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Abstract

The animal olfaction or smelling is a process to recognize almost unlimited types of volatile odorants through main
olfactory epithelium consisting of 6~10 million olfactory sensory neurons (OSN). Specialized olfactory receptors (ORs) of
OSNs bind olfactants from environments and initiate signals for sensing smell. We reviewed the current understanding on
olfactory receptor genes of animals which play critical role for olfactory sensing. The olfactory receptors are encoded from
a family of genes consisting of the largest number regarding to a phenotype in the genome of higher animals. They also
seem to rapidly evolve according to environmental changes, resulting in 60 genes in mink whales to ~4000 in elephants.
The analysis of olfactory receptor genes and their characteristics can contribute to better understanding animal behaviors
and ecological adaptation. However, the complexity of the system according to a large number of genes limited the
analysis to only several species with a high quality genome information. The understanding the diversity of OR repertoires
among difference species and the genetic variations including copy number variation could reveal new finding on animal
reproduction and behavior.
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CH(Firestein, 2001).

F7h4- 8715} 273t odorantsi= OSNo| 257] 19} (action potential) & |7 |5} OSNS| ZAHE7](axon)S mle} 25
AZ4A| 2 g}, of2] OSNE Bl A9 A S+ o] 7)715e] S2k3-&(olfactory bulb)e] A& (layer of glomeruli)
oAl Bt B3 S2F A &= OSNTF ATUA S B/dskal Qs 53 Al2E(main output neuron)Q! &5 A3 (mitral cell)
of oJsf th = o] HFA oz WAF = Q1A tHFirestein, 2001). 19911 A2 AL} Atol= 589 ORFHA7HA
& = om (Buck and Axel, 1991), o|2{gt Ak Hpg-0 ZORS| 4 Y t}efzt 55 &2 ORFHAL A|AHIS] A o]
213 =] 9l tHZhang and Firestein, 2002; Malnic et al., 2004; Lee et al., 2012; Lee et al., 2013).

A 9517 ORe] 902} raie] B0 ZL shto] OSNE g £50] OR 9:d2}ghe WHsh], ORS. G protein
coupled receptor(GPCR) mjg g]ol] £3h= QIERo] gl T dlE FztolH Al 2)20%0E 2|8 9k Adhist Rt
wo]2h= Zlo|tt (Firestein, 2001). ORQ] 45t 3D 12+= oF2] H&olA] grot F4l s Hdo] F25F GPCRY 25417}
K9 P2 E 7= A 02 of| SHtHPalczewski et al., 2000).

$2}4-2H(2| XA} I E2|(repertoire)

S 8Al e B9 $24-8A4|9F AR class TEFQI 2t S/ 5-Eol| AlgH 0= EAloh= class ITEFI 2] 27}A] 519 2-F
Hsubfamily) 2 -2}, Class I OR2 8/ WAEALE ZHA|6HL class IT ORS 3715-2] 31 WAHEALE ZHAIsH=t
Esle]o] QltH(Freitag et al., 1995). o]2]gt EAJo]| whe} F-5-0f(Carassius auratus)= class I 32} 84| -G-AA T 7FA] 11 Q)
om yefe] YFQl 7y E312l(Stenella coerulecalba) oAM= class 1T $2kp-84] G AR 7)%5-8 AJAI5H 8] 7154
?-f-2keH(pseudogenization) o] YITHFreitag et al., 1998). o]2idt ZAik= 2484 §-3AF= 27 9] Hstol wet w2
Al §i3kE] 1 ok As YR

%719] OR 5314} 2442 DNA hybridization ¥ & o]-8-sto] A5, i, Al 4 Ea17]of] tigh {42t 2413 Al =sklTt
(Buck, 1996; Mombaerts, 1999). ZLe{ut XAt 71 M D24 7]&2] Hrdol wet thofst Fo] Als2A 255 & 4= QA 5
2131, o= HFEFO & OR --74122] annotationo] ZI3YE|Qict. 1 A} F(Zhang and Firestein, 2002), Al (Malnic et al.,
2004), 7H(Olender et al., 2003), = A](Lee et al., 2012), A (Lee et al., 2013) Y3 2f(Yim et al,, 2013) 5 chgot 43 550] &
2t 84| A7 5 S ATHED). o]2fet AT-E Bal| S2k-8A fx7te] i Fol| wat 1007) ofstollA] 1,0007H o)/
o7 3 xjolg HQltk= ZxKFirestein, 2001), 7's= 7= 7|34 Hfunctional gene)e} 7|55-2 “Falst -R7xdAt

B1. HFF2 7|58 482t /TR 0l H|

= 71578 T4 8A f3A 74 AR AAE=E

7] 1,948 2,230 Niimura et al., 2014

=] 1,113 188 Lee et al., 2013

Rat 1,201 292 Quignon et al., 2005

A 881 190 Lee et al., 2013

7h 872 222 Quignon et al., 2005

oRQ A 1,037 354 Niimura and Nei, 2005, Gene
Zebrafish 102 35 Niimura and Nei, 2005, PNAS
At 388 414 Niimura and Nei, 2003
Z3H] 380 414 D.Dong et al., 2009
W] 410 478 Niimura and Nei, 2005, PNAS
3z 60 74 Yim et al., 2013

Eof 44 54 Niimura and Nei, 2005, PNAS
51 82 476 Niimura and Nei, 2005, PNAS
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(pseudogene)e] H]-& 3t 5 Afolo]) A3t xto] 7+ EAFTITH: 21& & 4= IITHEE 1)
PV FAEBA RS AA] L SR LA A& WA 0 51012 Eof ol ok
PG 5B A, 7N, RO, rat, S T7121] B9 1 2 48 SRS 71471 8007 o]0 2 ofef 58| £

mU‘.

T hx) it 22 U 37]2)9] S 84| T"r%ﬂ = 40007} ol/Fo.=2, F7)e]e] 57} ojE/do] thE K Y59
EE e G 4 ok A2 T7]2]9) ALS] %] Ao F2) 7he] WAigh A (Langbauer, 2000), B4= o 52) s Ret& 02
Hreke] 57} 7]3ke] Z2j(Shoshani et al., 2006) 5-2 F7]2]9] OR 3412} E43IArS Awstar it i ©) 3 a2 u]gst
520 79 21 OR §42H 7 13470 2 AJtiid o & A1) o H(Yim et al,, 2013) £35] 1= F52] 9f74ke] vl
250% oo & thE 4 SEEOH T 0 & =7 YehtHKishida et al., 2007).

S2p4- 8| EhTo] TE 5 NS CRYN

T 1 TOo

S74~8 A= 77H9] Lupuptze] whkE (transmembrane:TM) G <1} o] 52 HZ451= intracellular & extracellular
loop o & =0 YItkMombaerts, 1999). 55-22] $7F -84+ T2 GPCRI}= T2 of|ieAt HE| S 14| 0 (#2)
(Mombaerts, 1999; Lee et al., 2012; Lee et al., 2013; Yim et al., 2013), 0| & £3}] Als 50] S2}p-83] B2 X202 o]
82 4 Uk

OR¢HHZI o] o 1Ak A P8 BAISH A} ORQ] 7 TM 5 2 TM 3, 4 250j|A] ofm| i Ate] Ho| 7} 8] 1A =] Lt
(L& 1), o] |2 chefat WA A% TS 345t (Katada et al., 2005). TESF o}

dS 3-735= OR] 79 do]gt ORo| HU5H odorantsZ Q14510 21 A5 5 M-St 4 Qlch
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Lol op|icAt A HE|T

IC1 Leu-His-Thr-Pro-Met-Tyr

TM3 E~IC2 g Met-Ala-Tyr-Asp-Arg-Tyr-Val-Ala-Tle-Cys
TM5 gt Ser-Tyr

T™M6 & Phe- Ser-Thr-Cys-Ser-Ser-His

™7 Pro-Met-Leu-Asn-Pro-Phe

a8l 1, 28X M179) -_rL =H2M ST210[E= variation0| &2 E0|10 FEM FST2I0[E= variation0] M2 S
LIEFAHCE 77HS] TMESEE 7 QICHFirestein, 2001).
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(Kajiya et al., 2001).

S7t8A4|9] 7)5= nietol7| QoA ORTF/dol| tgh A B-E ulelsh= Zo| uil¢- F a5t 522 24484 th@d A
of thgt ArAatol w2 F54Q) 542 5Y Fo| 7Y F48A fFAdARdol = B85k copy number variation(CNV)
U o 97| tFg 4 (single nucleotide polymorphism, SNP) 5ol thest 2to] & HeIth= Zo|tt. ol & o Al 2570 &
HE] 85179] S7F8A o) Tt CNVE ket At 257 BfRof|A] theet CNV sffelo] =] QIrH(1d 2.)(Hasin et al,
2008). T3t Alte] S2-- 84 -fdRtzte] 7150l P F= CNVLE SNP7F | S2b4=84] 5212} 2llH 2] o] 15~20%5
A& H =2 =2 Hl S LERHCHWaszak et al., 2010). 32, Black Angus, Holstein2] 320]| tisl] 10714 £2k-84] &
Zzte] 7ha| 5 PCR 525 53l AL ol A= 3719] 37k 484 5742}k (bOR102, bOR104 and bORIM?7) 7} &%
of w2} CNVE e A ch(3E3.)(Lee et al., 2013). OR thag/dat #He e & ch2 d1(Robin et al.,, 2009)0l| 4= 6 2] 48nt
2 7HE o= TS A=, 1 A3t Algat ni7FA| & - @2 SNP7F = Qi 53 phel -2 o] 59
SNP+= Al E F33 7HA-E 2 thefsil o v thgd/do] dojub= k9] = B0l wAlgle] ¥7%t i o 2 Yepith=
At 57k fd Aol whek SNPe] 7i4=7} 0~227] = i/ o] vl = hth= Zo|th. ol & S°]German Shepherdoi| A=
Z 926712]SNP7} AL, #|7| Y20l M+= F SNP7i4=7} 62870 &2 H]| 4] AQich Al =7} E53h 92+ v o = njeket
A 50 &2 ARgElE B 57|42 2R 23 A0 = B o, Yeujo] S2h4-84) v At S22 2] ddadol tigt 2
A2 e Sn|2E 7o 2 FHETh
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a7 2. A2 25F0IM 2MEl 851 7Ol 228X RTXIO| Ciet CNV mHE dr 22 IR EE
o3 20{2|o|(High-resolution oligonucleotide microarray)E 0|83l EAEl. y=2 FMA| H, xEF2 25F2| DNAO
CHSt ME HSE LIELHA O, 85170 OR RHXIE SAMA|AOf| LIEHHRACE. WL, copy == S7F T, copy = A, X5,
copy %= H%eS(Hasin et al., 2008).

B 3. & 57 OR XIS FHX 7HT|4=2| H| W

31 OR 2Pt 525 AE 714~(%)

OR §23719]

She- Black Angus Holstein
bOR101A 8/9(89) 8/9(89) 4/4(100)
bOR101B 0/9(0) 0/9(0) 0/4(0)
bOR102 9/9(100) 8/9(89) 4/4(100)
bOR104 8/9(89) 7/9(78) 4/4(100)
bOR2AK2 9/9(100) 9/9(100) 4/4(100)
bOR2AK3 9/9(100) 9/9(100) 4/4(100)

£, Lee et al., 2013.
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S2t48H0] 73t 5 S0

8/ WA AAIske class I 3284l siYAE2] & OR ol Witz 37159 S HAEAE AAlshe
class I &A1= /522 5 OR o[t} o|x3] S24-842] k= o] Aobrhs B3 e Ak 7 3
AcHHayden et al., 2010). "452] X15h= DNA 97|14 H o] i3} 5l ofof| w} ofn| it A Higlo] w2 thald o] 7] 51i3lo]
sl WG 5 F0] R4, =R, A, F, 7)) A OR fRAAFE vl ek At ARl 40t =27 354 0 2 373}
£ OR fA2ke] 47} 40k 7, = w9k 77} 3-Rdhe 20840 Ak et Bk 82 B UelktiE 4)(Le
2013). &, 20} sjRjolM FFA 2 AAE 4 = WA BAP L &, = e A7 B E A 0= QAR 4
ApETH 24 Wk ofop7| 2 slA{o] 7hssttt. o2t At 4x9 wijx| o] 1aka] 3 gol g AL 4= QA

o] o] 5 2= At Bfjx|ol] Bt 52} Zfzto] THSolA| Bt o7 ZZbE L % vl s
Uehthes @Y i ot B3 2o ARt So]2| 0 2 s o288 = 727]0] Al #2|9) 7= 98713t ol =
SolA oz Uds= S84 7l 2770 2t 22 wrh(Lee et al,, 2013). wfbA] 2084 §7d A= AJEieH]
we} ohefet 7ot oz AstsittE e & 4 Atk

28 7R Tl Wik REt 2ol JIRISHA] dojube gdol (1| 3.)(Niimura et al,, 2014). 213 39| A3}
21 2k AlSollM = 7] ORA[AIAR FE A= AL A2 0] AT whabA] vt 0] 32484 7H4-5 7HlThat shefzt
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2, =7, 7 74 103 68
A 70 17 - 20
=] y 7 15 - 15
4. R 63 147 -
A 72 - -
=7 - 08 _
7 - - 27
* o) iat AFo] 60% o) X HS Y FRAEHE 5
Z3], Lee et al., 2013
+1335 / -188 - Elephant
8) £6201 278 (355 Cow
+258 1223 -m
2 | @24 +480 | 158 oo
] | 1066 | Horse
22671198 765 | Rabbit
BE3 < 699 "Guln.. plg
.’112‘.5r g’ 4388 1 -T1 ﬂ%ﬁ m Rat
oy c= Mouse
2B
+28 | 281 533 +15/-225 309 | Macaque
G 41281596 | Orangutan
19/ 45 493, 380 | Chimpanzee
*27/ 53 Human
+18/-89
100 50 0
(Million years age)
a3 3, Efdt IRFO| Tt 2 F2+-8H| RTXE I Mol AFZIY BIA Oto| Xt= QE2F B IRI0| sHHSH=
7|sd RIS 5 LIEtd. Bl SO2H0| Qo] Xte SEXHC| 7|54 228 M| |TIXIS| £=0f CHet =FX[.
2t2to| FHX|of| 2] R IH4=2l BIH+) E= LA ()E EABIS(Niimura et al., 2014)
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