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Abstract

Background: The mammalian olfactory apparatus is able to recognize and distinguish thousands
of structurally diverse volatile chemicals. This chemosensory function is mediated by a very large
family of seven-transmembrane olfactory (odorant) receptors encoded by approximately 1,000
genes, the majority of which are believed to be pseudogenes in humans. 

Results: The strategy of our sequence database mining for full-length, functional candidate
odorant receptor genes was based on the high overall sequence similarity and presence of a
number of conserved sequence motifs in all known mammalian odorant receptors as well as the
absence of introns in their coding sequences. We report here the identification and physical
cloning of 347 putative human full-length odorant receptor genes. Comparative sequence analysis
of the predicted gene products allowed us to identify and define a number of consensus sequence
motifs and structural features of this vast family of receptors. A new nomenclature for human
odorant receptors based on their chromosomal localization and phylogenetic analysis is proposed.
We believe that these sequences represent the essentially complete repertoire of functional
human odorant receptors.

Conclusions: The identification and cloning of all functional human odorant receptor genes is an
important initial step in understanding receptor-ligand specificity and combinatorial encoding of
odorant stimuli in human olfaction. 
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Results and discussion
Sequence database mining and odorant receptor
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Figure 1
Flow diagram for OR gene discovery by database mining. 
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Figure 3
Unrooted phylogenetic tree of the human ORs. The tree
was generated by ClustalX program using 347 hOR protein
sequences. Positions of olfactory receptors residing on
chromosome 11 (green) and 1 (red) are highlighted. The
scale bar corresponds to the graphical distance equivalent to
10 % sequence divergence.

0.1

Figure 2 (see previous page)
Protein sequence alignment of deduced amino-acid sequences of 347 human olfactory receptors. The alignment is color-
coded according to the physicochemical properties and degree of conservation of amino-acid residues. The following side-
chain-based coloring convention for groups of amino acids was used: Ile, Leu, Met, Val, Phe, Tyr, Ala, Trp (green), Lys, Arg
(blue), His (light blue), Asp, Glu (red), Ser, Thr (orange), Pro (purple), Gly (magenta), Cys (yellow), Gln, Asn (grey). Positions
with greater than 50% conservation (based on the amino-acid similarity groups shown above and PAM250 matrix) are shown
as inverse characters on solid background. At the bottom of the figure, locations of the predicted membrane-spanning
domains (TM1-7), intracellular loops (IC1-3) and extracellular loops (EC1-3) are indicated by horizontal bars. Positions of the
three pairs of conserved cysteine residues are shown as asterisks. This figure is available as an additional data file in PDF
format with the online version of this article. 
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Figure 4
Conserved sequence motifs in the OR family. Sequence motifs based on analysis of the multiple sequence alignment of the
full-length hOR repertoire are represented as ‘sequence logo’ [43,44]. The height of each amino-acid symbol in a given
position is proportional to its frequency of occurrence. The height of the sequence information part is computed as the
relative entropy between the observed fractions of a given amino-acid symbol and the respective a priori probabilities
(assumed to be 0.05 for each amino acid). Locations of predicted transmembrane segments (TM1-7) as well as intracellular
loops (IC1-3) and extracellular loops (EC1-3) are shown. TM boundaries are based on the predictions done using the neural
network algorithm implemented with the PHDhtm and PHD topology programs [42,77,78]. The alignment was edited to
adjust for OR length heterogeneity before sequence logo generation as described in Materials and methods. This figure is
available as an additional data file in PDF format with the online version of this article. 
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Figure 5
Rooted phylogenetic tree of the human ORs. The tree was
generated by ClustalX program using 347 hOR protein
sequences with the human melanocortin-4 receptor
sequence as a root. Fragments starting from the conserved
amino-terminal N-glycosylation site and ending 12 residues
downstream of predicted TM7 were used for phylogenetic
analysis. The numbers indicate the bootstrap value from
1,000 replicates. The bar corresponds to the graphical
distance equivalent to 10% sequence divergence. OR names
in parentheses correspond to HORDE analogs of the OR
sequences identified by us. This figure is available as an
additional data file in PDF format with the online version of
this article.
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