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The Foundations of Olfaction: Evolution, Adaptation, Utility, and
Research Perspectives on Olfaction in the Living World.

Olfactory: Definition

A sense that analyzes chemical substances (odors) in the air.

Most common sense in the living world




Odors

Molecules perceived by the sense of smell

Examples of organic molecules => composed of at least one carbon

Alcool
Ethanol

Composé aromatique

< Cétone (Benzene)
Butanone
Aldeéehyde
(propanol) Acide

Acide acétique
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Odors

Molecules perceived by the sense of smell

Molecular structure => small changes => big changes in perception

CH,
CHa

D-carvone O

O

I-carvone

HoC” “CHs

H4C CH,
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Odors
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Odors

Short-distance communication

Non-volatile organic
compounds

Odorant molecules — Olfactory signal

\olatile organic
compounds VOCs

Long-distance communication
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Communication between organisms

Plant-pollinator Plant-plant

Intra-specific communication

P
< >

A
v

Prey-predator Host-vector
CBGP_27/05/2025



Olfactory signal

Odorant
molecules

How the olfactory system works ?

> Olfactory organ (nose, antenna, etc.)

Invertebrates
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" Olfactory bulb

Olfactory receptor neuron

y

Antennal lobe

Central
nervous
system




How the olfactory system works ?

1. CAVITES NASALES
Envwdror 10696 de 'air inspiré atteint
l'appaneil oltactid, on qui sulfit

A stimuler son odorat, 4. MUQUEUSES OLFACTIVES
125-300 cm® (contre 28 3 cm” chez Mhiemakn,
‘Q_’ 5.EPITHELIUMS OLFACTIFS

F00 midilons de récapteurs oflactifs
canbrie 5 milions cher I'Ere humain.

2. MNARINES

lis pewvant reniller directement de Favant

el Expires s les cobds grdoe & de pelites

lentes crdant sinsl des iowrbillons qui attiremt UMAIN CHIEN

,;:Ir“i,k, mokicules ndmml.ﬂ.qu I M

2. ORGANE DE JACOBSOM . BULBE OLFACTIF

{organs vormidronasall
Autne odgane otfactil du chien pour
la reconnalssance des Fh'l'.‘fmﬂﬂ'ﬁ-

Uitrasensible & cerlatnes odeurs
&l poul en distinguer des millions.

Bulbe oacid accessoine

Bulta oHiactd pancipal

Lame criblde de 'ethmaide .
Epithebum ofact# principal

glomérule

Bulbe olfactif / ' K
- : Cavitd nasale
Lame criblée g
Epithélium olfactif .

neurone sensoriel
olfactif

cavité nasale
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dendrite
lymphe sensillaire

Scape  Pédicelle Flagelle

complexe
macro glomeérulaire

A, Schema d’une antenne d’insecte d'aprés (Jiro Okada). B, Schema d’une sensille olfactive,
ORN : Neurone Récepteur Olfactif, Th . Cellule thécogéne, Tr . Cellule trichogéne, To : Cellule
thormogéne, SNC : Systéme Nerveux Central.
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How the olfactory system works ?

Molécules Récepteurs olfactifs

v MM
il ¥

goew |
The recognition of chemical molecules by
receptor cilia is a mechanism analogous
to that of a key corresponding to a lock
for a given motif.
(- R, @ o
o % e

Lledo, P.-M. Odeurs et représentations mentales.
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Cartes olfactives.

Assaciation

—3 Intégration

Valence

Recomposition
Reprasentation des odeurs
propre a chacun

De’mmp&sm on
Cartes olfactives communes
a2 tous les individus




How the olfactory system works ?

OR = Récepteur olfactif

Species OR genes Reference
Humans 350 (560 pseudogenes)
Mice 1000 — 1300 Glusman et al. (2001)
Other Mammals 4000
Cow 2129
Dog 1100
Macaque 606 Niimura and Nei (2007)
Rat 1767
Mice 1391
Species Number of Scent Receptors
Humans 5 million
Dachshund 125 million

Fox Terrier
Beagle
German Shepherd
Bloodhound

147 million
225 million
225 million
300 mullion

Padodara, R. J., & Jacob, N. (2014). Olfactory sense in
different animals. Indian J. Vet. Sci, 2(1), 1-14.
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Oriqins of olfaction

« Convergent adaptations between different living

organismes.

 Olfaction Is phylogenetically the oldest sensory

system.

e Most widely used means of communication

among living beings

L’Arbre de la Vie

CBGP_27/05/2025 2 Ihe Open niversity !




Research and olfaction

Ecologie
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Research and olfaction

« Early detection of human diseases

Diabetes anono
> Biomarker research Dehlinger et al 2013 Tuberculosis Pop
» Using animals as noses Neto et al 2016*

COVID_19

Alzheimer eomme
Gupta et al 2024 &, ¥ uddd @4

Cancer

- 2 y S
‘& = .
v 0
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;
-3 2

10 0.

institut
KDOG Curie
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Research and olfaction

Case study on cancer:

Determine at which stage of cancer development odors are modified => use for early diagnosis

BBAY

Reviews on Cancer

o Biochimica et Biophysica Acta (BBA) -
+ 208 publications ELSEVIER Reviews on Cancer

Volume 1877, Issue 1, January 2022, 188644

Type of cancer

A
~ 0d d . Current stat
i = OIS dand cancer: current status
Breast cancer
- -
Gastric cancer
I- and future directions
Head and neck cancer -
Prostate cancer e . .
- Flora Gouzerh P ¢ 2 & | Jean-Marie Bessiére 9, Beata Ujvari €,
Bladder cancer -
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Malignant Pleural Mesothelioma . - ?a:: ?dsa?“%f;"
pleural effusion sample @
ke . s?' Nl 307 Identification of compounds
B sweat patches
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Melanom. I &
2
Stomach cancer II -‘g- 20—
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Kidney cancer I ;
Lymphoma I g
z
- [
Thyroid cancer I 0 B [ I I o [ |_| Il
° © - 120 1985 1990 1995 2000 2008 2010 2015 2020
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Research and olfaction

Case study on cancer:

Determine at which stage of cancer development odors are modified => use for early diagnosis

Cancer Biomarkers

Chemical analysis in a murine lung cancer model S T Sage Journals

© 2024 — The authors. Published by I0S Press., Article Reuse Guidelines
https://doi.org/10.3233/CBM-230070

Research Article
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Contents lists available at ScienceDirect

BBA - Reviews on Cancer

Research and olfaction

Case study on cancer:

Ability of animals to detect cancer odors

Flora Gouzerh ®™ | Guila Ganem °, Anais Pichevin ", Laurent Dormont ”, Frédéric Thomas *

Determine at which stage of cancer development odors are modified => use for early diagnosis

Using animals as noses

Detection capacity > 90% in most studies. 45 publications
analyzed

r \ -
1 publication |

| 3 publications | 1 publication ]

31 pulications / 28
different races
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Research and olfaction

Case study on cancer:

e Cancer detection after training : * Innate cancer detection
* Dogs, mice, rats, ants « Drosophila
Detection capacity > 90% in most studies. * Nematodes

Conditioning training
Learning to smell

<\(§
N I

\ sV
Learned odor detection ﬁ .
""'l v | | large basiconic

w'f( \
ﬁ N ﬁ ' g 1 ‘Lj | small basiconic
b Z.E 4 ’r& morphological | trichoid

categories of sensilla: coeloconic
\Hm " Nematodes move
| towards cancerous Calcium imaging
R h PG TG odors

20
Strauch et al 2014; Kusumoto et al 2019:; Hirotsu et al 2019



Research and olfaction

Case study on cancer:

The! of
©2022. Published by The Company of Biologists Ltd | Biology Open (2022) 11, bio059208. doi:10.1242/bi0.059208 'Big oglsts

RESEARCH ARTICLE

Odours of cancerous mouse congeners: detection
and attractiveness

Flora Gouzerh'2*, Bruno Buatois?, Maxime R. Hervé®, Maicol Mancini®, Antonio Maraver?, Laurent Dormont?,
Frédéric Thomas' and Guila Ganem5*

Determine at which stage of cancer development odors are modified => use for early diagnosis

Using animals as noses

Discrimination habituation test => innate ability to discriminate at an early stage of cancer development before MRI.

CBGP_27/05/2025



Research and olfaction

y ey ’;l‘w
Studying interactions between species ‘i‘

%

» ldentify the compounds that attract or repel &
particular organisms. [

Understanding communication between species:
» Studying sex pheromones
» Study of marking pheromones

X

Ecologie

A
&)

- Study the impact of man on these interactions:

» How can anthropogenic compounds impact these
Interactions?

Disease detection and use of odor information :

Understanding how animals use certain smells :
» Naturopathy

» Group exclusion
» Disease avoidance

CBGP_27/05/2025



Research and olfaction

Case study on diseases :

Impact of Diseases on
Intraspecific Relationships

| Odor

s
..%" .
Avoidance
Disease Animal Behavior
Protozoan Mandrills Avoidance
Ectoparasite Mice Avoidance
Toxoplasma Mice, Chimpanzees | Attraction

Poirotte et al 2017,2018 ; Kavaliers et al 2003; Flegr et al 2016
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Ecologie Research and ol faCtion s s o

RESEARCH ARTICLE

Case StUdV on diseases - Odours of cancerous mouse congeners: detection

and attractiveness

Flora Gouzerh®2*, Bruno Buatois?, Maxime R. Hervé?®, Maicol Mancini*, Antonio Marave!

Frédéric Thomas' and Guila Ganem®*

Impact of diseases on intraspecific interactions :

Mice discriminate cancerous
from healthy individuals

Cancerous

But no effect
on female mate <
preference — 5 N ¢

CBGP_27/05/2025
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Research and olfaction

* Find species « Protecting species

» Using dogs to find species [ » Finding and saving individuals

Mary E.Cablk 2008 et al

» |dentification of wild animal disease odors.



Research and olfaction

Case study on diseases :

Beleno saenz et al 2021, wild boar
=> Tuberculosis

Parembeth et al 2019, Common Marmosets =>
Ellis et al 2019, White tailed deer Chronic lymphocytic enteritis

=> Chronic wasting disease

CBGP_27/05/2025



Case study on diseases :

Find sick individuals

Research and olfaction

Transmissible Cancerin
Tasmanian Devils

Cancer transmitted Cells proliferate
by biting on the face

| Bite
~ 3

Cancer cells

Prevent contact between wildlife and animals in protected areas.

CBGP_27/05/2025

Since 1996 => 85% of the population



Conservation

Research and olfaction

Case study on diseases :

Chemical analysis / \ Using animals® sense of smell

« Identification of VOCs emitted by wild devil feces. « Training a dog to identify cancerous devils

Sensitivity (number of
cancerous devils
indicated) 100 %

.__.J Femelles NC  Sgbm  Males NC
— I Femelles NC = Femelles C

Specificity (number of
healthy ones indicated)
88,10%

10

Anne Xuereb B
(CBGP) Precision
et Mélanie Bonnet 90,5%

5

trained RDA Dim.2 :22.04
o]

-5

Cons!

=> Same results 2 month later after training

Constrained RDA Dim 1 : 42.57.84% CBGP_2 7/05/2 025



Research and olfaction

 Protecting crops from pests

» Finding compounds that attract or repel them
» Biological control

« Attracting pollinators @ vl ¥

v

» Finding compounds that attract the;ﬁ: S

» Detecting agricultural diseases

» Detect disease marker compounds
> Early detection before symptoms appear.

CBGP_27/05/2025



Case study on diseases :

USD

—
e

of Agriculture
=> Influenza aviaire

Kizil etal 2014
Salmonella enterica
in poultry

United States Department

Research and olfaction

Ellis 2017;
Mycobacterium bovis

Fischer-Tenhagen 2018;
Dog detected
Staphylococcus aureus cows

Gottwald 2020:
Dog detection
Liberibacter asiaticus Citrus

Xuéreb 2025;
Dog detection
Drosophila suzukii, ;
Aphids,

Plant viruses...

CBGP_27/05/2025



Research and olfaction

&
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Mes projets :

Projet Poste IRD :
Toxoplasmose

Use of detection animals
Chemical diagnostic tools

! \ Developing the use of b J
odors for disease detection = I

N
(ﬁs AR

Animale ﬂ

CBGP_27/05/2025
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Merci pour votre attention !

Des questions ?
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Méthode de prelevement et d’analyse

Méthode de prélevement

\

Phase adsorbants

n a
Getxent => Entrainement Chromatoprobe
des chiens = o
| Tube en teflon Debitmetre
‘
Aiguille creuse
traversant le septum Pompe
<——— Bouchonavec -im
septum ensilicone
<——— Flacon ; Pnse — Fibrez SPME
electrique + ihres
Phase stationnaire en N;
Espace de téte — cours d'adsorption ChromatoProbe =
ou Porapak W/
Composés volatils Bocaws en verre |
+—— Sovris
Cuverture = ——

50pl d'urine CBGP_27/05/20



Meéthode d’analyse d’odeur

GC-MS (chromatographie en phase gazeuse)

(x100,000) WMax Intensity : 10,439,617

45

20

3.5

3.0+

2.5+

25 50 75 10.0 125 15.0 175 200 25 280 275 30.0 325 35.0 375 alo

Identification des composés.
Analyse qualitative et quantitative.

CBGP_27/05/2025
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Analyse GC-EAD ou EAG

Gas Chromatography- Electroantennogram Detector ou électroantennographie

Etude des composes détectés par les insectes

-~ Elution des porapack avec un solvant (hexane, dichloraméthane..)

Injectionhﬂuid\e> ; FID
(Flame lonization Detector)

INJECTOR €
‘ FID Trnc—:‘

EAG Trace

\

COMPUTER

HEATED
TRANSFER LINE

ANTENNAL
sensor

SPLITTER

GAS CHROMATOGRAPH
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Entrainementdes chiens/rats a
discriminer les hotes définitifs

AXE | : Calibration et catalogage
des profils d’'odeur des hotes
définitifs et intermediaires

Transmission
verticale a travers
le placenta

Entrainementdes chiens/rats a
discriminer les hotes
intermediaires

,M, Oocystes
Environnement

Hote définitif |

r

r'y

AXE | :Identificationdu 1 l “)

_ _ —— | pathogenedans Entrainementdes chiens/rats
Ingestion des tissus I'environnement et lien avec a détecter les zones de
les odeurs présence du parasite

AXE Il : Application
en santé vétérinaire Oocystes dans la

F

Fd
|'{

\
e

nourriture, I'eau, le sol. ¥ 3
Ingérés par les hotes 48
intermédiaires

e

Hote
intermédiaire

AXE Ill : Applicationen

. conservation: la
~— toxoplasmose et les conflits
- homme/faune

> =

enceintes

AXE Il : Application
en santé humaine
chez les femmes

AXE | : Un systéeme expérimental
pour le suivi des odeurschez un

modele murin ﬂ

Entrainementdes chiens/rats a
discriminer les individusinfectés et sains
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