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a b s t r a c t

The development of next-generation sequencing (NGS) technologies for HLA and KIR genotyping is
rapidly advancing knowledge of genetic variation of these highly polymorphic loci. NGS genotyping is
poised to replace older methods for clinical use, but standard methods for reporting and exchanging
these new, high quality genotype data are needed. The Immunogenomic NGS Consortium, a broad
collaboration of histocompatibility and immunogenetics clinicians, researchers, instrument manufactur-
ers and software developers, has developed the Minimum Information for Reporting Immunogenomic
NGS Genotyping (MIRING) reporting guidelines. MIRING is a checklist that specifies the content of NGS
genotyping results as well as a set of messaging guidelines for reporting the results. A MIRING message
includes five categories of structured information – message annotation, reference context, full genotype,
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consensus sequence and novel polymorphism – and references to three categories of accessory informa-
tion – NGS platform documentation, read processing documentation and primary data. These eight cat-
egories of information ensure the long-term portability and broad application of this NGS data for all
current histocompatibility and immunogenetics use cases. In addition, MIRING can be extended to allow
the reporting of genotype data generated using pre-NGS technologies. Because genotyping results
reported using MIRING are easily updated in accordance with reference and nomenclature databases,
MIRING represents a bold departure from previous methods of reporting HLA and KIR genotyping results,
which have provided static and less-portable data. More information about MIRING can be found online
at miring.immunogenomics.org.

� 2015 Published by Elsevier Inc. on behalf of American Society for Histocompatibility and
Immunogenetics.

1. Introduction

Next-generation sequencing (NGS) offers high-throughput gen-
eration of phased sequences for the highly polymorphic human
leucocyte antigen (HLA) and killer-cell immunoglobulin-like recep-
tor (KIR) genes, allowing their rapid, high-resolution genotyping.
NGS methods may be more generally described as single-
molecule sequencing methods [1]. In some cases, these methods
offer full-gene sequence results [1–4]. In general, all NGS methods
offer higher resolution and lower ambiguity genotypes than stan-
dard methods such as ‘‘Sanger” sequencing based typing (SBT),
and sequence-specific oligonucleotide probe (SSOP) or primer
(SSP) methods [3–6], and do not require the use of secondary geno-
typing methods to resolve ambiguities.

Any method for genotyping HLA and KIR using genomic DNA
requires at least three components: the genotyping instrument,
reference sequences, and analysis software. The genotyping
instrument generates primary sequence data, which is interpreted
by the analysis software, using the reference sequences to identify
the subject’s genotype. A wide variety of instruments, reference
sequence resources, and data analysis programs are available for
both NGS and pre-NGS genotyping approaches, and are used in dif-
ferent combinations.

In some cases, the different methods may not generate the same
results for a given subject. Such discrepancies may derive from the
instrumentation, reference sequences, software, or a combination
of these components. However, as Hollenbach et al. [7] have
described, there is no standard format for reporting a genotyping
result or for documenting the components that were applied to
generate that result. In the absence of such documentation, the
source of discrepancies in genotyping results is rarely identifiable.
In addition, it becomes impossible to directly relate the HLA and
KIR genotypes of subjects genotyped using different methods, as
genetic differences between individuals may not be distinguish-
able from methodological differences between genotyping
approaches. This lack of clarity has important implications for
meta-analytical approaches to population or disease association
studies that seek to combine and compare data across different
studies. In general, ambiguity regarding the source of genotyping
discrepancies impedes technical advances and optimization, and
frustrates reproducible research.

Guidelines for reporting and documenting genotyping results
are essential for evaluating HLA and KIR genotypes generated using
different instruments, reference sequences or data-analysis pro-
grams. The active and ongoing development of NGS methods
requires the adoption of a single extensible and adaptable standard
for reporting and documenting NGS genotyping results.

Here we describe the Minimum Information for Reporting NGS
Genotyping (MIRING) checklist, a set of Minimum Information for
Biological and Biomedical Investigations (MIBBI) [8,9] reporting
guidelines developed by a consortium of immunogenomic

researchers and clinicians, NGS instrumentmanufacturers and soft-
ware developers, HLA and KIR sequence database developers and
administrators, bone marrow donor registries and donor centers.

2. Description of MIRING

2.1. MIRING development

The standard reporting of HLA and KIR genotypes is a long
unmet need of the histocompatibility and immunogenetics com-
munity [7,10–14]. The specific need for NGS genotype reporting
guidelines emerged from a survey of immunogenomic data man-
agement and analysis practices [15], carried out by the Immunoge-
nomic Data Analysis Working Group (IDAWG) as part of the 16th
International HLA and Immunogenetics Workshop (IHIW) [16].
The survey uncovered a lack of consistency between laboratories
and the resulting impact on downstream analytical results. The
development of MIRING began with the formation of the
Immunogenomic Next Generation Sequencing Data Consortium
(INGSDC) (ngs.immunogenomics.org) by the IDAWG and the HLA
Information Exchange Data Format Standards (HIEDFS) group.
The INGSDC met several times between 2012 and 2014, and iden-
tified the minimum information needed to accurately report NGS
genotyping results for the HLA and KIR genes for clinical and
research applications. Further MIRING development took place as
part of the BeTheMatch Foundation’s Data Standards ‘Hackathons’
for NGS-based typing held in September of 2014 and February of
2015 (dash.immunogenomics.org). Implementations of MIRING
are being evaluated as part of a 17th IHIW Informatics Component
(ihiws.org/informatics-of-genomic-data/) project; bioinformatic
tools for generating, exchanging and consuming MIRING messages
are being developed as part of this project as well. The participa-
tion of interested investigators in this IHIWS project is welcome.

2.2. MIRING goals

To meet the current needs of the histocompatibility and
immunogenetics community for reporting and exchanging NGS
genotype data, the elements of a MIRING message were designed
with the following goals:

1. To facilitate downstream analyses and data management for
current research and clinical use cases for molecular genotyping
data in the histocompatibility and immunogenetics field.

2. To permit the re-analysis of NGS HLA or KIR genotyping results
in the context of past, present and (foreseeable) future molecu-
lar nomenclatures and methods of describing HLA and KIR allele
diversity.

3. To permit the comparison and evaluation of genotyping perfor-
mance between different NGS platforms and analysis methods.
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