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ABSTRACT  

 

The olfactory system of fish is extremely important as it is able to recognize and distinguish a 

vast of odorous molecules that are involved in wide ranges of behaviors including reproduction, 

homing, kin recognition, feeding and predator avoidance; all of which are paramount for their 

survival.  We cloned and characterized one type olfactory receptors (ORs) from five salmonids: 

lacustrine sockeye salmon (Oncorhynchus nerka), pink salmon (O. gorbuscha), chum salmon (O. 

keta), masu salmon (O. masou) and rainbow trout (O. mykiss).  Lacustrine sockeye salmon 

olfactory receptor 1 (LSSOR1) showed high sequence homology to the OR subfamily, and was 

expressed only in the olfactory epithelium (as indicated by PCR amplified genomic DNA and 

cDNA).  OR genes from the five salmonids examined all showed strong homology (96-99%) to 

each other.  Hypervariable regions, believed to be ligand-binding pockets, showed homologous 

completely matched amino acid sequences except for one amino acid in pink salmon olfactory 

receptor 1 (PSOR1), revealing that these ORs may be well conserved among salmon species.  

These results suggest that the isolated 5 salmonid ORs might play an important role in salmon 

life cycles. 

 

Key words: odorant receptor, olfactory epithelium, olfactory hypothesis, salmonids 
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INTRODUCTION 

 

     The olfactory system of vertebrates is capable of recognizing and discriminating a large 

number of different odorants in the surrounding environment.  These ligands differ between 

aquatic and terrestrial vertebrate animals because of the different physiochemical characteristics 

of these two habitats.  However, the structure and function of the vertebrate olfactory system 

shares many common characteristics regardless of this fact.  The initial step in olfactory 

transduction occurs in the olfactory epithelium (OE), where odorant ligands bind to specific 

receptors, termed olfactory receptors (ORs), expressed in the olfactory neurons (Buck and Axel, 

1991; Zhao and Firestein, 1999; Glusman et al., 2000). 

     The OR genes constitute a large multigene family in each species, and are estimated to be 

composed of 50-100 genes in fish and several hundred genes in mammals (Zhao and Firestein, 

1999; Glusman et al., 2000, 2001; Zhang and Firestein, 2002).  The coding region of ORs is 

approximately 1 kb long, lacks introns, and generates G-protein-coupled receptors (GPCRs) that 

exhibit rhodopsin-like structures (Buck and Axel, 1991).  Conserved amino acid motifs of seven 

transmembrane proteins in the ORs are distinguishable from other receptors (Buck and Axel, 

1991; Pilpel and Lancet, 1999). 
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     Fish ORs identified thus far have several characteristics in common, such as several 

conserved motifs, an N-linked glycosylation site, and conserved cysteine (Zhao and Firestein, 

1999; Glusman et al., 2000; Zhang and Firestein, 2002; Liu et al., 2003).  In addition, however, 

less conserved sequences (hypervariable regions) such as the three transmembrane domains 

(TMD; TMD 3, 4 and 5) exist, and have been presumed to play important roles in potential 

ligand-binding structures of ORs (Ngai et al., 1993b; Pilpel and Lancet, 1999; Liu et al., 2003).  

These three domains are also highly divergent among paralogous members of the same subfamily, 

(as shown for Japanese loach [Misgurnus anguillicaudatus] ORs), with TMD 5 appearing to be 

the most divergent among these three TMDs (Irie-Kushiyama et al., 2004). 

     The ORs represent the first component of odour perception and discrimination. Two major 

types of ORs have been identified on the basis of primary structure and expression patterns in 

mammals: main ORs (MORs: expressed in ciliated olfactory sensory neurons [OSNs]) and 

vomeronasal receptors (VNRs: expressed in microvillar vomeronasal sensory neurons [VSNs]).  

The MORs and VNRs are believed to be involved in the perception of environmental odours and 

pheromones (semiochemicals), respectively (Firestein, 2001) and both types possess seven TMD 

proteins expressed in their membrane (Mombaerts, 1999; Matsunami and Amrein, 2003). Fish 
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have a single kind of olfactory organ, whereas terrestrial vertebrates possess a vomeronasal organ 

in addition to a main olfactory organ (Eisthen, 1992; Dulka, 1993). 

     Fish olfaction is involved in wide ranges of behaviors including reproduction, homing, kin 

recognition, feeding and predator avoidance; all of which are paramount for their survival (Liley, 

1982; Olsen and Liley, 1993; Nevitt et al., 1994; Hara and Zhang, 1996).  In anadromous 

salmonids, olfaction is essential for successful completion of the homing migration (Hasler and 

Scholz, 1983).  Recently, electrophysiological studies have clearly shown that amino acids play 

an important role in the homing behavior of salmonid fish (Shoji et al., 2000). 

     Fish ORs have been identified in several teleost species.  Although previous studies have 

suggested that salmon ORs in the peripheral olfactory epithelium play an important role in 

salmonid homing migration, only a few putative MOR genes in Atlantic salmon have been 

identified to date (Wickens et al., 2001; Dukes et al., 2004, 2006).  In this study, we isolated OR 

genes from five salmonid species: lacustrine sockeye salmon (Oncorhynchus nerka), pink salmon 

(O. gorbuscha), chum salmon (O. keta), masu salmon (O. masou) and rainbow trout (O. mykiss), 

in an effort to examine both their molecular characteristics and phylogeny among these salmonid 

species. 
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MATERIALS AND METHODS 

 

1. Sample collection 

     One- and three-year-old lacustrine sockeye salmon, 3-year-old masu salmon and 

one-year-old rainbow trout were obtained from Toya Lake Station, Field Science Center for 

Northern Biosphere, Hokkaido University.  Adult pink salmon and adult chum salmon were 

obtained in the Yuubetsu River and in the Ishikari Bay, respectively.  Fish were killed by 

decapitation, and olfactory rosettes were immediately removed and frozen on dry ice.  Brain, 

kidney, liver, retina, heart, intestine, muscle and gill from yearling sockeye salmon and testis 

from 3-year-old sockeye salmon were also sampled.  All the samples were stored at -80℃ until 

the RNA extraction.  Total RNA was isolated using ISOGEN (Nippongene, Toyama, Japan) 

following the manufacture’s instructions. 

 

2. Isolation and characterization of lacustrine sockeye salmon olfactory receptor1 (LSSOR1) 

sequences. 

     First strand cDNA synthesis was carried out using the Superscript™ II, RNase H- reverse 

transcriptase system (GIBCO BRL, Rockville, MD, USA) using degenerated primer.  Two types 

of degenerated primers were used for the PCR amplifications (Yasuoka et al., 1999, 
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Asano-Miyoshi et al., 2000, Irie-Kushiyama et al., 2004, Wickens et al., 2001), with nested 

polymerase chain reaction (PCR) to amplify a 490 bp fragment from lacustrine sockeye salmon 

olfactory mRNA.  The following ‘hot start’ thermal cycling parameters were used; 95℃ for 3 

min and 80℃ for 1 min (1 cycle); addition of TaKaRa Ex Taq (TaKaRa, Shiga, Japan); 95℃ for 

1 min, 55℃ for 1 min and 72℃ for 1 min (35 cycles); followed by a final DNA extension of 72

℃ for 10 min.  An Oligotex (TaKaRa) was used to purify mRNA. 3’ and 5’ rapid amplification 

of cDNA ends (RACE) with gene-specific primers (5’ RACE primer and 3’ RACE primer; Table 

1) based on the DNA sequence of the original PCR fragment, was carried out using 

Oligotex™-dT30<Super> mRNA Purification Kit (TaKaRa) according to the manufacturer’s 

instructions. 

     All PCR products were analyzed by agarose gel (1%) electrophoresis and cloned into the 

pGEM®-T easy vector (Promega, Tokyo, Japan).  The purified DNA (GFXTM PCR DNA and 

Gel Band Purification Kit, Amersham Bioscience, Buckinghamshire, UK) was then cycle 

sequenced (PCR Thermal Cycler Dice; TaKaRa).  The obtained DNA sequences were searched 

for in GenBank databases using the BLAST Sequence Analysis Tool 

(http://www.ncbi.nlm.nih.gov/BLAST/). 

http://www.ncbi.nlm.nih.gov/BLAST/�
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3. Expression of LSSOR1 

     To verify patterns of expression among tissues, gene-specific primers (LSSOR1 complete 

primer) and β-actin primer (Table 1) were used to PCR amplify genomic DNA and cDNA from 

one-year-old lacustrine sockeye salmon OE, brain, kidney, liver, retina, heart, intestine, muscle, 

gill and three-year-old lacustrine sockeye salmon testis.  In addition, genomic DNA of yearling 

lacustrine sockeye salmon was prepared from the liver of male adult fishes by ISOTISSUE 

(Nippongene) following the manufacture’s instructions.  Several total RNAs were used in first 

strand cDNA synthesis after treated with DNase Ι to remove residual genomic DNA.  Using the 

LSSOR1 primer, PCR was performed according to the following schedule: 95℃ for 3min (1 

cycle), 94℃ for 1 min, 55℃ for 1 min and 72℃ for 3 min (30 cycles); followed by a final DNA 

extension of 72℃ for 10 min.  Using the β-actin primer, PCR was performed according to the 

following schedule: 95℃ for 3min (1 cycle), 94℃ for 1 min, 55℃ for 1 min and 72℃ for 1 

min (30 cycles); followed by a final DNA extension of 72℃ for 10 min. 

 

4. Isolation and characterization of salmonid fish OR sequences 

Table. 1 
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     Double-strand OE cDNA from rainbow trout, masu salmon, pink salmon and chum salmon 

were carried out using the Superscript™ II, RNase H- reverse transcriptase system (GIBCO 

BRL) following the manufacture’s instructions.  LSSOR1 complete primers were used for the 

amplification of each putative salmonid ORs.  PCR was performed according to the following 

schedule: 95℃ for 3min (1 cycle), 94 ℃ for 1 min, 55 ℃ for 1 min and 72 ℃ for 3 min (35 

cycles); followed by a final DNA extension of 72 ℃ for 10 min. 

     All PCR products were cloned into the pGEM®-T easy vector (Promega).  The purified 

DNA (GFXTM PCR DNA and Gel Band Purification Kit, Amersham) was then cycle sequenced 

(PCR Thermal Cycler Dice; TaKaRa).  The obtained DNA sequences were searched for in 

GenBank databases using the BLAST programme (http://www.ncbi.nlm.nih.gov/BLAST/). 

     Five salmonids of the OR amino acid sequences were aligned in ClustalW 

(http://www.ebi.ac.uk/clustalw/). 

 

5. Phylogenetic analysis 

     In database searches, OR genes were picked up including catfish (Ngai et al., 1993a), 

goldfish (Cao et al., 1998), Atlantic salmon (Wickens et al., 2001), Japanese loach 

http://www.ncbi.nlm.nih.gov/BLAST/�
http://www.ebi.ac.uk/clustalw/�
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(Irie-Kushiyama et al., 2004) and zebrafish (Alioto et al., 2005).  These amino acid sequence 

data included various OR subfamilies, and were given temporary names following previous study 

(Irie-Kushiyama et al., 2004). 

     Phylogenetic trees were depicted by NJ methods using GENETIX-WIN GENETIX 

INFORMATION PROCESSING SOFTWARE (SOFTWARE DEVELOPMENT CO., LTD., 

Tokyo, Japan) with 1000 rounds of bootstrap analysis. 
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RESULTS 

1. Isolation and characterization of LSSOR1 

     Nested PCR with degenerated primers generated a 490 bp fragment showing strong 

sequence homology to previously published goldfish ORs (Cao et al., 1998).  RACE PCR with 

gene-specific primers yielded 832 bp and 875 bp cDNA fragments (3’ and 5’ ends, respectively), 

both of which overlapped with the initial PCR fragment and displayed high sequence 

conservation with fish ORs.  The three fragments, when assembled, produced a 2140 nucleotide 

(nt) cDNA sequence with putative open reading frame of 942 nt encoding 314 amino acids (a.a.) 

and a stop codon (Fig. 1).  The 5’ untranslated region (UTR) and 3’ UTR are 1–494 nt and 1436

–2140 nt, respectively.  The polyadenylation signal AATAAA is found at nt 2093, 40 nt 

upstream of the polyadenylation site.  A BLAST search revealed strongest amino acid sequence 

identity (Table 2 and Fig. 2) with previously published fish ORs; 69% with goldfish subtype 

GFAs, GFA12 (GenBank accession No. AF083077) (Cao et al., 1998), 66% with zebrafish 

Protein 13.1 (GenBank accession No. AF012753) (Barth et al., 1997), 62% with loach subtype 

D202 (GenBank accession No. AB115077) (Irie-Kushiyama et al., 2004), 59% with catfish 202 

(GenBank accession No. L09220) (Ngai et al., 1993b). 

Table. 2 

Fig. 2 

Fig. 1 
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2. Expression of LSSOR1 

     LSSOR1 (GenBank accession No. AB232550) sequence was expressed only in the OE (Fig. 

3). Amplification of β-actin from all tissues indicates successful isolation of RNA and synthesis 

of cDNA.  Differences in the size of PCR products between cDNA and genomic DNA (owing to 

the presence of an intron in genomic DNA) demonstrated that the tissue samples were not 

contaminated by residual genomic DNA (Fig. 3). 

 

3. Isolation and characterization of four salmonid fish OR sequences 

     Using LSSOR1 primers, we isolated four salmonids putative OR clones: chum salmon 

CSOR1 (GenBank accession No. AB255035), masu salmon MSOR1 (GenBank accession No. 

AB255036), pink salmon PSOR 1(GenBank accession No. AB255033), and rainbow trout 

RTOR1 (GenBank accession No. AB255034) from the OE cDNA.  All clones have 945 bp 

fragments showing strong sequence homology to LSSOR1.  In common with other ORs, all 

salmonid ORs including LSSOR1 have a potential N-linked glycosylation site at position eight 

within the short extracellular N-terminal of the receptor sequence.  The consensus ‘Landmark’ 

Fig. 3 
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motifs that have been identified as unique to ORs in mammals (Zhao and Firestein, 1999) are also 

present (Figs. 2 and 4); these include mayDRyvAiCxPLxY motif at the N-terminal of the second 

intracellular loop (positions 119–133 a.a.); KaFsTCxsh motif at the N-terminal of transmembrane 

domain six  (positions 237–245 a.a.); three cysteines in the second extracellular loop (positions 

170, 180 and 190).  Conserved cysteines 98 and 180 a.a. are believed to form a disulfide bridge 

between the first and second extracellular loops (Sharon et al., 1998).  The NPxIY motif 

(positions 289–293) found in all GPCRs is present at the C-terminal of transmembrane domain 

seven (Gat et al., 1994; Fig. 4).  A BLAST search revealed high homology amino acid sequence 

identity (Table 2). 

     Five salmonids ORs amino acid sequences show strong homology (96-99%; Table 3), 

indicating that these ORs are well conserved among salmonids.  Furthermore, the amino acid 

sequence of hypervariable regions TMD 3, 4 and 5, which were believed to be ligand-binding 

pockets, in five species matched completely except for one amino acid in PSOR1 (213 a.a.; Fig. 

4). 

 

4. Comparative analysis of orthologous subfamilies of salmonids and other fish species 

Table. 3 

Fig. 4 



 14 

     From GenBank databases, OR genes were picked up including catfish (Ngai et al., 1993a), 

goldfish (Cao et al., 1998), Atlantic salmon (Wickens et al., 2001), Japanese loach 

(Irie-Kushiyama et al., 2004) and zebrafish (Alioto et al., 2005).  Six catfish ORs have 

previously been reported (Ngai et al., 1993a) and named as cf-32 (GenBank accession No. 

L09219), cf-1 (GenBank accession No. L09217), cf-3 (GenBank accession No. L09218), cf-202 

(GenBank accession No. L09220), cf-47 (GenBank accession No. L09221) and cf-8 (GenBank 

accession No. L09222).  From the goldfish ORs, three OR genes have previously been reported 

(Cao et al., 1998) and named as gf-GFA2 (GenBank accession No. AF083076), gf-GFA12 

(GenBank accession No. AF083077) and gf-GFA28 (GenBank accession No. AF083079).  

From the Atlantic salmon, single genes have been reported (Wickens et al., 2001) and named as 

as-ASOR1 (GenBank accession No. AY007188). From the Japanese loach ORs, four OR genes 

have previously been reported (Irie-Kushiyama, 2004) and named as jl-D32 (GenBank accession 

No. AB115065), jl-D1/3 (GenBank accession No. AB115055), jl-D47 (GenBank accession No. 

AB115073) and jl-D202 (GenBank accession No. AB115077).  From the zebrafish ORs, thirty 

seven OR genes have previously been reported (Alioto et al., 2005) and named as zf-101 to 

zf-136. 
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     Thus, in total, 52 ORs have been identified from lacustrine sockeye salmon, Japanese loach, 

catfish, zebrafish, goldfish, and Atlantic salmon.  We then aligned representatives of these 52 

ORs, and generated the phylogenetic tree shown in Fig. 5. LSSOR1 was named in 202 subfamily 

previously reported by Irie-Kushiyama et al. (2004). Fig. 5 
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DISCUSSION 

     The sense of olfaction is extremely important in fish.  In anadromous salmonids, olfaction 

is essential for successful completion of the homing migration.  The OR genes estimated to be 

composed of 50-100 genes in fish.  However, much less is known about odorants and their 

receptors especially in salmonids. 

     In this study, one putative OR gene encoding a protein of 314 amino acids, LSSOR1, was 

isolated from lacustrine sockeye salmon.  The Met, start codon, was at 1 a.a., and the stop codon 

was at 314 a.a., encoding a protein in the size range (300-350a.a.) of previously described for 

vertebrate ORs (Zhao and Firestein, 1999).  Furthermore, this gene has a protein N-linked 

glycosylation site, as well as consensus ‘Landmark’ motifs that have been identified as unique to 

ORs in mammals (Zhao and Firestein, 1999), and was expressed only in the olfactory epithelium 

of lacustrine sockeye salmon.  There it is suggested that LSSOR1 is a new putative salmonid 

OR gene. 

     A BLAST search of LSSOR1 sequence revealed strong amino acid sequence identity with 

previously published fish ORs; 69% with goldfish subtype GFAs categorized in MOR type, 

GFA12 (GenBank accession No. AF083077) (Cao et al., 1998), 66% with zebrafish Protein 13.1 
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(GenBank accession No. AF012753) (Barth et al., 1997), 62% with loach subtype D202 

(GenBank accession No. AB115077) (Irie-Kushiyama et al., 2004), and 59% with catfish 202 

(GenBank accession No. L09220) (Ngai et al., 1993b).  The LSSOR1 showed strong homology 

to GFA12, categorized in MOR type, suggesting that LSSOR1 is also categorized in MOR type. 

     From our phylogenetic tree analysis, based on alignment of representatives of fish ORs, 

LSSOR1 was categorized in the 202 subfamily.  GFAs categorized in the 202 subfamily were 

expressed in the olfactory epithelium, but not in brain, heart, liver and intestine of goldfish (Cao 

et al., 1998), as was LSSOR1 in this study.  GFAs are thought to be expressed in putative 

ciliated cells in the olfactory epithelium suggesting that GFA receptors sense food odorants (Cao 

et al., 1998).  Though, ciliated olfactory receptor neurons can detect not only amino acid but 

also bile salts (Hansen et al., 2003).  Additionally, ciliated olfactory receptor neurons are 

respond to a wide variety of odorants such as amino acids, urine, etiocholan-3 alpha-ol-17-one 

glucuronide in rainbow trout (Sato and Suzuki, 2001).  Since characterization of the odorant 

ligand binding for these ORs should facilitate classification of the receptors, we should make a 

characterization of these ligands immediately. 

     Four salmonid OR clones were isolated using LSSOR1 complete primer sets.  As with 
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LSSOR1, all clones encoded a protein of 314 amino acids (Met start codon at 1 a.a., stop codon 

was at 314 a.a.), had a protein N-linked glycosylation site, and consensus ‘Landmark’ motifs that 

have been identified as unique to ORs in mammals (Zhao and Firestein, 1999).  Hypervariable 

regions in TMD 3, 4 and 5, which are believed to be ligand-binding pockets (Ngai et al., 1993b; 

Pilpel and Lancet, 1999; Liu et al., 2003), showed completely matched a.a. sequences except for 

one amino acid in PSOR1 (213 a.a.; see Fig. 4).  It is suggested that these additional salmonid 

ORs may be binding the same odorants as LSSOR1 and that they are of the same functional type. 

     In this study, LSSOR1 and the 4 salmonid OR amino acid sequences had very strong 

homology (96-99%) to each other, suggesting that these ORs were well conserved among 

salmonids.  It may be highly possible that 5 salmonid OR genes were functional genes 

conserved in salmonids.  Based on the results of this study, it is suggested that the 5 salmonid 

ORs isolated play a crucial role in salmon life cycles. 

     Only one OR family was obtained in this study.  The wealth of bioinformatic data of 

salmonids OR will help to define the functional genes that are reliable for survival, reproduction 

and homing.  Additionally, LSSOR1 showed homology to GFAs that expressed ciliated cells in 

the olfactory epithelium (Cao et al., 1998).  Though, ciliated olfactory receptor neurons can 
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wide variety of odorants (Hansen et al., 2003; Sato and Suzuki, 2001).  Therefore we can not 

conclude that LSSOR1 is completely amino acid receptor.  Furthermore, the 5 ORs isolated in 

this study have not been shown to be functionally relevant via odorant ligand binding activity.  

Characterization of the odorant ligand binding for these ORs should facilitate classification of the 

receptors, and may allow the identification of the behaviours in which these receptors are 

involved.  Further molecular biological studies on ORs are needed to enhance our understanding 

of important olfactory functions in salmonid species. 
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FIGURE LEGENDS 

 

Fig. 1.  Nucleotide and amino acid sequence of lacustrine sockeye salmon odorant receptor1, 

LSSOR1 (GenBank accession number AB232550).  The 5’-UTR and 3’-UTR are shown 1–494 

nt and 1436–2140 nt, respectively.  The coding region is shown 495-1435 nt. Putative amino 

acid sequence is described under the coding region.  The Met (ATG) start codon is at 495 nt, and 

the stop codon (TAA, asterisk) is at 1433 nt.  The polyadenylation signal AATAAA (2093 nt) 

and one potential N-linked glycosylation site (507-515 nt) are underlined.  Shaded areas indicate 

the several motifs. Boxed areas indicate the conserved cysteines.  Double lines indicate the 

predicted transmembrane domains (TMD). 

 

Fig. 2.  The amino acid sequence alignment of odorant receptors from lacustrine sockeye 

salmon (LSSOR1), goldfish (GFA12), zebrafish (zf13-1), Japanese loach (D202-1) and channel 

catfish (cf-202; references and accession numbers are given in the text).  The multiple alignment 

is performed using GENETIX-WIN GENETIX INFORMATION PROCESSING SOFTWARE.  

Asterisks indicate identical amino acids.  Bars indicate gaps inserted for optimal alignment.  
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The Met start codon is at 1 a.a. and the stop codons are described as <stop>.  Shaded areas 

indicate the several motifs.  Boxed areas indicate the conserved cysteines.  Double lines 

indicate the predicted transmembrane domains (TMD). 

 

Fig. 3.  Results of 2% agarose gel electrophoresis of RT–PCR products from a variety of 

lacustrine sockeye salmon tissues using LSSOR1-specific primers. OE  olfactory epithelium, B  

brain, T  testis, K  kidney, L  liver, R  retina, H  heart, I  intestine, M  muscle, Gi  gill, G 

genomic DNA.  Molecular weight (in kb) show at right. 

 

Fig. 4.  The amino acid sequence alignment of odorant receptors from five salmonids OR gene, 

lacustrine sockeye salmon (LSSOR1), chum salmon (CSOR1), pink salmon (PSOR1), masu 

salmon (MSOR1) and rainbow trout (RTOR1).  The multiple alignment is performed using 

GENETIX-WIN GENETIX INFORMATION PROCESSING SOFTWARE.  Asterisks indicate 

identical amino acids.  The Met start codon is at 1 a.a. and the stop codons are described as 

<stop>.  Shaded areas indicate the several motifs. Boxed areas indicate the conserved cysteines.  

Double lines indicate the predicted transmembrane domains (TMD).  The arrows indicate only 
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one difference sequence in hypervariable regions (TMD 3, 4 and 5). 

 

Fig. 5.  Phylogenetic tree of odorant receptors from 15 fish OR genes. Catfish OR genes; 

cf-32A, cf-1, cf-3, cf-202, cf-47 and cf-8. Goldfish OR genes; gf-GFA2, gf-GFA12 and 

gf-GFA28. Atlantic salmon OR gene; as-ASOR1. Japanese loach OR genes; jl-D32-1, jl-D1/3-1, 

jl-D47-1 and jl-D202-1. Lacustrine sockeye salmon OR gene; LSSOR1.  The tree was depicted 

by UPGMA methods using GENETIX-WIN GENETIX INFORMATION PROCESSING 

SOFTWARE. Gray bar indicates the clades of the 202 subfamily. 
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TABLES 

 

 

 

Table 1. Sequence of primers using in this study. 

Primers   Primer Set (5'→3') 

β-actin primer sense  5' CGTCACCAACTGGGACGACA 3' 

 antisense  5' GCTCGTAGCTCTTCTCCAG 3' 

5' RACE primer  outer  5' TGGAGGGAGCAGGCTATACA 3' 

 inner  5' GGGTATCTGAGTGGGAAACA 3' 

3' RACE primer  outer  5' TGTTTCCCACTCAGATACC 3' 

 inner  5' CGGCATTAGATTCAGCACTG 3' 

LSSOR1 complete primer  sense  5' GCTGTCTCTACTAGACCATC 3' 

 antisense  5' GGCTTACAGCAAAGACATTCTCC 3' 
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Table 2. Percentage identity between ORs of various species and salmonids; lacustrine sockeye salmon 

(LSSOR1), chum salmon (CSOR1), pink salmon (PSOR1), masu salmon (MSOR1) and rainbow trout 

(RTOR1); amino acid sequences, aligned using the ClustalW. 

Species (clone)  LSSOR1  CSOR1  PSOR1  MSOR1 RTOR1 

Goldfish (GFA12)  69%  69%  70%  69%  70% 

Zebrafish (Protein 13.1)  66%  66%  67%  66%  67% 

Loach (D202-1)  62%  62%  62%  61%  63% 

Catfish (cf-202)  59%  59%  59%  58%  59% 

Atlantic salmon (ASOR1)  33%  33%  33%  33%  33% 

 

 

 

 

 

Table 3. Percentage identity of 5 salmonids ORs amino acid sequences, lacustrine sockeye salmon (LSSOR1), 

chum salmon (CSOR1), pink salmon (PSOR1), masu salmon (MSOR1) and rainbow trout (RTOR1) aligned 

using the ClustalW 

Species (clone)  PSOR1 CSOR1  LSSOR1  MSOR1 RTOR1 

PSOR1  –  99%  99%  97%  97% 

CSOR1   –  99%  97%  97% 

LSSOR1    –  97%  97% 

MSOR1     –  96% 

RTOR1      –  
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