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Introduction

Living organisms have various sense organs to detect environmental information via
chemicals present outside the body. The olfactory system detects molecules in air and
water and plays important roles in activities necessary for continuance of life, such as
finding food, mating, and social behavior. In the vertebrate olfactory system, the cue
generated by detection of an odorant molecule is conveyed to the brain as an electrical
signal. The odorant receptors present in the olfactory cells were first detected by
molecular biological techniques. Olfactory receptors (OR) exist in different types and show
various conformations in different species. Genes controlling these receptors are
considered to have diverged during evolution from invertebrates to vertebrates and
through adaptation from life in water to life in air.

Amphioxus is phylogenetically close to vertebrates and is important in the study of
evolution from invertebrates to vertebrates. OR genes have been identified in the
amphioxus genome. Furthermore, the spawning behavior of amphioxus is suspected to
involve a pheromone that is detected by the olfactory system.

In this study, | focused on the ORs of amphioxus in order to study their evolutionary
variability in relation to environmental change. | surveyed the genes encoding ORs in
amphioxus Branchiostoma belcheri, and detected gene expression in the larva and the
head of the adult.

Materials and methods

Candidate genes of ORs in amphioxus were surveyed in the Brarnchiostoma floridae
genome database using unique sequences of ORs. For this purpose, the results of a
bioinformatic strategy for surveying olfactory genes, established by Dr. Niimura of Tokyo
Medical and Dental University, were used. The 35 candidate olfactory genes were divided
into ten groups, designated BfOR (OR of B. floridae) 1-10.

| designed an experiment to clone cDNA from the Japanese amphioxus species B.
belcheri using sequence information on 35 candidate B. floridae genes. First, the 35
candidate genes were confirmed to exist in a similar or identical form in the cDNA
database, and were then compared with vertebrate ORs. Second, primers based on the
candidate genes were designed and PCR cloning of the cDNAs of B. belcheri was
attempted using the primers. The 39 gene fragments that were obtained were examined
for homology with BfOR genes, and 20 fragments, representing the group OR2-10, showed
homology. Third, full-length sequences of the genes BbORS5, 5-2, 6, 8, and 10 were
determined and then aligned with vertebrate ORs to analyze the phylogenic tree.



Specimens of Japanese amphioxus were collected from Enshu Nada Sea and kept in the

laboratory.

Results and discussion

Twenty genes were obtained as candidate olfactory genes in B. belcheri. The numbers of
genes in the groups OR2, OR3, OR5, OR6, OR7, OR8, and OR10were 4,4, 3,4,1,1,and 1,
respectively. The full-length sequences of genes BbOR5, 5-2, 6, 8, and 10 were examined
for identity between B. belcheri and B. floridae. The greatest homology (95.8%) was
observed between BbOR6 gene and BfOR6 gene, and the lowest (63.7%) between BbOR5-2
gene and BfOR5 gene. These homologies suggest that OR6 may correspond to similar
molecules in the two species. OR5 differed in structure between the two species and may
correspond to different ligands.

In a phylogenetic analysis of OR genes among amphioxus and vertebrates, the
amphioxus OR genes formed one clade. Analysis of the amphioxus draft genome confirmed
that it is an ancient animal belonging to the phylum Chordata, a group that includes
vertebrates. It is also possible that the amphioxus olfactory receptor genes are ancestral
genes in Chordata.

Expression of the BbOR5, 5-2, 6, 8, and 10 genes was examined in various tissues of
amphioxus by RT-PCR. The tissues where expression was found varied among genes. All
genes were expressed in buccal cilia. BbOR5 gene and BbORG6 gene were expressed in all
tissues that were examined. Amphioxus has no olfactory organs such as the vertebrate
nose. The tissue-specific expression of the olfactory receptors of amphioxus suggests the
development of an olfactory system and the origin of olfactory organs in the evolution of
vertebrates.

The BbOR genes used in RT-PCR were also expressed in parts of the skin of the head and
in some body parts of the larva, as detected by
whole-mount /in situ hybridization. [In situ
hybridization using the adult head samples
showed BbORS5-2 gene’s expression in the buccal
cilia and the skin near the mouth. Amphioxus
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lives at the sea bottom, but often only the head
protrudes from the bottom. Expression of this
gene on the buccal cilia and the skin of the head
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may provide useful information to the olfactory 1. in situ hybridization
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Conclusion

Expression of BbOR5-2 gene was demonstrated on restricted parts of the body, such as the
buccal cilia and head, which are close to the exterior environment. It is suggested that this
gene encodes an olfactory receptor. No relationship between the body parts that expressed
the olfactory receptor and the vertebrate nose was identified; however, in amphioxus, the
expression of the gene on a limited number of body parts might provide a sense of the
outside environment through the use of olfactory receptors. Therefore, in amphioxus, the
buccal cilia and the skin of the head may carry a sense organ that is in some way connected
to the origin of the vertebrate nose. The origin of olfactory system of vertebrates may be

found in amphioxus.



