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Overview of Olfaction and Olfactory Receptors

> Identified in early 90s by L. Buck and R.Axel (2004 Nobel Prize)
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P Largest gene family in mammals (3-5% of all genes)
OR genes % pseudogenes Functional
Mouse ~1400 20-25% ~1000

Human ~800 50% ~400

Niimura Y., Gene, 2005



Overview of Olfaction and Olfactory Receptors
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a single OR gene from
a single allele
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To lateral olfactory tract ’ Mombaerts P., Nat. Rev. Neurosci, 2004



Ectopic Expression of Olfactory Receptors

P> ORs have been detected in high number of human and mouse tissues:
testis, germ cells, tongue, erythroid cells, prostate, placenta, brain, PNS, colon,
fetal liver (GeneAtlas2 project)

P> A clear biological function for ectopic ORs has been defined only in 3 cases:

@ Proliferation in human prostate cancer (hOR51E2)
@ Human and mouse sperm chemotaxis (hOR17-4, mOR23)

@ Muscle regeneration, cell adhesion and migration (mOR23)



NanoCAGE of mouse Olfactory Epithelium
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P> NanoCAGE analysis has revealed the map and architecture of ~90% of mouse ORs

P> Identification of novel TFs involved in OR genes expression



NanoCAGE of A9 and A10 dopaminergic neurons

P> Several ORs expressed in A9 and A10 dopaminergic neurons
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Ectopic Expression of OR Genes in Fantom5 Mouse Libraries

Promoters map of ~“90% of mORs

Data mining from Fantom5 Mouse Libraries

A B C D | E | F G H 1 J K L
Name,"OIfr13207,"0Ifr1321","0Ifr1322","0Ifr1323","0Ifr1 324", "0Ifr1325","0lfr14 16", "0Ifr14 15", "0Ifr14 14", "0lfr1413", "0lfr1412", "0lfr1411","0fr1410","0lfr12","0Ifr 16",
CNhs10488,1,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,C
Chhs10611,1,0,0,0,0,0,0,0,0,1,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,3,0,1,0,0,0,0,0,0,2,0,0,0,0,0,0,0,0,0,0,2,0,0,0,0,1,0,0,0,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,C
CNWhs10655,1,2,0,0,0,0,0,0,2,1,0,0,0,0,1,1,0,0,0,0,0,0,0,1,0,0,0,0,1,0,0,0,0,0,1,0,0,0,0,0,1,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,1,0,0,0,1,0,0,0,0,0,0,0,0,1,0,0,1,0,0,0,0,0,C
CNhs10856,1,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,1,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,C
CNhs11029,1,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,C
CNhs11102,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,C
CWhs11184,1,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,C
CNhs10482,0,1,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,C
CNhs10484,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
CNhs10480,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,C
CNhs10493,0,5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
CNhs10516,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,C
CNhs10525,0,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,1,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,C
CNhs10578,0,1,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,C
Chhs10552,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
CNhs10880,0,1,0,1,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,1,0,0,1,0,0,1,0,0,0,0,0,0,1,0,0,0,4,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,2,1,0,0,0,0,C
CNns11028,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,8,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,¢



Ectopic Expression of OR Genes in Fantom5 Mouse Libraries

P> 0OIfr933 is specifically expressed in Pancreas starting from N16 stage

O MM chrd 38778383..38785584 [len 7.202kb ]
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Opancreas-embryo E16 : CNhs11003 ctss [tpm]
Opancreas-embryo E14 : CNhs11012 ctss
Opancreas-neonate NO : CNhs11138 ctss
Opancreas-neonate N2 : CNhs11139 ciss
Opancreas-neonate NO : CNhs11105 ctss
Opancreas-embryo E15 : CNhs11042 ctss
Opancreas-embryo E18 : CNhs10580 ctss
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Ectopic Expression of OR Genes in Fantom5 Mouse Libraries

P> OIfr78 has an alternative promoter preferentially used in Adrenal Gland libraries

O MM8 chr7 109884546..109912672 [len 28.127Kb | ®
: in_ItlB‘l @B2iqB3 _IqBﬁ aoI gD -quS —qE_qF1 GE2ZMigF3 GE4N gF 5 |
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all mm9 tracks pooled (109907365..109908554) 1.19kb [284 exps] %

<- reverse strand forward strand ->
Oamnion-adult pregnant day 17.5 : CNhs1048... [tpm] 0

Oepididymis and seminiferous tubule-neonat... [tpm] ez . 268
Oheart-neonate N16 : CNhs11209 ctss [tpm)] PeEs o
Ooviduct-adult pregnant day 1 : CNhs10500 ... [tpm] . 5185
Otongue-adult : CNhs10499 ctss [tpm)]
Oheart-neonate N20 : CNhs11127 ctss [tpm)
Oplacenta-adult pregant day 17 : CNhs10464... [tpm]
Oheart-neonate N25 : CNhs11196 ctss [tpm]
Outerus-adult pregnant day 18 : CNhs10487 ... [tpm]
Oheart-neonate N10 : CNhs11118 ctss [tpm)]
OMouse E17.5 Internal control : CNhs11938 ... [tpm]
Owhole body-neonate N10 : CNhs10518 ctss [tpm]
Oheart-neonate N30 : CNhs11202 ctss [tpm]
Oheart-neonate N3 : CNhs11221 ctss [tpm)]
Olung-neonate N7 : CNhs11111 ctss [tpm)]
Ostomach-neonate N30 : CNhs11134 ctss [tpm]




Ectopic Expression of OR Genes in Fantom5 Mouse Libraries

D> OIfr78 has an alternative promoter preferentially used in Adrenal Gland libraries

O MM chr7 109884546..109912672 [len 28.127kb | 2
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Oadrenal gland-neonate NO : CNhs11191 ctss [tpm]
Qadrenal gland-embryo E18 : CNhs11026 ctss [tpm]
OMouse E17.5 Internal control : CNhs11938 ... [tpm]
Oadrenal gland-embryo E16 : CNhs11004 ctss [tpm]
Oadrenal gland-embryo E14 : CNhs11038 ctss [tpm)
OMouse E17.5 Internal control : CNhs11898 ... [tpm]
Ocecum-adult : CNhs10467 ctss [tpm)]

Oadrenal gland-embryo E17 : CNhs11043 ctss [tpm)]
Qadrenal gland-adult : CNhs10508 ctss [tpm]
Opancreas-neonate NO : CNhs11105 ctss [tpm]
Owhole body-embryo E16 : CNhs10514 ctss [tpm)
Opituitary gland-embryo E15 : CNhs10592 ct... [tpm]
Oprostate-adult : CNhs10470 ctss [tpm]
Ostomach-neonate N7 : CNhs11210 ciss [tpm]
Ostomach-neonate N30 : CNhs11134 ctss [tpm]
Ostomach-embryo E15 : CNhs10603 ctss [tpm]
OMouse E17.5 Internal control : CNhs11024 ... [tpm]
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Ectopic Expression of OR Genes in Fantom5 Mouse Libraries

P> OIfr558 is enriched in Heart (Neonate and Embryo) libraries

© MM9 chr7 109848403..109863000 [len 14.598kb | »
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Oheart-neonate N10 : CNhs11118 ctss [tpm)]

Obone (os femoris)-necnate N2 : CNhs11227 ... [tpm]
Owhole body-neonate N10 : CNhs10518 ctss [tpm)
Oheart-necnate N30 : CNhs11202 ctss [tpm]
Oheart-neonate N20 : CNhs11127 ctss [tpm]

Obone (os femoris)-necnate N16 : CNhs11225... [tpm)]
Oheart-embryo E18 : CNhs11030 ctss [tpm]

Obone (os femoris)-neonate N20 : CNhs11195... [tpm]
Oheart-neonate N25 : CNhs11196 ctss [tpm)

Owhole body-neonate N6 : CNhs10515 ctss [tpm)]
Oheart-embryo E17 : CNhs11025 ctss [tpm]
Oheart-necnate NO : CNhs11213 ctss [tpm]

OMouse E17.5 Internal control : CNhs11898 ... [tpm]
Oforelimb-embrye E17 : CNhs10598 ctss [tpm]
Okidney-neonate N10 : CNhs11206 ctss [tpm)]
Ooviduct-adult pregnant day 1 : CNhs10500 ... [tpm)]



Ectopic Expression of OR Genes in Fantom5 Mouse Libraries

P> hOR51E1 (human ortholog of mouse OIfr558) is specifically expressed in carcinoma cells

O HG19 chri1 4662264..4679608 [len 17.345kb ]
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all hg19 tracks pooled (4665035..4665321) 287bp [309 exps]

<- reverse strand forward strand ->
Osmall-cell gastrointestinal carcinoma cel... [tpm]
Olung adenocarcinoma cell line:A549 : CNhs... [tpm]
Oprostate-adult : CNhs10628 ctss [tpm]
Ogastrointestinal carcinoma cell line:ECC1... [tpm]
Oplacenta-adult : CNhs10627 ctss [tpm)]
Obreast-adult : CNhs11792 ctss [tpm)
Oadipose tissue-adult : CNhs10615 ctss [tpm)]
Outerus-adult : CNhs11676 ctss [tpm]
Oheart-fetal : CNhs10653 ctss [tpm)] 0.04
Otongue-fetal : CNhs11768 ctss [tpm) 0.17
Oheart-adult : CNhs10621 ctss [tpm) 0.13
Okidney-adult : CNhs10622 ctss [tpm]
Osmall intestine-fetal : CNhs11773 ctss [tpm)]
Oleft atrium-adult : CNhs11790 ctss [tpm)]
Oretina-adult : CNhs10636 ctss [tpm)
Okidney-fetal : CNhs10652 ctss [tpm)]
Odura mater-adult : CNhs10648 ctss [tpm] 0.04
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Ectopic Expression of OR Genes in Fantom5 Mouse Libraries...

P> Future directions <

_Data need to be improved and refined_

Bioinformatics:

Analysis of tissue specificity
Analysis of patterns of dynamic expression
Analysis of architecture for alternative promoters in mouse

Identification of human promoters and analysis of expression in human libraries

Sequencing:

Human Olfactory Epithelium

Functional Validation:

ORs with expression restricted to specific tissues / developmental stages
ORs showing ubiquitous expression (editing?)

De-orphanization of selected targets = ldentification of endogenous ligands
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