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Recherche de nourriture

Détection des dangers, des prédateurs

Recherche de partenaires sexuels

…………



PLAN

Quelques notions d’anatomie

Biologie de l’ olfaction

Quelques données expérimentales

Conclusion 



La détection et l’identification des odeurs est un

phénomène complexe qui implique  des structures 

périphériques ( le nez) et centrales 

(bulbe olfactif, cerveau)



From Munger et al. 2009

•L’organe principal ou MOE

•L’organe vomerobnasal ou  VNO 

•organe de Masera ou  SO

• ganglions  Grueneberg GG



The two airflow routes



From Azzouzzi N (2014)

nostril



Axons from OSN expressing the same OR converge to the same nodule

Nasal cavity

cilia

OSN
Supporting  cell

Basal cell
Lamina
Axon

Olfactory Bulb
MOE



From  Anne-Lise Saive et al. 2014

memory

behaviour

affect, emotion

hedonicity
familiarity



from Royet et al. 2001, NeuroImage

Horizontal section

Familiarity test Hedonicity test

Sagittal               Transversal



The Olfactory Receptors

Linda Buck, Nobel prize 2004 Richard Axel, Nobel prize 2004



Highly conserved > 90%
Conserved > 70%
Variable                > 30%
Highly variable

Quignon et al. 2005

Dog

Rat



From: Quignon et al. 2005

Glusman et al. 2001
Godfrey el al. 2004
Montague et al. 2014
Niimura et al. 2014

Poissons

50  À 150

6 à  50



Dulac and Axel 1995

Liberlès and Buck 2006

Liberlès et al. 2009
Rivière et al. 2009

Main  Olfactory Epithelium
Septal Organ

Main  Olfactory Epithelium
Gruenenberg ganglion

Vomeronasal  Organ

Vomeronasal Organ

Vomeronasal Organ
Gruenenberg ganglion



OR TAAR VR1 VR2

Human 400 1 9 2 4 3 0 4

Rat 1500 5 17 2 102 3 90 6

Dog 850 4 2 6 8 3 0 4

Cat 677 7 - 21 7 -

Tilapia 158 8 44 9 - -

Zebrafish 14310 58 11/10912 113 2411/6012

1 Malnic et al., 2004, PNAS
2 Lewin AH, 2006, Aaaps J.
3 Grus et al., 2005, PNAS
4 Quignon et al., 2006, Cold Spring Harbor Laboratory Press
5 Quignon et al., 2005, Genome Biology
6 Zhang et al., 2010, Front Neurosciences
7 Mandrague et al., 2014, PNAS
8 Azzouzi et al. BMC genomics, 2014
9 Azzouzi et al. BMC genomics, 2015
10 Alioto et al., BMC genomics, 2015
11 Gloriam et al. ,2005, Mol. Phylogenetic Evol.
12 Hashigushi and Nishida, 2005, Gene
13 Pfister and Rodriguez, 2005, PNAS



Neighbor-joining tree of dog OR protein sequences.
All putatively functional dog OR sequences were aligned using ClustalX and the tree was generated and drawn
using Dendroscope..
The dog ADRB3 was used as outgroup. The scale bar corresponds to 0.1 AA substitutions per site

Quignon et al 2005

Class 1

Class 2

DOG



ACG.AAA.TGT.TTT.TAT.CGT.TGU.GGT.GCT.AAA.CAC.ACG.CAT

Thr. Lys.Tyr.Phe.Tyr.Arg.Cys.Gly.Ala. Lys. His. Thr. His 

ACG.AAA.TGT.TTC.TAT.CGT.CGU.GGT.GCT.AAA.CAC.ACG.CAT

Thr.  Lys.  Tyr. Phe.Tyr. Arg. Arg. Gly.  Ala.  Lys.  His.  Thr.  His 



# classes # families # sub-families

Human 2 17 300

Mouse 2 nd 241

Dog 2 23 300

Rat 2 21 282

Godfrey et al. 2004
Quignon et al. 2005

Glusman et a 2001 

Human family size distribution



Genome Organization



Glusman et al. 2001



Cfa OR distribution

Cfa with no OR gene 

4, 7, 12, 13, 19, 22-24, 26,

31, 32, 34, 36, 37, Y

Rno OR distribution

Rno 6, 18 and Y have

no OR
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cAMP IP3

cAMP and IP3 rat cilia responses to citralva and pyrazine

Boekhoff et al. 1990 

Citralva                                         Pyrazine



Odor coding by a Mammalian receptor repertoire
Saito et al. Sci signals 2009



- Un OR peut lier différentes molécules chimiques (odorants)

- Une molécule chimique donnée se lie à plusieurs OR différents

Il s’agit d’un code combinatoire



R/W (88)

T/M (133)

OR 7D4

RT  = good responder

WM = poor responder

28% RT/RT people do not detect androstenone
46%RT/WM people do not detect androstenone

The RT/RT group detect androstenone at  lower 
concentration 1/16

RT/WM people find  androstenone less unpleasant, than the 
RT/RT people

In vitro

In vivo

Polymorphisme et fonctionnalité

Keller et al Nature 2007



Robin et al. 2009

Fréquence moyenne des SNP dans les gènes OR  = 1 SNP/529nt

Fréquence moyenne SNP dans les autres gènes 1 SNP / 8631 nt

Chez le chien



Chess A, Simon I, Cedar H, Axel R:

Allelic inactivation regulates olfactory receptor gene expression. Cell 1994, 78(5):823-834.

Ishii T, Serizawa S, Kohda A, Nakatani H, Shiroishi T, Okumura K,Iwakura Y, Nagawa F, Tsuboi A, Sakano H: 

Monoallelic expression of the odourant receptor gene and axonal projection of olfactory sensory neurones. 

Genes Cells 2001, 6(1):71-78.

• Un seul des deux allèles est exprimé par OSN

• Mais les deux sont exprimés

Expression des OR  (c.a.d. DNA    RNA    Protéine)



FPKM >50              >1 >1.10-5 0

OR 5 138 672 116 168

Genes OSN

Olfr 1507 89 

Olfr 533 83

Olfr 166 71

Olfr 1264 66

Olfr 727 56

Deep Sequencing of the Murine Olfactory Receptor Neuron Transcriptome
Kanageswaran et al. Plos One 201

> 10



From Zhang et Firestein 2007

333 370

325



• Il existe de grandes différences 

quantitatives et/ou qualitatives de 

perception olfactive entre individus 



Questions:

Pourquoi certains OR sont exprimés et pas d’autres?

Quel mécanisme ou facteurs sélectionnent l’OR à exprimer

par un OSN donné ?

Les gènes exprimés et leur niveau d’expression sont –ils modulables en fonction

des circonstances?



• Obstruction  nasale 
rhinite, congestion, inflammation des sinus etc

• Problèmes Sensoriels
fumeurs actifs ou passifs  (risque important)

• Disfonctionnement cérébral
Alzheimer and Parkinson.
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En cas d’odeur persistante

On observe une désensibilisation

ou

Une accoutumance



Hiral et al 1995

Age related changes in the dog olfactory epithelium

19 years

Olfactory Epithelium OSN 

10 years



Rimbault et al 2009

9

43

66



The Claus Wedekind experiment:

MHC and sexual selection

Wedekind, C. et al. (1995). "MHC-dependent preferences in humans".
Proceedings of the Royal Society of London 260 (1359): 245–49.



Le complexe majeur d’histocompatibilité (MHC) est un groupe
de gènes important de reconnaissance tissulaire

Il existe une forte tendance à maintenir un certain niveau 
d’hétérogénéïté, souvent gage de meilleurs résistance aux
agents pathogènes et partant un impact sur la sélection sexuelle 

D’où l’hypothèse de travail émise par Claus Wedekind et Sandra Furi:

Est-ce que l’odeur personnelle favorise certaine combinaison  de MHC 
ou plus simplement l’hétérogénéïté ?



Plan expérimental:

6 T-shirts portés par 2 femmes et 4 hommes sont donnés à humer à 
121 sujets hommes et femmes et à classer enfonction de leur odeur
plaisante ou désagréable 

Résultats : 

une nette préférence l’odeur est corrélée à l’hétérogénéïté
du MHC entre le celui du porteur de T-shirt et le sujet



• De nombreuses questions restent en suspend 

aussi bien sur l’efficacité de ce sens que sur l’

impact de l’odorat sur le comportement individuel  

MAIS



Ectopique Expression des OR

M. Parmentier et al., Nature 355, 453 (1992).

P. Vanderhaeghen et al. J. Cell Biol. 123, 1441 (1993).



Flegel et al 2013



10-6 M

10-7 M

10-8 M

10-9 M

None

W = 30.1 ums
θ = 1° r = 0.79

W = 26.7 ums
θ = 3° r = 0.80

W = 20.5 ums
θ = 63° r = 0.45

W = 17.6 ums
θ = 85   r = 0.13

W = 18.3 ums
θ = 102   r = 0.21

Swimming behaviour
of human sperm near
a microcapillary tip filled with
bourgeonal, aligand to hOR17-4.

Speed and direction were
measured by computer-assisted
video motion analysis [CAVMA

Spehr et al 2006



• Quel est le veritable ligand d’ hOR17-4?

• Produit par quelle cellule? 

• Quel serait le role des autres OR ?   



Olfaction et Diagnostic

Melanome
Diabète 
covid etc



En guise de conclusions



Fonction vitale pour tous

L’olfaction : 
un domaine passionnant et riche de questionnement

Les prouesses olfactives de nombreuses espèces nous laissent 
pantois

Peu ou pas soutenue financièrement
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GIVAUDAN PERFUMERY SCHOOL 

PDSI 16 JUIN 2022



THE SCHOOL, 
A PILLAR OF THE GIVAUDAN 

CULTURE
ONE PERFUMERY SCHOOL, 

TWO CAMPUSES (Argenteuil  & Singapour )
AND KEY FIGURES

2-3
New students 

every year

10
Students 
currently 
at the PS

100
First -round 
interviews

2500
Candidates 

to the Perfumery School

70%
of Givaudan Perfumers 

trained with the Perfumery 
School method

6 Fine Fragrance Creative Centers  - 40 Fine Fragrance 
Perfumers

a DIVERSE and team Best in Class perfumery

SCHOOL Permanent TRAINING

18

14

3
3

2

fine fragrance perfumers 



A BEAUTIFUL LEGACY FROM ROURE FROM 1946 TO 2019
TRAINING THE MOST TALENTED PERFUMERS



THE JEAN CARLES METHOD 
FOR INGREDIENTS CLASSIFICATION

In the 1950s, a Roure perfumer named Jean Carles 
developed a method for studying and combining perfumery materials.

This method is still in use in Givaudan’s perfumery school 
and has become a standard for the whole industry

RAW MATERIALS
(Natural & Synthetic)

LEARNING
BY CONTRASTS

LEARNING
BY SIMILARITIES> >



1st 
year

2nd 
year

3rd 
year

4th 
year

5th 
year

Student

Apprentice

Junior

Internship 
defense

Mentorship

Graduation

Ingredients and accords learning
General culture + Field trips
Technical expertise Systems, stab, base (Giv Experts)
CP Expertise 

FIM
Analyses
Research
Technical courses
(stability, bases…)

Internships

DEVELOPMENT OF A YOUNG PERFUMER



WHERE OUR INGREDIENTS COME FROM … ?

PROCESS

FROM CITRUS FRESH
BOTANICALS

BIOMASSDRY
BOTANICALS

EXPRESSION WATER DESTILATION SOLVENT EXTRACTION BIOTECH 
TRANSFORMATION 

(Sugar)

Patchouli
Cedarwood

Spices 

Flowers
Leaves
Roots 

Bergamote
Orange

Ex.: AMBROFIX …

WASHING

FEEDSTOCKS

NATURAL 
INGREDIENTS ESSENTIAL OILS CONCRETECITRUS OILS RESINOID

ABSOLUTE RESINOID 
WASHED



Aromatics: Phenols: Vanilline
Benzene
Toluene

Naphthalene: Crisols

Aldehydes
Gamma Lactone

2 TO 8 CHEMICAL STEPS
PROCESS

FROM

Coconut
Palm and palm kernel oil

CRUDE OIL (PETROL) 
AND GAS 

PINE 
TERPENE 

VEGETABLE 
OILS 

FEEDSTOCKS

WHERE OUR INGREDIENTS COME FROM … ?

PURE 
MOLECULES

Dihydro Myrcenol
Iso E Super

Sandalwood chemicals



BETTER STABILITY

ASSURED SUPPLY, CONSISTENT 
QUALITY

HIGH CREATIVE VALUE

Why 

Molecules ?

CHEMICAL INGREDIENTS
MOLECULES



HOW TO SMELL?

An appropriate gesture
An appropriate material



CONTEXTUALIZATION FAMILIARITY HABITUATION> >

Vision (and touch, 
sound)

influences the 
judgement

I.e.. Advertising

Enhances positive 
experience 

(reassurance) 

Can be negative if its to 
familiar (too common)

I.e.. Smell of your home

Current signal 
Numness

I.e.. own B.O, own fragrance

Like for any senses 
Sound of Manhattan's sirens

SENSE OF SMELL
A HOLISTIC EXPERIENCE



FRAGRANCE STRUCTURE 
EVAPORATION STAGES & SENSORY IMPACT 

TOP 
NOTES

HEART 
NOTES

DRY DOWN 
NOTES

FROM 0 TO 10 MINUTES
First impression – Freshness + Impact

UP TO 4 HOURS
Body– Volume 

MORE THAN 4 HOURS
Depth - Long- Lastingness



A STORY OF CONCENTRATION 

1-3%

AFTER SHAVE 
/ SPLASH

EAU
FRAÎCHE

EAU
DE 

COLOGNE

EAU
DE 

TOILETTE

EAU
DE 

PARFUM

PERFUME

LAST 2 
HOURS

LAST 8 
HOURS

0-1% 1-3% 2-
4%

20-
40%

5-15% 15-
20%



A UNIQUE CURRICULUM

1-3%

Based on the most recent innovations in terms of memorization, the new e-gredients tool 
developed for the Givaudan Perfumery School students is a learning platform that enables 
them practice about over 500 raw materials in a self-motivated way. 

E-gredients



A UNIQUE CURRICULUM

1-3%

“Innovation has always been at the heart of Givaudan’s strategy. We are constantly 
looking for ways to leverage technological developments to enhance the way we work, and 
to delight our customers and consumers.”

Calice Becker, VP Perfumer and Director of the Perfumery School

The formulation of tomorrow



A UNIQUE CURRICULUM

1-3%

LAST 8 
HOURS

At all stages of their training at the Givaudan Perfumery School the students are 
encouraged to collaborative learning through exercises such as the Learn & Share 
sessions. 

Learn & Share



A UNIQUE CURRICULUM

1-3%

Developing soft skills



A UNIQUE CURRICULUM

1-3%

Making the most of Givaudan ressources



A UNIQUE CURRICULUM

1-3%

A culture of curiosity



WITH LOVE FOR NATURE

1-3%

Since 2018 the students of the Givaudan Perfumery School can work their accords from 
nature thanks to the “Garden of Scents” and “Garden of Flavors” that give them an 
immediate access to more than 200 species of fragrant plants (among which 100 species 
of roses). 

Creating from nature



WITH LOVE FOR NATURE

1-3%

Understanding the beauty of raw materials



A GATEWAY TO THE ASIAN MARKET

The Singapore Campus



THE MISSIONS OF THE GIVAUDAN PERFUMERY SCHOOL

1-3%

Training external and internal stakeholders 



BUSINESS PERSPECTIVES
1-3%



INDUSTRIAL PERSPECTIVES AROUND THE SCENT

1-3%

The Perfumer



INDUSTRIAL PERSPECTIVES AROUND THE SCENT

1-3%

The Evaluator



INDUSTRIAL PERSPECTIVES AROUND THE SCENT

1-3%

The Flavorist



PARKINSON'S SMELL TEST EXPLAINED BY SCIENCE

1-3%



MA MADELEINE

1-3%



MA MADELEINE

1-3%



MA MADELEINE

1-3%



Follow us on social media

@givaudan

11/07/202283

Thank you!                            

Calice Becker 

https://www.linkedin.com/company/givaudan
https://www.linkedin.com/company/givaudan
https://www.facebook.com/discovergivaudan
https://www.instagram.com/givaudan/
https://twitter.com/givaudan
https://www.youtube.com/givaudaninternational
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