Phenotypic Evolution

“Something’s just not right—our air is clean, our water is
pure, we all get plenty of exercise, everything we eat is organic and
[free-range, and yet nobody lives past thirty.”
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reature feature; the Peacock

An Indian Blue Peacock (rear) courts a peahen (front).
We¢KS aA3IKG 2F | FSFEGKSNI AYy | LISFO20]C
- Charles Darwin, [before his solution to the problem]
http://en.wikipedia.org/wiki/Peafow



How to define life?

Life is composed of organized matter that is capable of
undergoing reproduction and natural selection

Reproduction:
A Accumulate biomass
A Organize It into coherent biological structures
A This requires energy, an network of chemical reactions and some
memory of pattern
Natural selection:
A System must generate inheritable variation



Life originated early on after the Earth stabilized,
but HOW?
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which could ever have been present. But if (and Oh! what a big if!) we could conceive in
warm little pond, with all sorts of ammonia and phosphoric salts, light, heat, electricity, et
present, that a protein compound was chemically formed ready to undergo still more con
changes, at the present day such matter would be instantly devoured or absorbed, whict
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Darwin in a letter to Joseph Hook




How does life originate from nelife?
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FIGURE 4.5. Synthesis of urea from inorganic salts by the Wohler reaction.

Organic molecules could be made from inorganic compounds by
relatively simple chemical reactions



Miller-Urey experiment

Miller-Urey experiment simulated oceaatmosphere interface in which methane,
ammonia and hydrogen gas were mixed with boiling water and circulated past an elect
discharge (simulating lightning).
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FIGURE 4.6. The apparatus used in the Miller—-Urey experiments. (A) Recreation of the original ap-
paratus. (B) Diagram of the apparatus.

A Many amino acids, sugars, and bassrs were created
A The organic molecules might have been delivered from outer space through éa mete



Life without the sun

FIGURE 4.9. Life at a hydrothermal vent oasis. The photo shows a community
of animals at a vent site.



The Chickerand-Egg Problem

A DNA encodes information for making proteins
A Proteins are incapable of setplication
A But proteins are required to catalyze replication of DNA



The Central Dogma of molecular biology
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FIGURE 2.31. The Central Dogma of molecular biology is that information
flows from DNA to RNA to protein. Solid arrows indicate information flows
that occur in all cells, through DNA replication, transcription of DNA into
mRNA, and translation of mRNA into protein. Dotted arrows indicate flows
that are seen occasionally, through reverse transcription and replication of
RNA. Crucially, information cannot flow from protein back into nucleic acid
sequence.



A closer look at the Central Dogma
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FIGURE 2.27. General mechanism of eukaryotic protein synthesis. The major steps include tran-
scription of the DNA gene sequence into the messenger RNA template in the nucleus of the cell,

translation of the DNA codons of that gene into amino acids, and their assembly into

polypeptides

in the cytoplasm. Important mediators of this process include transfer RNAs, splicing elements, and

ribosomes.
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In the 1968 Cricknd Orgelpropose that the first
Information molecule was RNA.
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FIGURE 2.36. An example of a catalytic RNA or ribozyme: the catalytic center of the Tetrahymena
group | intron (blue). The substrate RNA (red) is cleaved by the active site at the junction of the
two helical domains (red arrow at center). Remarkably, this RNA molecule catalzyes its own cleav-
age, cutting itself out of the pre-mRNA to produce the processed mRNA, which will be translated.

RNA can function as a catalyst ”



RNA has a diversity of cellular roles in modern organisi

TABLE 4.3. Examples of modern RNA roles

Function Type of RNA Role of RNA
Translation mMRNA Product of DNA transcription
tRNA Involved in translation of the genetic code
rRNA Serves as part of a ribosomal subunit
DNA replication RNA primers Replication of the lagging DNA
strand initiates with an RNA primer
Telomerase RNA Needed at the ends of linear
chromosomes
Splicing and RNA Small nuclear RNA (snRNA) Involved in splicing
processing Small nucleolar RNA Required for posttranscriptional
(snoRNA) processing of rRNA
RNase P Essential for tRNA processing
Translation quality tmRNA Targeting aberrant protein products
control for degradation in bacteria
Protein translocation Signal recognition A component of the signal recogni-
particle (srpRNA) tion particle (SRP)
RNA interference (RNAi) Many types Involved in regulating RNA stability
and translation in euykaryotes
Transcription regulation  6S Regulates the function of bacterial
RNA polymerase
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Deoxyribonucleotideare synthesized frombonucleotides
DNA replication uses an RNA primer
ATP the global energy carrier isilaonucleotide

7T
P P Base
077 S0 ™0 O
@) O
HO OH
Ribonucleotide

Ribonucleotide
reductase

7Y
077 o7 ~0_o
O @)
HO H
Deoxyribonucleotide
FIGURE 4.15. Ribonucleotide reductase. In modern organisms, deoxyri-
bonucleotides are synthesized from ribonucleotides using the enzyme ri-

bonucleotide reductase. This is consistent with deoxyribonucleotide synthe-
sis being a more recent invention than ribonucleotide synthesis.

dzo
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How can RNA be catalytic?
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FIGURE 4.16. RNA structure. Structural motifs that can be formed by folding RNA molecules. (A)
Stem-loops, hairpins, and other secondary structures form by base pairing between distant com-
plementary segments of an RNA molecule. In stem-loops, the single-stranded loop (b/ue) between
the base-paired helical stem (red) may be hundreds or even thousands of nucleotides long, whereas
in hairpins, the short turn may contain as few as 6-8 nucleotides. (B) Interactions between the
flexible loops may result in further folding to form tertiary structures such as the pseudoknot. This
tertiary structure resembles a figure-eight knot, but the free ends do not pass through the loops,

so no knot is actually formed.

It can fold into diverse-8imensional structures
It is reactive. More reactive than DNA because of the presence of an OH group
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Life originated early on after the Earth stabilized,
but HOW?
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FIGURE 4.4. Steps in the origin of life.
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Evolution of the Phenotype
The Logic of Optimization Arguments |

Smaller male flies copulate longer



