Evolutionary factors matter?

Evolution

The effect of the main evolutionary factors in a simple
population model

The Hardy-Weinberg principle

Main concepts

How to evaluate the HWE in a sample

What are the main factors that affect HWE

Alvo de estudo

A composigao genética das
populacdes e os factores que
determinam essa composicao e
as alteracdes ao longo do tempo
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Modelos

Conjunto de hipoteses que especificam as relagdes matematicas
entre parametros num dado sistema:

Expressao concisa entre parametros;

Selecgao dos parametros mais importantes;

Orientagao sobre colheita, organizagao e interpretagéo de dados;
Previsdo sobre o comportamento do sistema.

Alvo de estudo

Deriva genética

Mutacao { %
Migracao (fluxo genético) [
Selecgdo W

In genetic drift it is a case of being in the wrong place at the wrong time.




Deriva

Bottleneck Surviving Next
population (drastic reduction individuals generation
in population)

Deriva

e Assim, por erro de amostragem as
frequéncias alélicas podem vir a ser
diferentes das da geracao anterior:

— esperadas F,: 9-3-3-1
— observadas F,:9-3-2.8-1.2

Deriva

e Na auséncia de selec¢ao, migracao e mutacao
as frequéncias alélicas mantém-se na
préxima geracao (HW).

¢ No entanto, sucessivas geragoes sao o
resultado de uma amostragem ao acaso do
pool genético parental.

Deriva

e Exemplo:

— Cara ou coroa dez vezes em conjuntos de 20
moedas ou 4000 moedas.

— A probabilidade de se obterem desvios a
probabilidade esperada (50% cara, 50% coroa) e
maior no conjunto de menos moedas.
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) Initially identical
subpopulations evolve by
chance to become
genetically different
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Drift leads to an inevitable decline in
heterozygosity in finite populations over
time. This happens faster in small
populations.

* large US California and Baja California populations were
hunted for oil and skins

* by end 1800’s, ~ 20 individuals remained on Guadalupe
Island off Baja California

* population rebounded to ~120,000 by 1980
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Sample of
Original Population Descendants
Founding Population A
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» Bonnell and Selander (1974): no
variation at 24 allozyme loci

* Hoelzel et al. (1993): extended survey to
> 50 loci, still no variation

+ severe genetic uniformity, despite “rapid”
rebound to large population
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Fic.1. Estimatesofthe extent of genetic variation based on allozyme electrophoretic surveys in the cast African cheetah (A. jubatus raineyi),
the south African cheetah (4. jubaius jubaius), ¢ight additional feline species (8, 15), and three nonfelid species. The number in patenthcses
indicates the number of genetic loci that were considercd in the estimate, For a review of over 250 such electrophoretic surveys see ref. 24,
Enzymes typed aad procedures used arc as previously described (7, &, 15). ..

in Fig. 1, the east African sample had a frequency of poly- raineyi and jubatus subspecics, perhaps within the last 106
morphic loci (P) of 2/49 (4%) and an average heterozygosity years, a second bottleneck or a chance-driven founder effect ..
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World Cheetah Population
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Scenario 2:

If a female cheetah mates
with one male...

...variability among
the cubs is low...

...and the chance
that all cubs will be
susceptible to a new
pathogen is high.

ScoughZ  ZcoughZ
Zcoughs  =coughs

Deriva
d Mirounga leonina

pinnepeds show low allozyme variation, but:
» southern elephant seals: not hunted, no bottleneck, much
greater allozyme variation

 northern elephant seals: unusually low variation in highly
variable DNA regions (microsatellite loci and mitochondrial

DNA control region)
-2 different control region sequences in 40 northern elephant

seals
—southern species ~ 10X more variation
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Population

ML = Austrakan mainland

T = Tasmania

Sl = South Island New Zealand

Cl = Chatham Island

PN = Palmerston North, south end of North Island New Zealand
A = Auckland, north end of North Island of New Zealand

NI = Norfolk Istand

Deriva

A deriva genética:
nao tem direcgao;

provoca perda de variabilidade genética
dentro de uma populacao;

provoca aumento de variabilidade genética
entre populacdes.

Deriva

¢ Tamanho da populacéao

~

¢ Frequéncias alélicas iniciais

¢ Tempo disponivel

Deriva

A deriva genética:
nao tem direccao
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A deriva genética:

provoca perda de variabilidade genética
dentro de uma populacao

Sample of
Original Population Descendants
Founding Population A

In genetic drift it is a case of being in the wrong place at the wrong time.
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A deriva genetica:

provoca aumento de variabilidade genética
entre populacdes
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THE FAR SIDE

Seleccao

By GARY LARSOMN
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PROFESSOR, WHY ARE
THERE TRAP DOORS UNDER

QUR DESKSE?

Ahh, the first day teaching Natural Selection
Is always the best day.

A seleccao natural baseia-se:

— Mais descendentes do que sobreviventes e reprodutores;

— Diferentes organismos = diferentes capacidades de

sobrevivéncia e reproducgao (reprodugao diferencial);
— Parte da variacao da capacidade de sobrevivéncia e

reproducao & hereditaria.




Certos gendtipos estdo mais adaptados a

um dado ambiente que outros. O numero de descendentes de cada
genotipo é a expressao do seu valor
Dizem-se com maior “fitness”. adaptativo.

= maior capacidade de sobrevivéncia e
reproducao num dado ambiente.

’Fitness' pode ser definido como: A seleccao é a medida da diferenca entre
“a capacidade de os diferentes gendtipos a frequéncia relativa dos descendentes
passarem alelos as geracdes futuras” prevista pela lei de Hardy-Weinberg e a

frequéncia observada.




Tipos de seleccao

Selecgao

Key
Low mortality,
high fitness

- High mortality,
low fitness

Number of Birds
in Population

Disruptive Selection or Diversifying selection

Largest and smallest seeds become more common.

Population splits oS \
into two subgroups 52 |
specializing in 52 f \
/ different seeds. £ | \
/ \ » 27 ) o
Beak Size > Beak Size >

Stabilizing Selection

Percentage of Population

Key
Low mortality,
high fitness
High mortality, Selection
low fitness against both

extremes keep
curve narrow
and in same

place.

Birth Weight

Key
Directional Selection Low mortality,
high fitness
High mortality,
Food becomes scarce. low fitness
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3 cramelpopset Efeitos basicos na variagao genética:
L quando favorece um alelo em particular
e, pode conduzir a reducao da variacao genética e a
Original  Evolved FRdotypes for eckan homozigotia do alelo favorecido;
popula pop / l \ g ’

quando nao favorece um alelo em

particular, pode manter a presenca de 2 ou mais
ﬁﬁ)@ 6‘ ” alelos na populagio.
(a) Directional s;i.ecti;r; (b) Diversifying selec(i;l (c) Stabilizing s;leclion

Selecgao

- of their underlying genotype

Genotype A/A; AA, AA,
Frequency p? 2pq g2
Fitness w,;, w;, w,,
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Individuals may differ in fitness because of their Individuals may differ in fitness because of their
underlying genotype underlying genotype
Genotype AA, AA, AA, Genotype AA, AA, AA,
Frequency p2 2pq g2 Frequency p2 2pq q2
Fitness Wy, w,, w,, Fitness Wy, w,, w,,
Next generation: Next generation:
Freq PZWy 2pq wy, Gz w,, Freq P2Wyy 2pq Wy, A2 W,
w,=1.0 w,,=1.0
w,,=1.0 Freq p2 2pq g2 w,=1.0 Freq p2 2pq q2
w,, = 1.0 w,, =1.0
w,,=1.0
w,=1.0 Freq p? 2pq q2 0.8
w,, =0.8

AA + AA +AA, =1 . .
Average fitness of the whole population:

Wy, =1.0 W = p2w,, + 2pqw,; + q2Wy,
w,, =10 Freq p2 2pq q2

Wy, = 1.0 AA, AA, AA,

0.5 + 0.4 + 01 =1

w,,=1.0

w,=1.0 Freq p2 2pq q2*0.8

w,, =0.8

AA, + AA, + AA, <1
0.5 + 0.4 + 0.08 =0.98!




Average fithess of the whole population:

W = p2w,, + 2pqw,, + 2w,

Given variable fitness, frequencies after selection:

Genotype AA, AA, AA,
Freq p2w,, 2pq w,, 2w,
W W w

Persistent Selection Changes Allele Frequencies

Selection scheme
- % surviving
@ 88, ByB; BB
i Strong —
% 100 900 80.0
100 98.0 96.0
g — 100 990 980
(™ — 100 995 990
100 998 996
0 200 400 600 800 1000 Weak

Generation

Strength of selection is given by the
magnitude of the selection differential

Given variable fitness, frequencies after selection:

Genotype AA, AA, AA,
Freq pP2w,, 2pq w,, a2w,,
w w w

New allele frequencies after mating:

PWy | PAW,, paw,, . 2w,
w w
New Frequency of A1 New Frequency of A2

Change in Allele Frequency Under Selection
=505 i i
1= Ja_“%a | where g, = allele frequency of &inthe /th generation
1-s¢5 G+ 1 = allele frequency of £ inthe next generation
Genotypes
AA As a8
Relative fithess 1 1 1-5
Frequency before selection 2 209 g2
Relative contribution to gene pool 2 209 g(1-9)
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Change in Allele Frequency Under Selection

Ga= 505 i :
Xa_“¥a_ where g, = allele frequency of & inthe /th generation

L7 = A 5
a2l 1-2¢5 G+ 1 =allele frequency of & inthe next generation
Genotypes
AA Az a8
Relative fitness 1 1 s
Frequency before selection 22 250G g2
Relative contribution to gene pool 2 209 ¢2(1-9)
1
& 09 — =01
s 0.8 —
= 07 —
W=1-s 5 06
Z 05—
= 04—
3 03—
= 02—
S 0.1 —
U L L e AL S
0 10 20 30 40 S0 60 70 80 90 100
Generations
& s=01 W =05 W =10
Seleccao
Change in Allele Frequency Under Selection
PR Iz ;', Jwiare g, = alele frequency of 2 Inthe Zth genersbon
a a4 1 = akele lroquancy of & in the next generation
Genolypes
AA As aa
Relative filress 1 1 1-s
Frequency betore selechion P2 209 e
Relative contritution to gene posl P2 2p¢ ¢R1-2)
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Change in Allele Frequency Under Selection

G545 : .
Xa_“¥a_ where g,= allele frequency of & inthe /7th generation

1= 1-s¢5 Gn+1 =allele frequency of & inthe next generation
Genotypes
AA Az a8
Relative fithess 1 1 i Fetd

Frequency before selection 2 254G g2
Relative contribution to gene pool 72 209 ¢2(1-8)
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Change in Allele Frequency Under Selection
4o 545 i i
G = a2 where g, = allele frequency of £ inthe /7th generation
1-35¢5 Gn+ 1 =allele frequency of & inthe next generation
Genotypes
AA Asg r'Z3
Relative fitness 1 1 j et
Frequency before selection 2 204 g2
Relative contribution to gene pool 2 289 ¢2(1-9)
W=1-s

#(allele frequency of &)
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0 ensure a fair
selecton, you
all get the
same test.
You must all
climd that tree

Mutabon rate

Selection cosfficient

Equilbrien
alek fregquency






