[bookmark: _xk0xqq87z8tz]Lecture 1
· For this lecture you might as well just check her dia’s cus she doesn’t explain hard stuff yet, so most of what i type is in the dia’s.
· YO the amount of dia(slide) switches is CRIMINAL
· Autosomal
· Standard way of giving genes
· X-linked
· giving it through the X-chromosome
Genetic variation
· Crossovers
· During meiosis (II)
· Parts of the chromosome switch with its counterpart
· Independent assortment
· Multiple possible arrangements as humans have a copy from the dad and from the mom (which one are they gonna give and with what other one are they gonna give it)
· Mutations (It is correct)
· rather seldom
· somatic mutation
· Occurs in non-reproductive cells, your next gen is not affected
· moles and stuff like that
· Germ-line mutation
· Mutation in reproductive tissue
· Mutation rate
· spontaneous: very low (1 x 10^-5)
· Mutagens
· Compounds that increase mutation rate
Types of mutations
· Point mutation 
· One base pair mutated
· Base substitution
· One base substituted for another
· Transversions
· Totally out of the ballpark (A→ T or C)
· (transVER want het is VERDER weg)
· Transitions
· Chemically close (A→G)
· Deletion/insertion
· Full frameshift
· All codons after insertion/deletion are changed
· Forward mutation
· Alters the wildtype
· Reverse mutation
· Reverts a mutated gene back to the wildtype
· Loss of function mutation
· removes normal protein function
· Can happen at coding region/regulating region or splicing region
· Splicing uses certain recognition sites that can be mutated (then it won’t be spliced the same)

· Gain of function mutation
· Adds (or changes) a function of a protein
· Gene is turned on when it’s not (think of binding site for inhibitors regions)
· Not gonna make this joke, fill it in for yourself
· Wrong tissue or wrong time
· Suppressor mutation
· Supressor? I barely know ‘r
· Hides the effect of another mutation
· Think of the labradors, it doesn’t matter what pigment mutation they have if they also have a mutation that inhibits pigment making
· (Pigment? no thanks, i’d rather pickwoment 😂 😂 🤣 🤣)
· Intragenic
· In the same gene as the suppressing mutation
· Intergenic
· In a different gene than the suppressing mutation
Transposons (Trans ally moment)
· Jumping genes
· Insert themselves
· Used by scientists
· Chromosomal rearrangement possible
Chromosomal rearrangement
· [image: ]
· Deletion:
· Thing loops over, the yellow gene (now connected to C) decides to connect to F (this is compatible as the other yellow is connected with that one). The yellow that was connected to the F connects to the C, now separating themselves from the whole drama, as such, deletions
· Inversion:
· They just switch with each other where they are connected

· Deletion+insertion
· Top yellow F (connected to F, top chromosome) connects to top B, due to this yellow CDE has no anchorpoint anymore except for bottom yellow. Yellow attaches to bottom E (the nearest compatible) and brings CDE with them, bottom yellow attaches to top E. 
· Happens due to similar repeats on different chromosomes and some small mistakes during meiosis
· Breaks
· Accidental break in the chromosome, things might get repaired wrongly (one chromosome to the other chromosome) 
· Accidental break in the chromosome, things might get deleted and only then repaired
·  Causes problems with chromosome pairing/aligning and gene dosages (in case of deletion of duplication)
· Problem with gene dosage is mostly ratios between the changed gene product and the not changed gene product
Centromere inversion
· Paracentric
· Inversion without the centromere
· Pericentric
· Inversion with the centromere
· Heterozygous 
· Chromosome pairing will be harder 
· Use loops for pairing
· If there is a crossover at this point, there is a big problem as most of one of the chromatids of both chromosomes will be deleted in meiosis. 
· Genes can be split due to half of the gene inverting but the other half didn’t
· IF SHE ASKS TO MAKE A HETEROZYGOUS LOOP ON THE EXAM
· Just think of which gene should be next to which one, and then draw the loop. 
Translocation
· If translocation happens to one of the chromosomes of each of the chromosome pairs there are 3 options of being pulled apart
· Alternate segregation
· The whole chromosome with the other whole chromosome and the translocated with the translocated
· This way each gamete has genes of the red one and of the blue one without repetition 
· Adjacent-1-segregation
· The translocated of chromosome 1 is mixed with the normal chromosome of chromosome 2 (and the other way around
· This way genes repeat and miss genes of the other chromosome pair
· Non-viable
· No need to know the 3rd one as it is also non-viable and crazy rare
· It is basically number 2 but the translocated of 1 is with the normal of 1 (instead of being with chromosome 2)


Ploidy
· Diploid
· Normal
· polyploid
· Multiple chromosome pairs
· For example in genes (AAAA BBBB CCCC)
· Plants can handle being polyploid and they often get bigger fruits and stuff
· Autopolyploid
· All polyploidy genes are from the same species
· allopolyploid
· Some polyploidy genes are added from other species (prob by human intervention)
· In meiosis I the chromosomes are not separated when they should be, giving 2n in the gametes after meiosis II
· If it gets fertilised by a diploid plant, the born plant will become triploid
· Triploids are infertile as it is not possible to pair all the chromosomes during meiosis as the chromosomes are also separated randomly

Reciprocal = ‘equal’ exchange of parts of chromosome (part does not have to be equally as large, but at least you give something back)
[bookmark: _q13pk3maia9]Meiosis fun fact
· There’s a lot of hustlin’!!! (lecture 1 18:55) Real hustlers do meiosis
[bookmark: _is6rxqnojdrf]DNA repair fun fact
· If you repair the DNA of a cat it’s called “DNA repurrrr”
· If you repair the DNA of someone who is already dead it’s called “DNA Reaper”
· If you are able to repair codons in quick succession while naming them you’re called “DNA Rapper”
· (for all of these fun facts certain (unusual) ways of pronouncing the letters is advised/needed)
[bookmark: _ddau2q9jwgcg]Lecture 2
· Testcross
· Cross a heterozygous parent with homozygous recessive parent
· How chance works
· If in multiple turns you want a certain outcome the formula is (x^y) where x is the chance of what you want and y is the amount of iterations
· If in multiple turns you are ok with both (or) it is (x+z)^y where x and z are the things you are ok with
· If you want both (and) it is (x*z)^y
· Conditional
· delete all that do not fit the condition, THEN start doing chance calculations 
· 
· Punett diagram
· Classic cross diagram for generations of gene
· 9:3:3:1
· Branch diagram
· Check the chance for getting a dominant allele for 1 (or double recessive), check the chance of a dominant allele for 2 (or double recessive), and multiply those chances with each other
· 9:3:3:1
· Chi square test
· 
· degree of freedom = amount of classes -1
· Genetics
· Reverse genetics
· induce a mutation, check what happens (you know the gene already)
· Forward genetics
· Induce mutation without knowing the gene, check what happens, then check what gene changed
· Complementation test (works only with recessive mutations)
· Cross 2 mutants to see if the mutation is on the same loci or not
· If 2 mutants cross and the outcome is a non-mutant, the mutation must be on different genes (as both the mutations are recessive but now apparently something dominant has come into play, this has to come then from another loci)
· Allelic series
· Mutations in the same gene but at different places (then all the mutants are part of the allelic series)
· Functional relationship (Do not look for this on grindr, it is not there)
· If two mutations’ effects are additive, there is no functional relationship (think of the fly with no legs)
· If two mutations added up have a different consequence than the two mutations together, there is a functional relationship
· (like if they are alive with either of the mutations, but once they have both, they die)
· Substrate dependent pathway
· If one of the enzymes are mutated the process fails, if another enzyme is mutated the process still fails
· Epistasis
· A gene on another loci masks the effect of a different gene
· Think of a receptor gene and a hormone gene
· To notice this you will have “9:3:4” as due to a recessive epistasis 4 will have the same phenotype
· In case of “12:3:1” you have dominant epistasis
· In case of 9:7 both genes can function as epistasis
· In case of 15:1 only double recessive will not work, the rest gives the same result
· Think of 2 enzymes encoded by a dominant gene who can both do the same function but don’t need to be on at the same time.
· 
[bookmark: _hfdi26nvphez]Neutral fact
· Pure lines means the parnets are homozygous for their trait

[bookmark: _i6d8y14utzgu]Lecture 3
· With some syndromes you get some extra sex chromosomes
· How come men can survive with only 1 Y chromosome
· (species dependent) one of the X-chromosomes of a female becomes inhibited or the x-chromosome of the males does double the work
· Random inactivation per cell of the x chromosome, not the same in every cell
· All x-chromosomes >1 are inactivated
· Not 100% inactivated (that’s why there are symptoms)
· The moment someone has a y chromosome (regardless of the amount of x’s) they present as male (physically)
· SRY gene forces the maleness upon the person
· XX males exist (due to translocation of the SRY gene)
· Receptor malfunction
· If certain receptors do not work (androgen receptor) or enzymes do not work, your genotype might not be your phenotype (Female characteristics while having balls)
mitochondrial inheritance
· Works maternally
· The sperm cell throws away it’s tail (which has a lot of mitochondria on it)
· Circles are female
· Does not always fully fit
· In X-linked dominant, it’s very rare someone being homozygous for that trait
· Heteroplasmy
· Sometimes during dividing certain cells get more of one type of mitochondria than the other type (mutated vs wild type), the phenotype is not always the same as the genotype because of this.
interfering factors
· penetrance
· The percentage of individuals having the expected phenotype for the genotype
· Incomplete penetrance
· Not always showing the phenotype
· expressivity
· The degree to which some trait is expressed
Lethal alleles
· Some mixes of alleles give death, then part of the ratio (1:2:1) is missing
Sex influenced characteristics
· Certain allele mixes have different effects based on sex
Sex limited characteristics
· Some characteristics, both sexes can get genes for, but it only affects one sex

Environmental effects
· Phenotype only shows if certain things are the case in the environment
Continuous characteristics
· Things can slowly fade from one into another (think about colours of flowers or the harvest of corn)
· A lot of genes involved
· quantitative genetics
Problems with human genetics
· Long waiting times
· No controlled mating 
· Family size is small, hard to see ratio’s
· answer
· Pedigrees
· compare families and such
· de novo mutation
· Random mutation that has nothing to do with family tree, but now they have the illness
Rare traits
· Anyone who marries in is expected as homozygous not affected
· Rare to have someone homozygous affected
[bookmark: _t8up6ahqyhbf]Lecture 4
· This is a hard lecture (My opinion)
· I also slept reaaalllyyy bad when seeing this lecture irl so I didn’t follow anything
· If 2 genes are not linked (cis linked) the ratio of the outcomes should be 1:1:1:1
· The reason for this is that to get some of the outcomes, a crossover has to happen, which has a lower chance of appearing, meaning the ratio will be off.
Genetic maps
· Shows distances between loci
· Loci = positions of particular sequences
· Recombination maps
· Map of how likely recombination happens
· In centimorgan (=MU)
· Physical maps
· The mapping out of a gene (in basepairs)
· Cis coupling (tinder)
· When traits are coupled on the same chromotid/some

Centimorgan
· The further genes are away from eachother, the bigger the chance for a crossover (that they are on separate genes)
· Sum recombinants and divide by total genetic outcome
· These are centimorgans
· (In 3-point-testcross) Double crossovers also count, don’t forget to sum them up too
· It is possible to find out the amount of double-crosses happening using a map
· Multiply the maps’ two centimorgans with each other and multiply it with the total count of progeny
· Interference is the percentage that cross-overs inhibit double cross-overs
·  1-observed/expected DCO
· Geneticists love lasagna and COC (Coefficient of coincidence)  
3-point-test cross (she said: ”I always make an exam question about this”)
· triple heterozygote vs triple homozygous recessive
· Determine what is dominant or recessive
· How much there are of each phenotype
· Deduce alleles
· Determine configuration (how are the allele’s sitting on the gene compared to each other (trans or cis configuration))
· [image: ]
· Look for nonrecombinant progeny 
· The ones with the highest count
· 
· To find out what the order of the alleles are, look at the double cross over
· A very very low count, probably means that there is a double cross over
· Place the alleles in such order that they can make the double cross over (visualise it)
Morphological markers
· Polymorphism
· A difference in allele
· desirable characteristics
· Co-dominance
· Things being able to mix (so purple, white and then pink)
· complete penetrance
· early onset
· DNA-markers
· sequence at a specific site in the genome
· can be used to map DNA, which helps finding mutations
[bookmark: _x3zql9yvzi1m]
[bookmark: _ogu6p1erl9zm]Lecture 5
· Threshold characteristics
· measured by presence or absence (diseases etc)
· Determined by both genetic and environmental factors
· meristic characteristics
· Can be measured in numbers
· Determined by both genetic and environmental factors
· The more loci you get, the higher the complexity, eventually it is not possible to distinguish phenotype to genotype
Polygenic inheritance
· If you have a lot of loci, a method of figuring out the amount of loci is:
· (¼)^n = proportion of F2 individuals that resemble each of the homozygous parents
· so if you have the proportion, just take the 1/4th log of it
· Only works if the effects are additive
· If you have a high amount you should be able to estimate genes, but also the other way around

Environment moment:
· Phenotypic plasticity
· The amount of leeway in phenotype a plant has based on the environment
Statistical
· Variance & correlation is very important
· The bigger r is, the more there is a linear correlation
Random example (This lecture doesn’t have a lot for me to write down)
· If I have two inbred plant lengths, and I cross them, the resulting plant progeny lengths will be the mean of the parents together and have about the same variance as the parents had.
· If you inbred the progeny then with themselves the variance will increase
· Now it also matters which one you choose to go on for the next generation of plants
Heritability
· How much of the phenotype is due to genetics
· Phenotypic variation
· Components
· Genetic
· Environmental
· Interaction between genetic and environment
· Formula for phenotypic variance
· 
· Vge
· Genetic and environmental interaction/variance

· Ve
· Environmental variance
· Vg
· Genetic variance
· It’s own formula
· 
· Va= additive genetic variance
· Additive means that with every alele extra length or extra pigment happens
· Vd= dominant genetic variance
· Alleles interaction (wether it’s T or t)
· Vi=  genetic interaction
· Not all genes work on the same idea but have the same outcome
· Think of the labrador example
· Vp
· Phenotypic variance
· I don’t think you need to know the formula per se, just remember that those things make the phenotypic variance
· 
· Broad-sense
·  = heritability
· If H^2 = 1, the gene expression is the same as the phenotype and as such there is no environmental impact
· Narrow-sense
· Only look at one component (the component that interests you and that you are researching)
·  = how well will a trait respond to selective breeding
Selective breeding
· R = response to selection
· = h^2*S
· S = the difference in mean phenotype of the selected parents compared to the whole of the population
· Add the response onto the quantitative trait that you were breeding for
· To map the genes (and how many are involved)
· Cross the extremes 
· Cross the extremes, then cross the bigger one (or whichever one is heterozygous) with their own progeny, you will get an array of sizes due to cross overs with which you can do DNA testing (and phenotype testing)
· This is how a master does it, like a chef handling their beef, you know exactly what to do
· You could even say, you’re……. the masterchef of DNA (where the DNA is the beef)


The slide she said “take a look for yourself” 
· If you have an gene and you haven’t marked it yet, but you’ve marked other genes (different alleles on different chromosomes)
· Cross two homozygous (for the genes you know) but different parents with each other
· Let the progeny inbreed so that you keep a known genotype in there but now translocation is an option
· See with which translocation the trait you’re researching changes so that you now know the location of the gene you’re looking for is near that known gene/loci (since they are close together they like to cross over together)
Genome wide association mapping 
· GWAS (Fetch a bucket and a mop that’s some genome wide association mapping)
· Does not use genetic pedigree
· you compare affected by trait with unaffected by trait
·  You look at your markers to see if there are markers that are often different when affected by trait, the problematic gene is prob there
· Haplotype
· genes (marked) that are close together and due to that stay together (the chance is small that they all get separated)
· If a mutation happens near a haplotype, it is ‘relatively’ easy to find as it has to move with the haplotype, so you will always see it show up near the haplotype
[bookmark: _2cz4es2mdz1a]Lecture 6
· HELP WHO IS THIS WOMAN, WHERE IS THE GENETICIST GENIE!!!!!!!
· Love, this woman is worried about getting copyright strikes on her lecture slides

· AVP (I think?)
· A molecular model for mapping genomes 
· You look for 0’s or 1’s to see variation
· You can graph populations and their genetic differences
· This way you can figure out how much genetic difference is due to habitat variation
· Within populations there is a lot of variation
· Genetic variation
· Important for
· Survival
· Colonisation/migrating
· I guess the spanish and portuguese had crazy genetic variation then
· This was not an immigrant joke but a colonisation joke
· Gene pool shenanigans (me throwing my denims in a small artificial waterbody)
· Sum of genetics and alleles in a group
· Micro-evolution
· A change in the gene pool (so the ratio of alleles changes)
· Genotypes differ from generation to generation, Allele freq is a more solid basis for your calculations
Hardy weinberg equilibrium
· If I have some wine and I see this man in the club, you better know I get a Hardy
· Allele freq will only change if there is no selection
· Formula
· = 1
· Think about how you write this one out in full (take it out of brackets)
· Where P = dominant trait
· Q = recessive trait
· (P^2 = double dominant genotype)
· Remember how you can solve these things if you only get one variable (so either P or Q), use substitution (idk if we need to, but I like to think we do)
· Is equal to one, as the ratio between them should always return to the same (they can shift, but the gene can’t be gone (at least not when you think about it simplistically)
· Assumptions made by Mr.Weinberg
· Random mating
· Big population (otherwise you get random fluctuations)
· No selection or mutations (what I said, simplistically)
· If a allele has a 20% rate of being available, the chance of getting double that allele is less than 10% (as you roll that die twice, it’s an and function)

· Heterozygosity 
· How much heterozygous genotypes there are in the population
· With low heterozygosity, the chance that genetic variation will be lost in the population is high (idk why, maybe because the ratio between dom and rec is off and so most offspring will be mostly dom or mostly rec)
· With high heterozygosity, the ratio between the dominant and recessive allele are more similar

· X-chromosomal inheritance
· For women (XX) it will be the same as above, with the same formula and all, as they have 2 alleles
· Men only have 1 allele, so for them it’s just “p+q = 1” 
· Genotype freq = allele freq


· YO, do not let this woman explain formula’s, I get it now, but how can you explain mathematics so poorly
· 1. Make sure you have one known variable (like the P or the Q)
· Here she checks the p’s for all the different populations 
· 2. solve the formula for “formula = 1”, 
· She kinda glosses over it and says “just write down 7”
· 3.  then see if the answer compares to the data you have from the field
· She does this by looking at her table, which one is closest to the numbers calculated down there
· [image: ]
· You can also, discover both P and Q, then fill in the formula, if it doesn’t add up to 1, it is not in equilibrium
· Also, the fact that I is in equilibrium doesn’t count as it “does not have heterozygous genotypes”, but technically:
· P^2 = AA (0.3)
· 2PQ = Aa (0)
· Q^2 = aa (0.7)
· Try adding these up and not getting the number 1

Changes
· Fardo roulette, pick one
· https://open.spotify.com/track/3i85UIF4nR7qZXTnEwqdPr?si=1adee427afaa43ca
· https://open.spotify.com/track/16x9viSmRS3PII71Pdeowc?si=d8fa89a5ce874f4f 
· https://open.spotify.com/track/7CH99b2i1TXS5P8UUyWtnM?si=352408113a804878
· https://open.spotify.com/track/44RW9FEY76mLQCRQUjT0Zt?si=b55d20deedfd4e87 
· Equilibrium can only be reached if no
· Inbreeding
· With every generation, there are less heterozygotes (halved) and the homozygotes just increase (with 1/4th each) (as they can only share their alleles with themselves)
· Positive or negative mating
· A tendency of like or of unlike individuals to mate
· 

· They made an inbreeding coefficient	Comment by Adrián Ottati: very useful in urk	Comment by Fardo kuiper: hahaha, check 3 things down	Comment by Adrián Ottati: great minds think alike
· formula
· [image: ]
· For calculating the decrease (percentage wise) of heterozygosity, don’t forget the 2 in front of the pq

· Assortative mating
· Kind of like inbreeding
· Less dangerous as not the whole genome is affected
· Mating based on similar traits
· Can lead to specification (the making of species)
· Positives of inbreeding/assortative mating
· Your good traits stay (positive adaptations)
· Kind of a strange thing to write in a summary, but there is a light to Urk I guess
Mutation & migration
· Mutation
· Give more varying gene expression, does not mean more gene expression
· Migration
· Due to animals with certain genes switching populations, ‘fresh meat’ is added to the gene pool of the populations
· This goes on until the populations genetic expression are at equilibrium
· Fast and the furious: Genetic drift (2006)
· Random catastrophe killing random individuals (by chance making a new gene pool) 
· Is not selection and is not mutation
· Formula likelihood of allele to stay
· Depending on what you are looking at 
· (If you look at Aa, it’s 0.5, as half of it is the allele you want fixated)
· (0.5)^(Nx2) = chance for offspring to have the allele fixated
· 0.5 is the ratio of the allele
· N is the population size
· Bottleneck effect
· Catastrophe happens, only a random group survives (think of the great depression if there were no rich people to survive)
· alleles that are lost cannot recover (so genetic variance stays down)
· Founder effect
· Random subgroups start forming away from the population, but the big population stays existent (for now)
· Think of the amish (they’re colourblind and got multiple fingers)

Selection
· not in Hardy equilibrium
· Timeline shift
· (if dominant allele is better for survival)
· The increase in this allele will increase fast in the beginning and slowly ease off
· This is because both the heterozygous, as well as the double dominant survive, keeping some extra A alleles in there
· (If recessive is better for survival)
· The increase begins slowly and increases later
· First all the heterozygous and dominant have to die before the double recessive can shine through.
· If there is selection on being heterozygous (so heterozygous dies), the homozygous genes will form their own little subcultures (population wise) as it is harder to mix the genes
· Can also be the other way around
· Calculation basics
· Fitness and the effect on genotype freq
· W = Performance relative to the genotype with the highest count (of offspring)
· 
· freq*W = relative contribution (she does not further explain this, but it seems that the bigger it is, the less a genotype keeps existing)

[image: ]
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1. 
a. Mutation (yeah no shit)
b. Migration (between populations) adds fresh meat to the gene pile within a population
c. Natural selection (depends on the selection)
2.  
a. Mutation (Mutations are rarely similar in two populations so the populations drift apart)
b. Genetic drift, one of the two populations randomly loses half it’s genotype, there’s gonna be a difference between the populations
c. Natural selection (depends on the selection)
3.  
a. Genetic drift, If half the genotypes die out, then there’s a lot less variation and a lot less options to go round
b. Natural selection (you get the point)
4.  
a. Migration, Due to the migration, eventually a equilibrium between the two populations will be reached as the populations now have a similar genotype
b. Natural selection (of course)

[bookmark: _me3b7yiobzuz]Some random tutorial things
· 1.3, Explain why loss-of-function mutations are frequently recessive, whereas gain-of-function mutations are frequently dominant.
· The loss of function can often be compensated by other genes or by the other allele as that one still works normally.
· Gain of function mutations just make something that is not supposed to be there or not at that time frame, you can’t compensate by making something else less. It will almost always have an affect

· 1.4
· Each chromatid is 1 DNA molecule (they count both boxes in the figure as 1 cell)
· 1.5
· The set is determined by the parents, so usually humans have 2 sets but 23 pairs (I thought one set was one pair fsr)
·  1.9
· Allo means “from different species”
· 1.10
· Non-disjunction of a chromosome can make it so that there are 2 chromatids in one cell
· 2.2
· df = groups - 1
· 2.6 
· You need to be homozygous recessive for a complementation cross



· 2.7
· co-dominance
· Both alleles are expressed equally (think of a white cow with brown spots as a daughter from a brown bull and white cow)
· incomplete dominance
· Mixes with the recessive allele to make an intermediate (if heterozygous)
· complete dominance	Comment by Jort Remkes: i just see this last minute	Comment by Jort Remkes: i'm telling Nariesha
· Me in bed?! (Jort knows)
· 2.8
· “e” double recessive makes a dog yellow
· 2.9
· Study the ratio’s real well
· Imma check if i even have them in here 
· 3
· General assumption
· complete penance
· rare diseases don’t often get married in or are homozygous
· 
· 
[bookmark: _97qx9wug5sj4]End of this summary
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