www.gephebase.org

Includes Natural, Domesticated and Experimental Variation
but NO LAB MUTANTS and NO CLINICAL TRAITS

>2000 genes and mutations
associated with

natural phenotypic changes
In animals and plants
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THE QTN PROGRAM AND THE ALLELES THAT
MATTER FOR EVOLUTION: ALL THAT’'S G‘OLD
DOES NOT GLITTER

Matthew V. Rockman'2

The shiny
“large effect” loci we can
document experimentally

Density




Since 2015:

hard to keep up
with all the
publications...
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The Wrinkled-Seed Character of Pea Described by
Mendel Is Caused by a Transposon-like Insertion in
a Gene Encoding Starch-Branching Enzyme
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Cumulative Number of Mutations
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More known cases of coding
than cis-regulatory mutations

cis-regulatory
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Year of Publication

2008: survey of ~300 articles
Stern and Orgogozo 2008 Evolution
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Other -
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Courtier-Orgogozo et al NAR



Bias towards certain species

Hurnain (8,3%, 51 mutations)
Arabidopsis (6,5%, 40 mutations)
Drosophile (5,9%, 33 mutations)
Riz (4,1%, 25 mutations)
Moustique (2,9%, 18 mutations)
Bovin (2,9%, 18 mutations)
Levure (2,6%, 16 mutations)
Orge (2,6%, 16 mutations)
Levure pathogéne (2,4%, 15 mutations)
Souris (2,4%, 15 mutations)

Chat (1,9%, 12 mutations)
Mouton (1,7%, 11 mutations)
Chien (1,7%, 11 mutations)

Mais (1,7%, 11 mutations)

Ble (1,6%, 10 mutations)
Sauvagine (1,6%, 10 mutations)
Epinoche (1,6%, 10 mutations)
Cochon (1,6%, 10 mutations)

128 autres espéces (<1%, <10 mutations)

10

survey of 1000 articles

100

1000

Arnoult 2014
Biologie aujourd’hui



Arabidopsis thaliana -
Homo sapiens -
Saccharomyces cerevisiae -
Oryza sativa

Drosophila melanogaster -
Bos taurus -

Gallus gallus -

Zea mays -
Caenorhabditis elegans -
Plasmodium falciparum =
Canis lupus familiaris =
Hordeum vulgare -
(Gasterosteus aculeatus -
Sus scrofa domesticus -
Ovis aries -

Solanum lycopersicum =
Equus caballus -
Drosophila simulans -
Felis catus -

Solanum tuberosum =

327 species in total

The other species
represent 752 entries

|| I
50 100 150
Most represented species

today’s data
Courtier-Orgogozo et al NAR



Coloration =
Xenobiotic resistance -
Pathogen resistance -
Flowering time -

Color vision -

Metal tolerance -

Body size -

Plant size -

Hypoxia response -
Seed dormancy -

Salt tolerance -

Hybrid incompatibility -
Hematopoiesis -
Recombination rate
Seed shattering -
Muscular mass -
Bristle number -
Growth rate -

ABO antigen blood type -

Body fat distribution -

Bias towards
certain traits

261 traits in total

The other traits
represent 517 entries

100 200 300 ,
_ today’s data
Most represented traits Courtier-Orgogozo et al NAR



Physiology -

Morphology A

Behavior

Mix 1
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Short-term and long-term evolution
involve different types of mutations

B Cis-regulatory mutations causing morphological variation
B Null coding mutations causing phenotypic variation

1.00

0.75

Proportion of mutations
o
(&)
o

Domesticated Intraspecific  Interspecific  >Interspecific

o N /

Short-term evolution Long-term evolution

2008: survey of ~300 articles

Stern and Orgogozo 2008 Evolution
Stern and Orgogozo 2009 Science






A Null coding mutations
causing phenotypic variation

w 0.61

=

S

I 145/341

2 041

- 152/56 1

5

-l 16f134 15/142

<)

e 0.0

oo
é‘ @ & Q@*‘
> R
(0'&0 ({}"& Q@ d

%

=
o
@

O
'S
\&' NG:@ ()

All 1281 coding mutations

Proportion of mutations

Nonsense SNPs
among SNPs in coding region
causing phenotypic variation

0.6 -
04l 24163
0.5 - 33/189
ool 3¥2 3120 o/118
. 4l ;
‘po ﬁ“&@b ﬁé}@ @Qﬁ &@ig*” :
((,190 *’c}"" Q@ @g 1\@&

today’s data
Courtier-Orgogozo et al NAR



Candidate Gene Linkage and Association Mapping
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Hotspot genes: evolution repeats itself

coding region
of SLCZ5A2 gene

TGCGTGGTC
C Vv V

477

Also In:
Humans
Horses
Quails
Chickens
Mice
Pigeons

T e e e e
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coding region
of SLC45A2 gene
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Orgogozo et al 2015 Frontiers Genetics



Repeated evolution
via the same amino acid change

clam garter snake

E945D

Navl.4
Saxitoxin o Tetrodotoxin %, E945D

| * Név1.4 sodium channel

toxic plancton txic newt pufferflsh (fugu)

Bricelj 2005
Geffeney 2005
Venkatesh 2005



Repeats in..

. .. the genes responsible for natural evolution

A

Ex : hemoglobin in dogs and humans in Tibet
(Wang et al 2014 GBE)

.. the genes responsible for experimental evolution

Ex : sulfate transporter SUL1 in yeasts in low sulfate
(Gresham et al 2008 PloS Genetics)

Orgogozo 2014 Interface Focus



Specialized loci in the genome

Proteins that interact with external molecules
oxygen, photons, insecticide, cholesterol...



Specialized loci in the genome

Proteins that interact with external molecules

oxygen, photons, insecticide, cholesterol...

Cis-regulatory elements of
“developmental switch genes”

Simpson 2007 Trends Genetics
"Stern and Orgogozo 2009 Science
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J Bar
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complex Notch Delta
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ff
senseless neuromuscuﬂm CG32392
hindsight quail
couch potato
snail
spmefess
Sensory cell Cell adhesion Actin and microtubule
fate determination distribution

N v

Differentiation into a sensory organ precursor cell




From random processes can emerge
predictability

Many unpredictable processes
at a low level

Mutations in DNA
Chromosome segregation during meiosis
Assortative mating
Gamete competition during fecondation
Life history traits
Genetic linkage
Environmental changes (meteorite, etc.)

Predictable Evolution

___at the genetic level

ARIN

\ RAT & MOUSE KILLER MEAL
BACON AND CHEESE FLAVOURED

- = coding mutation in
® VKORCI1 gene

Orgogozo 2014 Interface Focus



A small number of genetic solutions
for a given phenotypic change
<

i
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Diverse conclusions

More known cases of coding than cis-regulatory mutations
Bias towards certain species
Bias towards certain traits

Long-term versus short-term evolution: fewer null
mutations, more cis-regulatory mutations

Hotspot genes

What about the role of transposable elements in
phenotypic evolution?
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