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To o Too Do

The main concepts discussed today

Review of Natural Selection and the basic model of evolution
Basic modes of selection: positive, negative, and neutral

A Further classification: Directional, stabilizing, and disruptive
The interaction between selection and drift

The interaction between selection and gene flow



The standard model of evolution

Population -

l

Step 1.

Step 2:

Altered population
Step 3: repeat ‘




Misunderstandings about evolution

A Not random!
A Not necessarily perfect.

A Not necessarily progress



From last time: genetic algorithm invents a lpass filter
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FIGURE 17.13. Low-pass filters designed by selection among alternative designs. Selection was for
full transmission of frequencies below 1 kHz and zero transmission above 2 kHz. (A) The frequency
response of the best of a random initial population (red) compared with the sharp frequency re-
sponse achieved after 49 generations of selection (blue). (B) The filter that gave the sharp frequency
response had been patented in 1917, :



The other modes of selection

Positive selection

Directional selection ‘
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FIGURE BOX 17.2. Modes of Selection

Stabilizing selection

Negative selection
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Experimental evolution
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FIGURE 17.31. (A) Long-term
selection for oil content in
maize. (B) Selection on Dre soph-
ila for ability to fly upwind. The
response to selection in two

replicates is shown.

Experiment on maize started in lllinois in
1895 and still continued. Extreme 20% (most
and least) in terms of oil content of the
population were selected to breed in each
generation

Initially Drosophila could only fly against a
wind of 2cm/sec, but after 100 generations
in which the best 4.5% of flies were
selected, the average flying speed
increased 85old. The same phenomenon
Is observed in two replicates lines.



Creature Feature!

TheAsian giant horne(Vespamandarinig

Japanese honey bee&fisceranajaponicg defensively
"balling" in which two hornets\(espasimillimaxanthopterg
are engulfed and heated.

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



Creature Feature!

ne of the marvels of evolution is the Asian giant hornet, a
predatory wasp especially common in Japan. It's hard to imag-
ine a more frightening insect. The world’s largest hornet, it is
as long as your thumb, with a two-inch body bedecked with menacing
orange and black stripes. It's armed with fearsome jaws to clasp and kill
its insect prey, and also a quarter-inch stinger that proves lethal to several
dozen Asians a year. And with a 3-inch wingspan, it can fly 25 miles per
hour (far faster than you can run}, and can cover 6o miles in a single
day.
This hornet is not only ferocious, but voracious. Its young larval
grubs are fat, insatiable eating machines, who insistently rap their heads
against the hive to signal their hunger for meat. To satisfy their relentless

demands for food, adult hornets raid the nests of social bees and wasps.

form (large size, stings, deadly jaws, big wings), chemicals {marking
pheromeones and deadly venom in the sting), and behavior (rapid flight,
coordinated attacks on bee nests, and the larval “I am hungry” behavior
that prompts the hornet attacks). And then there is the defense of the
native honeybees—the coordinated swarming and subsequent roasting
of their enemy—certainly an evolved response to repeated attacks by

hornets. (Remember, this behavior is genetically encoded in a brain

smaller than a pencil point.) <~

On the other hand, the recently introduced European honeybees are
virtually defenseless against the hornet. This is exactly what we would
expect, for those bees evolved in an area lacking giant predatory hornets,
and therefore natural selection did not build a defense. We can predict,
though, thatif the hornets are sufficiently strong predators, the European
bees will either die out (unless they are reintroduced), or will find their
own evolutionary response to the hornets—and not necessarily the same

one as the native bees.

TheAsian giant horne(Vespamandarinig

One of the hornet’s prime victims is the introduced European hon-
eybee. The raid on a honeybee nest involves a merciless mass slaughter
that has few parallels in nature. It starts when a lone hornet scout finds
a nest. With its abdomen, the scout marks the nest for doom, placing
a drop of pheromone near the entrance of the bee colony. Alerted by
this mark, the scout’s nestmates descend on the spot, a group of twenty
or thirty hornets arrayed against a colony of up to thirty thousand
honeybees.

But it’s no contest. Wading into the hive with jaws slashing, the hor-
nets decapitate the bees one by one. With each hornet making bee heads
roll at a rate of forty per minute, the battle is over in a few hours: every
bee is dead, and body parts litter the hive. Then the hornets stock their
larder. Over the next week, they systematically ravage the nest, eating
honey and carrying the helpless bee grubs back to their own nests, where
they are promptly deposited into the gaping mouths of the hornets’ own
ravenous offspring.

This is nature red in tooth and claw, as the poet Tennyson described.®
The hornets are fearsome hunting machines, and the introduced bees
are defenseless. But there are bees that can fight off the giant hornet:
honeybees that are native to Japan. And their defense is stunning—
another marvel of adaptive behavior. When the hornet scout first arrives
at their hive, the honeybees near the entrance rush into the hive, calling
nestmates to arms while luring the hornet inside. In the meantime, hun-
dreds of worker bees assemble inside the entrance. Once the hornet is
inside, it is mobbed and covered by a tight ball of bees. Vibrating their
abdomens, the bees quickly raise the temperature inside the ball to about
47 degrees C. Bees can survive this temperature, but the hornet cannot.
In twenty minutes the hornet scout is cooked to death, and—usually—the
nest is saved. I can’t think of another case (save the Spanish Inquisition)
in which animals kill their enemies by roasting them.**

There are several evolutionary lessons in this twisted tale. The most
obvious is that the hornet is marvelously adapted to kill—it looks as
though it were designed for mass slaughter. Moreover, many traits

work together to make the wasp a killing machine. They include body
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Experimental evolution

Relative fitness

0 5,000 10,000
Time (generations)

FIGURE 17.32. Average fitness of nine replicate Es-
cherichia coli populations relative to the ancestral
strain during 10,000 generations of adaptation to a glu-
cose-limited medium.

17.32, redrawn from Lenski R.E. et al., Proc. Natl. Acad. Sci.
91: 6608—6618, © 1994 National Academy of Sciences, U.S.A.
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Most New Mutations Are Lost by Chance,
Even if They Increase Fithess
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FIGURE 18.1. Most favorable mutations are lost by chance soon after they arise. The graph shows
the number of copies of an allele with selective advantage s = 10% plotted against time. Even
though the allele increases fitness, it survives in only 3 out of 30 replicates. In those cases, its
numbers grow exponentially and so appear as straight lines on a log scale (upper right). The other
27 mutations are lost within a few generations (lower left). The probability of survival is ~2s =
20%, so we would have expected 6 of 30 mutations to survive—rather more than the 3 that hap-
pened to survive in this example.

11



The probabillity of survival depends upsand its
number of copies in the population
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FIGURE 18.2. The probability of survival of an allele that increases fitness by
s = 10% plotted against the number of copies, n. One copy has a chance of
~2s = 20% of surviving, and survival is almost certain once there are more
than about 20 copies. The chance of survival depends on n « s, so that the
graph has the same shape with weaker selection coefficients. For example,
with s = 1%, survival is almost assured with more than 200 copies.



When populations are large enough, evolution
does become deterministic

(Recall: N, population size; ards the mutation rate

If N>>> 1.
every mutation is present and a mutation that increases fitness is sure to be
fixed (as in theibozymeexample in the last lecture).

However, if N << 1:

not every mutation is present. A favorable mutation is essentially unique and
subject to the hazards of random drift when it arises.

pages 496193, in book



Often, many different mutations at the same
or at different loci can increase fithess

Three distinct
alleles in rats
resistant to
warafin

FIGURE 18.3. Resistance to the anticoagulant poison warfarin in rats (Rattus
norvegicus) is due to multiple alleles. Areas where warfarin-resistant rats are
found are in red. Here, resistant alleles are kept polymorphic by heterozygote
advantage. The Scottish, Welsh, and English resistance outbreaks are due to

different alleles.

14



Because establishment of a favorable allele is a
random process, populations diverge if they
pick up different mutations in a different order.

Carbon source Time (generations)
2,000 10,000 20,000

Bromosuccinic acid 7 11

D-alanine 1 3 6

p-malic acid 5

D-ribose

D-saccharic acid

D-serine

D-sorbitol

Fructose-6-phosphate
Fumaric acid
Glucose-1-phosphate
Glucose-6-phosphate
Glucuronamide
L-asparagine

L-aspartic acid
L-glutamine

L-lactic acid

L-malic acid

Malic acid
Mono-methylsuccinate
Mucic acid
p-Hydroxyphenylacetic acid
Succinic acid

Uridine

FIGURE 18.5. Adaptation of 12 Escherichia coli populations to live on minimal medium with glucose as the sole car-
bon source. (A) Decrease in total catabolic function calculated as the average of the growth rate measured on 64 differ-
ent substrates relative to the ancestor. Open circles indicate populations that evolved high mutation rate. The solid line
shows the mean across the low mutation rate lines and the dashed line the mean across the high mutation rate lines.
(B) The detailed response to life in a new environment varied between replicate populations. The numbers show the num-
ber of populations that grew more slowly on each substrate than the ancestor did. Red highlights functions that consis-
tently decayed; turquoise indicates two cases where there was a significantly improved function. () Variation in fitness
among the replicate populations during the first 10,000 generations. Curves are fitted to measurements made every 500
generations. (D) Frequencies of deletions to the ribose operon, which eventually fixed in all 12 replicates.

The chance acquisition of different favorable mutations is one of several
mechanisms of divergence ,and may lead to speciation events
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In Small Populations,
Deleterious Alleles Can Be Fixed by Chance

Probability of
fixation, relative
to a neutral allele

Value of Ns

Probability of fixation of a neutral allele is 1/2N
Probability of fixation of an allele with selective advantage s is 23(1"9
So the probability of fixation of any new mutant allele, relative to that of a

neutral mutation, is 4Ns/(& es*N9
Note that a deleterious allele with Ns¢8.5 still has a chance of becoming

fixed that is 31.3 per cent of that of a neutral allel_e-Iartl NRG (2000) 1: 14519



In Small Populations,

Deleterious Alleles Can Be Fixed by Chance

Probability of fixation
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FIGURE 18.6. The probability that a single copy of an allele with selective advantage s will be
fixed in a population of effective size N_ is 2s(N/N)/(1 — exp(-<4N_s)), where N is the actual num-
ber of individuals. The graph shows this probability plotted against N_s, for N_ = N. If the allele is
strongly favored (N_s >> 1), then P ~ 2s(N/N). If N_s is small, then drift is much stronger than se-
lection (1/2N_ >> s), and so the allele is effectively neutral (shaded strip). Because each of the 2N
genes in the population has the same chance of ultimately fixing, P ~ 1/2N (see p. 425). Finally,
if the allele is deleterious (N s << —1), then the probability of fixation becomes very small: P ~
21sl(N/N)exp(—4N._Isl), where Isl is the positive magnitude of selection (i.e., —s if s < 0).

The formula for fixation probability is discussedkignura (1983, Chapter 3).
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FIGURE 16.4. Dobzhansky and Wright (1943) measured the rate of dispersal of Drosophila pseudoob-
scura by releasing marked flies at sites in the Sierra Nevada, California (A). Over the following days,
flies were caught in a series of traps. The graphs (B) show how the variance of the distribution of
marked flies increased over time. The three sets of points show results from experiments at different
times during the summer: Rates of movement increase strongly with temperature. The rate of diffusion
of genes is estimated by assuming a mean lifetime of 4.5 days (vertical line).
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Favorable Alleles Spread Rapidly

Distanc

Figure 18.10 from book and Wikipedia,



Favorable Alleles

t=3000

pread Rapidly (theory)

For example, an allele with advantage
s=0.5%would spread at a rate of (2x0.0C
20 wdp I nomT @ {2 A
generations to spread by one dispersal
N} y3IsS ~ o
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