Evo-Devo

Gene expression during development molds morphology.

The metatrochophore larve of the polychaete annelid Platynereis dumerilii.
The larva has been labeled with phalloidin which binds to actin (in red)
and anti-Tubulin antibodies (in green).

Similarities in early development indicate
organisms are derived from a similar plan

Embryo resemblances

Fish Salamander  Chicken Rabbit

Ontogeny recapitulates Phylogeny?

Developmental genes reveal different routes to
similar outcomes

Indirect vs. Direct development .
Hybrid Larva

a ® (resembles seastar)

Pluteus stage




Homology and Homoplasy Revisited

« Homology: refers to morphologic traits, behaviors, genes,
etc., originating from a common ancestor. Synapomorphies
and orthologous genes fit this concept.

« Serial Homology: initially existing structures were gradually
modified via discrete intermediary steps until such time as an
evolutionary novelty (e.g., jaws) appeared. The body segments
of many animals (vertebrates, arthropods etc), are examples of
gene duplication on regulatory genes such as homeobox genes,
followed by evolution differentiating the duplicated genes.

« Homoplasy: Convergence, Parallelism, Reversals. Occurs
when characters are similar or analogous, but not originating
from a common ancestor.

Probable evolution of the metazoan
Homeobox or Hox gene complex
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Developmental genes reveal clues about the
evolution of complexity
Grade of Organization Cladogram
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Hox gene expression in Drosophila
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Developmental genes reveal the basis for
alterations of the common plan

Role of Ubx in the evolution of the pattern of
epidermal cell hairs in the T3 leg of Drosophila

Acts as Transcription Factor




Segment-specific patterning functions of
Hox genes in the vertebrate hindbrain
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Molecular Evidence for Deep
Precambrian Divergences
Among Metazoan Phyla
Gregory A. Wray," Jeffrey S. Levinton, Leo H. Shapirot

A literad reading of the fossil record suggests that the animal phyla diverged in an
“expiosion” near the beginning of the Cambrian period. Calibrated rates of molecular
sequence divergence were used to test this hypothesis. Seven independent data sets
suggest that invertebrates diverged from chordates abaut a billion years . Bhout twice
as long ago as the Cambnan, F apparently diverged from wall
before echinoderms, which suggests a prolonged radiation of animal phyla. These
conclusions apply specifically to divergence times among phyla; the morphological
features that characterize modern animal body plans, such as skeletons and cosloms,
miay have avolved later.

Science 1996. 274:568-573.

Origin of the metazoan phyla: Molecular clocks confirm
paleontological estimates
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The Cambrian “explosion’’: Slow-fuse
or megatonnage?

Simon Comay Morris®
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PNAS 2000. 97:4426-4429.
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Three-dimensional preservation of
algae and animal embryos in a
Neoproterozoic phosphorite
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The ABC model of flower development

Arabidopsis thaliana

(A) Wild-type
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Adaptive radiations: twice with land plants, Silurian/Devonian and again in Cretaceous.

Co-option and Evolution of Novel Characters

Exaptation: novel uses of pre-existing morphological traits.
Co-option: novel uses of genes and developmental pathways.

Examples:

« Crystallins derived from heat-shock proteins, etc.
« Pigmentation “eye-spots” in butterfly wings.

« Development of tetrapod appendages.




Diversity of animal lens crystallin proteins
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Diversity of animal lens crystallin proteins

(B)
Crystallin Ancestral protein function

Small heat shock proteins
Related to bacterial stress protein
NADPH-dependent reductase
Arginosuccinate lyase
nolase
craldehyde phosphate dehydogenase
Lactate dehydro, se
Similar to bacterial ornithine deaminase
Aldehyde dehydrogenase
Alcohol dehydrogenase
Hydroxyacyl-CoA dehydrogenase
Aldehy
Glutathion
Aldehyde deh
Similar to yeast TSF1
Drosocrystallin | Insect cuticle protein

I Similar to chaperonin/60 kd hsp
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Co-option of developmental circuits in the
evolution of novelties

(A)
Gene expression  Signaling  Additional  Pigmentation )
in future protcins target genes  genes
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Signaling proteins: Hedgehog (Hh), Patched (Ptc)
Transcription Factors: Distalless (D), Spalt (Sal), Engrailed (En)




Co-option of developmental circuits in the
evolution of novelties

Co-option of Hoes
genes in autopod
Pectoral fins only

Vertebrates
Paired appendages

Rapid evolution of an allometric threshold
in the dung beetle

(A) Horned male Hornless male

Rapid evolution of an allometric threshold
in the dung beetle

(B) 50

Horn length (mm)

Body size (mm)

Both originated from Europe to reduce pasture poop.




