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Replicator-Mutator (Quasispecies) Equation
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“Darwinian’ Selection for
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The parameters we are going to
Investigate

....... origins of replicative advantages

. . V1.
Ji Energy + Resources I

------- sources of density dependence

er‘ """" limitations of genetic models
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g
:

Myr Major events/radiations

8 Quaternary 1.8 t
3 |
@ Tertiary 65.0 ;
8 Cretaceous 144 t
|
O  Jurassic 206 |
(7] |
§ Triassic 251 E
|
Permian 290 t
0 |
o) . | [
3 Dovonien 400 V (428) Cooksonia '
’ |
g Silurian 439 O%g (458) First land plants.
Ordovician 490 g :
|
Cambrian 543
() (575-543)
(Sub-eras) 610)
Late Proterozoic />_,\__: 750)
(&)
g 900
(o) @ (1,000-900) Mutticellutar algae radiation
'@ Middle Proterozoic
o M (1,200) Mutticellular red algae
& 1,600
Early Proterozoic @ (1,900-1,700) Earliest eukaryotes
2500 Q¥ (2,000 Cyanobacteria
§ (2,750) Cyanobacteria-like filaments, biomarkers
Opggsns  (3,500) Earfiest microfossils
g 3,600

Carroll, S. Nature 409. 2001
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Developmental Innovations

Lophotrochozoa

Lophophorates ~ Spiralia

Ecdysozoa spiral cleavage,
Arthropods i ariilide schizocoely,
£ Priapulids ectomesoderm

idiosyncratic cleavage

molting
Deuterostomes < Protostomes

[ photoreception complex (Pax-6, opsins),
Acoela outgrowths (DII),
seriation (engrailed, hairy/herl),
\ Hox cluster expansion,
dorsoventral polarity (TGF-B, sog/chordin)
L indirect dey elopment, set aside cells

—_—

Urbilateria

Ctenophores \.
. \ \ enterocoely,
biradial symmetry Type I embryogenesis.

determinate cleavage mesodermal layer “Bilateria™

radial cleavage,

Cnidarians \ “Radlata' :

signalling centers,

stereotyped cleavage program,
through gut (Para Hox cluster)

Porifera

indeterminant cleavage  oral/aboral axis
mesoglea blind gut

Eumetozoa

Knoll,A. & Carroll, S. Science 284. 1999
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Key T'heory Issues in EvoDevo

® Deviations from uniformitarianism (the cambrian
disparity)

® Putative sparseness of the morphospace (many to one
property)

® Violations of phenotypic isotropy - issues of
accessibility

® Convergence is surprisingly frequent

® Macroevolution guided by regulatory genes rather than
structural
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Epistasis
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transcription start poly-A addition site

/ introns
| cis
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Mrizzled

UCI—‘GSE-?F
X

~—+—Mat Notch/

‘Mat B! Maternal Inputs 'Mat Acadherin/

nB-TCF _ECNS l—{M_a_t_SwsB__l.l Mat Otx/
Nucl. © (o) P
St o 1= : v
| " ECNS Nucl. L frizzled
ll \i}_nwr S e P e G S ——GSK-3
la 1b unkn mes/end rep GSK-3HI——— ‘ —l $x
Blimp1/Krox T nB-TCF -
& Ublq Ubiq Ubiq— IF’ Q unkn vegetal activ—— Wni8 nB-TCF
| pe=ialip e : - 0
Pmarl R ol' mic |j' ES .. SUH)  SoxBl l ° o
—_— = éSu(H):NK l f VR wns
‘[ g > LR ] L . —
) I "'Ubiq S | Zvg. N. Hnf 6 la lb B a O
Ubiq Krl & .._.l’ ki I: «1 Blimpl/Krox —I
rilr7 O+  Ubiq Notch
Hnf 6 Rdle Delta 4. | S - , 5%
A - , | . unkn mes activ | la 1b
«1' f {Rof mic l___r 1 Al | rJ Blimp1/Krox
Ubig Nrl Q l] Bra FoxA Gatak ’ |
| |' Nrl
- Ubiq P, e Endoderm |
r = tnkn 1y — " Ubiq l Hox11/13b |
— Etsl l [ Ubiq " ! GataC (oral) il l. I_M : .I'
| Alxl r7 rll mes _endo Gatak
Delta ¢ Brnl /2/4 FoxB -
o ol | | J_r ot
:: 2 -~ Gcm (aw) r_—’l ‘! ’ e lt’ wil FoxA
| ¥ VEGFR [ § VEGF Eve Hox11/13b
| } Mesocer ot Endomesoderm I Veg1 Endo |
fJ;J.., ________ J% Endomesoderm Vegl Endo
r ] ? Wi | : : 1 - ; 1 » = :
atlgf et el el rlirLrlr [ Le
: P P SuTx CAPK Dpt Pks  OrCT Kakapo = OrCT  Kakapo
feem== 3 | SR— b
' Ubi 3 , 1
i p®anity U pl p I ' Mes | Py | r | p Ly
Sm30 Acadherin Ficolin CyP FvMol,2,3 Decorin Apobec Gelsolin Apobec Gelsolin Endol6

Ubig=ubiquitous; Mat = maternal, activ = activator; rep = repressor,
unkn = unknown; Nucl. = nuclearization; x = B-catenin source,

nB-TCF = nuclearized b-B-catenin-Tcfl; ES = early signal;

ECNS = early cytoplasmic nuclearization system,; Zyqg. N. = zygotic Notch
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Methods of Analysis
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1. AND LOGIC

ELECTRONIC LOGIC CIS-REGULATORY BIOCHEMICAL
DIAGRAM DIAGRAM MODULE DIAGRAM DIAGRAM
Cisregulato:ydevioe Measured output
1112 11/12|Output | 1112
0j0jo Output
0110 '
, Output only Field of cells
0|0 @ when both backgram
TNE inputs are wa gwﬁﬂ'
Output resent otherwise |
gackgroond Gene activity
2. ORLOGIC 12
ELECTRONIC LOGIC CIS-REGULATORY BIOCHEMICAL
DIAGRAM DIAGRAM MODULE DIAGRAM DIAGRAM
1112 11/12|Outpuf 11 12
0|11
W Output is additive;
110} | @ neit nput s
1] 2 essetnhal‘ each
contributes
Output :c;ptuhe overall
output
3. NOT LOGIC
ELECTRONIC LOGIC CIS-REGULATORY BIOCHEMICAL
DIAGRAM DIAGRAM MODULE DIAGRAM DIAGRAM
Repressor
| 1| Output 1 -
AR <1
110
Output
4. COMPOUND LOGIC
LOGIC CIS-REGULATORY BIOCHEMICAL
DIAGRAM MODULE DIAGRAM DIAGRAM
Ligand Cis-reguatory
Ligand |Consequence| Driver| Output dependent
effector Driver
Not Presence of | 1 0 Repression 6,
Driver
Present| Absence of 1
repression (Driver M SSope 6\
Activity)




A Statistical Analysis of cis-maps

Borenstein & Krakauer Plos. Comp. Biol.2008



Genotype:
Transcription Factors Expression

Phenotype:
Genes Expression

H(Dg)
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Single Projection

p = H(Dg)
Recurrent Projection
p: = H(Dpy1)

Recurrent Random Projection

Dt = H(Dtﬁt—l)
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Localization of visible sub-space
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Structure of visible sub-space



Common Phenotypes are Similar
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Rierarchical Projections:



Recurrent Projection

Dt = H(Dﬁt—l)

Recurrent Random Projection

Dt = H(Dtﬁt—l)
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Some Theoretical
Connections
(for the fastidious)



Linear & Polyhedral separability of
activation patterns
in phenotypic feature space
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NP-complete to determine
polyhedral separability of 2 sets of
points

NP-complete to determine whether
k-lines can separate 2 sets

For k lines polynomial time to
determine whether sets are
separable



Cybenko Theorem:
universal function approximation
with superpositions of sigmoids

N
G(x,w,qa,t) = Z oo (wix + 6;)

i=1

G(x, w,,0) = fz)] < e, x € [0,1]"
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® Products of random matrices essential in chaotic dynamics
® |n d=I case, limiting distribution of random products, log(X)
® Problems of non-commutativity of matrix

® |nfinite products of 2 by 2 linear projections is a solved problem.
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Sparseness: freedom or constraint!?

The Origins of Regulatory Freedom
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Developmental Evolution



Acanthodes MiMa
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==
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Sarcopterygians (lobe-finned vertebrates)

s:\;\ g é‘ — Dipnomorps -

«
Acanthostega

ﬁktaal!'k ;
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R. Raff. Nature Reviews Genetics. 8. (2007)
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Regulatory dimension / Time
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Wllll[lﬂl‘ﬂll Llﬂ!

® Ancestral diversity low (low

dimension)
Burgess
® Ancestral Taxa more disparate than Shale [s2% 4
derived taxa and the [ 2%
Nature |isnsg
® Ancestral taxa sample a large space ofd
of phenotypes more uniformly History
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Michael Ruse

THE CONCEPT OF PROGRESS
IN EVOLUTIONARY BIOLOGY
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Intermediate

Intermediate

Intro

Intro
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