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The universalities of life:
1. Lifeon Earth iarbonbased
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2. Allorganisms use the samegenetic code

*or almost the same



3. Allorganisms on earth use the same operating syster

DNA<— Genotype

MRNA rRNA

Phenotype
Protein

FIGURE 1.1. The Central Dogma: DNA makes RNA makes protein.
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4. Similagenes are found across organisms
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Deep molecular universalities:

Human celcycle genes can rescue yeast defective
with the corresponding cell cycle genes

Paul Nurselemonstrated that a strain of yeast with a
defectivegenecould use the human version of that gene
to repair itself. That we not only share a common genetic
codewith other organisms, but that we actually share
specific genes, is powerful evidence of our common
ancestry.

Complementation used to clone a human homologue of the fission yeast
cell cycle control gene cdc

A human homologue of the cBgene has been cloned by expressing a
humancDNAlibrary in fission yeast and selecting for clones that can
complement a mutant of cdt The predicted protein sequence of the
human homologue is very similar to that of the yeastZgene. These
data indicate that elements of the mechanism by which the cell cycle is
controlled are likely to be conserved between yeast and humans.

http://www.pbs.org/wagbh/evolution/library/04/ 4/l 044 02.html
Lee & NurseNature327, 31-35 (7 May 1987)
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5. Shared biochemistry Is largely arbitrary
Lefthanded is used but a right handed biochemistry would work just as well

http://en.wikipedia.org/wiki/ChiraIity_(cherEr;\istry)



RNA molecules involved in key stepsinting an RNA world

Image byNoller, Ramakrishna,nanngteitz



Evolution leads to the development of new drugs

P.falciparum

A is an infectious parasite that leads to malaria

A is a eukaryote, so drugs that attack it also harm humans
A was discovered to have amgannellecalled theapicoplast

Theapicoplast

A was acquired by the ancestors Rffalciparumwhen they were
iIn asymbiosywith an algae.

A absence of thapicoplastin mammals suggested promising
new targets for medications

FIGURE A&S.2. Apicoplasts are visible through the use of green fluores
cent protein (top); round balls in center are malaria parasites (middle); anc
green apicoplasts inside parasites (bottom).

A&S.2, apicoplasts, courtesy of Geoffrey McFadden, University of Melbourne

Evolution © 2007 Cold Spring Harbor Laboratory Press
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The pattern of evolutionary change can be used to

determine the structure of bianolecules
AR e S o)

Figure A&S.3. The pattern of evolutionary change in an RNA molecule can be used to determine its

structure. (A) Where two parts of the RNA molecule pair, a change in one base must be accompanied

by a change in its partner if pairing is to be maintained (e.g., G—A [red] and C—U [bluel). This main-

tains the pairing between these bases. In contrast, changes in unpaired regions can occur independ-

enlly (e.g., the single change A—U [green]). (B} The secondary structure of the 16S ribosomal RNA

molecule was inferred using this method, based on comparisons between more than 7000 sequences

from different bactenal species. Ladders indicate paired helices. (C) The full three-dimensional struc-

ture of crystals of the molecule was determined directly in 2000 and confirms the inferences made by T ﬁl

the comparative method: More than 97% of the predicted pairs were found in the crystal structure. EVOIutIO y pg4
Different colored regions in B and € correspond to different domains of the molecule.



Molecular evolution can be used to improve proteins for
In biotechnology

FIGURE A&S.4. Molecular evolution can be used to solve a complex prac-
tical problem. Here in vitro selection of a synthetic green fluorescent protein
(GFP) gene (B) was used to increase its signal over wild type (A).

12



Creature Feature!

The Texas horned lizard

A When threatened by a predator, a horned lizard will puff up its body to cause its spiny s
to protrude, making it difficult to swallow.

A The Texas horned lizard can squirt a stream of blood from the corners of the eyes and
sometimes from its mouth for a distance of up to 1.5 meters.

A This not only confuses woulae predators, but also the blood is mixed with a chemical tt
Is fouktasting to canine predators such as wolves, coyotes, and domestic dogs.

http://en.wikipedia.org/wiki/Texas _horned_lizard 13



Certain embryonic stages tend to be similar, even
between species that have very different adult forms

FIGURE 3.4. Similarity of embryos during early stages of development. Embryos of a grasshopper
(insect; A), spider (chelicerate; B), and centipede (myriapod; O) are juxtaposed with their adult
forms. Despite the differences between the adults of these three arthropods, the embryos are re-
markably similar at this stage of development. (The embryos are stained for a gene product that

highlights their conserved segmental nature.) 12



Linnaean taxonomy

A descending hierarchy of categories

Carl Linnaeus

e

Lizard

vve-ﬁ ngered hand; claws

placenta; live birth

Tiger Lion

retractable claws

Domain

Kingdom 1

Phylum

Class

Family

Genus

Species ]

http://scienceblogs.com/evolvingthought2007 Oﬂcla%ge.php
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Hierarchical Classification

The Linnaean system of species, genera and families is immediately explained by

descent with modification

Directly reflects shared ancestry
The characteristics most useful in
classification are not those that
adapt species to their individual
way of life but rather those that
retain their ancestral state.
Homologous structures are
explained by common descent.
Molecular characteristics support
the nested classification
Distinguishes this process from a
designed process

\\ Ruminants

Artiodactyl

Ungulates

Mammals

-

Vertebrates

FIGURE 3.5. The vertebrates can be classified in a series of nested groups-
within-groups, each group sharing a set of unique features. This pattern is
explained by the underlying phylogeny that connects each species (see Fig.
9.18). The artiodactyls (even-toed ungulates) are a diverse group that in-
cludes the ruminants (shown here) but also highly modified groups such as
the whales.



Alfred RusseWallace 1823¢ 1913

Codiscoverer of Natural Selection

The Wallace Line demonstrates relationship
between geographical distribution and geological history
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FIGURE 3.6. Wallace’s Line (thick red line) separates two distinct present-day land faunas.

There is a sharp boundary between distinct fauna and flora that runs across the East In
In an apparently arbitrary location



Marsupial fossils in Antarctica



