10.3  Gene Pools and Speciation

Understandings:
· A gene pool consists of all the genes and their different alleles, present in an interbreeding population
· A large gene pool indicates high amounts of genetic diversity, increasing the chances of biological fitness and survival
· A small gene pool indicates low amounts of genetic diversity, reducing biological fitness and increasing chances of extinction
· Evolution requires that allele frequencies change with time in populations
· Mechanisms of Change
	Mutation
	A random change in the genetic composition of an organism due to changes in the DNA base sequence

	Gene flow
	The movement of alleles into, or out of, a population as a result of immigration/emigration

	Sexual reproduction
	Sex can introduce new gene combinations and alter allele frequencies if mating is assortative

	Genetic drift
	The change in the composition of a gene pool as a result of a chance or random event

	Natural selection
	The change in the composition of a gene pool as a result of differentially selective environmental pressures


· Reproductive isolation of populations can be temporal, behavioural or geographic
· Prezygotic isolation – occurs before fertilisation can occur (no offspring are produced)
· Postzygotic isolation – occurs after fertilisation (offspring are either not viable or infertile)[image: Isolating mechanisms]
· Speciation due to divergence of isolated populations can be gradual
There are two basic mechanisms via which speciation can occur:
	Allopatric speciation (geographical barrier)
	· begin to evolve separately as a result of cumulative mutation, genetic drift and natural selection
· Eventually, the two populations reach a degree of genetic divergence whereby they can no longer interbreed (speciation)

	Sympatric speciation (reproductive isolation, same geographical location) 
	· Sympatric speciation may result from the reproductive isolation as a result of genetic abnormalities
· Typically, a chromosomal error may arise which prevents successful reproduction with any organism lacking the same error


Speciation can occur abruptly
· Evolution occurs both within a species (microevolution) and across the species barrier (macroevolution = speciation）

	Phyletic Gradualism
	speciation generally occurs uniformly, via the steady and gradual transformation of whole lineages
	· speciation is seen as a smooth and continuous process (big changes result from many cumulative small changes)
· This view is supported by the fossil record of the horse, with many intermediate forms connecting the ancestral species to the modern equivalent

	Punctuated Equilibrium
	species remain stable for long periods before undergoing abrupt and rapid change 
	· speciation is seen as a periodic process
· This view is supported by the general lack of transitional fossils for most species – however such absences could also be explained by the relatively rare and irregular conditions required for fossilisation


[image: ]
Applications:
· Identifying examples of directional, stabilising and disruptive selection
· The frequency of one particular phenotype in relation to another will be a product of the type of selection that is occurring
	Stabilising Selection
	Where an intermediate phenotype is favoured at the expense of both phenotypic extremes
	· This results in the removal of extreme phenotypes 
· Operates when environmental conditions are stable and competition is low
· E.g. Human birth weight

	Directional Selection
	Where one phenotypic extreme is selected at the cost of the other phenotypic extreme
	· This causes the phenotypic distribution to clearly shift in one direction (towards the beneficial extreme)
· Operates in response to gradual or sustained changes in environmental conditions
· E.g. Bacteria-Antibiotics

	Disruptive Selection
	Where both phenotypic extremes are favoured at the expense of the intermediate phenotypic ranges
	· This causes the phenotypic distribution to deviate from the centre and results in a bimodal spread
· This occurs when fluctuating environmental conditions (e.g. seasons) favour the presence of two different phenotypes
· E.g. Black and white moths
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Speciation in the genus Allium by polyploidy
· Sympatric speciation is most commonly caused as the result of a meiotic failure during gamete formation
· If meiotic cells fail to undergo cytokinesis, chromosomal number will double in the gamete (e.g. diploid instead of haploid)
· This will result in offspring that have additional sets of chromosomes (polyploidy)
· Speciation will result if the polyploid offspring are viable and fertile but cannot interbreed with the original parent population
· polyploidy is far more common in plant species as they may lack separate sexes or can reproduce asexually
· Self-pollination – many plant species possess both male and female reproductive parts and can hence self fertilise
· Asexual reproduction – infertile polyploids can still reproduce asexually via vegetative propagation
· Polyploid crops will typically grow larger and demonstrate improved longevity and disease resistance (hybrid vigour)

Skills:
· Comparison of allele frequencies of geographically isolated populations
· It will occur faster and be more significant in smaller populations, where chance events have a bigger impact on the gene pool
· Larger populations will be less affected by random events and maintain more stable allele frequencies with low genetic drift

	Population Bottlenecks

	occur when an event reduces population size by an order of magnitude (~ >50%)

	· result from natural disaters or be human-induced (e.g. overhunting)
· The surviving population has less genetic variability than before and will be subject to a higher level of genetic drift
· As the surviving members begin to repopulate, the newly developing gene pool will be divergent to the original

	Founder Effect

	occurs when a small group breaks away from a larger population to colonise a new territory

	· As this population subset does not have the same degree of diversity as a larger population, it is subject to more genetic drift
· Consequently, as this new colony increases in size, its gene pool will no longer be representative of the original gene pool
· the original population remains largely intact
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