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Smell (olfaction): a universal molecular recognition device
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Early olfactory receptor (OR) hypotheses 1985-1990
(Prior to OR gene cloning, Buck and Axel 1991)

* Olfaction utilizes “run of the mill” protein receptors

* The receptors should be encoded by a large gene family

* (Odorants are encoded as across-receptor patterns

* The receptors should be G-Protein-coupled, seven-helix

* Clonal exclusion (each sensory cell expresses only one OR type)

* A glomerulus 1s the target for same-OR axons



The Biochemistry of olfaction
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Olfactory genetic disfunction (smell blindness)

Normosmia General Specific
Does not exist! anosmia anosmia




Odorant-specific olfactory disfunction (smell blindness)

Specific
anosmia

Everey person in this room 1s affected!




John Amoore: Specific anosmia 1s prevalent!

Typical prevalence:

Eugenol 1-10%

B-lonone
Typical threshold decrement:

Tri-methyl amine 1-2 decimal log units

Hydrogen cyanide
Dihydromyrcenol
Many more... lo\do;ri/j
Early evidence for the existence of Olfactory
sterco-specific receptors in olfaction Receptor




Animal Human

pheromone Anosmia
Musk deer MU.Sk

~10% no
detection

~90%
pleasant

~30% no
detection

~40% weak
& pleasant

~30% strong
& foul




The Biochemistry of olfaction
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Smell blindness
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Congenital General Anosmia (innate smell blindness)

General
anosmia




Congenital General Anosmia (CGA)

~1/10,000 estimated incidence - ’@/
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Normal O Family A001 - Ashkenazi origin

Affected [} @

Male Female

I o~

ENE 1O

i
Total: 162 CGA subjects ® 0 O

62 familial, in 24 families Family A002 - Greek origin
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Nt | TENMI-
" - Heterozygous affected
Identical ‘ — female requires
twins 3 explanation by
TENM1-/- ‘ TENM] X-1nactivation

Whole exome sequencing ntricacies

\ 4

nonsynonymous deleterious variant in TENM1
gene on chrX
Known to play a role in neuronal connectivity



The Biochemistry of olfaction
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A hypothesis: olfaction 1s like immunity
ANTIGEN ~

4 ANTIBODY

Chance
governs
the

binding
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Probabalistic receptor repertoires
Immunoglobulins Ligand

T-Cell receptors

MHC proteins ‘// l \
Cytochromes P-450 ‘ ‘ ‘ ‘ ¢oo ‘

Olfactory receptors Receptors

Taste receptors



Receptor Ligand A Receptor Ligand B Receptor Ligand C
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Receptor Affinity Distribution (RAD) model:

The binomial distribution
Receptor Ligand (Hapten)

4151 B=9 |3|5]1
3(1(2] g=5 |4]2]3
2123 L=4 |2|1]3
T h

_ B! (A N
L)~ -0 (s) (s

Binom(1/S,B,L); L=0.....B

B = number
of subsites

S = Subsite

diversity

(““alphabet™
S1Z€)



Consequences of the RAD model:

Relationship between affinity and repertoire size N

Ingeneral, N= 1/ ¥ (Kma)

g OLFACTORY

_IMMUNE KO'f = 10°<— N_; =1000

Imm

K =10° «— N, =10°

Seidemann...Lancet PNAS 1993



Test of the Poisson approximation
of RAD statistics for |
recognition in biological repertoires L!

Inman (1988) = 1p° & SNUNTINE PO SR e, .......... .......... e J
T R 5 5 E Low affinity domain:
Varga (1991 R % g ; ; ; -
J ( ) SRR SRR N —h_,ﬁ ......... Bmdmg of small molecules
Kauvar (1995) - Log N T T to immunoglobulin
il R li nears. ., ... whw “Log o :

| ; N ‘normal Inman
-6 5 S N r '

probakbility

X <——-§-——----High affinity domain:
~—— Phage display peptides
..................................... immunoglobulin Iibraries
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Olfactory receptor (OR) genomics



Olfactory Receptor Gene Mining Pipeline

Genome

Scan for OR \

900 genomic clones

signature 480 DNA entries
with tBLASTnN 1 \ \ 1 \ 340 ESTs
Parse large clones - l 18,000 Contig
Mask for Repeats l l q I] 80,000 subcontigs
Scan for ORs

By FASTy y g Vg * 1850 OR

l l candidates
Verify identity
and uniqueness > . ¢ > ¢ 910 ORs

Glusman, Yanai, Rubin & Lancet, Genome Research, May 2001



Map of the human Olfactory Receptor (OR) sub-genome

obtained by using Unified Database (UDB)
and the UC Santa Cruz genomic Megabase maps
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Human OR gene repertoire: 850 genomic loci

Family 4

and 5-12

‘Class 11
(Tetrapod-like)

5 Class

o Pseudogenes (~55%) & (Fisholik
L 1Sn-11

() Intact genes (~45%)

Glusman, Yanai, Rubin, Lancet Genome Res 2000



A human olfactory receptor dendrogram

51/53

(Fish-like)

L/ genes
Genes /9




Olfactory sub-genome dynamics

Ancestral i

OR gene \ Gene duplication

: /.
[ Repertowe]

expansion \ Gene duplication

Cluster duplicatio \kGene Conversion
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Gene birth
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(Pseudogenes)

Gene death

Frameshift mutation Gene deletion Gene fusion l




Segregating pseudogenes (SPGS) B [ntact
Person
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Olfactory Receptor gene cluster

(Similar to TLR
Quintana-Murci)



Nasodiversity i++ 26 OR gene Loci

Almost every person
has a different
OR genotype!

«— 100
«— Persons

Homozygote ONE OT the most
disrupted pronounced cases of
genetic diversity

Heterozygote

=] ]=!

=

Homozygote
intact

=) = |

|

Menashe...Gilad Nature Genetics 2003



240 of 400 (60%) of intact ORs are
affected by loss-of function variations

“Resurrected”
ORs

OR deleterious
SNPs



person ~ OR Copy Number Variations (CNV5s)
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Special interest in OR homozygous deletions



240 of 400 (60%) of intact ORs are
affected by loss-of function variations

“Resurrected”

Unpublished

A Deep Catalog of Human Gene.'-a.._;_: X

OR deleterious
SNPs

OR deletion
CNVs

Array experiments
Hasin et al PLoS Genet 2008



CNYV breakpoints within OR coding regions

— — 6,647 b — —
, P
_— QR8U9}Ance5tral locus

Major allele

N
N

Derived locus
Minor allele
................................... Reference genome
Seemingly intact OR

ORBUaCCCTCTATTGTATATGGT TGT AATGACT CCAGGRAAT CTGCAT TCARCTTGTAGCAGTTCCTTATAGCTATAGCTTCCTAATGGCACTATTTCACACCATCAES
ORBUL CCCTCTATTGTATATGGTTGTAATGACT CCAGGAAT CTGCATTCAACTTGTAGCAGTTCCTTATAGCTATAGCTT CCTAATGGCACTATTTCACACCATCAES
ORBUSCCCTCTGATGTATATGGT GET AATGTCCCCAGGAAT CTGCATTCAGCTTGT GGCTGCTCCCCATAGCTATAGCAT CTTGGTTGCACTGTTTCACACCATCAES

kkkkkk EEEEEEEEEE HEEkEEk % KEEEEEEAEkXkEdkkikkk kkkk%k k% % k%% EExEkEkkEtkkikikk %% % ¥ kEkkkEk kkkhkkkkkkkkik

ORBUECTCACCTTCCGCCTCTCCTATTGCCACT CCARCATTGTCAACCATTTCTATTGTGATGACATGCCTCTCCTCAGGCTAACTTGCTCAGACACTCGCTTCA LS
ORZU] CTCACCTTCCGCCTCTCCTATTGCCACTCCAACATTGTCAACCATTTCTATTGTGATGACATGCCTCTCCTCAGGCTAACTTGCTCAGACACTCGCTTCA LSS
ORATSCTCACCTTCCGCCTCTCCTATTGCCACTCCAACATTGT CARCCATTTCTATTGTGATGACATGCCTCTCCTCAGGCTAACTTGCTCAGACACTCGCTTCA SE3

A E R kR R E A R R R Ak kR R R R A R R A A R A R E AR EEEEEEEEEREEEEEEEE Tk Ak, kkkkkkk%k

ORBUZAACAGCTATGGATTTTGGCCTGTGCTGGTAT CACATTCAT CTGCTCTGTTCTGATTGT CTTTGT CTCCTACATGTTCATTATTTTTGCCATCCTGAGGAT £53
ORBULARCAGCTCTGGATCTTTGCCTGTGCTGGTAT CATGTTCATTTCCTCCCTTCTGATTGT CTTTGTCTCCTACATGTTCATCATTTCTGCCATCCTGAGGAT 623
ORBUSARCAGCTCTGGAT CTTTGCCTGTGCTGGTAT CATGTTCAT TTCCTCCCTTCTGATTGT CTTTGT CTCCTACATGTTCATCATTTCTGCCATCCTGAGGAT 653

AEEEEkE kkkdkk k% KAEEEEEEkEkkkkkkik Akkk%k % %%k EEEEEEEEEEEETEEEEEEEEEEEEEEELEEELE KkEk%k Xkdkkkkkkkkhkkkkik

Exact breakpoint obtained by Celera data mining



Gene diversity enhancement by CNV

Number of receptor

Person types in CNV region*
0 S8 09 L
B O > SOOI O D Heterozygosity
1 3 advantage
B > (1> Ol o>
B >l >l SOl oL
2 2
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B Pscudo

*(not counting SNP alleles)



Types of genetic variations

Single nucleotide Copy number variation
polymorphism (SNP) (CNV)

_ Allele 1 —

ENENEY Ao —

Single base change Large segment (>1kb) of
Insertions/deletions (indels) DNA deleted, inserted
Deleterious (stops) or inverted

Silent or protein-changing -
Exon-intron junction

38



Different OR alleles may bind odorants differently

SNPs - W/S  G/F R/C Q/E

W G R Q

W F R Q

B TTR RGO
=

—

Odorant

OR allelic haplotypes




Haplotype diversity for 30 ORs 1n 30 individuals
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Number of OR Haplotypic variants per 405 OR loci
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OR allelic input
OR loci to the brain
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