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Transitions in form over
evolutionary time
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Sinosauropteryx Unenlagia Protarchaeopteryx : Eoalulavis .
Typical Theropod Flapping Ability ~° | Symmetrical Feathers First Alula
Dinosaur Arm -

Velociraptor Caudipteryx Archaeopteryx Corvus (Crow)
Flexible Wrist Primitive Feathers Flight Feathers Modern Wing

What are the selective forces?




Great moments in evolution




Hard to test hypotheses

through the fossil record
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We use batch culture evolution
to track the fossil record
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Polyploid (4N)
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Ploidy varies between species

Polyp|0|d (4N)
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and across a phylogeny

Wendel lab




Ploidy can also vary within species

Haploid/Diploid —
Ulva lactuca

Diploid— Female honey bee




Yeast Ploidy
== 3N
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Yeast Ploidy in Nature!
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Ploidy can directly affect
evolution

e Mutation rate

* Mutation effect size (s vs. sh)

* Rate of adaptation




Convergence toward diploidy in
1800 generations

Unstressed Salt—stressed

Initial ploidy
® haploid
® diploid
® tetraploid
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PLoS Genetics (2006)



Convergence toward diploidy in
1800 generations (not in nature)
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Convergence toward diploidy in
1800 generations

Unstressed Salt—stressed

Initial ploidy
® haploid
® diploid
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What is different between
haploid and diploid yeast?

Haploid Ancestral Diploid Ancestral

) @

64 + 3 ym3 90 £ 4 pm3

17 genes differ in expression (Galitski, 1999)

2.7% of the proteome changes more than 50% in

abundance
(de Godoy, 2008)




Batch culture growth

Stationary
phase

Lag phase
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Batch culture growth

Stationary
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Lag phase
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Batch culture growth
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diploides meilleurs?

Hypothese # | — Les diploides se multiplient
mieux dans une culture discontinue
(rendement de biomasse plus éleve,
croissance exponentielle plus rapide, et/ou
temps de latence plus courts).

Hypothesis # | — Diploids are better at
growth during batch culture (higher
biomass yield, faster exponential growth, and/
or shorter lag phase).




Directly compare haploids and diploids
isolated throughout the fossil record
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Biomass production through the
fossil record

® haploid
® diploid

)
| -
>
®)

e

ﬁ.

Al
©

)

©)
C

ke,

-
O
-

©
O
-

al
7))
/)]
©
&
9
m

|
1000

Time (generations)




Variation in biomass production

1100 generation colonies 1400 generation colonies

® haploid
® diploid
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Growth rate through the fossil record
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Growth rate through the fossil record
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Growth rate through the fossil record
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Variation in growth rate

1100 generation colonies 1400 generation colonies
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Lag phase - glucose utilization
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Lag phase - glucose utilization &
ethanol production
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Conclusion # | — Les diploides ne produisent
pas de biomasse plus eélevee, ne montre pas
de croissance exponentielle plus rapide, et
n'ont pas de temps de latence plus courts.

Conclusion # |- Diploids do not produce
biomass more efficiently, grow faster, or
have a shorter lag phase than haploids.




Conclusion # | — Les diploides ne produisent
pas de biomasse plus eélevee, ne montre pas
de croissance exponentielle plus rapide, et
n’ont pas de temps de latence plus courts.

Hypothese # 2 — Les diploides sont plus

competitifs que les haploides.

Conclusion # |- Diploids do not produce
biomass more efficiently, grow faster, or
have a shorter lag phase than haploids.

Hypothesis # 2 — Diploids are more
competitively fit than haploids.




Competitive fithess
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Competitive fitness (s)
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Competitive fithess
(to a common competitor)

controls
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Competitive fithess
(to a common competitor)

controls generation 1100
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Competitive fithess
(to a common competitor)

controls generation 1100 generation 1400
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Competitive fithess
(to a common competitor)

controls - generation 1100 + generation 1400
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Qu’est-ce qui rend les diploides meilleurs?

Conclusion # 2 — Les diploides ne sont pas
plus competitifs que les haploides.

Conclusion # 2 — Diploids are not more
competitively fit against a common
competitor.




Qu’est-ce qui rend les diploides meilleurs?
q P

Conclusion # 2 — Les diploides ne sont pas
plus competitifs que les haploides.

Hypothese # 3 — J'ai besoin d’une nouvelle
hypothese.

Conclusion # 2 — Diploids are not more
competitively fit against a common

Hyp6tHSsis # 3 — | need a new hypothesis.




Directly compete haploids and diploids
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Directly compete haploids and diploids

Day 14 (100
generations)




Directly compete haploids and diploids
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Directly compete haploids and diploids

1000
800 4
=2
2 600 -|
S
3t
400 +
200 4
0 L T T

0 R
Haploid ~_ D|p|0|d
\ /
S ;’
\\ P

A /&S %

x —
®©
o 4
52 4
L

400 600 800 1000

Day 14 (100
generations)




Directly compare (this time for sure!)
haploids and diploids
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1400 generation diploid colonies
against haploid population

diploid
VN
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1400 generation diploid colonies
against haploid population
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1400 generation diploid colonies
against haploid population

diploid
VN

| ++

>
(&}
c
()
>3
(on
()
—_
Y
2
e
2
©
£
()
()}
C
©
=
@

N\ g

haploid

| |
- 1600 gen
diploid




N population vs. 2N population
at 1400 generations
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Negative frequency dependent
selection is common

oginni e >f the oxperiment as described by
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Qu’est-ce qui rend les diploides meilleurs?

Conclusion # 3 — les diploides de generation 1400 ne
remplace pas les haploides de generation 1400; mais
les diploides de generation 1600 peuvent.

Conclusion # 4 — La selection negative relative a la
frequence maintient les polymorphismes dans le
systeme.

Conclusion # 3 —1400 generations diploids do not
outcompete the 1400 generation haploid

population; though generation 1600 diploids can.
Conclusion # 4 — Negative frequency dependent

selection may act to maintain polymorphism in the
system.




Ma perspective moleculaire sur
la biodiversite

Meme dans les environnements simples, les

polymorphismes peuvent etre maintenus pour
des centaines de generations

* La metaphore des paysages adaptatifs ne s’applique

pas ici — ce n’est pas une mutation peu
avantageuse essayant de grimper une colline

Even in simple environments, polymorphism can
be maintained for hundreds of generations

Adaptive landscape metaphor doesn’t work here —

not a simple hill climbing low s mutation



Ma perspective moléculaire sur
la biodiversite

Il n’est pas trivial d’expliquer pourquoi la diversite
se maintient ou est eventuellement perdue
Les forces stochastiques & deterministiques sont

probablement presentes pour maintenir et
pour reduire la diversite ploidique

Not trivial to explain why diversity is either
maintained, or eventually lost

Stochastic & deterministic forces likely present
to both maintain and remove diversity




Ploidy can directly affect
evolution

e Mutation rate Z

* Mutation effect size (s vs. sh) ?

* Mutational neighbourhood ?




The Next Generation

Sequence!

What mutations are fixed at 1600 generations!?

How many appear in only a diploid background?

How rapidly did they sweep!?
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Restart evolution at 1400
generations
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