their frequency distributions of immunogenic epitopes and non-immunogenic peptides. Spearman’s rank 



	
  
	
  

correlations were quantified between probability ratios and biochemical properties (hydrophobicity, 

polarity, or bulkiness) of amino acids using the described amino acid scales.  

 

Position-based hydrophobicity analysis. We transformed our datasets of immunogenic and non-

immunogenic peptides into numeric arrays using the R statistical software (2). Separate numeric arrays 

were generated for immunogenic and non-immunogenic 8, 9 and 10mers. Mean hydrophobicity of 

immunogenic and non-immunogenic peptides at each position was calculated and were compared 

residue-by-residue through Wilcoxon rank-sum tests to quantify statistical significance.  

 

Rate analysis of predicted peptides. An efficient prediction algorithm identifies consistently all possible 

CTL epitopes from a given protein in the fewest number of “hits” consistently. For each test protein, we 

created a subset with unique CTL epitopes retrieved either from the IEDB database. Each predicted 

peptide starting from rank one was queried for an exact match in the dataset of CTL epitopes. When there 

was an exact match, a positive hit was recorded. Graphical representations comparing the rate of 

predictions by the IEDB-consensus binding prediction algorithm and hydrophobicity-based predictions 

were generated (Fig 3).  

 

Hydrophobicity-based ANN prediction model (ANN-Hydro). The R neuralnet package was used to 

design and train the two ANN-Hydro models on H-2Db and HLA-A2 restricted 9mer peptides known to be 

immunogenic (n=204 and n=374, respectively) or non-immunogenic (n=232 and n=201, respectively). 

Each peptide sequence in the respective H-2Db and HLA-A2 datasets were transformed into a 

corresponding numeric sequence based on the hydrophobicity value of amino acids. Training peptides 

were derived from IEDB and SYFPEITHI’s epitope database (1, 3). A three-layer fully connected feed-

forward ANN was comprised by nine input neurons, one hidden layer with three neurons, and one output 

variable (Fig. S3). 

Our ANN-Hydro prediction model is given by the following mathematical framework: 
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wherew0 denotes the intercept of the output neuron and w0i  the intercept of the ith hidden neuron. 

Additionally, wi  denotes the synaptic weight corresponding to the synapse starting at the ith hidden neuron 

and leading to the output neuron. Wi = (w1i,w2i,...,w9i )  is the vector of all synaptic weights corresponding 

to the synapse leading to the ith hidden neuron, and H = (h(R1),h(R2 ),...,h(R9 ))  the vector of all inputs, 

which corresponds to the numeric hydrophobicity representation of a 9mer peptide, where h(Ri ) is the 

hydrophobicity value of the amino acid iR . Finally, the output variable )(Hy  denotes the probability of a 

peptide being immunogenic (p-ANN-Hydro). Since the starting values for the weights are drawn from the 

standard normal distribution, the outputs were averaged over 60 realizations.  The activation function f (v)  

was chosen to be the sigmoid function f (v) =1/ (1+ e−v ) , and the sum of squared errors was used for the 

error function. The learning procedure was the resilient back-propagation with learning rate set to 0.01; a 

threshold set to 0.01 was defined for the partial derivatives of the error function.  

 

Application of ANN-Hydro. For each H-2Db and HLA-A2 restricted epitope prediction, we used the MHC-

binding prediction tool IEDB-consensus to generate a list of epitope predictions on which the 

immunogenicity model could be applied. We normalized prediction binding scores (percentile rank) using 

the expression )/()( minmaxmin δδδδ −−= iBi
S  where 

iB
S represents the normalized score of a given 

peptide; iδ , the assigned output score by IEDB-consensus; minδ , the minimum score assigned in 

prediction output by IEDB; and	
   maxδ , the maximum score assigned in the entire prediction output by IEDB.  

To remove poor binding peptides from the list, a subset of predicted peptides was selected by defining a 

SB -threshold of 0.2 for antigen length <= 100 aa’s and a SB -threshold of 0.1 (10th percentile of predicted 

binders) for antigen length >100 aa’s. Independently, probabilities of immunogenicity were obtained by 

applying the ANN-Hydro model to this subset of binding predictions. Normalized scores (SI) were then 



	
  
	
  

assigned based on these probabilities of immunogenicity. Within the spectrum of predicted binders, we 

prioritized epitope re-ranking based on both SB and SI scores with first priority given to high-

immunogenicity high-binders (probability of immunogenicity >= 0.4 and SB <=0.05; region I in Fig. S3), 

followed by modest-immunogenicity high-binders (probability of immunogenicity < 0.4 and SB <=0.05; 

region II in Fig. S3), then high-immunogenicity modest-binders (probability of immunogenicity >= 0.4 and 

SB > 0.05; region III in Fig. S3), and modest-immunogenicity modest-binders (probability of immunogenicity 

< 0.4 and SB > 0.05; region IV in Fig. S3).  For the antigens with length <= 100 aa’s, the SB cutoff for the 

four regions was set to 0.1 and probability of immunogenicity threshold remained at 0.4. Predicted 

peptides in each section were re-ranked based on a total score defined as S = SB ⋅SI. Final ranked list was 

obtained by sequential appending of the re-ranked peptides from each region. The list of predicted 

peptides was ranked based on this total score ranging from lowest score to the highest score. The lower 

the total score of a predicted peptide, the higher its probability of being an immunogenic epitope. Workflow 

of the prediction strategy is shown in Fig. S3. 

 

Statistical analysis of predicted CTL epitopes. We used the F-test to quantify statistical significance (P 

< 0.05) of the variation of predicted rankings of T cell epitopes across different antigens between ANN-

Hydro together with IEDB-consensus and IEDB-consensus alone. 

 

In vivo discovery of HIV-1 Gag epitopes 

Mice. C57BL/6 mice were obtained from Harlan Laboratories. All mice used were between 6 and 8 weeks 

of age. All animal study protocols were conducted in accordance with guidelines approved by the 

Institutional Animal Care and Use Committee at Kings College London and in full compliance with UK 

Home Office regulations under a project license to L.S.K.  

 

Vaccine immunization. Codon optimized HIV-1 gag plasmid DNA ZM96 from strain 96ZM651.8 (provided 

by B Hahn, through the Centre for AIDS Reagents [CFAR] UK) and codon optimized HIV-1 gag 



	
  
	
  

Consensus B plasmid DNA (provided by D Garber, Emory University, USA) were used to construct and 

propagate replication defective (E1, E3 deleted) recombinant Adenovirus type 5 (rAdHu5) vectors as 

described previously for the HIV-1 gag strain 97CN54(4). Animals were immunized with 109 virus particles 

(vp) as determined by the DNA Pico-Green assay (Invitrogen) and administered either i.m. in the 

quadricep muscle (rAdHu5 Consensus B gag) or i.d. at the base of the tail (rAdHu5 ZM96 and rAdHu5 

CN54).  

 

Peptides. 15mer peptides with an 11 amino acid overlap spanning the HIV-1 CN54 Gag protein and a 

20mer set of peptides with 10 amino acid overlap spanning HIV-1 ZM96 were provided by CFAR, a set of 

15mers with an 11 amino acid overlap spanning the HIV-1 Consensus subtype B Gag protein were 

provided from the NIH AIDS Reagent and Reference Program. ‘Optimal’ 9mer or 11mer peptides from 

HIV-1 CN54 Gag, ZM96 Gag and HIV-1 Consensus B were purchased from Proimmune. 

 

T cell epitope mapping by intracellular interferon gamma staining. Spleens were harvested 14 days 

after immunization, homogenized to single-cell suspensions, and RBCs were lysed using ACK lysis buffer 

(Lonza). Splenocytes were then used for in vitro re-stimulation, where 106 cells were incubated for 6 h at 

37°C with anti-CD28 (2µg/ml; BD Pharmingen), either alone (unstimulated control) or with peptides, either 

in pools or individually (each at 1µg peptide/ml), derived from Consensus B Gag. Brefeldin A (10µg/ml, 

Sigma-Aldrich) was added for the last 5 h of culture. After washing, cells were stained with anti-CD8 (clone 

37.51, BD Biosciences) for 20 min, then fixed and permeabilized with the BD Cytofiix/Cytoperm Kit 

according to the manufacturers’ instructions, and then stained 30 min with anti-IFN-γ (clone XMG1.2, 

eBiosciences), washed and analyzed by flow cytometry. Consensus B epitopes were deconvoluted to 

individual 15mers from peptide pools, where each peptide is present in two independent pools within the 

matrix and reactive peptides confirmed in the second round against the 15mer peptide. Finally, based on 

the sequence of the reactive 15mer peptide, truncated versions of the 15mer peptides were synthesized 

and tested. 



	
  
	
  

T cell epitope mapping by ELISPOT assay. 14 days after immunization, splenocytes prepared (as 

detailed above) were re-stimulated in vitro with media alone, or with peptides, either in pools or individually 

(each at 1µM final concentration) derived from CN54 or ZM96 Gag on mouse anti-INF-γ antibody coated 

96 well plates (U-Cytech) and incubated for 16 h at 37°C, 5% CO2. IFN-γ production was revealed 

according to the manufacturer’s instructions and IFN-γ spot forming cells (SFCs) enumerated using an 

immunospot image analyser (Bioreader 5000). In the first round, CN54 Gag epitopes were deconvoluted 

to individual 15mers from peptide pools, where each peptide is present in two independent pools within 

the matrix and reactive peptides confirmed in the second round against the 15mer peptide. Finally, based 

on the sequence of the reactive 15mer peptide, 9mer peptides were synthesized and tested. For ZM96 

(due to the absence of a complete set of overlapping 15mer peptides), 49 individual 20mer peptides were 

tested. The reactive peptide sequences were confirmed against the corresponding 15mer peptide to the 

reactive sequence and then 9mer peptides synthesized and tested. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	
  
	
  

 

 
 

 
 

 
 
Fig. S1. Bias in amino acid usage between immunogenic and non-immunogenic MHC-I peptides. 
(A) Comparison of frequency distributions of amino acids between immunogenic and non-immunogenic 
datasets. (B) Probability ratio (P(x I immunogenic)/P(x I non-immunogenic)) of each amino acid as a 
function of its hydrophobicity, analyzed on just 9mer MHC-I peptides. (C) Probability ratio (P(x I 
immunogenic)/P(x I non-immunogenic)) of each amino acid as a function of its hydrophobicity, analyzed 
on 9mer HLA-I peptides excluding HLA-A2 restricted peptides. (D) Probability ratio of each amino acid as 
a function of its hydrophobicity; the plot shows cysteine (C) as an outlier in the immunogenic dataset. 

D 
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Fig. S2. Hydrophobicity comparison at each residue position between immunogenic and non-
immunogenic MHC-I peptides, and immunogenic pathogen-derived and immunogenic self-
epitopes. Each peptide sequence in the dataset was transformed into a numeric sequence based on 
amino acid hydrophobicity and the mean hydrophobicity at each position was computed. Unless indicated, 
analyzed peptides were not restricted to any MHC-motifs. (A) All immunogenic and non-immunogenic 
MHC-I 10mers; every single residue has P < 2x10-7. (B) Human HLA-I immunogenic and non-
immunogenic 9mers excluding HLA-A2 restricted peptides. (C) Human HLA-I immunogenic and non-
immunogenic 10mers excluding HLA-A2 restricted peptides. (D) Immunogenic and non-immunogenic 
MHC-I 9mer self-peptides. (E) MHC-I 9mers peptides discovered using whole organism as immunogen as 
opposed to peptide-immunization experiments (non-immunogenic dataset – same as Fig. 2A) (F) Human 
HLA-A2 restricted immunogenic and non-immunogenic 10mers with arrows indicating anchor residues and 
stars for P < 0.005. (G) Human HLA-A2 restricted immunogenic pathogen-derived and immunogenic self 
9mer epitopes. P-values for each figure were obtained using Wilcoxon rank-sum test and are shown in 
Table S3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	
  
	
  

 
 
 
Fig. S3. Workflow for CTL epitope prediction using the ANN-Hydro model and the MHC-binding 
prediction tool IEDB-consensus. For training and application of the ANN-Hydro model for 
immunogenicity scores, each peptide sequence in the HLA-A2 and H-2Db dataset was transformed into a 
corresponding numeric sequence based on the hydrophobicity value of amino acids. To obtain a list of 
candidates for MHC-bound peptides from a given antigen, IEDB-consensus binding algorithm was used 
and a normalized binding score (SB) was assigned. The trained immunogenicity ANN model was applied 
on the same list of peptides independently to assign immunogenicity scores (SI). After the subset of top 
binding peptides was selected, peptides from each region ranging from high-binding highly-immunogenic 
peptides to modest-binding low-immunogenic peptides (quadrants 1 through 4 in inset) were re-ranked 
based on total score S = SB ⋅SI. An example of epitope prediction is shown in the plot for experimentally 
defined H-2Db restricted CTL epitopes from LCMV-GP. See Materials and Methods section Application of 
ANN-Hydro for full details.  
  
 
 



	
  
	
  

 
 
 
 

 
 
Fig. S4. Schematic of ConsB (top) and CN54 (bottom) 15mer peptide pools. Peptides were combined 
at 1µM/each peptide such that each peptide occurs in only two pools numbered 7872 –7994 for ConsB 
(top) or 7080.01-7080.121 for CN54 (indicated by 1–121, bottom).  Yellow highlight indicates positive 
response to peptide pool. Green highlight indicates positive response to individual 15mer peptide, and red 
indicates negative response to individual 15mer peptide. 
 
 
 



	
  
	
  

 
 
Fig. S5. Summary of identified epitopes.  Responses to the RT9, VL8, AI9, and YI9 epitopes were 
observed for all three Gag protein variants, despite minor substitutions in the peptides. Overlapping 
sequences of individual peptides are shown. The QL11 epitope was only immunogenic for the CN54 Gag 
protein, but not ConsB or ZM96 Gag proteins, likely due to the A to E substitution at position 2. The SI9 
epitope was only immunogenic in the ConsB Gag protein, as both CN54 and ZM96 had major deletions 
and substitutions in this sequence. MHC restriction was confirmed using MHC class I tetramer staining, 
and Gag amino acid positions are in reference to the HXB2 strain. 
 
  
 
 
 
 
 



	
  
	
  

Amino acid Hydrophobicity Bulkiness Polarity 

Alanine (A) 1.8 11.5 8 
Cysteine (C) 2.5 13.46 5.5 

Aspartic acid (D) -3.5 11.68 13 
Glutamic acid (E) -3.5 13.57 12.3 
Phenylalanine (F) 2.8 19.8 5.2 

Glycine (G) -0.4 3.4 9 
Histidine (H) -3.2 13.69 10.4 
Isoleucine (I) 4.5 21.4 5.2 

Lysine (K) -3.9 15.71 11.3 
Leucine (L) 3.8 21.4 4.9 

Methionine (M) 1.9 16.25 5.7 
Asparagine (N) -3.5 12.82 11.6 

Proline (P) -1.6 17.43 8 
Glutamine (Q) -3.5 14.45 10.5 

Arginine(R) -4.5 14.28 10.5 
Serine (S) -0.8 9.47 9.2 

Threonine (T) -0.7 15.77 8.6 
Valine (V) 4.2 21.57 5.9 

Tryptophan (W) -0.9 21.67 5.4 
Tyrosine (Y) -1.3 18.03 6.2 

 
Table S2. Amino acid property scales used for analyses. Hydrophobicity scale (Kyte-Doolittle) (5), 
Polarity (Grantham) (6), and Bulkiness (Zimmerman) (7). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	
  
	
  

   
 
 
 
 
 
     

Table S3. 



	
  
	
  

Antigen Epitope Epitope length 

CMV-pp65 
 

NLVPMVATV 9 
MLNIPSINV 9 
VLGPISGHV 9 
RLLQTGIHV 9 
LMNGQQIFL 9 
ILARNLVPM 9 
SLILVSQYT 9 
SIYVYALPL 9 
VIGDQYVKV 9 
YLESFCEDV 9 
AMAGASTSA 9 
KYQEFFWDA 9 
GLSISGNLL 9 

RQYDPVAAL 9 
VAALFFFDI 9 
ALFFFDIDL 9 

KISHIMLDVA 10 
SDNEIHNPAV 10 
FTWPPWQAGI 10 
LLCPKSIPGL 10 

Dengue-Polyprotein 

VLMLVAHYA 9 
ILLMRTTWA 9 
MLLALIAVL 9 
TLYAVATTI 9 

QEGAMHTAL 9 
LPAIVREAI 9 

SRNSTHEMY 9 
AIVREAIKR 9 
YLPAIVREA 9 
TLLCLIPTV 9 

VLNPYMPSV 9 
LMMMLPATL 9 
VTYECPLLV 9 
MMMLPATLA 9 

IILEFFLMV 9 
KTDFGFYQV 9 
VQADMGCVV 9 
GLLFMILTV 9 
QLWAALLSL 9 
LLMRTTWAL 9 

CLMMMLPATL 10 
ELMRRGDLPV 10 
MLLILCVTQV 10 
FLMVLLIPEP 10 
TLMLLALIAV 10 
LMLLALIAVL 10 
IILEFFLMVL 10 
TLTAAVLLLV 10 
VLLLVTHYAI 10 
ITLLCLIPTV 10 

KVLNPYMPSV 10 
HQLWATLLSL 10 
YTPEGIIPTL 10 
SIILEFFLMV 10 
LSMGLITIAV 10 
NQLIYVILTI 10 

LMMMLPATLA 10 
TLMAMDLGEL 10 
FTMGVLCLAI 10 

Table S4. HLA-A2 restricted CTL epitopes for dengue virus 1 polyprotein and cytomegalovirus 
pp65 used in the rate analysis of predicted epitopes as shown in Fig. 3. All epitopes were retrieved from 
IEDB (1). 



	
  
	
  

Source Epitope Antigen p-ANN-Hydro Reference 

Neo-epitopes 

Rotavirus 

SLISGMWLL Rota-VP2_4 0.89 

Newell et al. 
TLLANVTAV Rota-VP6_4 0.87 

FLDSEPHLL Rota-NSP1_2 0.84 

LLNYILKSV Rota-VP7_1 0.37 

Influenza-A (FluA) 

QIAILVTTV NA 0.90 

Assarsson et al. 

GLIYNRMGA M1 0.89 

GILGFVFTL Flu_1 0.80 

FVEALARSI PB1 0.58 

VMNILLQYL GAD 0.57 

FVANFSMEL PB1 0.54 

TTYQRTRAL NP 0.47 

GLADQLIHL HIV_7 0.47 

Dengue-Virus 2 
(DENV-2) 

GLLTVCYVL NS2B 0.88 

Weiskopf et al. 

RLITVNPIV E 0.88 

IMAVGMVSI NS2B 0.85 

IILEFFLIV NS4A 0.79 

ALSELPETL NS4A 0.61 

YLPAIVREA NS3 0.50 

KLAEAIFKL NS5 0.44 

AAAWYLWEV NS3 0.27 

Positive Control epitopes 

Human 
herpesvirus 5 

(CMV) 

ALFFFDIDL CMV_5 0.84 

Newell et al. 

LMNGQQIFL CMV_18 0.81 

RIFAELEGV CMV_22 0.81 

QMWQARLTV CMV_21 0.78 

NLVPMVATV CMV_1 0.75 

VLEETSVML CMV-IE1 0.72 

FLMEHTMPV CMV_8 0.61 

IIYTRNHEV CMV_13 0.54 

SLLSEFCRV CMV_23 0.52 

ILSPLTKGI CMV_15 0.46 

VLAELVKQI CMV_2 0.24 

Human 
herpesvirus 4 

(EBV) 

GLCTLVAML EBV_2 0.87 

Newell et al. 
 

YVLDHLIVV EBV_1 0.84 

YLQQNWWTL EBV_5 0.79 

CLGGLLTMV EBV_4 0.79 

YLLEMLWRL EBV_3 0.28 

Influenza-A (FluA) 

FLDIWTYNA Flu_4 0.85 

NMLSTVLGV Flu_14 0.78 

LLIDGTASL Flu_12 0.68 



	
  
	
  

FMYSDFHFI Flu_5 0.63 

MMMGMFNML Flu_13 0.48 

GMFNMLSTV Flu_7 0.29 

RLIDFLKDV Flu_15 0.23 

Hepatitis B virus 
(HBV) 

WLSLLVPFV HBV_2 0.89 

Newell et al. 
 

FLLSLGIHL HBV_5 0.74 

FLLTRILTI HBV_1 0.70 

Human 
Immunodeficiency 

virus (HIV-1) 

NVWATHACV HIV_1 0.94 

TLNAWVKVV HIV_2 0.86 

KLTPLCVTL HIV_4 0.84 

SLYNTVATL HIV_5 0.61 

ALVEMGHHA HIV_8 0.44 

ILKEPVHGV HIV_9 0.38 

LTFGWCFKL HIV_6 0.36 

Mycobacterium 
tuberculosis 

GLPVEYLQV TB_1 0.85 

KLIANNTRV TB 0.79 
Plasmodium 
falciparum YLNKIQNSL CSP 0.79 

LCMV YLVSIFLHL LCMV 0.77 

Herpes simplex 
virus (HSV-1) SLPITVYYA HSV1/2 0.90 

RSV KMLKEMGEV RSV 0.29 

Self Antigens 

ALWMRLLPL pp-Insulin 0.83 

YMCSFLFNL EZH2 0.51 

YMDGTMSQV Tyrosinase 0.49 

 
 
Table S5. Probabilities assigned by the ANN-Hydro ‘A2-model’ for HLA-A2 restricted 9mer CTL 
epitopes. Three recent epitope discovery studies (8–10) that were based on a proteome-wide screen of 
various viral antigens and self-epitopes were chosen for assessment of the predictive capacity of the ‘A2-
model’. Neo-epitopes were obtained from rotavirus (10) dengue virus (9) and influenza A (8) and other 
positive control epitopes from several antigens (pathogenic and self) were obtained from Newell et al. (10). 
Any epitope that was present in the training set for ANN-Hydro was removed. A cutoff probability (p-ANN-
Hydro) of 0.4 was set for a positive “hit”.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	
  
	
  

Antigen Epitope MHC Length IEDB 
bind 

Syfpe- 
ithi 

NetMHC
.bind 

IEDB.
prot 

ANN
.prot 

ANN 
Hydro + 
IEDB.bind 

p-ANN-
Hydro 

Refere
nce 

LCMV-GP 

FALISFLLL 

H-
2Db 

9 1 10 1 3 1 1 0.62 (11) 
WLVTNGSYL 9 3 1 2 5 4 11 0.4 (12) 
LIDYNKAAL 9 45 12 39 68 77 32 0.8 (13) 
KAVYNFATC 9/11 8 9 10 39 53 5 0.77 (11, 14) 

DEVINIVII 9 24 4 74 133 115 10 0.66 (13) 

LCMV-NP 
FQPQNGQFI 9 1 1 1 2 1 1 0.69 (14) 
SEVSNVQRI 9 7 2 7 37 50 12 0.14 (13) 

Ad.v.T. 
antigen 

VNIRNCCYI 9 1 1 1 1 1 13 0.31 (15) 
CSDGNCHLL 9 21 4 9 11 44 20 0.8 (15) 

Flu-NP 

ASNENMETM 9 1 1 1 1 2 1 0.87 (16) 
RLIQNSLTI 9 3 3 2 3 3 2 0.67 (16) 

GERQNATEI 9 18 2 36 100 103 8 0.42 (16) 
YRRVNGKWM 9 19 4 35 80 65 9 0.44 (16) 

FluA-
Neuraminid

ase 
 

FCGVNSDTV 9 3 2 4 11 3 13 0.35 (17) 
ITYKNSTWV 9 4 8 3 4 2 1 0.52 (17) 
YRYGNGVWI 9 5 7 11 29 7 4 0.45 (17, 18) 

Consensus 
Gag 

 

SQVTNSATI 9 1 1 1 1 1 7 0.2  

AMQMLKETI 9 4 9 6 4 2 9 0.19 This 
study 

YSPTSILDI 9 6 19 4 11 3 11 0.39  
RSLYNTVAT 9 3 32 5 45 29 1 0.82  

ZM96 Gag 
 

AMQMLKDTI 9 1 4 4 3 2 13 0.17  

YSPVSILDI 9 5 12 3 9 1 3 0.43 This 
study 

RSLYNTVAT 9 4 28 5 46 27 2 0.77  

97CN54 
Gag 

 

AMQILKDTI 9 1 4 4 3 2 13 0.16  

YSPTSILDI 9 5 19 2 9 3 15 0.36 This 
study 

RSLFNTVAT 9 2 35 3 40 23 2 0.76  

Melan-A 
 

ALMDKSLHV  
 
 
 
 
 
 
 
 

A2 
 
 
 
 
 
 
 
 
 
 
 

9 1 3 1 1 1 1 0.65 (19) 
GILTVILGV 9 2 1 2 2 2 2 0.86 (19) 
ILTVILGVL 9 7 5 5 4 5 8 0.9 (19) 
AAGIGILTV 9/10 9 4 7 19 17 9 0.86 (19) 

Wt-1 
 

SLGEQQYSV 9 1 3 3 3 3 1 0.79 (20) 
RMFPNAPYL 9 2 10 2 2 2 2 0.53 (20) 
ALLPAVPSL 9 3 1 1 1 1 3 0.44 (20) 
DLNALLPAV 9 6 2 8 16 27 4 0.9 (20) 
VLDFAPPGA 9 7 31 7 15 13 8 0.87 (20) 
KLGAAEASA 9 9 16 9 21 26 5 0.94 (20) 
NLGATLKGV 9 12 4 10 12 14 12 0.76 (20) 

CMTWNQMNL 9 13 27 11 7 9 13 0.69 (20) 
RVPGVAPTL 9 25 17 21 11 11 19 0.81 (20) 

gp100 RLMKQDFSV 9 1 21 1 2 2 1 0.83 (21) 



	
  
	
  

 MLGTHTMEV  
 
 
 
 
 
 

A2 
 

9 2 15 2 3 1 2 0.65 (21) 
KTWGQYWQV 9 5 62 3 4 3 5 0.5 (21) 
YLEPGPVTA 9 16 20 19 34 25 11 0.93 (21) 

TRAG-3 
 

GLIQLVEGV 9 1 1 1 1 1 1 0.43 (22, 23) 
HACWPAFTV 9 9 10 6 9 20 9 0.82 (22, 23) 
SILLRDAGL 9 6 2 8 5 7 5 0.92 (22, 23) 
ILLRDAGLV 9 3 3 2 4 4 3 0.7 (22, 23) 
ALSKFPRQL 9 4 5 4 3 2 4 0.34 (22, 23) 

p53 
 

RMPEAAPPV 9 1 1 8 2 2 1 0.51 (24) 
LLGRNSFEV 9 2 2 4 1 4 2 0.46 (24) 
VVPCEPPEV 9 13 14 21 14 11 9 0.77 (25) 
YQGSYGFRL 9 5 5 65 3 3 10 0.41 (24) 
KTCPVQLWV 9 14 15 19 34 25 11 0.77 (24) 

 
Table S6. Ranking comparison of all the predicted epitopes (Prevalidation and in vivo validation) 
used in this study as shown in Fig 5A. The predictions used are as follows: ANN-Hydro - ANN-
hydrophobicity prediction model combined with normalized binding scores from prediction algorithms, 
IEDB-Bind -IEDB consensus binding tool, NetMHC-Bind - NetMHCpan binding tool, SYFPEITHI - 
SYFPEITHI epitope prediction tool, IEDB-Prot-IEDB recommended processing prediction, ANN-Prot - 
IEDB processing predictions using ANN. p-ANN-Hydro – Probability of immunogenicity assigned by the 
corresponding (H-2Db or A2) ANN-Hydro immunogenicity model. All references were obtained from IEDB 
(1) and are indicated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	
  
	
  

ConsB Gag predictions  ZM96 Gag predictions 

Rank Epitope Binding 
score (SB) 

p-ANN- 
Hydro 

Total 
score (S)  Rank Epitope Binding 

score (SB) 
p-ANN- 
Hydro 

Total 
score (S) 

1 RSLYNTVAT 0.006 0.82 0.001  1 MSQTNSVNI 0.000 0.64 0.000 
2 ATPQDLNTM 0.033 0.77 0.008  2 RSLYNTVAT 0.001 0.78 0.000 
3 QVSQNYPIV 0.049 0.83 0.008  3 YSPVSILDI 0.004 0.43 0.002 
4 RFAVNPGLL 0.025 0.66 0.008  4 YMIKHLVWA 0.016 0.77 0.004 
5 RMYSPTSIL 0.039 0.72 0.011  5 KVSQNYPIV 0.032 0.83 0.005 
6 KARVLAEAM 0.021 0.40 0.013  6 ATPQDLNTM 0.028 0.75 0.007 
7 SQVTNSATI 0.000 0.20 0.000  7 RMYSPVSIL 0.040 0.80 0.008 
8 SQVSQNYPI 0.004 0.12 0.004  8 VQNANPDCK 0.048 0.83 0.008 
9 AMQMLKETI 0.008 0.19 0.006  9 LLVQNANPD 0.046 0.81 0.009 

10 GWMTNNPPI 0.008 0.14 0.007  10 RFALNPGLL 0.027 0.67 0.009 
11 YSPTSILDI 0.020 0.39 0.012  11 KARVLAEAM 0.016 0.42 0.009 
12 RSLFGNDPS 0.023 0.27 0.017  12 NFLQNRPEP 0.042 0.61 0.017 
13 ASVLSGGEL 0.022 0.07 0.020  13 AMQMLKDTI 0.000 0.18 0.000 
14 KALGPAATL 0.036 0.36 0.023  14 KSLFGSDPL 0.000 0.08 0.000 
15 AAMQMLKET 0.039 0.33 0.026  15 KALGPGATL 0.026 0.36 0.017 
16 VQNANPDCK 0.053 0.84 0.009  16 KIVRMYSPV 0.026 0.18 0.021 
17 SALSEGATP 0.054 0.84 0.009  17 IMKQLQPAL 0.039 0.34 0.026 
18 LLVQNANPD 0.051 0.76 0.012  18 VKNWMTDTL 0.033 0.18 0.027 
19 ASLRSLFGN 0.096 0.79 0.020  19 AWMTSNPPI 0.033 0.10 0.030 
20 SLYNTVATL 0.061 0.64 0.022  20 WMTSNPPIP 0.092 0.92 0.007 

           
   CN54 Gag predictions    

   Rank Epitope Binding 
score (SB) 

p-ANN- 
Hydro 

Total score 
(S)    

   1 MSQTNSAIL 0.002 0.85 0.0003    
   2 RSLFNTVAT 0.002 0.76 0.0004    
   3 YMLKHLVWA 0.018 0.72 0.005    
   4 KVSQNYPIV 0.032 0.83 0.005    
   5 ATPQDLNTM 0.028 0.78 0.006    
   6 SALSEGATP 0.049 0.84 0.008    
   7 RFALNPGLL 0.027 0.70 0.008    
   8 VQNANPDCK 0.048 0.82 0.008    
   9 LLVQNANPD 0.046 0.78 0.010    
   10 RMYSPTSIL 0.034 0.70 0.010    
   11 NFLQNRPEP 0.042 0.65 0.015    
   12 SALQTGTEE 0.042 0.57 0.018    
   13 AMQILKDTI 0.000 0.16 0.000    
   14 KAKVLAEAM 0.012 0.35 0.008    
   15 YSPTSILDI 0.015 0.36 0.010    
   16 RALGPGASI 0.020 0.24 0.015    
   17 KSLFGNDPS 0.025 0.28 0.018    
   18 IMKQLQSAL 0.037 0.33 0.025    
   19 VKNWMTDTL 0.033 0.20 0.027    
   20 WMTSNPPVP 0.077 0.92 0.006    
Table S7. Ranked list of top 20 predicted peptides for each of the Gag variant using the ANN-Hydro 
combined with normalized binding scores from predictions. (SB) - Binding score, p-ANN-Hydro - 
probability of immunogenicity obtained by applying ANN-Hydro model to each peptide, (S) - Total score. 
This list was ranked based on total score S ranging from lowest score to the highest score within each 
section (I through IV) classified based on p-ANN-Hydro and SB (see section Application of ANN-Hydro).  
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