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Motivation for the development of a Virtual Sequence Database comes from bone marrow registries and is
based on the need to 1) maintain accurate and updated DNA based HLA types for volunteer donors who
may remain on the registry for many years and 2) select all potential donors who carry HLA alleles that
encode MHC molecules which match those of a specific patient. This is challenging because the HLA
genes are highly polymorphic and heterozygous. The HLA genes specify molecules with a critical role in
tissue compatibility and in defense against pathogens and parasites.  These genes are located in the MHC
(Major Histocompatibility Complex) which is the most highly polymorphic region of the genome.  Because
they lack wild-type alleles, MHC genes cannot be described in the simple manner that suffices for
monomorphic genes. “Low cost, high volume” PCR-based typing for bone marrow registries targets only
subsets of the known sequence polymorphisms. Furthermore new alleles are being continually discovered.
A database representation has been developed which addresses these issues by representing the data as a
collection of constraints that are defined as statements about the presence or absence of nucleotide
subsequences using first order predicate logic.  Subsequences are represented as Horn clauses over an
alphabet of single nucleotide polymorphisms (SNPs). Cis/trans linkages between polymorphisms are
maintained using constraints that represent the heterozygosity of the underlying DNA sequence.  The
system is designed to store large volumes of data (over 1.5 million samples) collected via several different
typing methodlogies (SSOP, SSP, Sequence-based, high-density probe array) and provide a consistent
querying interface.  This constraint database representation is amenable for searching applications on the
basis of sequence features by logical resolution of the target sequence against the data constraints.  This
system is a precursor to one that can be searched based on features of the secondary protein structure to
analyze the effect on the MHC binding repertoire.  The virtual sequence representation is also extensible to
the tracking of other polymorphic genetic markers elsewhere on the genome and can be seen as addressing
the most extreme case of polymorphism faced by the Human Genome Diversity Project (HGDP).
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