Genetics Unit 1 dump
· Fields of genetics:
· Cytogenetics: the science of the structure and function of chromosome material
· Clinical
· Molecular
· Comparative
· Transmission genetics:
· How traits are passed from one generation to another, gene mapping
· Population genetics: 
· Genetic compositions of populations
· Molecular genetics:
· Studying the chemical nature of the gene (it’s structure, function, and organisation)
· Includes the cellular process of replication, transcription, and translation
· Basics:
· The gene is the basic fundamental unit of heredity
· It is a location on a gene
· It is a sequence of base pairs
· A transcriptional unit
· A determinant of an organism trait
· Genotype: the genes one has (includes all alleles)
· Phenotype: the expressed gene viewed
· All genetic code is on DNA and RNA
· All living organisms use the same genetic system
· Nucleic acids
· DNA is the almost universal genetic material (only some viruses only have RNA)
· Alleles are the alternate states of a gene
· Model genetic organisms are those which are perfect for studying genetics and genes
· They need a short generation time, multiple offspring, the ability to adapt to a laboratory environment, inexpensive to keep alive
· Fruit flies, e-coli, nematode worm, etc
· P generation: parents
· F1 generation: first born
· F2: a cross of the first born together
· Prokaryotic cell reproduction:
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· Eukaryotic chromosomes:
· Humans have 23 including sex chromosomes
· Telomeres (top and bottom)
· Centromere (middle)
· Also where sister chromatid pair up (at the kineticore)
· Also where spindle fibres attach during cell division
· Loci/locus: an area on the chromosome
· [image: ]
· Eukaryotic cells:
· Reproduction:
· The cell cycle + Mitosis:
· Interphase:
· G1: The cell grows and develops fully, proteins required for mitosis are synthesised (several hours)
· G0: few cells go into a state where they don’t mature more or go into the S stage
· S: synthesis of DNA copies
· Before: chromatid -> after: sister chromatid
· G2:prep for mitosis
· Prophase:
· chromatin condense
· spindles develop
· Prometaphase:
· Spindles attach to the kinetichore
· Nuclear envelop disappears
· Metaphase:
· Chromosomes align on the metaphase plate
· Anaphase:
· Sister chromatids separate from the spindle fibres pulling and go into the poles of the cell
· Telophase:
· Nuclear envelop reforms
· Chromosomes relax again
· Cytokinesis:
· The cytoplasm divides
· Meiosis (sexual reproduction):
· Undergoes two phases similar to mitosis
· Meiosis 1
· Prophase 1
· Pairs homologous chromosomes
· Chiasmata (they cross over and share DNA)
· Metaphase 1
· Anaphase 1
· Telophase 1
· Cytokinesis 1
· Meiosis 2
· Prophase 2
· Metaphase 2
· Anaphase 2
· Telophase 2
· Cytokinesis 2
· Yields 4 haploid cells
· Crossing over and the independent sorting of chromosomes allows for genetic variability
· Diploid vs haploid:
· Diploid (2N): two homologous copies of a chromosome (can have different alleles)
· Haploid (1N): one copy of each chromosome
· Gene expression
· Mendel found alleles and that traits do not blend (tall + short does not mean medium height)
· Dominant allele: an allele which requires only 1 to be a phenotype
· Recessive allele: an allele which requires two copies to be expressed
· Principal of segregation: An individual possesses two alleles for any particular trait
· Test crosses are done in order to determine the genotype of an unknown
· Done with a homozygous recessive cross
· Principal of independent assortment: alleles on different chromosomes at different loci behave independently
· A monohybrid cross is where the plants differ in one gene (3:1)
· A dihybrid cross is one where the parents differ in two genes (9:3:3:1)
· Use branch diagrams (faster and easier to read than punnets)
· (Offspring with phenotype*16)/total offspring=ratio
· In an organism, each allele codes for half a protein. Dominant alleles can work by only having half their proteins coded for (haplosufficient)
· Complete dominance: MM =Mm
· Incomplete dominance: Mm ≠ MM phenotypically
· Codominance: two alleles are dominant and both are expressed when together
· Lethal alleles are those that cause death in the early stages of development (often before birth) or prevent life from every happening
· Epistasis is where an allele at one locus interferes with or prevents the expression of an gene at another locus
· Recessive epistatic ratio: 9:3:4
· If one has homozygous recessive for one gene then it will prevent the expression of another gene
· Dominant epistatic allele ratio: 12:3:1
· If one have the dominant for a gene then it will prevent the expression of another gene
· Duplicate recessive epistasis: 9: 7
· If one has either homozygous recessive then it will prevent the expression of another gene (as well as if one has both obviously)
· Duplicate dominant epistasis: 15: 1
· If one has either dominant gene then it will prevent the expression of another gene
· Probability rules:
· P(A and B) = P(A) * P(B)
· P(A or B) = P(A) + P(B)
· Pascal’s triangle:
· 
· Where p is the probability of getting x
· Where q is the probability of getting y
· Where n is x+y
· Where x is the # of times we want x expressed
· Where y is the # of times we want y expressed
· Sex determination:
· Sex chromosomes:
· X and Y
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· Autosomes are the chromosomes that all sexes share
· Combinations of sex chromosomes:
· XX-XO
· The O represents the lack of another sex chromosome, not an O chromosome
· Females: XX
· Males: XO
· Some of the sperm of a male give an X, some give nothing
· Many insects
· XX-XY
· Females: XX
· Males: XY
· All known mammals, some insects, plants, reptiles
· ZZ-ZW
· The same as XX-XY except females have the heterozygous chromosomes
· We didn’t want there to be too much confusion
· Birds, moths, some amphibians, fish
· Moenicious: both male and female reproduction systems in the same organism (hermaphrodites)
· Dioecious: either one or the other reproductive structure in one organism
· Chromosomal sex determination
· Genes play a part in phenotype but it is mostly chromosomes (the ones shown above), or at least genes found on the heterozygous chromosomes
· Genetic sex determination
· Sexual phenotype is determined by the genes on autosomes. There are no sex chromosomes in these systems
· Environmental sex determination
· Sexual phenotype is determined in full or in part by the environment
· Like the incubation temperatures in turtles, alligators, and crocodiles
· Sequencial hermaphroditism: when the organism is male and female but not at the same time
· Haplodity:
· No sex chromosomes
· Sex is determined by the number of chromosomes possessed
· Males are haploid
· Females are diploid
· Asexual births create males, when there is fertilization by a male a female is always formed
· Bees, wasps, ants
· Sex determination in humans:
· Depends on both chromosomes and autosomes
· The male gene is SRY which is contained on the Y chromosome
· It alters the expression of other genes
· It is found in all mammals to date
· Add SRY to XX mice and they become male
· It is the primary, but not only, determinate of the male phenotype
· DAZ is on the Y chromosome and it is essential for sperm development
· The X chromosome is essential for human life
· Females need two copies of the X to be fertile
· 
· Most secondary sexual characteristics depend on the autosomal genes
· Sexual phenotype does not depend on the mere presense of genes but on the correct control of gene expression
· Because the sex chromosomes are not homologous in males, they pair up using their telomeres (pseudoautosomal regions)
· Genetic mistakes:
· Turner syndrome (XO):
· Female, usually sterile, have underdeveloped secondary sexual characteristics (short, broad chested, low hairline, folds of skin on neck)
· Normal inteligence
· Klinefelter (multiple Xs and at least 1 Y):
· Male, small testes, reduced facial and pubic hair
· Usually taller than normal, normal intelligence until Xs pass 3
· XXY: sterile male
· XXXY: sterile male
· XXYY: sterile male
· XYY syndrome:
· Male with occasional fertility issues
· XXX:
· Females that are mostly normal with a tendency of being tall and thin. Few are sterile but most are fertile
· Slightly higher chance of being mentally retarded
· With each additional X over 3 the female becomes increasingly retarded
· Androgen-insensitivity syndrome:
· Almost fully phenotypically female
· Have and XY with SRY however their cells are unable to bind to testosterone causing them to phenotypically the female
· Have no ovaries or uterous, their vagina end abruptly, have internal testes
· The androgen receptor (for testosterone) is on the X chromosome so they inherited this from their mothers
· XX males:
· Their X chromosome has SRY
· XY females: 
· [bookmark: _GoBack]Their Y chromosome lacks SRY
· Sex-linked characteristics:
· X-linked: on the X chromosome
· Seen more in males than females as the males only require one copy if it is recessive in order for it to be a phenotype
· In the F2, the 3:1 ratio is not apparent in both sexes
· Females inherit from both parents; males inherit from mother only
· Y-linked: on the Y chromosome
· Seen only in males
· Direct from father to son (if father has it, all sons do too)
· Dosage compensation:
· Because males only have one X chromosome, their genes has to work twice as hard to get the required proteins
· In females the X genes work half as hard as males and one of their X chromosome inactivates its genes (bar body)
· It is a process called lyonization
· It occurs 16 days after fertilization
· It is randomly decided
· Females are transcriptionally the same as a male’s X chromosome
· Females are genetic mosaics
· Pedegrees:
· Autosomal dominant:
· In both sexes equally (and both can transmit the trait)
· Does not skip generations (because dominant)
· Autosomal recessive:
· Skips generations
· Equally in both sexes
· X-linked recessive:
· Father who has it will never pass to sons
· Father who has it will make all daughters carriers
· Can skip generations
· Mostly seen in males
· X-linked dominant:
· Father who has it will never pass to sons
· All daughters of affected fathers will have it
· No sons of affected fathers will have it
· 50% - 100% of sons of affected mothers will have it
· Does not skip generations
· Y-linked:
· Only seen in men
· All sons of affected father will have it
· If the father doesn’t have it, the sons won’t have it
· Cannot skip generations
· Genetic variation:
· Linkage group is genes that are on the same chromosome which therefore do not sort independently
· In order for them to experience genetic variation, the homologous chromosomes cross over and exchange DNA. This can happen anywhere on the chromosome
· If two genes are linked, one would not expect the 1:1:1:1 or 9:3:3:1 ratio
· Complete linkage: crossing over never occurs causing only parental gametes to be produced. The genes must be very close
· Independence: crossing over occurs at every meiosis causing parental and recombinant gametes are produced in equal frequency. The genes must be very far apart
· Incomplete linkage: crossing over occurs only in some meiosis causing more parental gametes than recombinant gametes. The frequency of crossing depends on distance
· Recombinant frequency = # of recombinant progeny/total progeny (cannot be more than 50%)
· Quantitative genetics:
· A discontinuous/qualitative trait: a trait which contains only a few distinct phenotypes. Often, but not always, with a simple relationship to genotype
· Polygenic trait: a trait determined by the effects of multiple genes at multiple loci
· Continuous variation (quantitative traits):
· Genetic factors + environmental factors = continuous variation
· Have the ability to assume any value within a certain range
· Meristic traits (countable):
·  The countable phenotype varies (all have bristles, but how many bristles?)
· Threshold traits (present or absent):
· The phenotype is binary however the susceptibility varies
· Phenotypic variance:
· Phenotypic variance = genetic variance + environmental variance + genetic-environmental interaction variance
· Genetic variance = additive genetic variance + dominance genetic variance (alleles at a locus) + interaction genetic variance (between loci)
· Population genetics:
· Assessing the genetic variance in a population and explaining its origins and functional significance
· Allele frequencies: # of copies of an allele/total number of alleles (chromosomes)
· When using sex chromosomes keep in mind that males and females have different numbers
· Genotype frequencies: # of people with a genotype/total number of people
· Hardy Weinberg: f(A)=p, f(a)=q
· F(AA)=p^2
· F(Aa)=2pq
· F(aa)=q^2
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