
Microbiology


Synthetic theory of evolution
· 20th century Huxley combined mendelian genetics and population genetic

· Must look at a large population in order to see evolution
What is Microevolution:

· Allele frequencies (traits) – where variation is occurring
· Evolutionary changes that result from changes in allele frequencies in a population, or in chromosome structure or numbers due to mutation and recombination
· Looking at actual source of variation and change within a population of a single species
Population:
· Includes all the individuals of a single species that live together in the same place and time

Gene Pool:

· The sum of all alleles at all gene loci in all individuals is called the populations gene pool

· Genotype frequencies:

· ratio of individuals possessing each genotype 

· Each diploid organism has 2 alleles for each trait
· Allele frequencies:

· Relative abundance of different alleles in a population (has to follow HW principles if want to calculate it)

Null hypothesis:

· The Hardy – Weinberg principle is a null model because it predicts what they would see if a particular factor had NO effect

· Genetic Equilibrium:

· Neither allele frequency or genotype frequency change in successive generations
Incomplete Dominance
· When the phenotype of both dominant and recessive are shown as a blend

· Ex) not full red from dominant and full white from recessive but pink colour (heterozygous PQ)
Allele frequencies and Evolution (Hardy – Weinberg Principle): (Null Hypothesis – Measure of something not happening)
· Rule: p2 + 2pq + q2 = 1 (PP + 2Pq + qq = 1)
· use p2 and q2 to find allele frequencies p and q

· predict what will come from what is already present

· Aa x Aa( 1:2:1 AA:Aa:aa genotypic ratio
· Aa x Aa( 3:1 dominant:recessive phenotypic ratio

genotype and phenotype
· genotype is the genetic make up of the trait and phenotype is the appearance of the trait
Dominant 

· Allele expressed (in phenotype) when more than one allele is present A

Recessive 

· Allele that is masked by a dominant allele a

Homozygous

· State of possessing two copies of the same allele AA

Heterozygous
· State of possessing two different alleles of a gene Aa

Assumptions For Hardy-Weinberg to work:
1) No Natural Selection:
· Selection changes allelic frequencies(if one of the alleles is not fit to survive and reproduce gametes-allele is lost, therefore cause microevolution. If one allele has an advantage, then over time it will increase is frequency causing fixation
· Loss or fixation of alleles lead to low diversity and variability (CAUSED BY STRONG SELECTION)
· Mouse ex) they first allowed random mating of active and inactive mice( mix of both in G1
They then mated active with active(active offsprings mostly

They mated inactive with inactive(inactive offsprings mostly
· Effect of Selection:
· Darwin said Change is GRADUAL(what is the mechanism?
· Hardy-Weinberg’s rule (probability theory)
· For Heterozygotes: (favoured)
· If heterozygotes favoured(the allele frequencies for heterozygotes will prevail in a population
· Over time AA and Aa will even out to becoming equal and no aa
· Sickle Cell Anemia: (Model for heterozygote selection)
· Single Codon error in haemoglobin (causes RBC to take a flat shape
· Not in healthy donut shape(do not absorb enough oxygen (respiratory stress)
· aa( die all from sickle cell-no malaria, not enough oxygen
· AA( die all from malaria-no sickle cell, malaria destroys all the cells
· Aa( advantageous- enough malaria and RBC to survive
· With Aa, the Immune system picks up that the RBC’s are damaged and it destroys those sickled RBC’s
· The cells are infected with malaria so these get killed off with the sickle cells
· Over time Aa becomes more prevalent in population
· Seen mostly in Africa where malaria thrives
· Against Recessive: (Heterozygotes will prevail)
· When we select against the recessive, it will disappear and the frequency of the dominant allele will increase(heterozygotes)
· Loss of variation
· If its all AA population then there is no effect. All aa population they all die. If its Aa population then 25% will die off and over time you will mostly have AA
Since most traits are polygenetic, we need another method to know when there is a change and that is when we use the distribution curves (mean is middle, spread are the extremes, standard deviation is the difference)
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· Directional Selection:[MEAN SHIFTING, STANDARD DEVIATION SAME]
· When individuals near one end of the phenotypic spectrum have the highest relative fitness (Directional selection shifts trait towards the trait
· loss of one trait and increase in another trait
· Example: birds with longer tails have higher fitness than birds with shorter tails, therefore population tends to shift towards favoured trait(over time long tail birds more prevalent then short tail birds
· [image: image19.png]21 Different species of frogs sing their mating
songs at differer tines of the day. s an
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· Stabilizing Selection:
· decreasing the amount of variability that is in the population by taking out the two ends (stabilizing the middle) [MEAN SAME, STANDARD DEVIATION DECREASING]
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· goldenrod example- wasp and woodpecker predators (22mm best gall size)
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there is a parasite for the golden rod. a fly comes and pierces the stem and lays an egg. the maggot will chew away the plant tissue inside the stem. the maggot will release plant hormones that causes the plan tissue to proliferate (divide fast and expand) and you get the gall. then the maggot will eat away and come out and land on ground and become a fly
· the wasp will stick its apparatus  into the gall and it will lay an egg into the maggot. the maggot will be eating the plant tissue and the wasp will be eating away the maggot. once the maggot comes out it is basically skin covering a wasp baby and when it comes out it is a wasp not a fly. this is the major predator of the maggot (BEST WITH SMALL GALL SIZE, EASY TO FIND MAGGOT)

· also woodpeckers eat the goldenrod gall but if the gall is too small then it cant manipulate the gall eat and if it is big then it can eat the gall (EASIER TO EAT BIG)

· now the maggot get killed by wasp if too small and woodpecker if too big so it has to find an intermediate point where it can thrive (STABILIZING SELECTION)
· Disruptive Selection: [MEAN SAME, STANDARD DEVIATION DECREASING]

· can lead to new species if the two spreads become completely different
· Occurs when extreme phenotypes have higher relative fitness than the intermediate phenotypes 
· Disappearance of all animals in the middle region
· Finch example: 
· When there was S,M,L seeds there were birds with S,M,L beaks.
· A flood killed of the M seed plants, the M sized beaks started dying off and S,L beaks increased in frequency(if over long period time, can be 2 new species
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· No Mutation:
· Mutation is not the driving force for genetic variation in eukaryote organisms
· Our dna replication system always fixes errors(2 mutation in human life span
· Mutation rate: 2 mutations per genome per generation (GERM CELL – that is passed on)
· Advantage: however(if we look at a WHOLE POPULATION – there is a good chance we will see a mutation

· Beneficial Mutation: Rare
· Non beneficial Mutation: Rare
Wobble effect- last nucleotide in an amino acid is switched, you still get same protein built (unless start or stop codon) 
· Neutral Mutation:
· Most mutations are silent because codons are redundant
· Neither detrimental or beneficial effect

· 40-50% of human genome is silent 

Point Mutations: That horse looks cool
· No impact in small populations, in larger populations, see more affects
· Only occur on one allele at a time(chances of happening in both alleles are VERY LOW

· Gentic code is redundant(therefore point mutations are not an effective means for mutations
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Silent Mutation:

· Mutation occurs but we do not see a difference
· The changed codon still codes for the same amino acid (No harmful change)
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Occurs in third triplet of the codon
· Missense Mutation: Thap horse looks cool
· Alteration of a amino acid(same protein is made
· Protein is changed (either folding of protein, etc.)

· Results in Sickle Cell Anemia 

· Nonsense Mutation: that horse lo
· Stop codon is made ( ends the amino acid chain earlier than usual

· Terminates amino acid sequence early(most function of protein will be lost and gone

· (on the other side (second allele that contains the normal sequence to fix this) 

· Frame Shift Mutation: (most harmful  point mutation) thah orsel ooksc ool
· One amino acid added or subtracted to a codon ( causing sequence to shift and make no sense

· Might produce new, unneeded proteins or may not even make any proteins, or stop codon might be made
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Chromosomal Mutations:

· Chromosomes are quite often damaged or broken and ‘stitched’ together by repair mechanisms correctly 
· In mitosis or MEIOSIS
· Inversions: (very common)
· In Meiosis or Mitosis when the chromosomes are lined up in the middle(they can hit or nicked and then get stitched together in reverse
· Very Common and Neutral
· Portion of chromosome flipped
· Translocations:

· When a piece knicks off, it is placed back into the chromosome in the wrong position
· Deletion:

· Occurs if a broken segment is lost from a chromosome
· May cause severe problems if missing genes contain essential for development and cellular function
· Duplication: (classic cases of gene duplication – Hox Genes)
· The whole genome duplicates without being detrimental to the organism
· One of the biggest driver of mutation change
· may result in brand new function
· [image: image15.png]28 Type of mutation where a single nucleotide
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better way to do a current function
· Not detrimental because we have a backup of everything
· Certain amino acids are duplicated (ex. Haemoglobin suggested to have appeared through duplications)
· Can be selected and altered in different ways (HOX genes)
· As the complexity of organism increases – number of hox genes increases
· Crossing Over:

· Happens in meiosis when the chromosomes are lined up in metaphase and the ends interact with each other and transfer genetic information
· The longer the chromosome, the higher chance for crossing over
· Can happen with many chromosomes like 4 of them 
· A lot of variation comes from this
· Polyploidy: 
· Failure of the spindles to function during mitosis (cannot pull apart the duplicated chromosomes so both of the go in the same cell)
· You get self fertilization and the offspring is a ploidy
· These result in faster processes, bigger seeds, more resistances, etc…
· “super plant”
· Triploid: Have 3 copies of each chromosome instead of two
· Fusion of a polyploidy and a normal chromosomal set (2)
· Tetraploid: Have 4 copies of each chromosome 
· Fusion of 2 polyploidy
· Not detrimental
· Increasing genetic content (chromosomal mutation)
· If offspring contains only its own genome- AUTOPOLYPLOIDY
· Can also happen between 2 different organisms ALLOPOLYPLOIDY
· A and B will mate and produce an offspring, then that offspring will undergo meiosis and only have 2 daughter cells each n=6, then self fertilization to get a 2n=12 offspring (contains genome from A and B)
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· No Genetic drift: Chance events cause allele frequencies to change unpredictably
· If population is extremely small(will have a dramatic change (sampling error)

· Populations must be large (decreases sampling error)

· Leads to the loss and fixation of alleles and reduced genetic variability

· Bottle Neck Effect:
· Same location, lowered population size
· Catastrophic event results in lower population
· reduces variation, causes fixation and loss of genes
· Even after the catastrophic event and the population increases there is no variability because they are all descendants from the survivors of the catastrophe
· the offsprings will only express the genes from the surviving population, not was originally there before the bottle neck effect
· Elephant seals( all 30,000 are descendants of 30 seals (lesser genetic variability)
· North America buffalo(population was brought down to 700

· More vulnerable to sickness also
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· Founder Effect:
· New environment with small population size
· Since a SMALL sample was taken, the whole genetic variability not represented in that sample

· Decreases genetic variability

· Examples: hurricane sandy bringing new spider to new york, winds forcing birds to new areas, farmers in sagany quebec where 600 original people inbred to 300 000

· These people have high amounts of disorders like muscular dystrophy

· Common in religious and royal families where they inbred 

· Gene Flow: 

· Migration: gene flow through migration
· When immigrants come into a population and reproduce they introduce new alleles and violate the HW principle

· Example: the migration bridges built over highways in jasper to allow migration between the two isolated populations caused by building the highway
[image: image7.png]



· Random Mating
· Every male and female has equal chance to mate
· There has to be random mating for HW principle to work accurately 

· Types of Non – Random Mating;

· Inbreeding: NO MICROEVOLUTION
· Self fertilizing plants, humans inbreeding, etc…
· Number of heterozygous DECREASES

· No Microevolution, only heterozygous is rapidly lost from generation to generation

· Sexual Dimorphism: (most common)
· Differences in the size or appearance of males and females to attract the opposite sex
· Females: only can produce a certain amount of eggs in her life time and will spend a lot of time and energy doing so
· Males: have no limit to amount of sperm they can make, they make millions at a time with little energy needed
· Sexual Selection:

· Female choice( want good genetic material 
· If a male is able to sustain himself AND show extraordinary traits, then he must have good genes
· Ex. Biologists found that the birds with the biggest tail feathers mated more readily than others because female think they are healthier, they did experiment to prove where they cut off tail and put it on short tail birds and then the short tail birds started mating more because of the attachment 
· Female creating selecting pressure for males
· Males – Competition:

· Many different ways males compete, dance fight remove sperm etc..
· Combat: Fight with one another to have the right to mate
· Alpha male is usually strongest most fit male and gets to mate with all the females he posses

· Examples: elephant seals, giraffes, lions, hippos, etc…
· Females have no choice here
· Sperm competition: Copulatory Wheel( dragon flies

· the male will scrape out any previous sperm, inject his own, and hold the female by the neck as long as he can to ensure his sperm get fertilized
· females have choice here because they can eject the sperm  if they don’t like the male and get loose from him
· Infanticide: removing previous offsprings to ensure own dominance

· If there is a new alpha male, the old either leaves or dies
· The new male will kill all the cubs of the previous to ensure that his genes are the only things being distributed, once old cubs are killed the females are able to reproduce again and new alpha male will mate with all of them
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Heterozygote Advantage:

· When heterozygotes for a locus have higher relative fitness than homozygotes
· Ex. Heterozygote advantage is the maintenance of the Sickle allele

· Why is the harmful allele maintained at such high frequencies (in Africa) (because there they also have to fight off malaria. The sickle cell disease helps to fight of the Malaria disease!

· Heterozygotes survive the malaria because the plasmodium virus does not multiply as quickly

Important Stages in the History of Biology:
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19th Century: Modern Biology

· Darwin’s Five Theories:

· No Constancy of Species(not an issue

· Common Ancestry

· Gradual Changes: Changes in populations, not individuals (concept of fitness)

· Population Change(survival of the fittest (fitness-ability to pass on gametes)

· Natural Selection(Not an issue

· Mendel:

· Suggested variation is in these inherited “packets” (chromosomes)
· Law of segregation of characters
· different alleles for a trait don’t mix and blend and that they are passed from generation to generation as discrete traits that appeared in the next generation in predictable ratios.
· Law of independent assortment:
· Characteristics (yellow seeds, tall plants, etc.) are sorted independently not together
Allele:

· Character or trait that is coded on a chromosome (allele)

· 2 of every single allele (are the genotype (code that is there) ex. Aa or Bb

Phenotype:

· Physical expression of the allele(dominant allele
· Natural Selection working at the level of Phenotype
Genotype:

· Creating the phenotype
Homozygous:

· Possesses 2 copies of the SAME allele
Heterozygous:

· Possesses 2 DIFFERENT alleles of a gene
Dominant and Recessive:

· Dominant allele is expressed and recessive allele is masked by a dominant allele
Allele Frequencies in Populations: (Population Genetics)

· Final and initial gene frequency are equal (from adults to juveniles) – stable 

· Therefore no microevolution

· If we have a change in the allele frequencies from one generation to the next ( HW principle does not work because assumptions have been broken(EVOLUTION HAS OCCURED

· Allele with high selective trait; fixate one allele and therefore remove the other allele completely from species: HENCE decreases genetic variability!
Speciation
· New species(more diversity

· We know there are 8.7 million species

· Used higher level taxonomy, using rations of the taxanomical groups)

· The process of species formation (naming, mechanisms, etc.)

· 1.3 million unique organisms have been named on the planted (different species)

· Of the 1.3 million(1.0 million of them are all insects
· Took 250 years to name them

· Would take 1200 years to name rest the but we cant(dying faster then we can find, 6th mass extinction 
Species Concepts:
Biological Species: (How do you know when you have species)

· Species: groups of actually or potentially interbreeding populations, which are reproductively isolated from others such groups – Ernst Mayer (1942) (POTENTIAL PROBLEMS – talking about sexual reproduction)

· Cannot apply this species concept to Prokaryotic organisms (because they are asexual they get numbers)
· Would suggest chinese are different species then Canadians
· Cant tell when a species evolved into another using this method because you cant get them to mate and see if it works because they are extinct
Phylogenetic Species:

· Based on evolution of a group
· Cladogram: evolutionary tree
· Not worried about reproductive isolation or morphology
· However we will reach a point in a cladogram where we CANNOT distinguish differences any further

· Conflict between morphospecies and phylogentic species:
· Morphospecies: says that dogs and wolves are different species (because they look different)
· Phylogentic: says that dogs are SAME species
· Therefore allowed us to see that wolves and dogs are indeed one species but are in Sub Species
· Sub-species (race) are the same species(but have STARTED to differentiate from each other but not fully 2 separate species
· using a mixture of phylogenetic species, biological species, and morphological species we can see that sub species are very close to each other and are starting to change, in the future will be distinct species
· example before dog and wolf different species, now dog is sub species of wolf
Morphospecies:

· Based on morphology, looks similar

· Problems like: Birds are morphologically distinct from reptiles (extremely subjective because we do for a fact know that birds are descendants of reptiles)

· Can tell the difference between species by simply LOOKING at the organisms
· Its good for general statements like dog is different from whale but bad for saying dogs are different from wolves, you would need genetic proof for that 

Ecological Species: (Subset of a biological species)
· Living in the same environment
· not true, tree cant mate with frog
Ring Species:

· When one species split up(they develop separately from one another (at the border where the two subspecies meet – there will be interbreeding, however away from the border the sub species may develop into own species
· Series of sub species in snakes which are essentially the same species (rat snakes)
· Challenges faced by morpho, ecological, and biological species concept

· Salamanders: (Southern Calafornia)

· Changed so much when split up that they are on their way to become own species  

· Great example of Divergence
· Ones near water develops bright colours to mimic poison 

· Inland become adapted to crypses (dark colours and yellow spots to blend into shadow and sun light)

· Hybrid of these two is disadvantageous and will most likely go extinct

· Reproductive Isolation: (prevents gene pool of 2 different species from mixing – even when sympatric)
· Prezygotic Isolation: mechanism that ensures that one species cannot breed with another species BEFORE THE PRODUCTION OF A ZYGOTE
· Ecological:

· Never have a chance to mate with different species(not near each other ecologically)
· Ex. Lion and tiger(never happens in the wild
· Temporal:

· Time when one species is ready to mate(other might not be ready at that time period
· Some mate at night, some at day, some in January, and some in May
· Behaviour:

· Sets of rituals to mate with OWN species (elephants are not going to be aroused by birds dancing(only other female birds will be intrigued)
· Example the bullfrog singing attracts its own species
· Flash Patterns: (Fireflies)
· each firefly has its own specific flashing pattern, the males will fly around and flash and females will respond with the same flash back to attract them in. what the females can do is attract fireflies from different species then when the male comes close she will eat them to get energy to produce eggs. Then after she mates with her own kind she will eat her mate for more food
· Mechanical:

· Physically impossible for a horse to fertilize a beetle 
· Genetalia matching just WONT WORK (ex. Comit orchid can be pollinated by moth only)
· This is why we get great diversity between insects, they have distinct reproduction organs
· Gametic:

· Egg will only change the properties of its surface only when faced with the sperm of the same species
· Egg has receptors to detect the sperm type and will only mate with her own kind
· Very common in oceans 
· Ex. Sponges(release sperm everywhere into the environment
Hybridizaton:

· When 2 different species interbreed and produce fertile offspring
· Ex. Horses crossed with zebras, lions with tigers, mules (donkey crossed horse)
· Postzygotic Isolation: Mechanisms that operate after zygote formation 
· Reduces the fitness of hybrid individuals
· Hybrid Inviability: (most common)
· Hybrid organisms have two sets of developmental instructions (one from each parent)
· These 2 sets may not interact with one another properly for correct embryo formation
· Therefore hybrids frequently die as embryos (never born so no problem)
· Hybrid Sterility:

· These organisms mature, however are sterile and have ZERO fitness, they are sterile
· Cannot have offspring. (ex. Mule, liger, and zebroids)
· Hybrid Breakdown: 
· Hybrids formed are healthy and fully fertile between both parents(however their offspring may exhibit reduced survival or fertility
· Very little long-term mixing of gene pools(there is a viable reproductive isolator
· Example is salamander hybrid where it is not bright enough and cant blend in enough so it gets killed a lot (has disadvantage parents don’t)
Modes of Speciation – Based on Geography 

1) Allopatric Speciation: (in large species mostly) – Called Vicariance (Continental Drift)
· BARRIER

· When physical barrier subdivides a large population or when a small population gets separated from main species’ geographic distribution

· 2 Stages:
· First they become geographically separated (preventing gene flow)

· Second as they develop separately and use different strategies to survive(they isolate reproductively
· Hurricanes, advancing glaciers, etc. Can all be responsible for providing that physical barrier to divide organisms
· Hybrid Zones:

· Occurs when the physical barrier is removed (second contact (fusion of population – salamanders)
· If the two populations can interbreed (hybrid zone)(they are still the same species

· If the two populations cannot interbreed(they are DIFFERENT species

· Vicariance: when population hasn’t moved – but a physical barrier has separated a population into 2
· Dividing physical barrier will eventually disappear (ex. Ice Cricket). 
· It had a barrier that forced it to live on the mountain tops so it developed antifreeze fluids that kept its body functioning below 0 but if it get subjected to heat it will die (even touching human can kill it)
· 5 genera with 26 species

· die over 7 degrees, cant leave the mountain tops that they evolved on during ice ages (snow ball earth had patches on on frozen areas and these most likely evolved there on mountain tops and are now stuck there
· Dispersal: Smaller subset of a population moves to another habitat(becomes isolated reproductively
· Similar to founder effect and bottle neck effect

· Finches how they went to different islands and evolved separately on them
Reinforcement: (diverges as separate species)
· Natural selection favours individuals that ONLY mate with same species

· This is phenomena called Reinforcement 

· Suggests that it enhances reproductive isolation (therefore natural selection promotes evolution of prezygotic isolating mechanisms
2) Sympatric Speciation:

· Reproductive Isolation evolves between distinct subgroups that arise in ONE population
· This is not due to any physical barrier separating the two populations 
· This is due to changes in diet, behaviour, or chromosomes 
· Ex. When a population of insects divides because they feed on different plants(eventually become 2 species
· Example, the bug that had small beak and long beak fed on small and large seeds but then a native plant species came that had extra small seeds so the small beak insect specialized on that and large beak insect stayed the same so over time these will become 2 different species

· NO BARRIER
3) Parapatric Speciation:
· Speciation arising between adjacent populations
· Occurs if hybrid offspring have low relative fitness

Polyploidy and Speciation:

· Autopolyploidy: -see above, the offspring can no longer mate with parent so they are 2 new species
· Allopolyploidy: -see above, the offspring can no longer mate with parent so they are 2 new species
· Two closely related species hybridize (or have sex) ( form polyploidy offspring

· Speciation in Allopolyploidy is rapid and can result in a new species in one generation

· Ex. Wheat from 3 species (14AA + 14BB (get 28 AABB(combines with another 14DD(42AABBDD)
· Allopolyploidy breeding
· We know about these modern day from gene sequencing. Older times people wood look at tallest plants, strongest and biggest seeds, faster growing,etc… to chose those seeds for next harvest

· Over half of our agriculture now is allopolyploidy
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Selection with multiple loci traits


 


Important we look at the distribution of variation within a POPULATION





Always checked by DNA system so almost never have an effect 





Where most variation in mutation comes from





Darwin was missing the underlying mechanisms that would drive these theories.





Mendel would prove this








