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Session 1
Friday, March 28
12:00-1:30 PM
Beatty/Coleman

Session 2
Saturday, March 29
12:00-1:30 PM
Beatty/Coleman

Workshop Topics

HIV Sequence Database and Immunology Database
Bette Korber / Thomas Leitner

General introduction

Sequence search interface — alignments and ‘quick and dirty’trees
Geography search interface

BLAST - check for close sequences

HIV database alignments and subtype reference sequences
RIP and HIV Drawing Tool - recombination analysis

New jpHMM

Format Converter

HIV/SIV sequence locator tool

Genecutter - processing nucleotide sequences

FindModel, Branchlength, and Neighbor Treemaker

New sequence analysis tools soon to be released
Hypermut (if time permits)

Entropy (if time permits)

Brief review of sequence search interface
Immunology database introduction

CTL search

Ab search

New Mosaic Vaccine Maker, Epicover, and Posicover
New Highlighter tool

New Protein Feature Accent

New HLA Frequency Tool

Epilign

Peptgen - list peptides for reagent development
Motifscan - find HLA anchor residues in a protein sequence
ELF
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Bette Korber, Co-PI of the project, primary editor of the HIV Immunology
Database, background in HIV evolution and immunology

Thomas Leitner, Co-PI of the project, responsible for HIV Sequence Database content
and research, background in HIV evolution and molecular epidemiology
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Workshop Goals

m Understanding the database content, how
iInformation was obtained, and what is available

m Database searching
m Tools for analyses
m Quality control tools
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The HIV Databases

HIV Sequence database — founded 1986, G. Myers
Relational database, data from GenBank with added fields from the literature
Alignments — align indels and reduce multiple sequences per person
Annual hard copy and reviews
Web search interfaces: subtype, phenotype, geographic, sampling year...
Analysis tools

HIV Immunology database — founded 1995, B. Korber
Comprehensive HIV epitope database, > 300-400 new papers per year
Integrate HIV immunological and sequence data
Annual hard copy and reviews
Web search interfaces: epitope, protein, HLA type, immunogen, keywords
Analysis tools for immunologists

HIV Drug Resistance database — founded 1997, J. Mellors

A searchable web listing of drug resistance mutations and literature links, updated annually
by Dr. Mellors

HIV Vaccine database — founded 2003, J. Mokili
A searchable relational database of published primate vaccine trials
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Search Interface

m Help
Tips at the top of the page are often overlooked
= Ranges, operators, wildcards, logical groupings
Mouse-over provides brief descriptions; click field names for details in Help file
m Searches
Searches are case-insensitive

Records are searchable through sequence, patient, genomic region, or publication information
and can be matched to the genomic region of a user-provided alignment

First seven fields will appear in search results page by default
A “*” in a textbox will cause that field to be included in the results page

Patient information (Infection year, Infection country) IS different than sequence information (Sampling
year and Sampling country)

Problematic seguence filters (hypermutation, frequent ambiguities, potential contamination)
m Analysis

Build a tree with user alignment, search results and subtype reference sequences combined
m Results

Can download aligned or unaligned sequences

Alignments are based on multiple pair wise alignments — alignments are good, but need hand
editing for an optimal alignment

Select all or a subset of sequences for download
Sequences can be re-ordered by clicking on fields at the top of the page
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HIV BLAST

m Uses Basic Local Alignment Search Tool
(BLAST) to compare your input sequence to all
sequences Iin the HIV Databases.

m Good to make sure that your sequence is not
identical to a “lab strain” or a sequence from
another patient.

m Can be very useful for checking subtype of your
sequence. But better tools, such as RIP or
building a phylogenetic tree, are often needed.
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Recombination Analysis

Many methods and programs exist to investigate potential
recombination
http://www.bioinf.manchester.ac.uk/recombination/programs.shtmi

Investigating recombination requires many steps
RIP 3.0

Automatic alignment

Selection of background sequences
Different window/gap handling options
Graphic & table output

New recombination/classification tools
JpHMM (at GOBICS and soon at LANL)
Phyloplace (branching index)

WBLAST
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HIV Recombinant Drawing Tool

U Draws color figure of inter-subtype
recombinant genomes.
L Takes simple input format.

O lllustrates “uncertain” regions and
breakpoints.
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ipHMM

BMC Bioinformatics 2006, 7:265 http://www.biomedcentral.com/1471-2105/7/265

AaTTe
AA-TG Subiype 1

m Automatically aligns
query to reference
sequences

m Builds a most probable
path between subtypes

Schultz et al. BMC Bioinformatics 2006
Zhang et al. NAR 2006

querySequence

1111222 reference subsype

viterbi path (gives us the alignment of the query to the alignment):

et~ -~

A toy example of a jumping profile Hidden Markov Model. This is build from a multiple sequence alignment of nucleotides with
two subtypes. The first subtype consists of three sequences with four consensus columns, the second subtype consists of two
sequences with five consensus columns. With each match and insert state a vector is associated for the emission probability
values corresponding to the nucleotides A, C, G and T. For clarity, some transitions are omitted. Also, the figure does not
show the delete states immediately after B from which each match state can be reached nor the delete state immediately
before E that can be reached from each match state. Fat lines indicate high transition probabilities, thin lines correspond to low
probabilities.
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Fig. 5. Schematic picture of the branching index. Here the association of

PhyloPlace

m Calculates the branching
iIndex across
(informative) windows of

sequence X to the subtype cluster S is investigated. The letters a and &

represent genetic distances that depend on the position of the node of
sequence X (white circle) at the bold branch. The branching index is
defined as a/(a + &) and can take values between 0 and 1.
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Wilbe et al, Virology 2003
Hraber et al, submitted 2007
Hraber et al, submitted 2008
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Sequence alignments

Originally based on iterations of manual and HMM alignments
Yearly updates using HMM and manual corrections

Alignments are in reading frame (codon aligned)

Alignments non-redundant (one sequence per patient)
Compendium alignments show fewer sequences than web version

Reference alignments contain up to four representatives of each
subtype. One of each CRF.

m Protein alignments may contain frameshift compensations

Subtype consensus with ties resolved, as well as maximum

likelihood ancestors, are available for reagent production
http.//www.hiv.lanl.gov/content/hiv-db/CONSENSUS/M_GROUP/Consensus.html

Special interest alignments will be added
Sequence sets of particular research interest
Suggestions welcome to tkl@lanl.gov
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SIV/PLV Alignments

Any non-human lentivirus is a SIV (=PLV), not just the SIV-
SMM/SIV-MAC group from Sooty mangabeys.

HIV-1s (M, N and O groups) are related to the SIV-CPZs
from the chimps (P. t. troglodytes) and gorillas. We
describe these alignments as HIV-1/CPZ.

HIV-2s and SIV-MACs are related to SIV-SMMs from Sooty
mangabeys. We describe these alignments as HIV-2/SMM.

Dozens of other diverse non-human primates, such as
African green monkeys, carry specific SIVs.

Alignments of the diverse SIVs, plus HIVs, can help to
identify highly conserved codons and other features. We
describe these alignments as “other SIV” or HIV-1/HIV-
2/SIV.
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Primate Lentiviruses

Alignments: http://www.hiv.lanl.gov/content/hiv-db/ALIGN_CURRENT/ALIGN-INDEX.html

HIV Database workshop

Positive Chi
HIV-1 M, N, O

P. 1t

Van Heuverswyn, Nature 2006
Keele, Science 2006
Corbet, J. Virol 2000
Foley, HIV database



Geography Tool

m Search/download sequences by geographic
region or country

select all sequences from one region
select a specific subtype from a region

m Results are biased by sampling

Plots show the distributions of the samples in the
database

The true regional subtype distribution may be much
different

m Results can be selected for download (as in the
search interface)
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Format Converter

m Different software (including ours) may require
different input formats for sequence data

m Format converter automatically recognizes
iInput sequence format, and converts to any of
17 different formats

m Replaces Seqg-Convert

m Requires plain text files (e.g., not .doc)
m Generates a file for copy or download
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HIV/SIV Seqguence Locator Tool

Instantly computes position numbers of DNA or protein fragments
relative to a reference strain (HXB2r for HIV-1, SMM239 for SIV)

Such numbers, often included in the literature, are frequently
Incorrect

m Shows the location of the sequence on an HIV map
m Presents protein translations of DNA sequences
m Can be used for input into the search interface, to align a new

sequence you have generated with the database set

Can also retrieve reference sequences
by coordinates (range of base or amino-acid positions)
by single position (retrieves flanking sequences)
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Sequence Locator:
“find my sequence”
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Sequence Locator:
“Retrieve from
coordinates”
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Sequence Locator:
“retrieve from point”

m Retrieves flanking sequence for a given location in
HXB2
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Gene Cutter

Unconventional Alignment/Homology program

“Cuts out” specified genes and proteins from sets of DNA
seguences

Aligns to HXB2 via HMMer
Splits input sequences into genes, and translates them
Aligns DNA sequences by codon

Useful for processing new sequence data

annotating full length genomes

pulling out regions of interest from raw sequence data
Input sequences may be aligned or unaligned

Results may be better if the HXB2 sequence is included as a
reference
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Additional Features
of GeneCutter

m HIV-2 and SIV also supported
must include SMM239 for SIV

m Reco

ghizes IUPAC ambiguity/multi-state

characters and translates them appropriately

mFore

ach gene/region, maintains a list of

anomalies

Sto
COC

0 codons
ons containing multi-state characters

COC

ons containing indels
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GeneCutter Results

m Results are stored on our server

An HTML link i1s e-mailed to the user when the run is
complete

For the workshop, use this URL.:
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FINDMODEL

m Determines the evolutionary model that best fits your
sequence data

m Emulates Modeltest (Posada & Crandall, 1998), using
the PAML program (Yang), implementation by Bill Bruno

® The best model is selected by AIC scores (takes into
account the likelihood of the tree and number of model
parameters)

® Model parameters are printed
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Treemaker

Check for phylogenetic relatives:

m TreeMaker produces a Neighbor Joining tree for a
“guick-and-dirty” comparison

m TreeMaker uses PAUP* for its calculations; a few
model options are available

m Reference sequences can be included, are aligned to
the input automatically

m Trees are displayed using PHYLIP and ATV

m The alignment used for the tree can also be
downloaded
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Branchlength
m Calculates total branch lengths in a tree

m Takes Newick file (standard treefile format) as
iInput

m To be included in a new tool TreeRate that can
reroot and infer the evolutionary rate between
serial samples in a given tree
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TreeRate

Several rooting options available

To calculate the evolutionary rate,
sequences are divided into groups
separated by time

Output gives rate at all nodes
and best rooting point

Several optimization criteria considered

Maljkovic Berry et al, J Virol 2007
Athreya et al, submitted 2008
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Hypermutation

m Detects APOBEC
related A->G
hypermutation as default

m Can be adapted to
detect any fuzzy motif in
relation to a control
pattern
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Entropy

m Calculates Shannon entropy, a measure of of diversity, for every
position in an alignment

Entropy-One for one alignment:
m Estimates the entropy for positions in one alignment
m User specified parameters: all positions or a sub-region (window-sized)

m Application example: compare the variability of sequence positions to
immunologically important regions [Yusim et al.,2002]

Entropy-Two for two alignments:
= Estimates if there is statistically supported evidence for different diversity in any
positiion
m User specified parameters:
Monte Carlo randomization number (A)

How many random samples can have a higher entropy difference than the actual
data (B)

P-value: B/A

m Application example: See if the observed entropy difference between a set of

blood- vs. brain-derived HIV env sequences is likely to be due chance alone
[Korber et al., 1994]

m Tree based correction will soon be available
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Entropy
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Quality Control Tool

m Built from existing HIV database tools

m GeneCutter

m RIP

m Hypermut

m Neighbor-joining Trees

m Output is an email containing a link to a
summary report

= hitp://www.hiv.lanl.gov/content/hiv-db/QC/index.himl (D€1A Version)
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Quality Control Tool

m Summary of results from analysis programs
m Click on each result to obtain full analysis

m Useful for helping to determine subtype,
hypermutation, mislabeling of samples
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Immunology Database Overview

m HIV T-Cell (CTL, T-helper) and Antibodies (Ab)

m Types of data recorded
Epitope sequence and location: HXB2 numbering, subtype
Immunogen
Host HLA or MHC, and Ab isotype
Notes summarize main findings
m Contents: data from 1985 through 2006
4807 CTL entries
991 T-helper entries
1425 Ab entries
2611 published citations
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Immunology Database: Search

m T Cells
Cytotoxic T Lymphocytes (CTL)
Helper T Lymphocytes (T-helper)
Biological distinction between CTL and T-helper is not
always obvious (CD8+ T-cells and CD4+ T-cells)

Organization is identical for CTL and T-helper

One reference per entry, epitope/HLA cobinations are often
repeated

m B Cells (Antibodies)
One entry for each monoclonal antibodies

Many references per entry (well over 100 for well studied
MADS)

HIV Database workshop



Immunology Database:
Additional Information

All entries for a reference
Medline links to papers
Epitope Tables
Epitope Maps
Unique species/HLA for T cell epitopes
MADb name, species code for Ab
Epitope Alignments

Extracted from HIV-sequence database, includes subtype,
country and year of sampling
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CTL/CD8+
T-cell
Search
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Found 186 matching records: Search SLYNTVATL
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pl7 CTL/CD8+ Epitope Map

pl7 CTL/CD8+ Epitope Map

All HIV CTL, CD8+, epitopes
mapped to within a region of 14
amino acids or less are indicated on
the HIV protein epitope maps. The
location and HLA restriction
elements of CTL, CD8+, epitopes
are indicated on protein sequences
of HXB2. These maps are meant to
provide the relative location of
defined epitopes on a given protein,
but the HXB2 sequence may not
actually carry the epitope of interest,
as it may vary relative to the
sequence for which the epitope was
defined. Epitopes with identical
boundaries and HLA fields are
included in the maps only once. If
one laboratory determines HLA
presenting molecules at the
serotype level (example: A2) and
another at the genotype level
(example: A*0201) both will be
included in the map. MHC
specificities are indicative of the
host species; when no MHC
presenting molecule is defined, the
host species is noted.

pl7 CTL/CD8+ Map aa 1--50
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Antibody
Search
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Antibody
Search, 2
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Mosaic Vaccine Maker, Epicover,
Posicover

The mosaic vaccine maker is a specialized tool for people
Interested in designing a set of vaccine antigens using the
strategy described in Fischer et al, Nat. Med. Dec. 2007.

People most likely to be interested:

m Those interested in the method, who would like to apply it to a particular
population of sequences (HIV or other) -- it yields intact proteins, maximizes
coverage, minimizes unusual 9mers and excludes unnatural junctions.

m Those who would like to compare their own vaccine candidate to this
strategy

Epicover and Posicover are general tools that can be used to
assess coverage of N-mers (typically N=9) in a population of
sequences relative to a proposed vaccine or peptide reagent set.

Epicover does not require that the input sequences be aligned,
and provides a overall summary, following a concept developed
by Steve Self and colleagues to design test peptides based on
coverage (PTE peptides, Li et al. Vaccine 24:6893 (2006))

Posicover does require that the sequence population to be
compared be aligned, but not the putative vaccine or peptides.
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Mosaic Vaccine Maker: Input

Input: protein sequence set for a target
population, does not need to be aligned.

Number of mosaic proteins in the set.

Epitope length.
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Mosailc Vaccine

Mosaic Vaccine Sequences: See table format
Coverage: 0.345111

>seql
MGGKWSKSSIVGWPAIRERMRRAEPAAEGVGAVSQDLARHGAITSSNTAA
NNADCAWLQAQEEEE

>seq2
MGGKWSKSSVVGWPAVRERMRRAEPAADGVGAVSRDLERHGAITSSNTAA
TNADCAWLEAQEEDE

>seq3
MGSKWSKSSIVGWPAIRERMRRTEPAAEGVGAASRDLEKHGAITSSNTAA
NNPDCAWLEAQEEEE

>seq4
MGGKWSKSSIVGWPAVRERIRRTEPAAEGVGAASQDLDKHGAITSSNTAT
NNADCAWLEAQEDEE

Maker: Output

Mosaic coverage of 9-mers
relative to combinations of
natural strains
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Epicover: 9 mer coverage of vaccines or peptides

HIV Database workshop

Input 1: peptides or
vaccines

Input 2: sequences
representing a population
of interest (alignment
Independent)

Output: above graphic and
the numbers to generate it



Posicover: 9 mer coverage of vaccines or peptides

m Input 1: peptides or
vaccines; toggling
allowed.

m |[nput 2: sequences
representing population of
Interest (alignment
required)

m Output: a series of
graphics
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Posicover output: |
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Posicover output: Il

Each row of pixels is a sequence in
the input alignment, each column

a position.
White is a gappy region.

Yellow is good, the position is embedded

In matched 9-mers.

01234567829
unique 9—-mer counts
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Highlighter

m Useful for comparing within-patient single or longitudinal
samples

m The top of the alignment should be a consensus, MRCA,
or most common form in the individual -- some good
reference strain.

m Useful for:

tracking variation overtime in large sequence alignments

ldentifying within patient recombination (a useful statistic will
be added soon, currently it is visual).

Spotting apobec 3 sighatures
Tracking locations of synonymous/non-synomous changes

Coming soon: ability to collapse all variation in a sample onto
a single sequence for comparisons to the consensus.
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Highlighter: input/output 1

Input: a within patient alignment

Output: default values, all changes
Relative to the “Master sequence”

Recombination: ——
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Highlighter: input/output I
IHlustrating recombination

Select:
Change masters

Pick two sequences:
3 and 14 are a good example
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Protein feature accent

m Brand new, still developing (expect changes weekly)

m Allows the user to easily highlight a region(s) of interest
on an HIV protein -- so far, Env only.

m Automatically aligns your alignment to HXB2 and to the
sections of the protein that are in a given structure
m In the works

Entropy mapping from an input alignment

ldentifying all positions within a given distance of an amino
acid of interest on the protein sequence

Selected structures representing other HIV proteins
Suggestions???
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Protein feature
accent

HIV Database workshop



HLA Comparison

m Statistically and graphically compare HLA
frequencies in 2 populations

m |ldentify HLA alleles that are in linkage
disequilibrium

m Input can be grouped as 2 digit typing
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HLA Comparison: Compare 2 populations
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EPILIGN

m Generates an alignment of your HIV-1 amino acid
seguence against our web alignments

m Can be used to align epitopes, functional domains, or
any protein region of interest

m Seguence names include subtype, country and year of
sampling

Query: SLYNTVATL
Query Length: 9

Example of output: HXB2 Location: Gag 77-85 = p17 77-85
Alignment: GAG, 458 sequences

Summarize |

Query SLYNTVATL
Al.KE.86.ML170 e Fe—————
Al.KE.94.Q23 e Feom————
Al.SE.94.SE7253 -—F———-V-
Al.SE.94.3E753%5 = @ ———m————e——
Al.S5E.95,. 38528 mm—m——————
Al1.8E.95.8E8891 0 m—m———————
Al.SE.95.UGSEBS131 0 0—————————
Al.TZ.97.97TZ03 -—F———-V-
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PeptGen

Creates maps of overlapping peptides on proteins to aid in peptide design for
mapping epitopes
Consensus sequences for all HIV subtypes for all proteins are available

Use alignments to design comparable sets of peptides (for example, to compare
clades)

INPUT
Query sequence or aligned sequences
Desired length of peptides, peptide overlap,

Forbidden C- and N-terminal amino acids (suggested by Dr. Philip Goulder,
Oxford and Dr. Otto Yang, UCLA)

OUTPUT
Maps of overlapping peptides (forbidden AAs are taken into account)
Simplified output for ordering
Highlighted forbidden amino acids

Hydropathicity scores for the peptides are available (suggested by Dr.
Andrew Bradbury (LANL)
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PeptGen: output

Simple output, “new”

Duplicate

/ .
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HLA Binding Motif Scanner: MotifScan

Finds HLA anchor motifs within protein sequences for specified HLA
genotypes, serotypes, or supertypes

HLA anchor motif dictionaries are available on line

Main motif and supermotif sources:
SYPHEITHI Database, Rammensee et al.
HLA Facts Book, Marsh et al. 2000
Sette & Sidney, Immunogenetics 50:201-212, 1999

Isobella Honeyborne and Philip Goulder, Yusim et al 2003, (HLA-C motifs predicted by
genetic similarities in HLA molecules)

INPUT:
User defined query sequence or aligned sequences, or reference set
Selected HLA anchor motifs, or user defined motif

The user defined motif function could be used to search for other patterns of interest in
sequences

OUTPUT:

Anchor residue positions are highlighted in the query sequence
Potential epitopes and positions are listed
Output can be downloaded as text, convenient for further analysis

Can be used to finds all motifs in a sequence
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PeptGen
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/a HLA Binding Motif Scanner - Microsoft Internet Explorer

- 0DM QRSB ESH-BD

File Edit View Favorites Tools ”‘ Links ”1 Address I@ http: { fuaww. hiv.lanl. gov/content fimmunology fmotif _scanfmotif _scan

A2

X-[L]->-x-x-x-x-x-[L] Marsh2000

Genotype Serotype Supertype Motif
A*0202

Source

Matches (Download as FASTA)

10 20 30 40 50
| I | | |
Test.S5B ktiifkpssg gdpeivthsf ncggeffycen ttklfnstwn stwd----1n
Test. 6B ktiafkkssg gdpeivlhsf ncggeffhen stglfnstwn gnd---—-—- td
Test.7B ktivfngssg gdpeivrhtf ncggeffycen tsglfngtwn —————————-
60 70 80 90 100
| | | | |
Test.5B gtanh-egnd —--titlpcri kgivnm-wge vgkamyappi eggiachLshi
Test. 6B tketn-dteg —--tiilpcri kgivnl-wge vgkamyappi rggircssni
Test.7B —-——nt-iens —--titlpcri rqgivam-wge vgkamyappi rggircssni
110 120 130 140 150
| I | | I
Test.S5B tgllltrdgg -nd--—--—--—- tnnetfrpgg gnmkdnwrse lyvkyvkvvkik
Test. 6B tgllltrdgg —-ni--t-—--- neteifrpgg gdmrdnwrse lyvkyvkvvkie
Test. 7B tgllltrdgg —-nng-s-—--- nttetfrpgg gnmrdnwrse lyrykvvkie
160 170 180 190 200
| I | | |
Test.S5B plgiaptkak rrvvgrekra v-gtlgamfl g-flgaagst mgaasvtl
Test. 6B plgvaptkak rrvvgrekra v-g-lgalfl g-flgaagst mgaasmtl
Test.7B plgvaptkak rrvvgrekra v-gtigamfl g-flgaagst mgaasitl

List of potential epitopes (Download as TSV)

Protein Seq. Pos. Aln. Pos. Sequence Anchors

Test.5B 88-96 96-104 CLSHITGLL .L...... T

References

Marsh2000 Steven G. E. Marsh, Peter Parham, and Linda D. Barber. The HLA FactsBook. Academic Press, San
Diego, 2000.

SYFPEITHI The SYFPEITHI Database of MHC Ligands, Peptide Motifs and Epitope Prediction. Jan 2003. URL:

€]

Bette Korber

htth -f{isvufneithi hmi-heidelhera com/
[ [ [ |4 mnternet
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ELF

m If you have a peptide that reacts with CD8+ T cells from a
person with known HLA type, enter:

The peptide that reacts with CD8+ T-cells
The HLA type of the person with the reactive  CD8+ T cells

m  ELF will help identify the possibly reactive epitope by
Highlighting appropriate HLA anchor motifs in the peptide

Listing all known epitopes embedded in the peptide from the
database, with links

Showing maps of known epitopes in the protein that carries the
peptide, highlighting the input HLAS, to allow ready
identification of options
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Please leave any comments or
suggestions with us:
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