An introduction to Naturaelection

The bright colours of

the cock pheasant (a)

have been selected by I
generations of hens.

(b) Underwater cock
pheasants? Male guppies in
predator-free waters are free to
evolve bright colours that attract
predators. As with roses and tulips, c %
human breeders have latched on and ) v ]
taken the trend further. These guppies
appeal to aquarists as well as females.

(c) Danger lurks in beauty. Purple
praying mantis lies in wait for insects
lured by the flower that it mimics.
ises mimic leaves;
1S IS h (a juvenile stage)

* of one of them. SFimals‘
lich as this ge South
e imic dead leaves.
not the fpend of
a snake but the back end of

a caterpillar. Its ancestors
survived because a signifi
number of would-be
predators were frightened
by the resemblance.
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Natural selection depends on inherited variation in fithes
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FIGURE 17.1. If some individuals tend to leave more offspring than others because they carry cer-
tain inherited traits, then those traits will tend to increase. Individual reproductive success varies
randomly (left), but when averaged over a large population, slight differences in fitness cause steady

evolutionary change (right).



Unchecked proliferation is impossible in the letegm

E. coldivide every20 minutes. How many cells in & colpopulation will occur if this
growth rate is unchecked?

after 4 days, there will be:
4 (days) 24 (hours per day) B (generations per hour) 288generations
288generations will produc@?® cells or 4086,

As a reference, the estimated number of atoms in the observable univei€g9is



Thomas Malthus (1766834)
An Essay on the Principle of Population

Population unchecked
Sustenance
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arithmetical ratio. A slight acquaintance with numbers will show the immensity of the first power in
comparison of the second. By that law of our nature which makes food necessary to the life of mal
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http://www.ac.wwu.edu/~stephan/malthus/malthu€.html



Darwin proposes Natural Selection
a4 0KS YSOKIYAAY
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Let it be borne in mind in what an endless number of strange peculiarities
our domestic productions, and, in a lesser degree, those under nature, vary;
YR K2g ai0NRYy3I GKS KSNBRAGFNEB G§SYRS\)

Let it be borne in mind how infinitely complex and cldging are the
mutual relations of all organic beings to each other and to their physical
conditions of life.

[ty AGZ OKSYZX 0S (0K2dAKO AYLINRoOlof S:
some way to each being in the great and complex battle of life, should
sometimes occur, in the course of thousands of generations?

If such do occur, can we doubt (remembering that many more individuals
are born than can possibly survive) that individuals having any advantage,
however slight, over others, would have the best chance of surviving and of
LINE ONBFGAY3 GKSANI {AYRK X a

Charles DarwirOn the Origin of Specie$859, as quoted in our book.
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0T his preservation of favorable
variations and the rejection of
Injurious variations | call Natural
Selection, €



NaturalSelection follows automatically
from three conditions

If there are geneticalhdifferent individuals in the population, AND
If resources are rarand limit the populationsize, AND,

If someindividualsare geneticallybetter at capturing resources and producing offspring.
(in other words, there is a correlation between genetic differences and survival),

THEN the distribution of that character in the population will change over time.
The nonrandom survivdl Y R NB LIN2 R dzQ'dt Xi2i3NE f A & SO ISIOUI R yY
survive to reproduce are said to be naturally selected.

TogetheE (1 KS GKNBS O2yRAUAZ2YAEA YR 0KS O2yOf
Natural Selection.



Kabuki mask of samurai warrior

TheHel

samurai warrior. The second
is a crab of the species
Heikea japonica, which is
found in Japanese waters.
The generic name, Heikea,
comes from a Japanese clan
called the Heike, who were
defeated at sea in the battle
of Danno-Ura (1185) by a
rival clan called the Genji.
Legend tells that the ghosts
of drowned Heike warriors
now inhabit the bottom
of the sea, in the bodies of
crabs — Heikea japonica.
The myth is encouraged by
the pattern on the back of

this crab, which resembles the fiercely grimacing face of a samurai

warrior. The famous zoologist Sir Julian Huxley was impressed

enough by the resemblance to write, ‘The resemblance of Dorippe to

an angry Japanese warrior is far too specific and far too detailed to be

accidental . .. It came about because those crabs with a more perfect

resemblance to a warrior’s face were less frequently eaten than the

Heikea japonica
crab

keagjaponicacrab
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others.” (Dorippe was what the crab was called in 1952 when Huxley
wrote. It reverted to Heikea in 1990 when somebody rediscovered that
it had been so named as early as 1824 — such are the strict priority
rules of zoological nomenclature.)

This theory, that generations of superstitious fishermen threw
back into the sea crabs that resembled human faces, received new
legs in 1980 when Carl Sagan discussed it in his wonderful Cosmos.

In his words,

Suppose that, by chance, among the distant ancestors of this
crab, one arose that resembled, even slightly, a human face
Even before the battle of Danno-ura, fishermen may have been
reluctant to eat such a crab. In throwing it back, they set in
motion an evolutionary process . .. As the generations passed,
of crabs and fishermen alike, the crabs with patterns that
most resembled a samurai face survived preferentially until
eventually there was produced not just a human face, not just a

Japanese face, but the visage of a fierce and scowling samurai.

It’s a lovely theory, too good to die easily, and the meme has indeed
replicated itself through the canon. I even found a website where you
can vote on whether the theory is true (31 per cent of 1,331 voters),
whether the photographs are fakes (15 per cent), whether Japanese
craftsmen carve the shells to look that way (6 per cent), whether the
resemblance is just a coincidence (38 per cent), or even whether the
crabs really are manifestations of drowned samurai warriors (an
amazing 10 per cent). Scientific truths are not, of course, decided by
plebiscite, and I voted only because I was otherwise not allowed to
see the voting figures. I'm afraid I voted with the killjoys. I think, on
balance, that the resemblance is probably a coincidence. Not because,
as one authoritative sceptic has pointed out, the ridges and grooves
on the crab’s back actually signify underlying muscle attachments.
Even on the Huxley/Sagan theory, the superstitious fishermen would
have to have begun by noticing some kind of original resemblance,
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however slight, and a symmetrical pattern of muscle attachments
is exactly the kind of thing that would have provided that initial

resemblance. I am more impressed by the same sceptic’s observation

that these crabs are too small to be worth eating anyway. According
to him, all crabs of that size would have been thrown back, whether
or not their backs resembled human faces, although I have to say that
this more telling source of scepticism had a large bite taken out of it
when [ was taken out to dinner in Tokyo and my host ordered, for
all the company, a dish of crabs. They were much larger than Heikea,
and they were thickly encrusted in stout, calcified carapaces, but that
didn't stop this superman picking up whole crabs, one by one, and
biting into them like an apple, with a crunching sound that seemed to
presage hideously bleeding gums. A crab as small as Heikea would be
a doddle to such a gastronomic champion. He would surely swallow
it whole without batting an eyelid.

My main reason for scepticism about the Huxley/Sagan theory
is that the human brain is demonstrably eager to see faces in
random patterns, as we know from scientific evidence, on top of the
numerous legends about faces of Jesus, or the Virgin Mary, or Mother
Teresa, being seen on slices of toast, or pizzas, or patches of damp
on a wall. This eagerness is enhanced if the pattern departs from
randommness in the specific direction of being symmetrical. All crabs
(except hermit crabs) are symmetrical anyway. I reluctantly suspect
that the resemblance of Heikea to a samurai warrior is no more than
an accident, much as I would like to believe it has been enhanced by
natural selection.

Never mind. There are plenty of other examples not involving
humans, where animal ‘fishermen), as it were, ‘throw back’ (or don’t
see in the first place) would-be food because of a resemblance to
something sinister, and where the resemblance is certainly not due

to chance. If you were a bird, out hunting caterpillars in the fore:

what would you do if you were suddenly confronted with a sn
Leap back startled, would be my guess, and then give it a wide berth.
Well, there is a caterpillar — to be precise, the rear end of a caterpillar
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Evolution of dark vs. light peppered moths

FIGURE 12.23 Wild-type (gray)
and melanic (dark) peppered moths
(Biston betularia) on (A) a lichen-
covered tree trunk and (B) a trunk
lacking lichens. The gray form is
more cryptic in A, and the dark
form is more cryptic in B. In one of
Kettlewell’s experiments, fresh speci-
mens of both forms were pinned

to both kinds of trunks. The more
conspicuous form in each situation
was removed more rapidly by birds.
(Photographs by H. B. D. Kettlewell.)
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AACUUUGAGA UG-G G|CUUGC

Tetrahymenaibozymecg
the subject of an experiment on selection
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Anin vitro evolution system to study selection
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Fig. 2. Outline of the in vitro evolution
5{)50tem. Catalytic activity of the
ribozyme (red), results in attachment of
the 3’ portion of the substrate (blue) to
the 3’ end of the ribozyme. Individual
ribozyme molecules that undergo this
reaction can bind an oligodeoxy-
nucleotide primer (primer 1) that
initiates selective cDNA synthesis, A
second oligodeoxynucleotide primer
(primer 2) binds to the 3’ end of the
¢DNA and introduces the T7 RNA
polymerase (T7 pol) promoter
sequence (P). The DNA-dependent
DNA polymerase activity of reverse
transcriptase (RT) results in synthesis of
the second strand of the promoter. T7
RNA polymerase then generates
hundreds of copies of RNA per copy of
DNA template. Each copy retains a
3’-terminal sequence that corresponds
to the 3’ portion of the substrate,
allowing it to bind primer 1 and
undergo additional amplification.
Isothermal amplification continues
until an RNA concentration of
1-10 uM is reached. The RNA is then
converted ta cDNA using the selective
primer 1. The resulting DNA is further
amplified in a non-selective manner by
the PCR, which allows new mutations
to be introduced at each generation
[47]. The PCR makes use of the same
primer 2, but a different primer 1 that
restores the 3’ terminus of the
ribozyme to its original form. The
progeny population is obtained by in
vitro transcription of the PCR DNA,



The increase In activity ov@f generations
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The change in frequency nine commonly seen variants

100
S
)
2
)
=
Q
=3
=
@
|
(5 B
0

Generation

FIGURE 17.2. Selection on catalytic activity of a population of RNA molecules. (A) Secondary
structure of the Tetrahymena ribozyme. Sites in red were never seen to vary during the course
of the experiment. The RNA substrate is shown in purple (left). (B) The increase in activity over
12 generations. (C) The change in frequency of the nine commonly seen variants; numbers give
the position in the RNA sequence, as shown in A. Two of these variants (258, 260) increased
at first, but were later displaced by other variants that resulted in greater activity.
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Natural selection is the only process that causes adaptat
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FIGURE 17.6. Natural selection increases mean fitness, whereas
all other evolutionary processes tend to decrease it. The diagram
represents a population of genotypes clustered around the most
fit genotype at the center. Selection increases the frequency of fit
genotypes and so pushes the population toward this central opti-
mum (red arrows). Other processes (mutation, random genetic
drift, recombination, etc.; green arrows) act in arbitrary directions
and so overall tend to move the population away from the fittest
genotype. (The two dimensions here stand for the very many di-
mensions along which a population can evolve; contours show 14
fitness increasing toward the center.)



Imagine the library of Babel which contains
every possible book
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Natural selection works step by step by assembling
multiple favorable variations



