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Schedule

1:00—-1:05 Introductions
1:05-1:20 Steve Mack, CHORI
e |HIW History & 17t IHIW Overview
* |HIW Need for Uniform Data Content
1:20-1:50 Bob Milius, NMDP
* Nucleotide Coordinate and Reference Systems
 MIRING HML Validation
1:50-2:05 Kazutoyo Osoegawa, Stanford Blood Center
* Workshop Typing Data Collection
* Recording Novel Polymorphism

2:05-2:20 John Chia-Jung Chang, Stanford Genome Technology Center
* Introduction to the Workshop Database

2:20-2:30 BREAK

2:30-4:00 All Participants
* Round-table Discussion

4:00 — 5:00 17t IHIW Database Team

e Discussions with Individual Vendor Teams
Closing Remarks Marcelo Fernandez-Vina, Stanford Blood Center 2/29



IHIW History

The First Histocompatibility Workshop was organized by Dr. Bernard Amos in 1964,

and focused on comparing the many different in vitro assays used
at the time to define the “leukocyte antigens” known as “Hu-1",
“LA” and “Four”. This workshop involved 23 laboratories. Dr. Paul
Terasaki introduced the microtoxicity test, and described the first
leukocyte antigen crossmatch test at the first workshop.

Since then, fifteen subsequent workshops have been held in 1965 (Leiden), 1967
(Torino), 1970 (Los Angeles), 1972 (Evian), 1975 (Arhus), 1977 (Oxford), 1980 (Los
Angeles), 1984 (Munich), 1987 (New York), 1991 (Yokohama), 1996 (Paris), 2002
(Seattle), 2005 (Melbourne), 2008 (Buzios), and 2012 (Liverpool).

These workshops have stimulated collaboration within the international
Histocompatibility and Immunogenetics community, and have involved the exchange
of reagents, methods and experience, as well as the evaluation of new technologies,
in a series of ongoing projects.
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The 17t IHIW

The 17t International HLA and Immunognetics
Workshop is being organized by Dr. Marcelo
Fernandez-Vina at Stanford University. The 17th
IHIW will study HLA and KIR genomics, HSC
transplantation, serologic epitopes and develop
robust informatics for HLA and KIR research.

This workshop will build on the technological and scientific
momentum of the previous sixteen workshops to evaluate Next
Generation Sequencing (NGS), and Single Antigen Bead (SAB)

technologies for Histocompatibility and Immunogenetics
applications.

http://ihiws.org
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http://ihiws.org/

17th IHIW Meeting Venue
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IHIW Summary and Symposia: September 12 — 15, 2017 in San Francisco, California
as part of the 43 Annual ASHI Meeting 5/29



17th IHIW Components

17th IHIW projects are organized under six Workshop Components

Functional Studies

Genetic & Genomic Studies

NGS of

NGS of Hematopoietic Mapping of
Full-length

Full-length Cell Serologic
KIR Genes Transplantation Epitopes

HLA Genes

Core Workshop Functions

All Projects All Projects

Quality

Informatics Control &
of Genomic Quality
Data

Assurance
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NGS of Full-Length

HLA Genes

Component Leaders:

Marcelo Fernandez-Vina
Stanford University

Steven J. Mack
Children’s Hospital Oakland Research Institute
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NGS of HLA Component

Goals:

Reliable and complete MHC/HLA gene sequences

Full genomic allele sequence on 10,000 quartet families
(40,000 individuals) for class | and class Il genes

Full-length sequences (exons, introns, untranslated
regions) for common and well-documented class | (A,B,C)
and class Il (DRB1/3/4/5), DQA1, DQB1, DPA1, DPB1, and

associated pseudogenes

Complete HLA gene sequences for reference cell lines

Analyses on full-length allele and haplotype diversity.
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Component Details

Methodology:
* All available NGS platforms:

Illumina, Roche, Pac-Bio, Thermo-Fisher/lon Torrent

e All available NGS Software:

Conexio, GenDx, Immucor, Omixon, ThermoFisher, Sisco, de-novo approaches

* Reference cell lines:
IHWG Reference Panels (Pilot Project, QC and QA)

Challenges to be Addressed:

* Discerning platform-based errors from true genetic variation:
e.g., identifying “true” DRB intron 2 complex microsatellite sequences
DRB1*08:03:02:** — Asia: (GT),,(GA)gCA(GA);- Europe: (GT),/,1(GA),CA(GA),
=  Potential Solutions:

Sequencing of quartet families

Use of multiple NGS methods
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NGS of Full-Length

KIR Genes

Component Leaders:

Paul Norman
Stanford University

Jill Hollenbach
University of California, San Francisco
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Characterize the nature and extent of KIR allelic
diversity across human populations using Next
Generation Sequencing (NGS).

Perform high-resolution KIR genotyping in families
from diverse populations in order to define phased
KIR haplotypes through segregation analysis.
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Hematopoietic Cell Transplantation

Component Leader:
Effie Petersdorf

Fred Hutchinson Cancer Research Center
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Component Details

Goals:

* Understand transplantation barriers from the perspective of
human genetics

= Expand haplotypes and cord blood pools from the 16t workshop and
do full genomic analysis of the HLA genes

= Add HLA identification for related transplants

Methodology:
® |llumina MiSeq for NGS methods
® Participation from over 400 transplant centers
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Informatics of Genomic Data

Component Leaders:
Steven J. Mack
Children’s Hospital Oakland Research Institute
Jill A. Hollenbach
University of California, San Francisco

Martin Maiers
National Marrow Donor Program
Paul J. Norman
Stanford University 14/29



Informatics Component Focus

Informatics Component Projects pertain to:
* Maximizing the utility of immunogenomic data generated via NGS methods

* Analysis of NGS Typing Data:

Development and application of methods for the analysis of NGS-derived genotypes
and consensus sequences. Consensus sequence is the primary data

 Meta-Analytic Comparison of NGS Systemes:

Regeneration of Consensus sequence from raw (e.g., FASTQ) data
Comparisons of consensus and genotype products of different NGS softwares
Equivalence of genotyping results between platforms/methods.

e Standards for Exchange of NGS Genotyping:

Developing and testing approaches for recording, sharing and using NGS genotype data
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17t IHIWS Database System

Developer:

John Chia-Jung Chang
Stanford Genome Technology Center
Database Team:

Kazutoyo Osoegawa, Tamara Vayntrub
Stanford Blood Center
Steven J. Mack
Children’s Hospital Oakland Research Institute
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17IHIWS Database Functions

Collect reads, consensus, genotypes and meta-data
Collect (and anonymize) specimen data
Collect pedigree data

Collect other project specific data
Manage accounts for IHIWS participants
Distribute data to participants for projects
Facilitate data analyses

Collect analytical results
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Uniform Data Content

IHIWS needs to collect equivalent information across all reports

The goal is not that everyone does everything identically,
but that all NGS data and meta-data should be compatible
and comparable, so all formats are equally interpretable.
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MIRING

Minimum Information for Reporting Next Generation Sequence Genotyping
(MIRING): Guidelines for Reporting HLA and KIR Genotyping via Next
Generation Sequencing

Steven |. Mack , Robert P Milius , Benjamin D Gifford , Jurgen Sauter , Jan Hofmann , Kazutoyo Osoegawa ,
James Robinson , Mathjis Groeneweg , Gregory S Turenchalk , Alex Adai , Cherie Holcomb , Erik H
Rozemuller , Maarten T Penning , Michael L Heuer , Chunlin Wang , Marc L Salit , Alexander H Schmidt ,
Carlheinz Muller , Tim Hague , Gottfried Fischer , Marcelo Fernandez-Via , Jill A Hollenbach , Paul | Norman ,

Martin Maiers
doi: http://dx.doi.org/10.1016/{.humimm.2015.09.011

http://miring.immunogenomics.org
Hum Immunol. 2015 Dec;76(12):954-62 19/29



http://miring.immunogenomics.org/
http://dx.doi.org/10.1016/j.humimm.2015.09.011
http://dx.doi.org/10.1016/j.humimm.2015.09.011

MIRING Elements

MIRING defines an NGS HLA genotyping result with 8 Categories of Information
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MIRING Implementation Goals

Facilitate downstream analyses and data management for
current research and clinical use cases for histocompatibility
and immunogenetics.

Permit the re-analysis of NGS HLA or KIR genotyping results in
the context of past, current and future nomenclatures.

Permit the comparison and evaluation of genotyping
performance between different NGS platforms and analysis
methods.

Permit the accurate reporting of NGS data generated for other
highly-polymorphic regions of the human genome.
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MIRING Implementation in HML

Histoimmunogenetics Markup Language 1.0: Reporting Next Generation
Sequencing-based HLA and KIR Genotyping

Robert P Milius, Michael Heuer, Daniel Valiga, Kathryn | Doroschak, Caleb |. Kennedy, Yung-Tsi Bolon, Joel
Schneider, |Jane Pollack, Hwa Ran Kim, Nezih Cereb, Jill A Hollenbach, Steven | Mack, Martin Maiers

Histoimmunognetics Markup Language (HML) version 1.0 is an electronic format for
exchanging data for HLA and KIR genotyping with extensions for next-generation

sequencing (NGS).

This format addresses NGS data exchange by refining previous HML versions to conform to
the Minimum Information for Reporting Immunogenomic NGS Genotyping (MIRING)
reporting guidelines (miring.immunogenomics.org).

Hum Immunol. 2015 Dec;76(12):963-74.
http://dx.doi.org/10.1016/j.humimm.2015.08.001

22/29


http://dx.doi.org/10.1016/j.humimm.2015.08.001
http://dx.doi.org/10.1016/j.humimm.2015.08.001

IHIWS Refinement of MIRING

Novel Polymorphisms
Reference Alleles & Coordinate Systems

Can we reach some consensus on these issues today?
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Novel Polymorphism

Characterizing novel polymorphism identified via
NGS is a core element of the 17" IHIWS

* Can we agree on the data-elements necessary
to describe novel polymorphism in referenced
and unreferenced/poorly referenced gene
regions?

* Can genotyping annotation be described
separately from genotype results?
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Reference Sequence Coordinates

The IHIWS Database needs to interrelate NGS
typing results generated on different platforms

 Can we agree on where to start counting?
— Indexing from O or 17
— Genomic sequence, CDS start, gene-feature start?

* Can we reach consensus for reference alleles?
— Can reference alleles have only partial sequence?
— IMGT/HLA uses one full-gene allele per locus

25/29



Reference Alleles and Novel Polymorphism

Two Types of Reference Alleles

5" UTR Exon 1 Intron 1 Exon 2 Intron 2 Exon 3 3’ UTR

Complete Genomic Sequence

Partial CDS Sequence

Two Types of Novel Polymorphism

Sequence for Known Allele Extended to New Feature
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Describing Novel Polymorphism

Polymorphism in known allele sequence can be described in
reference to the allele with the “closest” sequence.

G120T A780-

Partial sequence alleles don’t provide coordinates for
unsequenced features.

<allele id="HLAO0006" name="HLA-A*02:01:02" dateassigned="1998-02-12">
<alignmentreference allelename="A*01:01:01:01" alleleid="HLA00001" />
<nucsequence><feature id="6.4" order="4" featuretype="Exon" name="Exon 2" status="Complete" >
<SequenceCoordinates start="1" end="270" />
<cDNACoordinates start="74" end="343" readingframe="3" />
</feature>
<feature id="6.6" order="6" featuretype="Exon" name="Exon 3" status="Complete" >
<SequenceCoordinates start="271" end="546" />
<cDNACoordinates start="344" end="619" readingframe="3" />

27/29
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Describing Novel Polymorphism

Novel sequences that extend the sequence of partial alleles
can be described in reference to the IMGT/HLA Database
reference allele for that locus.

5" UTR Exon 1 Intron 1 Exon 2 Intron 2 Exon 3 3’ UTR

Deletion

Insertion

We propose using different types of reference alleles for
different types of novel polymorphism.

Polymorphism In Known Allele Sequence
Use the “closest allele” as the reference for that polymorphism.

Extension of Known Allele Sequence

Use the IMGT/HLA Database’s reference allele for that locus as

the reference for that polymorphism. 28/29



Context for Discussion

IHIWS needs to collect equivalent information across all reports

Based on the data and meta-data in the report alone, we need to be
able to easily unambigously reconstruct the consensus sequence.

The goal is not that everyone does everything identically,
but that all NGS data and meta-data should be compatible
and comparable, so all formats are equally interpretable.
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