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Los Alamos HIV Databases
■ Database statistics, for the month of July 2019 

(see: www.hiv.lanl.gov/tmp/awstats/hiv-stats.pdf) 
643,187 hits 
26,286 visits (i.e. uses) 
The 2019 update includes all sequences through Dec 2018 

■ HIV Sequence Database: Over 922,972 searchable 
annotated HIV/SIV sequences total.  

Stored metadata enables us to provide custom made 
alignments or pre-made 1-sequence-per-person alignments.  

■ HIV Immunology Database: Searchable annotated T cell 
epitopes and Antibody entries 

10,455 CD8+ epitope entries from 1,353 papers 
1,609 CD4+ epitope entries from 389 papers  
3,549 distinct monoclonal antibody entries 
Neutralization data accessible through CATNAP  

■ For 423 Abs, 40 antibody mixtures, and 20 
polyclonal sera 

■ 1054 pseudoviruses tested, including 819 with 
sequences 

■ >60 bioinformatics tools with simple web interfaces 
■ multiple search interfaces 

Tools split ~ 50/50 between HIV-specific and general-use

Global Clade and CRF distribution
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HIV Immunology Database Workshop

■ Today 

Overview of the HIV Immunology and HIV Sequence Databases 

T cell epitope data and search interface 
Peptide tools 

■ Tomorrow 
Integration of Antibody and Sequence Data (a walk-through) 
Neutralizing Antibody Resources 

CATNAP 
neutralization exploration 
tailored for HIV but pathogen-agnostic 

CombiNaber, applicable for any pathogen 

Glycan shield 
HIV Genome Browser 

Vaccine design and evaluation tools
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Integration of HIV Sequence and Immunology databases

❑ Los Alamos HIV Database: the first pathogen-specific database 
❑ HIV Sequence Database – founded in 1986 by G. Myers  
❑ HIV Immunology Database - founded in 1994 by B. Korber 

■ Integration of HIV sequence and immunological data via multiple tools, for 
example: 

CATNAP superimposes Ab neutralization data with the virus data, and links 
to structures, germline V/D/J genes, Ab sequences, Ab contact residues, Env 
alignments, positions associated with neutralization sensitivity … 

AnalyzeAlign shows the diversity and HIV variability of epitopes 

HIV Genome Browser provides an interactive detailed view of the HIV 
genome or proteome with HIV sequence variability, functional domains and 
antibody and T cell epitopes marked by genome position 

Multiple tools tap into the Donors database, containing available donor HIV 
sequences, Ab sequences, monoclonal and polyclonal Ab data, HLAs, and T-
cell epitopes



Beyond HIV
❑ About one dozen of our computational tools (20%) are strictly HIV-specific.  
 The remaining 80% are partially or fully applicable to other organisms 

❑ A striking example of successful extension beyond HIV is Mosaic/Epigraph vaccine design: 
❑ Rabies in bats (Stading et al, Plos Negl Trop Dis, 2017) 
❑ Filoviruses (Theiler et al, Sci Rep. 2016, Fenimore, PLoS One, 2012) 
❑ Chlamydia trachomatis (Badamchi-Zadeh et al, Front Immunol, 2016) 
❑ Porcine Reproductive and Respiratory Syndrome Virus (PRRSV) in pigs (Cui et al, Vaccine reports, 

2016) 
❑ Hepatitis C (Yusim et al,  Clin Vaccine Immunol, 2013) 
❑ Foot-and-Mouth Disease in livestock (Devendra et al, in preparation) 
❑ Hepatitis B (Yusim et al, in preparation) 
❑ ... and the HIV-1 mosaic designs are moving into Phase III human trials 

■ The database structure and tools are transferrable to other pathogens. We have created several 
pathogen databases prototyped on the HIV database, and translating multiple tools: (https://
www.hiv.lanl.gov/content/otherviruses.html): 

HCV Sequence (Kuiken et al, Nucleic Acid Res, 2008) and Immunology (Yusim et al, Appl 
Bioinformatics, 2005) Databases  
Hemorrhagic Fever Viruses (HFV) Sequence Database (80 viral species, found in 10 different 
genera comprising five different families: arena-, bunya-, flavi-, filo- and togaviridae) (Kuiken et al, 
Nucleic Acid Res, 2012) 
Filovirus Sequence and Immunology Database (Yusim et al, Database, 2016) (hfv.lanl.gov) 
Because of lack of individual funding, only the sequence portions of these databases are 
automatically updated

https://www.hiv.lanl.gov/content/otherviruses.html
https://www.hiv.lanl.gov/content/otherviruses.html


■ Tools list is color-coded by range of use

Many HIV Database tools are broadly applicable
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HIV Immunology Database Entries and Annotation
■ HIV T cell epitopes and Antibody data organization  

T Cells (CTL and Helper epitopes) 
■ One reference per entry, epitope/HLA combinations are often repeated 
■ CTL and T-helper database organization is identical 

B Cells (Antibodies) 
■ One entry for each monoclonal antibody 
■ Many references per entry (> 800 for some well studied mAbs) 

■ Descriptions of HIV T cell epitopes and Antibodies with associated data are harvested from regular 
periodic literature searches: 

Epitope sequence, location, immunogen, vaccine details, subject details…  
Epitope Variants (escape, reduced binding, etc.) 
Host HLA or MHC, binding region, germline genes, etc 
Neutralizing Antibody Resources, contact residues, positions related to neutralization sensitivity or resistance, etc. 
Notes summarizing main findings 

■ Multiple search interfaces and database products: 
5 search interfaces for T cell epitopes, epitope variants and antibodies 
Computational tools for immunologists 
Epitope maps and summary tables that can also serve as search interfaces 
HLA typing and epitope mapping data sets 
Neutralizing antibody resources: 

■ Neutralization, germline and antibody sequence data through CATNAP 
■ Links to Germline Antibody Reconstruction tools 
■ Search interface and a table for Ab contact residues, positions related to neutralization sensitivity or resistance, etc.  
■ Assay protocols and neutralization serotype discovery data



https://hiv.lanl.gov

https://hiv.lanl.gov/




https://www.hiv.lanl.gov/content/immunology/index.html

Neutralizing Antibody Resources

Multiple ways to database 
products and toolsAntibody Search

T cell epitope variants and escape mutations



https://www.hiv.lanl.gov/content/immunology/index.html

Epitope alignments: epitopes aligned to HIV 
subtype Reference sequences in Fasta format

Reactive peptide maps and tables (with HLA 
and other subject data) from several large-scale 
studies scanning HIV proteins. 



■ Epitopes up to 14 aa long 
are mapped on HXB2 

■ HXB2 sequence may differ 
■ Epitopes with identical 

boundaries and HLA fields 
are included in the maps 
only once 

■ The epitope maps are 
interactive!  

Clicking on an epitope 
leads to the epitope entry

p17 CTL/CD8+ Epitope Map

www.hiv.lanl.gov/content/immunology/maps/maps.html



CTL/CD8+ Epitope Summary (B-list)

■ Experimentally validated 
optimal epitopes with known 
HLA presenting molecules 

■ Defined/curated by Christian 
Brander and colleagues

Best-defined CTL/CD8+ 
Epitope Summary  

(A-list)

www.hiv.lanl.gov/content/immunology/tables/ctl_summary.html www.hiv.lanl.gov/content/immunology/tables/optimal_ctl_summary.html

■ A comprehensive list of all unique epitopes in the 
database (including with unknown HLA, 
boundaries not fully defined…) 

■ Similar lists for Helper epitopes and linear Ab 
binding sites 

■ Unlike epitope maps that show epitope locations, 
each epitope sequence is shown

Epitope variants and escape mutations  
■ Experimental epitope variants from the literature 

Search interfaces 
Summary tables (~3500 CTL epitope variants) 

■ HLA associated HIV polymorphisms (Zabrina Brumme, Bruce Walker) 
Database review and a table 

www.hiv.lanl.gov/content/immunology/pdf/2010/escape_article_supplement.html 



CTL/CD8+ Search (www.hiv.lanl.gov/content/immunology/ctl_search)

■ Search by HIV protein, 
Epitope Sequence, Subtype, 
Immunogen, Vaccine Details, 
Species, presenting MHC/
HLA, Author, Country, 
Keywords 

■ Search on epitope location 
and find fuzzy matches, 
overlaps and embedded 
epitopes 

■ Search examples: 
Example: 
■ SLYNTVATL – 285 entries 
■ Narrow the search with 

keyword “escape” – 35 
entries 

Search for ISPRTLNAW 
With the first author Pillay 



Variant details with 
annotator’s notes

Additional information 
provided in the entry: 

■ Location, Donor 
MHC/HLA, 
experimental 
methods, Notes 

■ Link to all entries for 
a reference 

■ PubMed links to 
papers 

■ Link to Epitope Maps 
■ Link to Epitope 

Alignment (aligned to 
large set of seq.) 

■ Epitope variants if 
studied in the paper

Link to Epitope Alignment

Link to Epitope Maps

Immunological, virological, and 
epidemiological contexts:



Variant details
Link back to epitope entry

Note describing why the 
variant was designated as a 
particular mutation type 

Mutation type examples: 
❑ E escape 
❑ IE inferred escape 
❑ DR diminished response 
❑ SF susceptible form 
❑ etc… 

Mutation type



QuickAlign
■ Aligns query sequence to an alignment, creates WebLogos, calculates frequency by 

position, tallies variants in an alignment 
■ Can be used to align epitopes, functional domains, or any protein or any region of interest 
■ Shows results by groupings (subtypes for example) and all groups together

Variant 
frequency 
summary

https://www.hiv.lanl.gov/content/sequence/QUICK_ALIGNv2/QuickAlign.html



AnalyzeAlign Output

(Discontinuous sites are permitted)



Seq1 HIVWASRELERFAVNPGLLETSEGCRQILGQLQPSLQTGSEELRSLYNTVATLYCVHQRIEVKDTKEALEKIEEEQNKSK 
Seq2 HLVWASRELERFALNPGLLETSEGCKQIIKQLQPALQTGTEELRSLYNTVATLYCVHEKIEVRDTKEALDKIEEEQNKSQ 
Seq3 HLVWASRELERFALNPDLLETAEGCQQIMGQLQPALQTGTEELRSLFNTVATLYCVHQRIEVKDTKEALEEVEKIQKKSQ

PeptGen
■ Generates overlapping peptides for any protein sequence  
■ Takes alignment as an input and removes duplicate peptides  

https://www.hiv.lanl.gov/content/sequence/PEPTGEN/peptgen.html



ELF (Epitope Location Finder)

■ ELF helps identify potential T cell 
epitopes in a reactive peptide 
from a person with known HLA 
type by

Highlighting appropriate HLA 
anchor motifs in the peptide
Aligning all known epitopes 
embedded in the peptide from the 
database to your query 
sequence, with links to epitope 
entries
Finding potential epitopes based 
on Immune Epitope Database 
(IEDB) binding predictions  http://
www.immuneepitope.org/

■ We also have MotifScan tool that 
shows HLA binding and custom  
motifs on the sequence alignment

HLA selection is 
synchronized between 
2 analysis options

You can choose  
how many top binders  
to show per MHC,  
or use a binding  
percentile rank cutoff

https://www.hiv.lanl.gov/content/sequence/ELF/epitope_analyzer.html

http://www.immuneepitope.org/
http://www.immuneepitope.org/
http://www.immuneepitope.org/
http://www.immuneepitope.org/


Clicking on an epitope takes you to respective 
CTL or Helper epitope Database entries

Clicking on the “align” button takes 
you to “QuickAlign” for that epitope

Epitopes 
matching 
requested HLAs

ELF (reported epitopes in HIV database)



Clicking on MHC links to the 
full list of IEDB predictions for 
that MHC (see next table)

ELF (predicted MHC binding)

Motifscan

IEDB binding predictions

https://www.hiv.lanl.gov/content/immunology/motif_scan/motif_scan



Potential epitopes based on IEDB database 
MHC binding predictions 



Thank you for attending! 
Please send us comments, questions, and suggestions!  

Your comments will help us provide future training and better tools.  

Slides available at https://tinyurl.com/HIVDB-2019-IEDB 

Contact us: seq-info@lanl.gov or immuno@lanl.gov

https://tinyurl.com/HIVDB-2019-IEDB
mailto:seq-info@lanl.gov
mailto:immune@lanl.gov?subject=

