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Fig.1 Structures of MOR,VIR/ORA and V2R/OIfC

and the corresponding genes in vertebrates '’
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Tab.1 The numbers of functional MOR genes

( pseudogenes ) from aquatic animals

MOR HifgdE (k)
¥
& ﬁlz i numbejj:ri [;[f%f(u?ctional ik
species MOR genes references
( pseudogenes)

St Branchiostoma floridae 31 [18]
L 88 Petromyzon marinus 32(26) [18]
R B Callorhinchus milii 1 [18]
)l Carassius auratis 41 [19]
Pk Misgurnus anguillicaudatus 24(2) [20]
Bt 4 Danio rerio 154(21) [18]
KPGfE Salmo salar 24(24) [12]
% Oryzias latipes 68(24) [18]
=}l i Gasterosteus aculeatus 102(55) [18]
K #th Larimichthys crocea 111 [21]
L B4l Tetraodon nigroviridis 43(10) [18]
215§ 45 7t Takifugu rubripes 47(39) [18]
AEU R EE Xenopus tropicalis 824 [18]
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Tab.2 The ORA genes in fish ( pseudogenes are shown in brackets)

P 4 B

species name ORAL ORAZ ORA3 ORA% ORAS ORAG total number references
Bt Danio rerio 1 1 1 1 1 1 6 [33]
KVGPEME: Salmo salar 1 1 2 1 2 (1) 7(1) [12]
H Oryzias latipes 1 1 1 1 1 1 6 [33]
LRIE Ml Tetraodon nigroviridis 0 1 1 1 1 1 5 [33]
Y1 8& % J7 il Takifugu rubripes 0 1 1 1 1 1 5 [33]
=il ft Gasterosteus aculeatus 1 1 1 1 1 1 6 [33]
KIEFMHR 1 Haplochromis chilotes 1 1 1 1 1 1 6 [36]
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Xf & 43 A1 s ORAS il ORAG6 TE R Z %1 25 v g HL 4L
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Fig.2 Genomic structure of the VIR genes in teleost fish ( H. chilotes

)[36]

Black lines and boxes represent the exons and introns repectively. Numbers below the schematic represent the lengths of coding regions or

intergenic regions. Dashed lines represent the splice sites. Black triangular arrowheads represent the direction of gene transcription. White

triangular arrowheads represent the locations of primers used for RT-PCR and preparation of probes for in situ hybridization in original
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Fig.3 Genetic structures of the members in ORA gene family from fish!'?!

Exons are indicated by black boxes and introns are indicated by black lines. Ssa. Salmo salar; Dre. Danio rerio; Gac. Gasterosteus

aculeatus; Ola. Oryzias latipes; Tru. Takifugu rubripes; Tni. Tetraodon nigroviridis
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i 1 ) 5% % PCR ( reverse transcription PCR,
RT-PCR) 5L 58 73 BT, K K ORA JE PR & i b
FE BE T W58 2 T R S b e 3k BB T ax s St
&5 T S ae ™" M4k ORA JEH i 4
A 2 R 7 9 Y B DR SE M, HE D 2k
ORA JH TRl — S 7E #k Ak b IR <F i1k 49 iz,
R Z™ . B IELZ R VIR o751 {F A
N B ) ORAL LN B SR B 4-46 F2
KO SR kB R ) 448 R TR 2
PR G 0% 412 1 B 2 £ < <2 JE Xt %) HE B AR T 2
LB ZERT Z B e . T 4-20 R LR
AR — RS 5 BE A AT A B R W
BEH o () ORAL Kt 4 6 % L 5l 4-4F 7% 2 R
R,

3 AL AL Z AL

2 iy 2K V2R JE W M 4 Sk olfct
OIfC i RAE MY AN % 2y s 31 H AT O 75
SEBESE | BE DA VY Pk B L T 6K AR
I £ 25 0 2% v gl e s L (R B H I B R T A 2%
S(F#3),
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Tab.3 The numbers of OIfC genes from aquatic animals

OIfC Hyget: (&)
Wb 44 55 SEREH BN
species functional OIfC genes references
( pseudogenes )
Bt 5 Danio rerio 45(9) [50]
F I K H Bty Tanakia lanceolata 54(2) [51]
KVGTEEE Salmo salar 29(26) [12]
KIS FNI . Haplochromis chilotes 61 [52]
1 Oryzias latipes 17(19) [50]
=}t Gasterosteus aculeatus 23 [40]
LAl Tetraodon nigroviridis 11(11) [50]
L1 HEA T Takifugu rubripes 27(12) [50]
ARV EE Xenopus laevis 249 (448) [35]

2k OIfC 3k R iy i 3 AL % Hy 19% ~
47% O A DR 4N B 2 A (F 3 DR I K
AN AR S DR 2 R R B, BE T £ L
A2 AR, B L 2 4Mb Y X 7 6
LRBEEG AT | AR, K /N T 300 kb K7
i Ay 2 AN (0 T 9 520 S 4L
) Y ML EE ARy i B A 4 DR R, T
PRI 20 2 5 50 AR 58 4, A B JE PR AR T B AT AL 9F o

OIfC & A — K N A Ik X 38, H 2 A
TR BB ZREVE 2% X 00 U 5 45 4 I 1k
HAREAENS . X — 5 ORA K[, ORA )
N S M A1 X S AR 4, 2% 22 I B — 2 R B 45 &
AR (k7). olfc FPAA 5 A
RPN T/ 88 F i 5 B LS54 50 6 A4~ 4h
B RCE - - K- - - KRR
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OIfC ik FiI T L3 K ¥ v Sk 4 T 3
iob b R 20 2 S AT, S B M 3 0 MK A 1) I
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Kfi 2 3 i) ORA/OIC H ik F kB sh i) s
5 ORA 3R KRS, OIfC LR 7E f0 26 3L R 41 v
AT T olfc SERBCH R K 1
. 8 M6 A [ 26 o AR R[] (3 3) , 38 3 A
Sy ] 2 /0 B W A b B LR B g . K T N i £
O WK E 4.8.14 F1 16 KA TH S 5™ &
Pk W 4 R 1L R AR TRk, I R R
17 50 RV ek A

TR 5 & B0, 8RB o £ A4S B 2R R OlfC %
(43 3 OIfC 5. 24 Fl OIFC 206 ) it 4 1) 2 11
REM B R BB TS T MR A R R
MH AR S R, D
OIfC H: K it 4 T (1) 4 131 5 P A 8 /1 4 5 1R A2 1
SERY T X — 25 K 1 2 PR 0 2 B R e AR 4 2
MbR IR, AN BETE IR & B, A 7 4> OIfC
e DR A 3 1 W A i 4 40 e I35 o g R £ o
A 25 55k, T AEAR T W R T 50 JE e 22 571

XU SL 3 1 BF 5% & B, V2R (OIfC) RE % 3
AR WA R B B 22 ik, 2 TR T A A ) ) 2
IR Ho i S B0 SR IR A W 1 — b £ ik
KRB Z A RER V2R 51 . A —Fh N £ kAT
1Eh FEALAEEMEE SR (MHC) 73+ B 5,
ifi V2R $AT LIAE % 2 Ik 2 ik s |, ok
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MHC ) Jig 35— 22 Jik ok TPk FLV% 7 48 (1) MHC
ZREMEKCE . I, 12K [ OIfC T R i 5 i1
51— /N 22 ikt MHC it 56 55 HE 47 1k 2258 TR
4 IR AH G A7 IR

82 14 5 4 AR 06 3% & (TAAR) BF 58 16 T
2005 4E"°7, 2006 4F B # 5 A HT 9 Ak 2 RO %
R AR e
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Tab.4 The numbers of functional TAAR genes
from aquatic animals

TAAR Y fE 31K 3L 1
BOH (18 IR AT )

W) Fi 44 B numbers of functional SCHR
species name TAAR genes references
(Class [,Class I and
Class )

LA 68 Lampetra japonicum 0(0,0,0) [41]
Wit Latimeria chalumnae 18(1,17,0) [70]
LB Callorhinchus milii 2(1,1,0) [70]
BE Dy f4 Danio rerio 112(7,18,87) [41]
KVGTEE: Salmo salar 27(5,0,22) [70]
H W% Oryzias latipes 25(6,0,19) [41]
=Hilf8 Gasterosteus aculeatus 48(4,0,44) [41]
L1 4 4 )7 fili Takifugu rubripes 18(7,0,11) [41]
Lk PEfili Tetraodon nigroviridis 18(9,0,9) [41]
AL ITWE Xenopus laevis 3(1,2,0) [41]
i 6% Alligator mississippiensis 8(1,7,0) [70]

5 At MRS A7 44 FE PR G AH B, TAAR 3% [A]
FIGHEMAL L AE R, TAAR SEH ZK 5] 43 3
2,00 T &I R Y, 9 HoAE f0 26 rp 2
Pk G R B, TAAR J: [ 19 BT A IF %
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HJE & & Al TAAR 25 (AR A il fig 2 5 W9 Ty
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B, 1A, 1 RUAE A8 TR 0 i 0 28 v (B
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K JE A B, TR W) A R T I A
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TR {14 1 Fi T 445 £ IX S 8 A Dol 2, I 2K S %5 A
B IE ] 26 6 K g, 13X — X AE T A I 78 g
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TE 75 28 8 7 9 W5 57 A R 5 i

PO i B 1 TAAR 3 [H 3 74 ) 7% 4 A e 2 —
O R/ R R NI S S T i B - b s e SR R N
REEM A, TS TAAR 3 e £ DY ik
R A A, — B iE B Y TAAR 3L [ Fll TAAR /)N
EPA KRB X AT fE SR YR T RE A R
RO AL B BT & A i 4 3 DR A A2 o 1, e g O
DR A2 7t b R AR R R B  BE  HE
PR 2 5040 19 H B HS 4, X TAAR 53 A 2 2 i Al
S INED

5 FREAE R AZ (A [

FR I3 Ik 5% 1k 3 R ( FPR) 8 56 T 2009 4R 18
% P B S  H AT IR DB, L 7 A FPR JEA
(0T 17 Stk 2.7 BERBEXEN ST, H
B H AT AL, 76 82 iR R WL FPR 3 B B9 BF 58
Sz

6 fFAERI]

H X IR5E 37 {4 356 DR G 5 1) 08 A2 A4 B 1
B AE 5 T I A A0 )

B — X MR A7 AR I A TR A
BT DAFE Br 2 B8 0 Bk R A e AN TR, e 2 5 3K
JIT 53 5 T MR BT A7 AR PR BCRE B T 9 HE AR -

55 R N O AR ) S5 o TR B S R IR IE
ZARE A BRI ETEE . (H H 1724 KR 4 R A7 1A
L) GCPR L 1A 38 K 9 & B, #5932 14
(orphan receptor) '™, Bk | 55 KL Ff i (AR A
G WGy, BT AT B R F B T
L5t GPCR Sk Uk, LA R B KB, Fi 2k B &5
2 B B, Bl R e Rk ik . BT L,
WELSE 37 AR 2 11 A IR 2 — S K B AT 55

B RBERGEMERE, R ZEREAZE—
KEEE O, R E M T 40 i - oA e & ¥ s
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Research progress of olfactory receptor genes in fishes

ZHU Guoli"*, TANG Wengiao'*>* , LIU Dong'"’
(1. Laboratory of Ichthyology ,Shanghai Ocean University ,Shanghai 201306, China ;
2. Key Laboratory of Marine Animal Taxonomy and Evolution,
Shanghai Municipal Education Commission,Shanghai 201306, China)

Abstract. Olfaction is essential for fish to detect odorant elements in environment. The sense of smell plays
an important role in locating food, navigating, detecting predators, and spawning migration. The olfactory
function is produced by the olfactory transduction pathway and activated by the olfactory receptors through
binding of odorant elements. In vertebrates, the olfactory receptor gene families are recently classified into
five families, the main olfactory receptor (MOR ) , vomeronasal type-1 receptor ( VIR/ORA ) , vomeronasal
type-2 receptor( V2R/OIfC) , trace amine-associated receptor ( TAAR ) and formyl peptide receptor ( FPR).
More than 50% of vertebrates are fishes, which own important biological status. However, there are few
articles published in this field in China, although more and more attention has been focused and many
findings have been reported. This review describes the recent advance in studying the five olfactory receptor
gene families in fishes, and makes a discussion and a summary of the problems encountered during the
research,as well as the corresponding measures to resolve them. Finally we open an outlook to the further
study in olfactory receptor genes. We aim to provide references for the research on olfactory receptors of fish
in China.
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