Evolution of Developmental Programs
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‘I knew Darwin. Nice guy.”
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Creature feature Icefish
(Champsocephalumunnar)

The transparent appearance is due to evolutionary loss of scales and red blood cells

This fish lives in unbelievably frigid waters, temperatures of abeidggree Celsius are common. The Ice
Fish have special chemicals in its blood that stop the cold water from freezing their bodies. Their bloo
colorless, because it lacks iron amaemoglobinvhich is the chemical that makes our blood red. These fi
are able to survive without hemoglobin due to the high concentration of oxygen context in the cold wa
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Temporal assembly of biology

Microbiology and biochemistry ¢ 3600-3900 MYA
Genetics and cell biology ¢ 16002500 MYA
Dev. bio. and general physiology540-1000 MA

Neurobiology ¢ 600 MYA
Behavior ¢ 600 MYA
Anthropology ¢ 15 MA

MYA, Million Years Ago

Taken Bystephen C StearnisEvolution, Ecology and Behavigcture 1
http://academicearth.org/lectures/evolutiorselectiorinheritancehistory



Principles for today

How do differences among phyla emerge?

Changes in the Heprotein responsive elements of downstream genes
Changes in Hox gene transcription patterns within a body region

Changes in structure and properties of the proteins encoded by Hox genes
Changes in Hox gene expression between body segments

Changes in Hox gene number
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See alsohttp://www.scientificamerican.com/article.cfim?id=whas-evo-devo



http://www.scientificamerican.com/article.cfm?id=what-is-evo-devo
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A phylogeny of metazoans
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FIGURE 9.18. Phylogenetic relationship of some of the major animal (metazoan) groups. The
deuterostomes plus protostomes combined make up the so-called Bilaterian animals, which have
the property of bilateral symmetry (although it can be argued that Cnidaria have clear indications
of bilateral symmetry as well). Based primarily on molecular phylogenetics, the Protostomes are
further divided into two large clades known as the Ecdysozoa and the Lophotrochozoa.



Thedeuterostomedanclude echinoderms and chordates
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FIGURE 9.20. Representative Deuterostomes include echinoderms such as (A) crinoid, (B) starfish,
and chordates such as (C) clownfish, (D) frog, (E) bird, (F) snake, and (G) elephant.

Deuterostomesre distinguished by their embryonic developmentdeuterostomes the
first opening (theblastopore becomes the anus, while protostomesit becomes the mouth.



TheEcdysozoaclude theArthropodaand theNematoda

HGURE 9.22. Representative Ecdysozoa include (A) butterfly (arthropod insect), (8) crayt sh tarthre

nod crustacean), (C) millipede (arthropod myriapod), (D) spider tarthropod chelicerate), (E) chaetog-

nath, (F) priapulid, and () onychophoran (velvet worm).
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Arthropods have four major subdivisions: hexapadgriapods chelicerates and crustacean:
(all with jointed appendages and a tougihitniousand segementedexoskeleton).



A phylogeny of insects

Diptera Siphonoptera Lepidoptera Coleoptera Orthoptera Odonata Thysanura
(flies, mosquitoes) (fleas) (butterflies, moths) (beetles) (grasshoppers, etc.) {dragonflies, etc.) (silverfish)
k. Wingless A Wingless J
v e

Holometabolous Hemimetabolous
FIGURE 9.17. The phylogenetic relationship of several insect orders. Of the groups shown here,
only two, the Thysanura and Siphonoptera, are wingless. Based on the fossil record and relation-
ship to other arthropods, Thysanura are thought to have evolved from the last common wingless
ancestor of all the insects shown here. Thus, Thysanura retain the wingless condition of the pre-
sumed ancestor. On the other hand, the Siphonoptera lineage is thought to have become wingless
as it is nested within multiple orders of winged insects. Thus the common ancestor of fleas and
flies was winged, but wings were lost in the lineage leading to fleas.

Holometabolousnsects are the monophyletic group that undergoes complete
metamorphosis.



The life cycle dDrosophilamelanogaster

female male

1st instar larva

2nd instar larva

prepup ey

3rd instar larva
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transformation of one body part into another

In 1894 Bateson publishédaterials for the study of variation: treated with special regarc
to discontinuity in the origin of specjaa which he catalogued unusual physical variation
animal specimens, and classified each variation as either a deviation from the expecte
number of a certain body part; or as one in which an expected body part has been rep
by another (which he calleldomeotiq. [from Wikipedia]


http://en.wikipedia.org/wiki/Homeotic

Edward Lewis studied a mutation callditrabithorax
(UbX that could transform the third thoracic segment
Into the second thoracic segment

The gene mutated here is thu:
O2Yy aA RBOMNBIRIB Y ¢

FIGURE 11.1. Wild-type fly (top) and fly homozygous for reduced-function
alleles of Ubx (bottom). In wild-type flies, the second throacic segment bears
a pair of wings, whereas the third thoracic segment has a pair of halteres (inset
shows a magnified view; arrow points to a haltere). In the Ubx mutant, loss
of Ubx expression in the third thoracic segment results in a fly with two pairs
of wings as the halteres have been transformed into an additional wing pair.



Homeoticgenes are specifically expressed in the body
regions that they control
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FIGURE 11.3. (A) (Top) A wild-type larvae with schematic of gene expression patterns (Ubx, blue;
abdA, yellow; AbdB, brown). Lower larvae illustrate the homeotic transformation in segment iden-
tity that occurs in null alleles of Ubx, abdA, and AbdB. In all cases, the total number of segments
is unchanged, but segment identity is altered. (B) Antibody staining reveals Hox protein distribution
in wild-type embryos (blue arrows point to the boundary between T2 and T3). By about mid-em-
bryogenesis (top two embryos), Ubx protein is detected in T3 and throughout most of the abdomen.
Bottom embryo (ventral view) shows the simultaneous detection of four different Hox gene protein
products (Scr, black; Antp, red; Ubx, blue; AbdB, brown). Note the sequential expression of the pro-
leins along the anteroposterior axis of the embryo.



Homeoticgenes are specifically expressed in the body
regions that they control
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11.2. Homeotic gene organization in Drosophila. Lower portion shows a schematic of the
es and their organization into two clusters, known as Antp-C and BX-C. The upper por-
side view of a fly embryo (anterior is to the left; ventral is down; T1, first thoracic
irst abdominal segment). The Hox genes are expressed in specific domains along the
erior (A-P) axis, and the relative position of each gene on the chromosome is also re-
he order of expression along the A-P axis, a correlation known as colinearity. The col-
below the embryo give a better representation of the entire expression domain for each
e regions of overlapping expression.



Hoxgenes are present in all animals

Hox complex Anterior Central Posterior
duplications il P B P S 6 7 9 10 11 12 13
A== = e —— -
. - - - — — —
Expansion Vertebrates e e e — S — B —
of posterior d — C = = = ==
Hox genes : 14
0 Cephalochordates -l—HT—{T-——— |
E
2 9/10 11/13a 11/13b
o Echinoderms . B = = a a ———
5
o)
O
& lab pb Hox3 Dfd Scr  ftz Antp Ubx abdA Abd-B
E Arthropods - {1}
3
©
&
= ) Lox5 Lox2 lox4 ~ Post1 Post2
Annelids HENFEEENE" B (]
Mollusks 1 HENENENEMN| [ |

FIGURE 11.6. Evolutionary history of the Hox gene complex in metazoan phyla. The common an-
cestor of the phyla shown here probably possessed at least eight Hox genes organized into a sin-
gle complex. Various expansions of the complex have occurred in multiple lineages. For example,
an expansion of the Posterior group appears to have occurred early in deuterostome evolution, and
several duplications of the entire cluster occurred during vertebrate evolution, which led to four
clusters (a, b, ¢, and d; note that some Hox genes are absent from some of the clusters because of
gene loss after duplication) on four different chromosomes. The precise evolutionary relationships
for the Posterior class genes and the Hox6, -7, and -8 group genes between phyla are still unre-
solved (e.g., independent duplications may have led to Hox” and -8 in deuterostomes and Anip
and Ubx in protostomes). The coloring pattern shown here for these genes is an oversimplification.



oxgene organization and function are conserve
between animal phyla
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FIGURE 11.7. Comparison of Drosophila and mouse Hox gene organization and expression. Ii

both species, the Hox genes are clustered. As described previously, there are two clusters (com

in Drosophila. In mice, as in other mammals, the Hox complex is in a single, compact
lex is on a differ

plexes)
cluster with four copies of the cluster in the genome (see Fig. 11.6; each comy
ent chromosome; only ane copy is shown herel. In both species, Hox genes are expressed alc
on patterns are seen

and control the patterning of, the anteroposterior axis. In mice, expr
in the nervous system (colored bars indicate the domains in the brain and spinal cord) and in the
somites (coloring indicates Hox gene expression domains in the somites that will form the cervi-
cal, thoracic, and lumbar vertebrae). The Hox/1-13 genes are not shown here, but they are ex
ral vertebrae.

wressed in various patterns of the lumbar and s
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Why does a butterfly have four wings
but a fly has only two?

Change in
Ubxtargets



