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To the Genomic Data Sharing Policy Team,

We are clinical scientists and researchers in the fields of transplantation,
histocompatibility, immunogenetics and immunogenomics, responding to the Request for
Public Comments on the Draft NIH Genomic Data Sharing (GDS) Policy issued on
September 20™ 2013. Collectively, we have extensive clinical and research experience
with genes in the Major Histocompatibility Complex (MHC) and Leucocyte Receptor
Complex (LRC) regions of the human genome. These regions (on chromosomes 6 and
19, respectively) are central to the study of disease etiology, diagnosis and therapy, but
are poorly represented in current genome assemblies due to high levels of
polymorphism and structural variation. Our comments, while specific to these
immunogenomic regions, apply to all regions of the genome that display high levels of
polymorphism and structural variation.

We would like to address the human genomic data submission expectations outlined in
section IV.C.1 of the GDS Policy. Appendix A of the GDS Policy states that submission
of Level 1 processed data (aka, initial sequence reads) is not expected for human data if
those reads are included in a Level 2 aligned sequence file (e.g. BAM format), and
states that Level 2 processed data (i.e., DNA sequence aligned to a reference sequence
or de novo assembly) are expected for submission. However, Level 1 processed data
that have not been aligned to a reference sequence or that have been excluded from de
novo assembly do not appear to be expected for submission. As we detail below, the
continual discovery of new HLA and KIR sequence polymorphisms can rapidly invalidate
the interpretation of aligned and de novo assembled sequences for these genes,
reducing their utility for future studies. Furthermore, the current state of the primary and
alternative alignments for the MHC and LRC regions of the genome is insufficient to
permit reliable and accurate alignment of initial sequence reads for these regions. The
sharing of unmapped or unaligned initial sequence reads is critical for the investigation
of these regions.

The MHC region on human chromosome 6p21.3 is the most medically relevant region of
the human genome. More than 100 infectious, autoimmune and pharmacological
disease phenotypes and cancers are associated with genetic variation in the MHC[1-9],
and in particular with the Human Leucocyte Antigen (HLA) genes. HLA molecules are
critical components of the adaptive immune system, mediating the specific destruction of
infected cells and production of antibodies. In addition, HLA molecules interact
functionally with Killer-cell Immunoglobulin-like Receptor (KIR) molecules, key
components of the innate immune system that also play critical roles in transplantation
and disease[10-20]. The HLA and KIR (chromosome 19g13.4) regions are the most
polymorphic in the human genome[2, 21, 22, 23, 24]; both are polygenic and highly
dense with homologous genes[2, 21, 25, 26], and both display extensive structural
variation[27, 28]. Due to extensive genetic variation observed for these genes among
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human populations, study of the HLA and KIR genes is also a model for health
disparities research[29].

The investigation of HLA and KIR polymorphism is an active and ongoing pursuit; as of
October 2013, 678 unique KIR gene sequences and 9,945 unique HLA gene sequences
have been identified[23, 24]. These sequences are housed in the IPD-KIR[24] and
IMGT/HLA[23] Databases, which are updated on a regular basis. Both were most
recently updated in October of 2013, with the addition of 79 new KIR sequences, and
439 new and extended HLA sequences. The IMGT/HLA and IPD-KIR Databases are the
primary resources for the alignment of HLA and KIR initial sequence reads and for the
validation of de novo sequence assemblies of these reads, and are the only resources
available to relate gene sequences to the HLA or KIR allele nomenclature[30, 31],
complex naming systems that are key for investigations of these genes[32, 33].

The constant increase in sequence polymorphism knowledge at these loci means that
any de novo and aligned sequence assemblies for these genes will rapidly become
obsolete, as the initial sequence reads need to be realigned and de novo assemblies
revalidated in the context of each database update. The GDS Policy’s expectation of the
sharing of aligned or assembled Level 2 processed data alone for these genes means
that those data can never be reevaluated in the context of future IMGT/HLA or IPD-KIR
database updates. The cultural, medical and scientific ramifications for this information
loss are unacceptable; this loss alone should be sufficient reason to reexamine the GDS
Policy.

Because of sequencing and assembly challenges posed by the high level of
polymorphism and structural variation within the MHC and LRC regions, these regions
are poorly represented in Genome Reference Consortium (GRC) assembly
GRCh37.p13; seven alternate locus assemblies are available for the MHC region, and
eight alternative haplotypes are available as novel assemblies for the LRC region. All of
these reference and alternative assemblies describe haplotypes common only in
European populations[28, 34, 35, 36, 37, 38, 39] and do little to represent the extensive
divergence and polymorphism observed in the USA and worldwide[40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50]. Moreover, these alternative alignments are largely incomplete
and insufficiently reflect even basic levels of established structural variation and
polymorphism for the HLA and KIR genes. We anticipate that a large number of
complete reference assembly sequences will be needed to enable reliable genomic
investigations and personalized medical applications for the MHC and LRC regions.

For example, of the five major structural variants (the DR1, DR51, DR52, DR53 and DR8
haplotypes) recognized for the HLA-DRB genes[27], only sections of the DR52 and
DR53 haplotypes are represented in the alternative MHC alignments, while a section of
DR51 is represented in the primary assembly. The DR1 and DR8 haplotypes, which
constitute 38% of known HLA-DRB polymorphisms[23], are not represented in
GRCh37.p13.

The primary assembly for the LRC includes a complete KIR haplotype representing a
single genomic structure common in European populations [28]. Although many KIR
haplotypes of differing gene content are known, of the eight novel assemblies for the
LRC, only one (RefSeq NW_003571055.1) includes a KIR haplotype of alternative
genomic structure. These LRC haplotype structures are medically important; their
variation is associated with reproductive disorders, as well as decreased relapse after



bone marrow transplant, the bone marrow graft versus leukemia reaction and bone
marrow graft versus host disease[13, 14, 16, 20].

In addition, large gaps in the alignments for these regions omit characteristic genes.
Four of the seven alternative locus assemblies for the MHC omit the HLA-DRB1 gene
and three omit the HLA-B gene, both of which are present in all individuals. None of
these alternative locus assemblies contain the ~70kb segment that includes HLA-Y and
associated genes. As noted above, many KIR genes are not represented in
GRCh37.p13. However, these missing genes are represented in UCSC’s hg19
assembly, and are present in one of four chromosome 19 unlocalized genomic contigs
included in GRCh37.p13. This discrepancy between the h37 and hg19 assemblies
illustrates the limitations of current alignment methods for this important genomic region.

The high levels of similarity among HLA genes and pseudo genes and among KIR
genes and pseudogenes pose challenges for their de novo assembly and complicate the
use of the alignments in assembly GRCh37.p13. The sequences of many HLA
pseudogenes and gene fragments can be erroneously mapped to HLA genes[51], and it
is likely that this has occurred in the primary and alternative locus assemblies. This
degree of error makes it impossible for meaningful information to be obtained from Level
2 processed data.

Overall, the sharing of aligned or assembled Level 2 processed data alone will severely
limit the research community’s capacity for novel investigations and meta-analyses of
immunogenomic data. For example, the potential introgression of HLA polymorphisms
from archaic human species in the modern human population[52] could not have been
detected through the analysis of Level 2 processed data; only the availability of all initial
sequence reads for the Neanderthal and Denisovan genomes made this work possible.

Given the ongoing detection of new HLA and KIR polymorphisms and the current state
of the genome assembly, it is our opinion that acceptance of aligned or assembled Level
2 processed data for the MHC and LRC regions is insufficient to meet the GDS Policy’s
stated goal of ensuring the responsible sharing of research data. We recommend that
the GDS Policy require that any shared Level 2 processed data permit the complete
regeneration of Level 1 processed data, making initial sequence reads that have not
been aligned to a reference sequence or that have been excluded from de novo
assembly available for future studies. This will allow shared genomic data to be
reevaluated in the context of future improvements in the genomic assembly and
alignment methodologies, and future expansions of relevant reference polymorphism
databases. Ultimately, this approach to data sharing will represent an investment in the
future of genomic investigation, stimulating novel research efforts and fostering improved
clinical outcomes.

Sincerely Yours,

The ASHI Scientific Affairs Committee
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