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HIV Immunology Database Workshop

o Day 2, Keystone 2022
HIV Immunology Database

. Part1:
HIV Immunology Database overview

T cell epitopes — entries and searches
Antibody Database — entries and searches

Neutralizing Antibody Resources

. Part2:
Antibody Features Database

Genome Browser

CATNAP, both tailored for HIV and applicable to any pathogen

. Part3:
CombiNAber, applicable to any pathogen

Glycan Shield Tool
GenSig

. Part4:

More computational tools for Immunologists, many applicable for any pathogen

Vaccine design and evaluation tools, applicable to any pathogen
@ Los Alamos




Los Alamos HIV-1 Databases

Integrate HIV immunological and sequence data

For the first part of March 2022:
306,644 hits
12,783 visits

Citations in research articles and patents when searched on ‘HIV AND
Database AND LANL:

2,045 patents or published applications in the US from 857 patent
families (https://www.uspto.gov/)

1,421 patents or published applications in any country
(https://www.wipo.int/)

14,200 Google Scholar citations

HIV Sequence Database: Over 1,016,500 searchable annotated
HIV/SIV sequences available as custom alignments or premade 1-
sequence-per-person alignments.

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

Over 11,200 CD8+ epitope entries
Over 1,600 CD4+ epitope entries
Over 3,650 Antibody entries

Neutralization data for >500 Abs and Ab mixtures and almost 1500
pseudoviruses, most with sequences.

Over 50 bioinformatics tools with simple web interfaces.
Of them many (68%) are general-purpose tools
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https://hiv.lanl.gov/

Integration of HIV Sequence and Immunology databases

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

o« What makes our database unique is the integration of HIV sequence and
immunological data via multiple tools, for example:

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

e AnalyzeAlign shows the diversity and HIV variability of epitopes

e 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

o Multiple tools tap into the Patient database, containing available donor HIV
sequences, Ab sequences, monoclonal and polyclonal Ab data, HLAs, and T-cell
epitopes 1% Los Alamos
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Many “HIV Immunology” tools

are broadly applicable
e Tools list is color-coded by range of use

1% Los Alamos
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Beyond HIV

Q Only 10 of our over 50 computational tools are strictly HIV-specific. The remaining
ones either have a useful component or are fully applicable to other organisms

0 A striking example of successful use of our tools 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, 2018)

U U0 U UJd o od

Hepatitis B (Yusim et al, in preparation)

e« The whole database structure and tools are transferable to other pathogens. We successfully modeled
several databases using the HIV database as a prototype and translating multiple tools:
(https://www.hiv.lanl.gov/content/otherviruses.html):

e HCV Sequence (Kuiken et al, Nucleic Acid Res, 2008) and Immunology (Yusim et al, Appl Bioinformatics,
2005) Databases

e 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)

o Filovirus Sequence and Immunology Database (Yusim et al, Database, 2016) (hfv.lanl.gov)
e SARS COV-2 Database (https://cov.lanl.gov/)

e Lack of funding, so only the sequence portions of HCV, HFV, Filovirus databases are automatically updated

1% Los Alamos
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https://www.hiv.lanl.gov/content/otherviruses.html
https://cov.lanl.gov/

HIV iImmunology 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, patient 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 very large epitope mapping data sets
Neutralizing antibody resources:
Neutralization, germline and antibody sequence data through the CATNAP tool/database
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

1% Los Alamos
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HIV Immunology Database - 2021 Additions

Continuing Efforts
» Curated annotations
* Maintained and updated tools, maps and tables
* Published annual compendium

Upgrades
« Expanded and searchable patient database
* HLA nomenclature updated
« JSON and CSV download capability

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

\ Multiple ways to database

< Antibody Search | €— products and tools

/ T cell epitope variants and escape mutations

< Neutralizing Antibody Resources

https://www.hiv.lanl.gov/content/immunology/index.html| 0@ Los Alamos
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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 patient data) from several large-scale
studies scanning HIV proteins.

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



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

p17 CTL/CD8+ Epitope Map

e Epitopes up to 14 aa long are
mapped on HXB2

e HXB2 sequence may differ

e Epitopes with identical
boundaries and HLA fields are
iIncluded in the maps only once

e The epitope maps are
Interactive!

Clicking on an epitope leads to the
epitope entry

http://'www.hiv.lanl.gov/content/immunology/maps/maps.html ‘5 Los Alamos
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http://www.hiv.lanl.gov/content/immunology/maps/maps.html

CTL/CD8+ Epitope Summary (B-list) Best-defined CTL/CD8+

= A comprehensive list of all unique epitopes in the Epitope Summary

database (including with unknown HLA, (A-list)
boundaries not fully defined...) . Experimentally validated

s Similar lists for Helper epitopes and linear Ab optimal epitopes with known
binding sites

HLA presenting molecules

e Defined/curated by Christian
Brander and colleagues

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

www.hiv.lanl.gov/content/immunology/tables/ctl summary.html www.hiv.lanl.gov/content/immunology/tables/optimal ctl summary.html

Epitope variants and escape mutations
o Experimental epitope variants from the literature
e Search interfaces

e Summary tables (~3500 CTL epitope variants)

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

~
www.hiv.lanl.gov/content/immunoloqy/pdf/2010/escape article supplement.html ‘:9 LOS AlCImOS
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http://www.hiv.lanl.gov/content/immunology/tables/ctl_summary.html
http://www.hiv.lanl.gov/content/immunology/tables/optimal_ctl_summary.html
http://www.hiv.lanl.gov/content/immunology/tables/ctl_summary.html

CTL/CD8+ Search ( www.hiv.lanl.gov/content/immunoloqy/ctl search)

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

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

e Search examples:

o Example:
« SLYNTVATL — 285 entries

« Narrow the search with
keyword “escape” — 35
entries

Search for ISPRTLNAW
with first author = Pillay

1% Los Alamos
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http://www.hiv.lanl.gov/content/immunology/ctl_search

Immunological, virological, and
epidemiological contexts:

Link to Epitope Maps —__

Link to Epitope Alignment —
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

.
1% Los Alamos
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https://www.hiv.lanl.gov/content/immunology/ctl_search.html

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

CUMULATIVE
CTL

SEARCHES C

SLYNTVATL
+ A*02

|

48
records

SLYNTVATL
+ A*02:01

I

92
records

SLYNTVATL
+(A*02+A*02:01

140
records

1% Los Alamos
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Antibod \'4 Search (https://www.hiv.lanl.gov/content/immunoloqy/ab_search)
Search by

e HIV protein, Epitope Sequence,
Subtype, Immunogen, Vaccine
Details, Species, Author,
Country, Keywords, Isotype

e MADID
List by Ab name

. Llst by Ab type

By binding site, for example binding
to similar region like V3 or near a
common functional domain like CD4
binding site CD4Bs)

e Search examples:

e 2F5—1 record with 815
references

e Abtype: gp120 CD4BS — 438
records

e Search for 10ES8

Can show

- notes and references only
containing selected keywords OR
- notes containing user’s text

1% Los Alamos
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https://www.hiv.lanl.gov/content/immunology/ab_search

Search results for 10E8

Link to Epitope Map

Link to Epitope Alignment

Link to CATNAP

Link to Antibody Features Database
(Ab contact positions and related protein features)

a

4

A

Link to patient Donor detail

Notes from the papers

.
1% Los Alamos
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Example:
Z13e1 contact
sites

1% Los Alamos
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https://www.hiv.lanl.gov/components/sequence/HIV/featuredb/search/env_ab_search_pub.comp

Genome Browser

A tool at the interface between the sequence and immunology
databases

* Tools -> Genome
Browser

« Click on Env

« Drag tracks into the
map:
« Entropy M group
« Ab epitopes
* Neutralizing Ab

contexts

« Zoom in to expand a
region of interest

» Click around to
explore

~
https://www.hiv.lanl.gov/content/sequence/genome_browser/browser.html ‘;:Q Los Alamos
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https://www.hiv.lanl.gov/content/sequence/genome_browser/browser.html

HIV Genome Browser: Nucleotide view

Your

Navigation /position

Right click
to switch to
protein view



Right-click:
Links

Left-click:
Details



CATNAP (Compile, Analyze and Tally NAb Panels)

o CATNAP is both a database and a set of tools
o Compiles published HIV Ab neutralization data
>400 Abs, >1000 HIV pseudoviruses, >100,000 ICgjy5, values

e Integrates neutralization data with viral sequences
o Provides important Ab and Virus details:
e Ab binding region, links to PDB structures, links to the donor info
e Clonal lineage, germline V/D/J designation, Ab sequences
e Virus tier, subtype, country, infection stage, aligned sequence
e Select Abs and viruses in multiple ways:
e Individual or groups of Abs and viruses, or results by study
e Antibodies by germline V/D/J genes and binding region
e Viruses by tier, subtype, infection stage, or established viral panels
e Your favorite list of viruses and antibodies

Defines genetic neutralization signatures associated with sequences

https://www.hiv.lanl.gov/components/sequence/HIV/neutralization/index.html 0@ Los Alamos
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https://www.hiv.lanl.gov/components/sequence/HIV/neutralization/index.html

Downloads:

* Virus sequences
* Virus alignment
 Ab sequences

o 1Cgy 5 data

Find Names: quickly
convert your list of virus or
Ab names to the
standardized ones in
CATNAP

Custom Input accepts

* Numerical data: I1C, 1D,
AUC, or any phenotypic
data

* Aligned sequences
associated with that data

— Hybrid combines your HIV
neutralization data with
published data from
CATNAP’s database

1% Los Alamos
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Many ways to select antibodies and

/ viruses

Retrieve data: Antibody, Virus or Assay
details (then download the data or virus
alignment for just the set you selected)

Analyze ICgg, ICgy or both, along with the

1% Los Alamos
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Example: Retrieve
Download heavy/light chain sequences for just Ab details and

the selected set of mAbs. assay data for mAb
— 10E8

~_Expand the table to show heavy and light chain

sequences and sources for germline data
<4
Pre-calculated results from
the Genetic Signatures tool
Link to structures in PDB Link to the patient record

for the mAb donor

Assay data may include results from multiple

studies.
When multiple studies are included, a

geometric mean is provided

1% Los Alamos
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Example:
PGT141 mAb Donor

\ List of all published mAbs

_ _ derived from this patient
Link to patient’s HIV sequences

1% Los Alamos
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Example: retrieve virus info for a set of 8 commonly-used
pseudoviruses

< Download an ENV alignment of just the 8 selected viruses

Automatically submit all selected sequences in a batch to the HIV sequence search

/ interface

Link to the sequence record
in the HIV Sequence DB

|

Comments explain when our sequence
differs from GenBank sequence

ag NATIONAL LABORATORY
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Collapse or expand details from individual studies

:> Potency and Breadth of
neutralization over

multiple studies

<€4—— Pick Ab and click on contact position to analyze, or enter your own position

1% Los Alamos
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EXAMPLE: a quick
“position analysis” of the
neutralization
associated with specific
amino acids at Env
position 160 for mAb
PG9

Note: The

Genetic Signature Tool
calculates
phylogenetically
corrected signatures
across all Env positions

Odds ratio >1: enriched for
detected (neutralized)

Odds ratio <1: enriched for
undetected (not neutralized)

N\

Env position 160 is highlighted

1% Los Alamos
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CombiNAber

Background

e Papers: Wagh et al, 2016, PLOS Pathogens

e \We have developed “Bliss-Hill” and “Additive”

12(3) e1005520; Kong et al, 2015, J Virol
89(5):2659-71. Questions: Kshitij Wagh,
kshitij@lanl.gov

To counter HIV-1 Env diversity, bNADb
combinations that improve breadth and
potency over single bNAbs will be needed.

models that accurately predict bNAb
combination neutralization given individual
bNAb data.

e We used these models to systematically

predict and compare all bNAb combinations
and identified optimal bNAb combinations.

Purpose of CombiNAber:

e Systematically compare bNAb combinations
to identify optimal combinations.

Predict neutralization profiles of bNAb
combinations using individual bNAb IC50 &
|C80 data as input.

www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html|

bNADs:
a) CD4bs - VRC07, 3BNC117
b; V2 - PG9

c) V3-PGT128, 10-1074

d% MPER — 10E8

Wagh et al. 2016 PLoS Pathog 12(3): €1005520

SN
1% Los Alamos



http://www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html

CombiNAber Input Page

IC50 /1C80 data:

* Viruses on rows, mAbs
on columns

+ Giving both IC50 &
IC80 data allows
prediction using the
more accurate Bliss-
Hill Model

mADb class:

* Rough epitopes of
where each mAb
targets. e.g. VRCO1
target CD4bs,
PGT121 targets V3.

* User can use any
nomenclature of
epitopes, just have to
be consistent.

www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html ‘5 Los Alamos
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http://www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html

CombiNAber Input Page

Prediction method:

« Bliss-Hill model is more
accurate, but requires both
IC50 & IC8O0 titers.

« If only IC50 or IC80 titers
available, choose “Additive”
model.

www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html

—3> mAb combinations:

* Choose how many Abs you
want in combinations.

« Should mAbs from the same
class be repeated in
combinations?

Note: best combinations
typically have mAbs from
different epitopes.

« All mAb combinations that
are consistent with above
two options will be predicted
and compared.

¢« Combinations of interest to
be highlighted in analyses
and figures

1% Los Alamos
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http://www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html

CombiNAber Input Page

Target concentration:
Concentration of each mAb that
will correspond to a
“physiological” concentration of
interest.

e.g. in AMP trials trough
concentration ~10ug/ml.

v
File formats: PNG by default, but can also generate PDF and SVG

For most jobs, email results is preferred to avoid webpage time-out.

www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html

By default combination IC50
and IC80 titers will be predicted.

User can select more stringent
metrics that we have shown to
be relevant for in vivo success
(see Wagh et al. PLoS
Pathogens 2016):

How many viruses are
actively neutralized by at
least 2/3/4 mAbs in the
combination? (higher the
number of mAbs, lower the
chance of escape of viruses)

Incomplete neutralization
and IIP measure how
completely are viruses
predicted to be neutralized
by mAb combinations

1% Los Alamos
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http://www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html

CombiNAber Output Page

_ Input parameters

} Links to the part of the webpage
with analyses of single mAbs,

2/3/4 mAb combinations, and
All results can be downloaded in best mAbs/combinations with
an archived zip file different number of mAbs and

combinations of interest

www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html ‘5 Los Alamos
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http://www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html

CombiNAber Output Page

We will focus on 2mAb combinations

Table shows the best 2 mAb combination of each epitope class (e.g. CAP256-VRC26.25 +
VRCO07-523-LS is cd4+v2 and 10E8 + CAP256-VRC26.25 is mper+v2) using all the metrics
in the table. Overall rank in 2mAb combinations is also shown.

www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html

1% Los Alamos
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http://www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html

CombiNAber Output Page

Next are shown figures measuring each neutralization metric, e.g. IC80 breadth-potency
curves (top-left), active coverage (bottom left), incomplete neutralization (top right) and IIP
(bottom right)

1% Los Alamos
www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html ~a= NATIONAL LABORATORY



http://www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html

CombiNAber Output Page

Similar analyses are shown for single mAbs, 3/4 mAb combinations
and combinations of interest (if chosen).

Also, best 2-mAb combination vs best 3-mAb combination vs... are
shown.

Detailed information:
https://www.hiv.lanl.gov/content/sequence/ COMBINABER/help.html

Scientific reading:
Wagh et al. PLoS Pathogens 2016
https://doi.org/10.1371/journal.ppat.1005520

General Questions: seqg-info@lanl.gov; immuno@lanl.gov;
Technical Questions & Suggestions: kshitij@lanl.gov

1% Los Alamos
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http://www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html
https://www.hiv.lanl.gov/content/sequence/COMBINABER/help.html
https://doi.org/10.1371/journal.ppat.1005520

GenSig

Purpose:

Find “signatures” (sequence features, i.e. amino-acids or
glycans) Statistically associated with any
phenotype.

Background:

Bette Korber, Tanmoy Bhattarcharya et al.
developed a phylogenetically corrected
strategy to identify amino acids and
glycans significantly associated with any

phenotype.
Bhattacharya et al. Science 2007 315(5818):1583-6

We found robust amino acid and glycan
signatures associated bNADb
sensitivity/resistance. These signatures
were used to design a trivalent vaccine
cocktail that induced broad heterologous

tier 2 neutralization in guinea pigs.
Bricault et al. Cell Host & Microbe 2019 25(1):59-72

https://www.hiv.lanl.gov/content/sequence/GENETICSIGNATURES/gs.html

(<
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https://www.hiv.lanl.gov/content/sequence/GENETICSIGNATURES/gs.html

GenSig

Inputs:

Codon-aligned nucleotide sequence alignment and
matching phenotype features for the sequences.

« Can be any proteins and any phenotypes!

Methods:
Each amino acid at each position in the alignment
is tested for statistical association with phenotype.

« Option for potential N-linked glycosylation sites
(PNGS).

Fisher’s exact test: For a binary phenotype (e.g.
neutralized or not, above or below median), 2x2
contingency table with and without a given aa.

Wilcoxon test: Compare phenotype scores for
sequences with and without aa.

Phylogenetic correction (next slide!)

False discovery rate (g-value) correction for
multiple tests! (for Env ~4000 tests!)

https://www.hiv.lanl.gov/content/sequence/GENETICSIGNATURES/gs.html

K169

IK169

Neutralized 94

25

Not-neutralized 27

59

p = 6.52x10-12

NATIONAL LABORATORY
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https://www.hiv.lanl.gov/content/sequence/GENETICSIGNATURES/gs.html

Phylogenetic correction:

Simple associations can give strongly
biased results due to clade effects.

Example: 10-1074 (and all V3g bNAbs) do
not neutralize CRF01 strains due to lack of
glycan at 332. Thus, any aa enriched in
CRFO01 will give false positive, e.g. H-375.

How to correct for this?

» Look for associations between amino
acid transitions on a phylogenetic tree
and the phenotype
(Bhattacharya et al Science 2007 315:1583-6).

« If an amino acid is truly associated with
the phenotype, then phylogenetic
transition to this amino acid will also be
associated.

 However, if the association arises due to
a clade effect, then phylogenetic
transition to this amino acid will not be
associated.

Clade-biased signature H-375

Uncorrected association

Table 1:

10-1074 resistant

10-1074 sensitive
odds ratio =0

23
0

p-value = 1.1e-12
g-value = 2e-10

Phylogenetic Signature Strategy

Clade-biased signature H-375

Table 2: IH-> IH->H
10-1074 resistant 0 48
10-1074 sensitive 0 136

p-value = 1

https://www.hiv.lanl.gov/content/sequence/GENETICSIGNATURES/qgs.html

True Signature N-334

Table 2: IN->N  IN->IN
10-1074 resistant 22 15
10-1074 sensitive 1 134

odds ratio = 0.02
p-value = 6e-17
g-value = 1.1e-14


https://www.hiv.lanl.gov/content/sequence/GENETICSIGNATURES/gs.html

GenSig In put Strategy: new signature analysis

or reuse an phylogenetic analysis
Page from an older run (save time if your

sequences are same, but

phenotype features are different).

Sequence alignment:

Can be HIV-1 or not. If HIV-1, then
include HXB2 reference in your
alignment. Otherwise the tool
assumes no reference sequence.

Phenotype data:

« Mismatch names — if your
alignment or phenotype file
have sequences that are not in
the other, it will ignore them.

« Statistical test — choose Fisher’s

or Wilcoxon.

» For Fisher’s user can supply binary
phenotypes (0,1; with -1 being not
tested), or supply actual values and use
the options to decide how to break up the
data (e.g. above or below median).

» For Wilcoxon, phenotype should have
actual values.

https://www.hiv.lanl.gov/content/sequence/GENETICSIGNATURES/gs.html T nRiipRAb basbRaror



https://www.hiv.lanl.gov/content/sequence/GENETICSIGNATURES/gs.html

GenSig Input
Page

Signature options:

“Depth”: Click for phylogenetic correction!

* Depth 1 treats all amino acids separately. Most commonly used.

« Depth 2 treats all pairs of 2 amino acids as a single group (e.g. Asp+Glu vs others). Rarely used, only when
the user has a particularly strong reason for this.

“Glyco” — whether or not to test glycans (encoded by NxS/T motifs) as signatures.

Maximum g-value:
The maximum cutoff for displaying signatures on the output page.
« 0.2 is a reasonable cutoff — 80% chance of true positive, 20% of false positive.

Unreliable positions:

» Positions with lots of gaps indicate evolution by insertion/deletions, e.g. hypervariable loops in HIV-1 Env.
Alignment and phylogeny in these regions are unreliable and thus, signatures cannot be reliably calculated.
User can choose cutoff for removing such positions — 10% is default reasonable value.

https://www.hiv.lanl.gov/content/sequence/GENETICSIGNATURES/gs.html (3 Los Alamos
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https://www.hiv.lanl.gov/content/sequence/GENETICSIGNATURES/gs.html

GenSig Output Page

Run ID: Use it for reusing phylogenetic
analyses for a future job.

Parameters used.

Tree Results: Each blue underlined section
is a link to download sequences or
phylogenetic trees.

Maximum Likelihood Ancestor Results:
These are the internal node states
calculated for phylogenetic corrected
signatures.

Signature Results: You can click to go to
particular table results. Table 1 is simple
Fisher’'s. Tables 2 & 3 are two flavors of
phylogenetic corrected signatures.

The next two links for downloading the
phenotype file and all signature results.

=
https://www.hiv.lanl.gov/content/sequence/GENETICSIGNATURES/qgs.html ‘sQ !‘,QIOSN ,ﬁ ! gm T? r§



https://www.hiv.lanl.gov/content/sequence/GENETICSIGNATURES/gs.html

Table 1 (Non-
phylogenetically corrected
results):

Table shows results from

simple Fisher’s test that had
g-value < cutoff provided.

User can download all entries
(“unfiltered”), or just the
filtered table shown below
(both text and table formats).

User can also see which
known antibodies have these
signature sites below.

Tbl = Type of test (if T1 simple; T2 and T3 phylogenetic)

statTest = Grouping of the phenotype data (I gave binary phenotype; but if |
used above/below median option, then it would show here)

HXB2aa/HXB2nuc = reference amino acid position in HXB2 numbering or in
HXB2 genome, respectively

Localaa/ localnuc = position in the alignment ¥® Los Alamos
< NATIONAL LABORATORY
https://www.hiv.lanl.gov/content/sequence/GENETICSIGNATURES/gs.html



https://www.hiv.lanl.gov/content/sequence/GENETICSIGNATURES/gs.html

Testaa = amino acid tested.
/ This is A in the eXplanatiOn.
Feature=phenotype

ric1, ric2, r2c1, r2c2 are the
2x2 contingency table entries.

M4 | M4
1 (Neutralized) 50 33
0 (not 96 18
i ] | neutralized)

oddsRatio = Odds of finding

the phenotype with ‘testaa’

versus not testaa (!testaa).

« Measures association
strength — close to 1 is
weak association, far from
1 strong.

« (Odds ratio (OR) should be
interpreted with p-value — a
low p-value does not
guarantee good OR and
vice versa. Best signatures
are those with lowest p-

values and good OR.
https://www.hiv.lanl.gov/content/sequence/GENETICSIGNATURES/gs.html —_—



https://www.hiv.lanl.gov/content/sequence/GENETICSIGNATURES/gs.html

Clicking "Tree” will generate
lthe tree for your signature of
interest:

« Tree shows the sequence
at given position and
phenotype for visual
examination.

For simple signatures (table
1), it is advisable to look at the
tree:

« Association could be due to

a clade effect
(e.g. resistant clade could be
enriched in your signature).

NN
https://www.hiv.lanl.gov/content/sequence/GENETICSIGNATURES/gs. html ¥® Los Alamos

NATIONAL LABORATORY



https://www.hiv.lanl.gov/content/sequence/GENETICSIGNATURES/gs.html

GenSig Output Page

Other tables are similar in format, but they are phylogenetically

corrected signatures!

 E.g. Table 2 measures whether phylogenetic transition to
given test aa (A -> A) is significantly associated with
phenotype, as compared to A -> 1A,

Similar outputs for glycan signatures:
Table T1g will be simple glycan associations and T3g will
phylogenetically corrected glycan signatures.

1% Los Alamos
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GenSig

GenSig is a powerful tool to identify statistically significant
and phylogenetically corrected signatures in any protein for
any phenotype.

Detailed information:
https://www.hiv.lanl.gov/content/sequence/GENETICSIGNAT
URES/help.html

Scientific reading:

Application to bNADbs: Bricault et al. Cell Host & Microbe
2019nttps://doi.org/10.1016/;.chom.2018.12.001

Method development: Bhattacharya et al. Science 2017
https://doi.org/10.1126/science.1131528

Questions: seg-info@lanl.gov; immuno@]lanl.gov
www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html 6@ Los Alamos
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http://www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html
https://www.hiv.lanl.gov/content/sequence/GENETICSIGNATURES/help.html
https://doi.org/10.1016/j.chom.2018.12.001
https://doi.org/10.1126/science.1131528

Glycan Shield Mapping

Background:

Several studies have shown that rare glycan
holes in Env immunogens can induce
immunodominant Ab responses targeting glycan
holes that lack breadth.

We developed a strategy to accurately predict

rare glycan holes given an input Env sequence.
(Wagh et al. Cell Rep 2018 25:893-908)

* Accurately predict known experimental glycan
holes.

* TF Envs with complete glycan shields led to
improved breadth development in HIV-1
infected individuals.

Purpose:

To characterize glycans shields for Env
sequences and identify missing glycans that
cause rare glycan holes.

Input:

Amino acid alignment of user HIV-1 Env

sequences with HXB2.

* Sequences should span HXB2 sites 31 to 664
to ensure mapping on to Env trimer.

https://www.hiv.lanl.gov/content/sequence/GLYSHIELDMAP/qglyshieldmap.html

(<

Los Alamos
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https://www.hiv.lanl.gov/content/sequence/GLYSHIELDMAP/glyshieldmap.html

Glycan Shield Mapping

Outputs:

Link to download all resuilts.

For each Env, total glycan hole
area.

Graphical representation of

glycan shields for each Env.

* Top row: glycan shield from
different views. Magenta/pink
= glycan holes. Green =
predicted glycan shield.

* Bottom row shows missing
glycans (cyan) that cause
glycan holes.

Glycan hole positions — surface-
exposed amino acids that fall in
glycan holes.

Table indicates missing glycans
that lead to glycan holes, with
glycan hole area attributed to
each glycan and Env sites for
each glycan hole.

(<

Los Alamos
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Glycan Shield Mapping

Glycan Shield Mapping tool can help vaccine designers by identifying
glycan holes in their immunogens and the require glycan mutations
that will *fill” these glycan holes.

Detailed information:
https://www.hiv.lanl.gov/content/sequence/GLYSHIELDMAP/help.html

Scientific reading:
Wagh et al. Cell Reports 2018
https://doi.org/10.1016/j.celrep.2018.09.087

Questions: seg-info@lanl.gov; immuno@]lanl.gov

Technical questions & suggestions: kshitij@lanl.gov

NS
https://www.hiv.lanl.gov/content/sequence/GL YSHIELDMAP/glyshieldmap.html @ Los Alamos
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https://www.hiv.lanl.gov/content/sequence/GLYSHIELDMAP/glyshieldmap.html
https://www.hiv.lanl.gov/content/sequence/GLYSHIELDMAP/help.html
https://doi.org/10.1016/j.celrep.2018.09.087

Selected tools for Immunologists

Most tools are applicable to any organism and some to any numerical data

CATNAP: Compile, Analyze and Tally published and your own NAb Panels
CombiNAber: Predict and analyze neutralization by antibody combinations

Sequence Locator: Find epitope location on the reference genome

PepMap: Map an input set of peptides on the reference sequence (Fasta, PDF and HTML)
PeptGen: Generate sets of overlapping peptides for epitope mapping.

QuickAlign and AnalyzeAlign: Align query sequences or discontinuous positions to an
alignment, create WebLogos, calculate frequency by position, tally variants in an alignment

ELF: Epitope Location Finder. Search query sequence for
0  Known epitopes from our HIV immunology databases
0 HLA binding motifs
0 Epitopes predicted by the IEDB binding algorithm.

N-Glycosite: Find potential N-linked glycosylation sites in an alignment

Mosaic and Epigraph: Generate candidate vaccine protein cocktails with optimized
potential epitope coverage, calculate and visualize coverage

Heatmap: Display and organize neutralization or other quantitative data.

And more ...
1% Los Alamos
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The HIV database sequence analysis tool set

\

All tools can be accessed
from the HIV sequence

database

Click top level to link to full
page of tools, where all

>60 computational analysis
tools are organized in groups
by function/purpose.

Most tools have explanation
pages, and sample data
sets.

Many tools were inspired by
user comments — please
ask for more!

1% Los Alamos
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HIV Immunology Tools are a subset of the HIV Sequence Tools

www.hiv.lanl.gov/content/immunology/tools-links.html

Tools especially useful
from immunologists can
be accessed from the
HIV Immunology
“Tools” page

1% Los Alamos
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HIV/SIV Sequence Locator Tool

o Calculates DNA or protein fragment location relative to a reference strain
e Available for HIV-1, SIV, HCV, and similar tools exit in HFV database
e Such numbers, often included in the literature, are frequently incorrect

Paste or type a

SLYNTVATL sequence here.

>

Location in
< genome
mapped in red.

https://www.hiv.lanl.gov/content/sequence/L OCATE/locate.html

.
1% Los Alamos


https://www.hiv.lanl.gov/content/sequence/LOCATE/locate.html

HIV/SIV Sequence Locator Tool

o Can also retrieve reference sequences
e by coordinates (range of base or amino-acid positions)
e by single position (retrieves flanking sequences)

/ \mlude surrounding region

50 aa long stretch

https://www.hiv.lanl.gov/content/sequence/LOCATE/locate.html

1% Los Alamos
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https://www.hiv.lanl.gov/content/sequence/LOCATE/locate.html

P e p M a p www.hiv.lanl.gov/content/sequence/PepMap/pepmap.html

o Maps an input set of peptides on the query sequence
e Can be used to map epitopes, functional domains, or any protein region of interest
o Peptide name can contain any kind of useful information

>B.FR.83.HXB2 LAI IIIB BRU K03455 Peptide map (FASTA)
MGGKWSKSSVIGWPTVRERMRRAEPAADRVGAASRDLEKHGAITSSNTAA
Input: e
>Peptide?
Peptidel MGGKWSASSVIGGPTV nny I mm
Peptide?2 WSKSSVIGWVTV ee T RMRRAEPAVZ—mmmmmmmmm oo m oo o
HLA-A2? RMRRAEPAV ST ARADRVGAASRDLEK-=~=~=====~
B8 AADRVGAASRDILLEK |- - ADRVGAASRDLEKHGAI-----—-
Reactive ADRVGAASRDLEKHGAT S LEKHCATTSSNTA
Not reactive LEKHGAITSSNTA
Peptide map (PDF) ~ HLZ-2Z2 llot_reactive
- Peptide2 . - Reactijve .
- Peptidel N - B8 - ‘

MG GK‘\TSKSS’-{ I GWPT’JRE‘.R[}’IRRAEPAE—;DR’IJGAAS RDLEK I-IIG::'-'.I TSSIITE—;EI-;
10 20 30 10 50

Location table

1% Los Alamos
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http://www.hiv.lanl.gov/content/sequence/PepMap/pepmap.html

P e p t G e n https://www.hiv.lanl.gov/content/sequence/PEPTGEN/peptgen.html

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

HIVWASRELERFAVNPGLLETSEGCRQILGOLOPSLOTGSEELRSLYNTVATLYCVHQRIEVKDTKEALEKIEEEQNKSK

Seqgl
Seqg? HLVWASRELERFALNPGLLETSEGCKQITKQLOPALQTGTEELRSLYNTVATLYCVHEKIEVRDTKEALDKIEEEQNKSQ
Seq3 HLVWASRELERFALNPDLLETAEGCQQIMGQLOPALQTGTEELRSLENTVATLYCVHQRIEVKDTKEALEEVEKIQKKSQ

1% Los Alamos
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https://www.hiv.lanl.gov/content/sequence/PEPTGEN/peptgen.html

ELF (Epitope Location Finder)

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

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

Highlights appropriate HLA
anchor motifs in the peptide

Aligns reported epitopes
embedded in the peptide from
the database to your query
sequence, with links to epitope
entries

Finds potential epitopes based
on Immune Epitope Database
(IEDB) binding predictions

http://www.immuneepitope.org/

The MotifScan tool shows HLA
binding and custom motifs on the
sequence alignment

.
1% Los Alamos


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

ELF (reported epitopes in HIV database)

Epitopes
matching
requested HLAs

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

1% Los Alamos
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ELF (predicted MHC binding)

Motifscan

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

1

IEDB binding predictions

Clicking on MHC links to the

full list of IEDB predictions for
that MHC (see next table)

1% Los Alamos
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https://www.hiv.lanl.gov/content/immunology/motif_scan/motif_scan

Potential epitopes based on IEDB database MHC binding
predictions

1% Los Alamos
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Qu i Pos kAI i g i https://www.hiv.lanl.gov/content/sequence/QUICK ALIGNv2/QuickAlign.html

Aligns query sequence to an alignment, creates WeblLogos, 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

1% Los Alamos
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https://www.hiv.lanl.gov/content/sequence/QUICK_ALIGNv2/QuickAlign.html

AnalyzeAlign

e Go to tools drop down menu,
select Analyze Align

e Click on “use LANL
database’

« Could enter your own
alignment, it doesn't
need to be HIV

e Click on “Major subtypes”

e “Positions/range to
analyze”

. 324-326,327, 331-336
e Click on “Logo options”

« At the bottom click on
Mark potential N-linked
glycosylation sites

https://www.hiv.lanl.gov/content/sequence/ANAL YZEALIGN/analyze_align.html 0@ Los Alamos
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https://www.hiv.lanl.gov/content/sequence/ANALYZEALIGN/analyze_align.html

AnalyzeAlign Output

1% Los Alamos
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MAb PG9 binding regions, Env 156-173,
bNAb PG9 contact region

AnalyzeAlign

New tool similar to QuickAlign, but
takes sequence positions/range
(including discontinuous) to
analyze in an alignment

Has many analysing options:

WeblLogo specifications
Frequency cutoffs

Choice of the master sequence to
find variants

WebLogo color scheme
Combining multiple logos on a page

Showing potential N-linked
glycosylation sites (Nx[ST], denoted

as U)

SN
1% Los Alamos



AnalyzeAlign

Transmitted HIV virus

A Longitudinal
samples over time

A Discontinuous
positions under
apparent immune
selection

A Only differences
from transmitted
virus are shown

 Colors indicate
amino acid charge
categories

Virus 3 years
post-infection

Figure from Hraber et al. Viruses 2015
1% Los Alamos
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Heatmap

e Two-dimensional clustering analysis

e A graphical way of displaying a table of
numbers by using colors to represent
numerical values.

o Strategy borrowed from the gene
expression array literature to organize
and visualize neutralization data, but is
also useful for other complex data

e Example: (Bricault et al, 2015, J Virol)
Rows: ID50s in guinea pigs
vaccinated by 4 different strains and
combinations of 2, 3, and 4 strains
(2C, 3C, 4C)

Columns: Tier 1A, 1B test Envs
Higher intensity color — higher ID50s

Vertical bar — animals colored by
vaccine

Horizontal bar — Envs colored by
neutralization tier

Animals vaccinated by 4 strains in
combination cluster together on the
top and have highest ID50s

BN W’ F UEWEE E W W

'.‘.q NATIONAL LABORATORY
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https://www.hiv.lanl.gov/content/sequence/HEATMAP/heatmap_mainpage.html

Vaccine Design Tools (Mosaic/Epigraph)

Design Tools

Generate candidate vaccine protein cocktails that optimize coverage of potential
T-cell epitopes (as linear k-mers) based on frequencies in sets of natural pathogen
sequences — “all-natural” throughout, including breakpoints

Mosaic Vaccine Designer — genetic algorithm (Fischer et al. 2007)
Epigraph — graph theoretic approach (Theiler et al. 2016)

Evaluation tools

Epitope Coverage Assessment (EPICOVER)
Alignment-independent “k-mer” coverage by vaccines or peptides.

Positional Epitope Coverage Assessment (POSICOVER)

Alignment-based coverage by vaccines or peptide% Los Alamos
https://www.hiv.lanl.gov/content/sequence/MOSAIC/ &=¥ NATIONAL LABORATORY



https://www.hiv.lanl.gov/content/sequence/MOSAIC/

HIV epitopes are densely
packed at the population
level

e Vaccinating a diverse
population with individual
epitopes is infeasible

o Escape forms for one HLA

are frequently sensitive for
a different HLA

e It may not be necessary
to predict epitopes — but
only to deliver them

e Optimized immunogen
cocktails could deliver most
epitopes likely to be
present in infecting virus

AAAAAAAAAAAAAAAAAA



Mosaic Vaccine

Designer

Inputs

Target set: natural protein sequences from a

diverse pathogen population (alignment
optional).

Cocktail size: how many mosaic protein
sequences to generate.

Epitope length: default is 9 amino-acids.

Method: genetic algorithm

DEMONSTRATED EFFECTIVENESS
Improved immunogenicity
HIV, SIV, HCV, Chlamydia

Protection from challenge (non-human
models):

SHIV, Influenza, FMDV, Ebola

Phase IIb Human HIV trial (Imbokodo)
recently completed (no efficacy)

Phase lll HIV trial (Mosaico; HVTN
706/HPX3002) in progress

(<

Los Alamos
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EPIGRAPH

Inputs

Target set: natural protein sequences for
the pathogen population (alignment
optional).

Cocktail size: how many mosaic proteins
in the output set.

Epitope length: default is 9 amino-acids.
Method: evaluation of acyclic graph
Advantages over mosaic

Essentially optimal (fractionally better
coverage)

Much faster: allows iteration and
comparison of multiple input sets and
alternate designs

Reference: Theiler, J., Yoon, H., Yusim, K.,
Picker, L. J., Fruh, K., and Korber, B. (2016).
Epigraph: A vaccine design tool applied to an
HIV therapeutic vaccine and a pan-filovirus
vaccine. Sci Rep, 6:33987.

https://www.hiv.lanl.qov/content/sequence/EPIGRAPH/epiqrapQH’. htm

%@ Los Alamos
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https://www.hiv.lanl.gov/content/sequence/EPIGRAPH/epigraph.html

EPIGRAPH — exclude rarities

1% Los Alamos
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EPIGRAPH — exclude rarities

e Including only k-

mers above an |
occurrence
threshold drops
coverage, but
reducing
responses to
rare epitopes
may be helpful.

Here, including only 9-mers that occur at
least 14 times drops coverage very little.

1% Los Alamos
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Epitope Coverage Assessment - Epicover

Inputs:

1. Vaccine set

2. Test set (target
sequences)

Can report on
subsets defined
according to the
first several
characters in
sequence names
or user-defined
subsets

(<
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Epicover output (mean coverage per sequence)

vaccine set subset ‘ Sc‘g'zsnett ‘ Off-by-0 ‘ Off-by-1 ‘ Off-by-2 ‘ rare(<3,>1) | unique | absent ‘
vaccine_set_from_user Total 39 0.5037 0.7474 0.8636 91 61 38
vaccine_set_from_user A 6 0.4294 0.7086 0.8417 7 1 38
vaccine_set_from_user B 4 0.7263  0.8911 0.9460 44 23 38
vaccine_set_from_user C 4 0.5786  0.8449 0.9602 47 37 38
vaccine_set_from_user D 4 0.5764 0.8268 0.9218 12 0 38
vaccine_set_from_user F 8 0.4821 0.7316  0.8786 2 0 38
vaccine_set_from_user G 4 0.4578 0.7126 0.8367 5 0 38

Overall summaries of k-mer
coverage

1% Los Alamos

NATIONAL LABORATORY



Epicover output (mean coverage per sequence)

vaccine set subset ‘ Sc‘g'zsnett ‘ Off-by-0 ‘ Off-by-1 ‘ Off-by-2 ‘ rare(<3,>1) | unique | absent ‘
vaccine_set_from_user Total 39 0.5037 0.7474 0.8636 91 61 38
vaccine_set_from_user A 6 0.4294 0.7086 0.8417 7 1 38
vaccine_set_from_user B 4 0.7263  0.8911 0.9460 44 23 38
vaccine_set_from_user C 4 0.5786  0.8449 0.9602 47 37 38
vaccine_set_from_user D 4 0.5764 0.8268 0.9218 12 0 38
vaccine_set_from_user F 8 0.4821 0.7316  0.8786 2 0 38
vaccine_set_from_user G 4 0.4578 0.7126 0.8367 5 0 38

Overall summaries of k-mer
coverage

For entire set (to compare with other
vaccine candidates)

1% Los Alamos
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Epicover output (mean coverage per sequence)

vaccine set subset ‘ Sc‘g'fjsnett ‘ Off-by-0 ‘ Off-by-1 ‘ Off-by-2 | rare(<3,>1) | unique | absent ‘
vaccine_set_from_user Total 39 0.5037 0.7474 0.8636 91 61 38
vaccine_set_from_user A 6 0.4294 0.7086 0.8417 7 1 38
vaccine_set_from_user B 4 0.7263  0.8911 0.9460 44 23 38
vaccine_set_from_user C 4 0.5786  0.8449 0.9602 47 37 38
vaccine_set_from_user D 4 0.5764 0.8268 0.9218 12 0 38
vaccine_set_from_user F 8 0.4821 0.7316  0.8786 2 0 38
vaccine_set_from_user G 4 0.4578 0.7126 0.8367 5 0 38

Overall summaries of k-mer
coverage

For entire set (to compare with other
vaccine candidates)

... or by pathogen subset

1% Los Alamos
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Positional Epitope Coverage Assessment - Posicover

o INPUTS
1. Vaccine/peptide sequences
2. ALIGNED target set
e OUTPUTS
1-dimensional (by alignment column)

2-dimensional (by sequence and alignment column) 1% Los Alamos
02
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Posicover output (1-dimensional summaries)

Matched 9-mers Missed 9-mers

Alignment positions

1% Los Alamos
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Posicover output (2 dimensional)

Pixel-based Alignment view
Each amino-acid represented as a single-colored square
Allows quick detection of gross errors in alignment



Posicover output (2 dimensional)

90



Posicover output (2 dimensional)
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Pixel-based Alignment view
Each amino-acid represented as a single-colored square
Allows quick detection of gross errors in alignment



Posicover output (2 dimensional)



Posicover output (2 dimensional)
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Posicover output (2 dimensional)
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Posicover output (2 dimensional)
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Posicover output (2 dimensional)
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k-mer coverage is relatively stable for different
values of k (potential epitope lengths)

In other words, optimizing for potential CD8+ T-cell epitopes (k=9)
yields good coverage of potential CD4+ T-cell epitopes (k=12), too.

[Korber et al., 2009] T-cell vaccine strategies
for human immunodeficiency virus, the virus -
with a thousand faces. J Virol, 83(17):8300-14. 19 Los Alamos



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://hiv.lanl.gov/hws

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