Allele: One of two or more versions of a gene.
Allele frequencies: The abundance of one allele relative to others at the same gene locus in individuals of a population.
Allopatric speciation: The evolution of reproductive isolating mechanisms between two populations that are geographically separated.
Includes vicariance and dispersal (dispersion of animals causes speciation – for example islands that are close together – Darwin’s finches)
Allopolyploidy: The genetic condition of having two or more complete sets of chromosomes from different parent species.
-The sperm and egg from two different species will fertilize making viable polyploidy offspring.
-Example: Today’s wheat is based on 3 different chromosome sets.
Autopolypoloidy: The genetic condition of having more than two sets of chromosomes from the same parent species. 
-Occurs in plants; they will fail to go through meiosis properly and miss the last division and therefore create diploid (2n) gametes. The plant will self-fertilize and create 4n offspring.
Behavioural isolation: A prezygotic reproductive isolating mechanism in which two species do not mate because of differences in courtship behaviour; also known as ethological isolation. 
-Example: Frogs have songs to attract mates and only mates from the same species will respond to the song.
-Male fireflies fly around and send out specific bursts of light which identify the species of the insect. The light will attract females from the same species; the female will send out her own specific signal allowing the two to meet.
-Some female fireflies know the signals of two different species – she can lure a male from another species in order to eat him to reserve energy to create her eggs.
Beneficial mutation: A mutation which will be advantageous to organism.
-the mutation may enable the mutant organism to withstand particular environmental stresses better than wild-type organisms, or reproduce more quickly. In these cases a mutation will tend to become more common in a population through natural selection.
Biological species: The definition of species based on the ability of populations to interbreed and produce fertile offspring. 
-Proposed by Ernst Mayer - “Species are groups of actually or potentially interbreeding populations, which are reproductively isolated from other such groups”
- Organisms that can reproduce but almost always make infertile hybrids of at least one sex, are not to be considered a species
-The biological species concept is problematic for fossils because we cannot tell which fossils mated; it is also a problem for eubacteria and Archea (the prokaryotes) because these organisms reproduce asexually.
Bottleneck effect: An evolutionary event that occurs when a stressful factor reduces population size greatly and eliminates some alleles from a population.
-Example of genetic drift
-Population distributed over area and for some reason most of the population is killed and there are only a few survivors. The original population was very large but because of some event there are only a new left and therefore the probability of every single variation cannot be represented.
Example: Bison population dropped to 750; entire Bison population today is based on those individuals. Elephant seals dropped down to population of 30 and through artificial breeding they have a large population. 
-This concept is important for the conservation of populations.
Chromosomal Inversion: Chromosomal alteration that occurs if a broken segment reattaches to the same chromosome from which it was lost, but reversed orientation, so that the order of genes in the segment is reversed with respect to the other genes of the chromosome.
Chromosomal Mutation: Includes: Inversions, Translocation, Deletion, Duplication, Crossing Over, Polyploidy, and Genome duplication
Chromosomal translocation: Chromosomal alteration that occurs if a broken segment is attached to a different, non-homologous chromosome. 
Crossing over: A chromosomal mutation in which the maternal and paternal chromosomes line up and wrap around each other break off and recombine. This could be deleterious or not. 
-It is one of the final phases of genetic recombination, which occurs during prophase I of meiosis (pachytene) in a process called synapsis.
Deleterious mutation: A mutation that will harm the organism (sickle cell anemia)
Diploid: An organism or cell with two copies of each type of chromosome in its nucleus (2n).
Directional selection: Selection with multiple loci traits
-A type of selection in which individuals near one end of the phenotypic spectrum have the highest relative fitness.
-To assess if directional selection has taken place we must look at the normal curve; it will be skewed to one end (curve shift)
Example: Birds who have short tails are selected against therefore leaving medium and long tails
                                      [image: ]
Disruptive selection: Selection with multiple loci traits
-A type of natural selection in which extreme phenotypes have higher relative fitness than intermediate phenotypes.
-In order to assess is disruptive selection has occurred we have to look at changes in the normal curve; it will have two peaks. 
Example: Finches use their beak to crack open seeds; their size is reflective of the size of the seeds they feed on. There was a drought and all medium sized seeds disappeared therefore two morphologies became noticeable (divergence): small beaks to eat small seeds and large beaks to eat large seeds.
                                            [image: ]
Dominant allele: Allele expressed when more than one allele is present.
Ecological isolation: A prezygotic reproductive isolating mechanism in which species that live in the same geographic region occupy different habitats. 
-For example: Lizards live in bogs and toads live in drier environments; they will never meet each other, even though there may be a possibility of a zygote to form
Ecological species: Species are defined by their habitat and niche
-This is a problem because how do you define a niche? What is defined as a niche is subjective and arbitrary
Female choice: Sexual selection on males.
Females choose who they will breed with by assessing the male.
Example: Male birds who grow a long tail show that they are metabolically fit which will be more attractive to females (experiment where short tailed birds were given an extension on their tail and long tailed birds had their tails cut – they were able to predict that the long tailed birds would mate). There are also behaviours, dances and songs that males use to display that they are healthy and strong. The males that are able to present themselves well to the females have a greater chance of passing on their genes.
Fitness: is a central idea in evolutionary theory. It can be defined either with respect to a genotype or to a phenotype in a given environment. 
-In either case, it describes the ability to both survive and reproduce, and is equal to the average contribution to the gene pool of the next generation that is made by an average individual of the specified genotype or phenotype. If differences between alleles at a given gene affect fitness, then the frequencies of the alleles will change over generations; the alleles with higher fitness become more common. This process is called natural selection.
-Fitness is manifested through the phenotype
Fixation: If there is extreme selection occurring in a population an allele can disappear (this is fixation) the consequence is a loss in variability. 
-The opposite can occur as well; an allele will be become permanent.
-Too much selection with fixate what alleles are present
-is the change in a gene pool from a situation where there exist at least two variants of a particular gene (allele) to a situation where only one of the alleles remains.
Founder effect: An evolutionary phenomenon in which a population that was established by just a few colonizing individuals has only a fraction of the genetic diversity seen in the population from which it was derived.
-Example of genetic drift
-Example: when group from a geographical location relocate and take only with them some of the variability; this can result in hereditary diseases like muscle diseases found in France
Frame shift mutation: Mutation in a protein-coding gene that causes the reading frame of an mRNA transcribed from the gene to be altered, resulting in the production of a different, and non-functional, amino acid sequence in the polypeptide.
Normal – the one big fly had one red eye
Frameshift – the one rbi gfl yha don ere dey
Gametic isolation: A prezygotic reproductive isolating mechanism caused by incompatibility between the sperm of one species and the egg of another; may prevent fertilization. 
-In sponges the egg membrane recognizes sperm from only its own species; the sperm has to penetrate the membrane in order to create the zygote – the egg can control what enters the membrane.
Gene duplication: Chromosomal alteration that occurs if a segment is broken from one chromosome and inserted into its homologue
Gene flow: The transfer of genes from one population to another through the movement of individuals or their gametes. 
Example: Dispersal of plant seed to start new population – this population will not have the variability of the original population. There is a chance that a new seed will join the population and an equal chance that a seed will be transferred to the original population. When migration reaches a critical point between the populations they will become homogeneous; the two populations are no longer isolated.
-conservation biologists try to connect populations in order to restore variability rather than having isolated populations. The Y-Y corridor is an example (yellow knife-Yukon) the isolated populations can migrate and sustain population variability. 
Gene pool: The sum of all alleles at all gene loci in all individuals in a population.
Genetic drift: Random fluctuations in allele frequencies as a result of chance events; usually reduces genetic variation in a population.
-Genetic drift is reflected in sampling size – if the size is too small the H-W probabilities will not work.
-A small population will increase the potential of alleles being lost (loss in variability)
Example: Bottle effect, Founder effect.
Genetic equilibrium: The point at which neither the allele frequencies nor the genotypes frequencies in a population change in succeeding generations.
Genotype frequencies : The percentage of individuals in a population possessing a particular genotype.
Habitat isolation: See ecological isolation
Haploid: An organism or cell with only one copy of each type of chromosome in its nuclei
Hardy-Weinberg principle: An evolutionary rule of thumb that specifies the conditions under which a population of diploid organisms achieves genetic equilibrium.
-The Hardy-Weinberg Principle equilibrium = p2 + 2pq + q2 = 1
- p = dominant allele frequency q= recessive allele frequency
-The Hardy-Weinberg principle has 5 assumptions:
>No natural selection
>No mutation
>No genetic drift – population is large
>Gene flow
>Random mating
-If the allele frequencies change with the H-W we can assume that microevolution is occuring
Heterozygote advantage: An evolutionary circumstance in which individuals that are heterozygous at a particular locus have higher relative fitness than either homozygote.
-An example is sickle cell anemia; those who are homozygous will have mis-shaped RBCs that are not effective at carrying oxygen. When you are heterozygous you will produce both normal and mis-shaped RBCs (there is a compromised oxygen load but it is manageable). This heterozygous state will give those affected an advantage in surviving malaria (amount of people who are heterozygotes will be reflected in areas which have malaria); the parasite will infect both the normal and abnormal cells but the abnormal cells are destroyed by the liver along with the malaria parasite therefore giving heterozygotes a better chance of surviving.
Heterozygous: The state of possessing two different alleles of a gene. (Aa)
Homozygous: State of possessing two copies of the same allele. (AA or aa)
Hybrid breakdown: A postzygotic reproductive isolating mechanism in which hybrids are capable of reproducing, but their offspring have either reduced fertility or reduced viability.
-Example: When the ring salamanders reproduce their offspring do not inherit the advantageous traits therefore reducing their chances of survival 
Hybrid sterility: A postzygotic reproductive isolating mechanism in which hybrid offspring cannot form functional gametes.
-Example: Horse + Donkey = Mule (sterile)
Hybrid inviability: A postzygotic reproductive isolating mechanism in which a hybrid individual has a low probability of survival to reproductive age.
Hybrid zone: A geographic area where the hybrid of two divergent populations or species are common.
Hybridization: When two species interbreed and produce fertile offspring
Second contact – hybridization outcomes:
Fusion of the populations
Reinforcement
Hybrid zone formation
Extinction of one population
Creation of a new species 
Inbreeding: A special form of non-random mating in which genetically related individuals mate with each other.
-This can lead to an entire population of homozygotes. This can become detrimental if the heterozygous state was advantageous or if the homozygous state is a disadvantage.
Example: Royal families will only mate with other royalty which leads to genetic diseases like haemophilia or “ugly” physical appearances
-The allele frequency is not changing; the gene pool is the same there are no genes moving in or out or mutating (no microevolution occurring) but non-random mating can have a profound effect
Male competition: Sexual selection on males; includes: Combat, Sperm competition, and Infanticide
-Combat: Males will combat to assess among themselves who is more dominant and fit; in elephant seal populations essentially one male will mate with the females they will combat to see who will be the “alpha” male. If there are two males they do not infringe on each other’s territories.
-Infanticide: If a new dominate male lion takes over he will kill all of the lion pups that are not his because they represent the genetic makeup of the previous male. Because the pups are killed the females will mate again. 
Mechanical isolation: A prezygotic reproductive isolating mechanism caused by differences in the structure of reproductive organs or other body parts.
-Important in insects who have a key and lock structure to transfer sperm from the male to the egg of the female. The structures are highly specific to prevent insects from mating with the wrong species
-This mechanism is important in plants as well. Nectar in flowers is designed to attract a specific insect which will spread the nectar to other plants of the same species. In the comit orchid the nectar is located deep down the flower so only a specific moth with a long tongue will be able to reach it.  
Microevolution: Small-scale genetic changes within populations, often in response to shifting environmental circumstances or chance events.
- This change is due to four different processes: mutation, selection (natural and artificial), gene flow, and genetic drift.
-Evolutionary changes that result from changes in allele frequencies in a population, or in chromosome structure or numbers due to mutation and recombination.
Migration: The predictable seasonal movement of animals from the area where they are born to a distant and initially unfamiliar destination, returning to their birth site later.
Missense mutation: A base-pair substitution mutation in a protein coding gene that results in a different amino acid in the encoded polypeptide than the normal one.
- point mutation in which a single nucleotide is changed, resulting in a codon that codes for a different amino acid
Normal – the one big fly had one red eye
Missense – thr one big fly had one red eye
Morphospecies: Certain morphological traits must make species different (Linnaeus and Darwin)
-Problematic because which traits are chosen to define a species or how many traits are used is subjective. 
- A population or group of populations that differs morphologically from other populations. For example, we can distinguish between a chicken and a duck because they have different shaped bills and the duck has webbed feet. Species have been defined in this way since well before the beginning of recorded history. This species concept is highly criticized because more recent genetic data reveal that genetically distinct populations may look very similar and, contrarily, large morphological differences sometimes exist between very closely related populations. Nonetheless, most species known have been described solely from morphology
-For example, birds were once classified apart of the reptiles because of their ability to fly, but they have been put back with reptiles because it is the only difference between the two. Humans are apart from chimpanzees even though the DNA is very similar.
Mutation: A spontaneous and heritable change in DNA
Natural selection: The evolutionary process by which alleles that increase the likelihood of survival and the reproductive output of the individuals that carry them become more common in subsequent generations.
Neutral mutation: A mutation which will not affect the organism.  
Non-random mating: 
Includes:
Inbreeding, Sexual dimorphism, and Sexual selection.
-Affects the Hardy-Weinburg Equilibrium 
Nonsense mutation: A base-pair substitution mutation in a gene in which the base-pair change results in a change from a sense codon to a nonsense codon in the mRNA. The polypeptide translated from the mRNA is shorter than the normal polypeptide because of the mutation.
- point mutation in a sequence of DNA that results in a premature stop codon, or a nonsense codon in the transcribed mRNA, and in a truncated, incomplete, and usually nonfunctional protein product.
Normal – the one big fly had one red eye
Nonsense – the one big
Null hypothesis: A statement of what would be seen if the hypothesis being tested were wrong.
Parapatric speciation: Speciation between populations with adjacent geographic distributions.
-Parapatry is a term from biogeography, referring to organisms whose ranges do not significantly overlap but are immediately adjacent to each other 
This distribution may along time cause speciation into sister species, a process called parapatric speciation
Phenotype: The outward appearance of an organism. 
- Phenotypes result from the expression of an organism's genes as well as the influence of environmental factors and the interactions between the two.
Phylogenetic species: A concept that seeks to delineate species as the smallest aggregate population that can be united by shared derived characters. 
-the smallest cluster in an evolutionary tree will be the species. 
- A group of organisms that shares an ancestor; a lineage that maintains its integrity with respect to other lineages through both time and space. At some point in the progress of such a group, members may diverge from one another: when such a divergence becomes sufficiently clear, the two populations are regarded as separate species. This differs from evolutionary species in that the parent species goes extinct taxonomically when a new species evolve, the mother and daughter populations now forming two new species. Subspecies as such are not recognized under this approach; either a population is a phylogenetic species or it is not taxonomically distinguishable.
-This concept works for fossils and prokaryotes; the problem is that where the branching ends its arbitrary – you could always continue branching. For example with humans you could continue branching based on hair colour, eye colour etc. 
Point mutation: is a type of mutation that causes the replacement of a single base nucleotide with another nucleotide of the genetic material, DNA or RNA
Includes: 
Silent, Missense, Nonsense, Frame shift
Polyploidy: The condition of having one or more extra copies of the entire haploid complement of chromosomes. 
Chromosomal mutation that occurs because of an error in meiosis the last division does not occur; therefore gametes are diploid in animals this is lethal but in plants it can create tetraploid (4n) offspring. This is a phenomenon in plants that causes variability. 
Population: All individuals of a single species that live together in the same place and time.
Population genetics: The branch of science that studies the prevalence and variation in genes among populations of individuals.
Postzygotic isolation mechanisms: A reproductive isolating mechanism that acts after zygote formation.
-If zygote formation occurs; prevention of zygote being viable or from passing its genes
Examples: hybrid inviability, hybrid sterility, hybrid breakdown 
Prezygotic isolation mechanisms: A reproductive isolating mechanism that acts prior to the production of a zygote, or fertilized egg.
-Preventing sperm and egg from forming a zygote
Examples: Ecological, Temporal, Behaviour, Mechanical, and Gametic
Recessive allele: Allele that is masked by a dominant allele.
Reinforcement: The enhancement of reproductive isolation that had begun to develop while populations were geographically separated. 
Reproductive isolation: A biological characteristic that prevents the gene pools of two species from mixing.
-Includes both prezygotic isolation (habitat, temporal, behaviour, mechanical, gametic) and postzygotic isolation (hybrid inviability, hybrid breakdown, and hybrid sterility)
Ring species: A species with a geographic distribution that forms a ring around uninhabitable terrain.
-For example the Elaphe oboleta (snake); as the snakes move around to different territories their appearances change. As their appearance changes due to adaption and isolation they become subspecies (in the process of becoming a new species) but if two snakes were brought together from two different areas they would still be able to breed.
-Example: Ensatina eschscholtzi (salamander) as the salamanders diversify in around the ring of territory they become different in appearance. One salamander is capable of camouflage while the other mimics the poisonous newt for protection. When the salamanders meet to breed the offspring does not inherit these traits and cannot survive therefore the offspring is not viable. 
Sexual dimorphism: Differences in the size or appearance of males and females.
Example: plumage in male birds, armour in male insects, and mane of hair on male lions
-The reproductive strategies for males and females differ; females will reserve metabolic energy and time to create and care for eggs (female has set number of eggs so she will put lots of energy to assure that they are passed to next generation). Males will scatter their genes as far and wide as they can (find as many females as possible) to spread their genes – the male gametes are produced easily and often. Females want to ensure that she will receive good quality sperm therefore males develop secondary characteristics to show that they have healthy sperm.
Sexual selection: A form of natural selection established by male competition for access to females and by females’ choice of mates.
On males – female choice
On males – competition:
>Combat
>Sperm competition
>Infanticide
Sickle cell anaemia: gene defect is a known mutation of a single nucleotide 
- A person that receives the defective gene from both father and mother develops the disease; a person that receives one defective and one healthy allele remains healthy, but can pass on the disease and is known as a carrier.
-See heterozygotic advantage
Silent mutation: A base-pair substitution mutation in a protein-coding gene that does not alter the amino acid specified by the gene.
Speciation: The process of species formation. 
Sperm competition: Sexual selection; form of male competition 
-Dragon flies will fly connected to each other to form “compulatory wheel” 
The male will find a female and grabs her to transfer his sperm – when another male couples with the female he will scrape out any sperm that may have come from another male and inserts his own sperm; the male will grab onto the female until the egg is fertilized to make sure that it is his sperm that is in the offspring.
-If the female isn’t happy with the male she can shoot out the sperm
-The male dragon flies are not in combat but they compete with their sperm. 
Stabilizing selection: Selection with multiple loci traits
A type of natural selection in which individuals expressing intermediate phenotypes have the highest relative fitness.
-To assess if stabilizing selection has taken place, we must look at the changes in the normal curve; the curve will become narrow but the mean will stay the same.
Example: Medium size tail is more advantageous than long or short tail. Also seen in newborns weight; average weight is more advantageous than being underweight or overweight. 
-This type of selection can also be seen in “golden rod galls” flies will lay an egg inside the gull, it will become a maggot and secrete chemicals that causes a “cancer” in plants and create a “tumour” the fly will eat all the excess plant tissue it can then hatch out of the gull. Wasps will pierce the gull and try to pierce the insect inside to lay eggs inside of it. The egg laying structure of wasps is limited so they select for small gulls. Woodpeckers will crack very large gulls and eat the insects inside – they select for large gulls. There is selective pressure on fly to create gulls that are usable by both wasps and woodpeckers. After selection the gulls will be uniform in size. 
                                       [image: ]
Subspecies: A taxonomic subdivision of a species.
Sympatric speciation: Speciation that occurs without the geographic isolation of populations
Example: bugs adapted to feed on seeds depending on their size. An invasive plant was introduced and some bugs adapted to the large seeds it produced with large “beaks” to penetrate the seed. Two species arose from the original insect.
Temporal isolation: A prezygotic reproductive isolating mechanism in which species live in the same habitat but breed at different times of day or different times of year.
-Only reproductive at certain times in the year (seasonal)
-Example: The bullfrog is reproductive in the summer while the leopard frog is reproductive in the spring; the two will not mate because they are not reproductive at the same time.
Tetrapolid: The result of chromosomal mutation polyploidy. Two diploid gametes (2n) will combine to create tetrapolid (4n) offspring. This is lethal in animals but possible in plants and leads to variability which is important for plants because they are stuck in one location so opportunity to share genetic information is scarce. 
Triploid: Three sets of chromosomes in the nucleus (3n)
Example: Wheat, seedless watermelon, endosperm
[bookmark: _GoBack]Vicariance: The fragmentation of a continuous geographic distribution by non-biological factors.
-The geographical separation of a population, typically by a physical barrier such as a mountain range or river, resulting in a pair of closely related species
-Example ice cricket: The cricket was separated geographically by the ice age where peaks of land were still capable of maintaining some vegetation. The ice cricket is able to survive in very cold conditions because it has adapted and was able to feed on the plants available and the other insects that were not able to adapt. 
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