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ABSTRACT

The dbMHC resource (http://www.ncbi.nlm.nih.gov/
mhc/sbt.cgi?cmd=main) at the National Center for
Biotechnology Information (NCBI) has developed an
online tool for evaluating the allelic composition of
sequencing-based typing (SBT) results of cDNA or
genomicsequences.Whether thesamplesarehetero-
zygous, haploid or a combination of the two, they can
be compared with two up-to-date databases of all
known alleles of several human leukocyte antigen
(HLA) and killer cell immunoglobulin-like receptor
(KIR) loci. The results of the submission are returned
asa tableofpotential allelehits, alongwith the respec-
tive base changes andan interactive sequenceviewer
for close examination of the alignment.

INTRODUCTION

Direct sequencing of genomic DNA or cDNA is being used
increasingly in routine diagnostic methods. For clinical pro-
cedures such as bone marrow transplants, detailed genotype
information on both the recipient and the donor is required.
Typically, five human leukocyte antigen (HLA) gene-coding
regions of the major histocompatibility (MHC) complex are
used for genotyping: HLA class I, HLA-A, HLA-B and HLA-
C; and HLA class II, HLA-DRB1 and HLA-DQB1. In highly
polymorphic genes such as HLAs, direct sequencing-based
typing (SBT) is more efficient than traditional genetic testing
methods, which are based on probe hybridization or amplifi-
cation with sequence-specific primers. Sequencing strategies
used in SBT differ between laboratories and can generate
either heterozygous sequences, haploid sequences (after allele
separation of the sample) or a combination of heterozygous
and haploid sequences for each typed sample.

The dbMHC resource (http://www.ncbi.nlm.nih.gov/mhc/
sbt.cgi?cmd=main) at the National Center for Biotechnology
Information (NCBI) has developed an online tool for evalu-
ating the allelic composition of SBT samples. Whether the

samples are heterozygous, haploid or a combination of the two,
they can be compared with two up-to-date databases of all
known alleles of several HLA and killer cell immunoglobulin-
like receptor (KIR) loci. HLA-related loci are based on the
IMGT/HLA database (1), which contains sequences curated
by the WHO allele nomenclature committee for HLA alleles.
The allele database for KIR sequences is based on entries in
GenBank and the IPD database (http://www.ebi.ac.uk/ipd/kir/
index.html). The results of the submission are returned as a
table of potential allele hits, along with the respective base
changes and an interactive sequence viewer for close exam-
ination of the alignment.

To send feedback and suggestions for improvement, please
Email the dbMHC team at: dbMHC@ncbi.nlm.nih.gov.

INPUT

Any number of sequences can be submitted; the number is
indicated in the box provided (Figure 1). Sequences can be
entered as simple text strings of bases or in FASTA format.
All IUPAC nucleotide codes are valid; therefore, poly-
morphic positions of heterozygous sequences can also be
represented.

By default, sequences are analyzed as heterozygote allele
combinations. If a sequence is haploid, this should be indicated
by using the haploid check box, thus avoiding the assumption
that the submission is heterozygous. Sometimes an allele will
be segregated, i.e. covering a long region that has been
sequenced in two or more fragments, e.g. an amplification
that spans exon 2, intron 2 and exon 3, but only exons 2
and 3 have been sequenced. In this case, it is essential to
know about the haplotypic link between exons 2 and 3.
This can be specified using the linked property, for either
strand one or strand two (Figure 1). Once the submisson infor-
mation has been added, the final step is to select the locus that
has been sequenced and enter the maximum number of nucleo-
tide mismatches allowed between the submitted sequence and
the alleles in the database. A gapped interpretation can also be
selected, should the submitted sequence(s) contain a longer
deletion than has thus far been observed at this locus.
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Algorithm

Queries to the SBT Tool are processed in several steps. The
first involves a BLAST-based (2,3) search on a custom-made
BLAST database that contains the allele sequences of each
locus. Each sequence is split into blocks of untranslated
regions (UTRs), exons and introns. In the second step, the
block ends are fine-tuned to ensure a complete alignment.
This is important when the query sequences have as-yet-
undescribed polymorphisms occurring around block bound-
aries. An alignment consisting of the best matches between
blocks from the allele database and blocks of query sequences
is created against a reference sequence. In the next step, all
alleles that have nucleotide mismatches exceeding the user-
defined cutoff are discarded. Insertions/deletions are counted

as one mismatch. In submissions that contain several
sequences, subsequent queries are run against only those
sequences that were not discarded because of mismatches.
If the default heterozygous analysis is requested, all of the
remaining allele matches are combined at the end of the pro-
cess to display a heterozygous allele.

OUTPUT

Allele combinations that match the submitted sequences
within the user-defined cutoff are listed in a table. Nucleotide
mismatches, insertions and deletions between the submitted
sequences and any derived allele combination are listed
according to their positions within the alignment and the

Figure 1.The interface of the SBT resource. The page is divided into two frames. The top frame contains the submission form and displays the interpretation results;
the bottom frame contains the interactive alignment viewer. In this example are three query sequences (Query 1–3), all testing the HLA-A locus from one sample.
‘Query 1’ and ‘Query 2’ are haploid, whereas ‘Query 3’ is heterozygous. One nucleotide mismatch is allowed between the query andmatched sequences. Two allele
combinations match perfectly; four allele combinations show one mismatch each. The blockwise display of the query sequences starts with ‘Query 1’. Nucleotides
1–270 of ‘Query 1’ are part of exon 2. The bottom frame shows the three query sequences aligned to the reference sequence A*010101. The mismatch for the allele
combinationA*0102–A0103 at position 363 (A<>A,G) is highlighted. The nucleotide ‘A’ in the heterozygous ‘Query 3’ does notmatchwith the combinationA,G of
A*0102–A0103.
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nature of the mismatch. Each sequence submitted is split up
according to its aligned UTR/exon/intron components. The
blocks are listed according to their boundary positions within
each sequence.

Heterozygous sequences that contain a deletion in one
allele, which generates a base shift with almost continuous
polymorphic positions after the deletion, can be correctly diag-
nosed, although the user should check to ensure that the elec-
tropherogram has been read correctly.

Interactive alignment viewer

Specifiying the locus that query sequence(s) will be BLASTed
against is part of the submisison process (Figure 1). As soon as
the user does this, the interactive alignment viewer is loaded
into the bottom frame of the Web page. It displays the refer-
ence sequence with the aligned query sequences. To this can
be added, as the user wishes, the matched alleles listed in the
table of allele combinations and/or as many other alleles from
the specified locus as desired (Figure 1). The alignment can be
navigated by scrolling forward and backward, by selecting
a distinct exon/intron/UTR from the block display or by
specifying a position within the alignment. The nucleotide
mismatches listed in the results table link directly to the posi-
tion of the mismatch in the alignment viewer.

The various function buttons on the alignment viewer can be
used to manipulate the alignment in the followng ways: trans-
late the nucleotide sequence into protein, change the reference
sequence, highlight single nucleotide polymorphism (SNP)
positions, display sequences in FASTA format and download
complete or partial alignments of sequences displayed.

DOWNLOAD OPTIONS AND FURTHER ANALYSIS

The results of the SBT tool—the tabulated allele matches, the
sequenceblocksusedand/or thealignment—canbedownloaded
as a text file.

If there is a protein structure available for the locus selected,
it can be viewed using the NCBI Cn3D viewer (4,5). All
haploid sequence submissions are translated into proteins.
When these sequences represent new alleles with mutations

that lead to non-synonymous amino acid changes, those posi-
tions can be highlighted on the protein structure in the Cn3D
viewer, and the file can be downloaded. This feature also
allows the display of any amino acid differences between
any subset of alleles.

ALLELE DATABASES

Currently, the databases are restricted to classical HLA and
KIR genes, but we plan to expand the list of loci in the future.
Allele databases populated from non-curated external sources
(such as the KIR database) are updated periodically by an
automated GenBank search. Sequences that match any exist-
ing allele with a maximum of 30 nt differences are included;
some sequences may be entered by hand. Such sequences link
back to the source GenBank record via the Accession number.
(HLA loci, which already undergo high-quality manual cura-
tion, are not updated using GenBank sequences.)
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