Post Mid-Term 2 Material

Monday November 9th 2015
Gene Expression: Regulatory Control
-how to turn genes on and off (regulatory control)
-every single step of the way, in transcription, post transcr., translational, post translational 
-most of what we know comes from bacteria

Proteins interacting with DNA turn prokaryotic genes on or off in response to environmental changes
-a cluster of genes with related functions along with the control sequences, is called an operon
-with few exceptions, operons only exist in prokaryotes

-prokaryotes, a basis of their success, is because they can flip genes on and off faster than eukaryotes. This is because prokaryotes have genes clustered together which all have functional relation and one set of control sequences that control these clusters (under the control of one promoter)
-recently discovered in sea elegans, and drosophilia (operons)
- allows you to flip on a series of genes in a single switch

-When an E. coli encounters lactose (a source of energy), all the enzymes needed for its metabolism are made at once using the lactose operon
-The lactose (lac) operon includes
1) three adjacent lactose-utilization genes next to each other on the genome
2) a promoter sequence where RNA polymerase binds and initiates transcription of all 3 lactose genes and
3) an operator sequence where a repressor can bind and block RNA polymerase action (from getting to the promoter/ transcription)

-Regulatory gene, next to the promoter, is always turned on (constitutively active) and produces the repressor protein. It binds to the operator sequence when active, stopping the RNA polymerase from binding to the promoter and stopping the lactose utilization genes. 
	-does this in absence of lactose to conserve energy

-When lactose is present, it’s an energy source. Lactose binds to the repressor protein and inactivates it, which no longer binds to the operator sequence, the RNA polymerase has clearance to get to the promoter, and so it binds and produces the mRNA molecule. It doesn’t produce these genes as 3 separate mRN pieces but as one longer piece (called polysystronic RNA).
	-inducable= default state is to be turned off. Only turned on in presence of lactose


2 Types of Repressor-Controlled Operons
-in the lac operon, the repressor is….
	-active when alone and inactive when bound to lactose
	-lac operon is referred to as an inducible operon (is turned on by lactose)
-in the trp bacterial operon, the repressor is…
	-inactive when alone and active when bound to the amino acid tryptophan (trp)
	-trp operon is referred to as a repressible operon (is turned off by tryptophan) 

-If tryptophan is present in the environment, it conserves energy to not make tryptophan (why make it when you can get it for free). Therefore the default is ON (ie repressible)
-eukaryotes are different, no operons. Instead, every single gene has its own promoter. Different genes may share the same promoter sequence, but they are all turned on individually. Allows to control a very small subset of genes.

Chromosome structure and chemical modifications can affect gene expression
-Differentiation
	-involves cell specialization, in structure and function
	-is controlled by turning specific sets of genes on or off
-Almost all of the cells in an organism contain an identical genome
-The difference between cell types are
	-not due to the presence of different genes but instead
	-due to selective gene expression

-DNA bases and histone proteins are subject to chemical modification this can result in…
	-changes in gene expression
	- epigenetic inheritance (a modification in the DNA such as packaging and coiling)

-DNA packaging, needs to be packaged small via being coiled into proteins. Packaging influences the accessibility to transcription (more coiled, not transcribable).

Complex assemblies of proteins control eukaryotic transcription
-prokaryotes and eukaryotes employ regulatory proteins (activators and repressors) that
	-bind to specific segments of DNA and
-either promote or block the binding of RNA polymerase, turning the transcription of genes on and off
-In eukaryotes, activator proteins seem to be more important than repressors. Thus, the default state for most genes seems to be off 
-difference is that the default state for most eukaryotic genes is to be turned off.

-A typical plant or animal cell needs to turn on and transcribe only a small percentage of its genes

General transcription factors
Site-specific- factors which say ‘this gene with this promotor’ recognizes specific genetic sequence. On the promoter.

Enhancers- bound by activator protein, which causes bending in the DNA

-Silencers are repressor proteins that 
	-may bind to DNA sequences and
	-inhibit transcription

-Coordinated gene expression in eukaryotes often depends on the association of a specific combination of control elements with every gene of a particular metabolic pathway

Eukaryotic RNA may be spliced in more than one way
-splisosome – mediates splicing
Complexes bind to GU sequence
RNA is looped and 3 other complexes bind
Final complex changes in shape
Intron cleaved at GU and attaches to A site. The AG end is then spliced, and the exons reattach.
Very type regulated.
Isoforms are created by cutting out some exons. Post-transcriptional gene expression. 

Small RNAs play multiple roles in controlling gene expression
-only about 1.5% of the human genome codes for proteins (seems very low)
-another small fraction of DNA consists of genes for ribosomal RNA and transfer RNA
-recent data suggests that a significant amount of the remaining genome is transcribed into functioning but non-protein-coding RNAs, including a variety of small RNAs
	miRNA, transcribed as long pieces of RNA and because of their sequence they fold into themselves and get cut down into 21nucleotide pieces of RNA. It binds to argonor complex, which together binds onto mRNA, either degrading the mRNA or physically blocks translation. 

Multiple roles for non-coding RNAs
Long-non coding RNAs- 


Later stages of gene expression are also subject to regulation
Insulin- first produced as a non-functional long polypeptide. To become functional it must be folded and forms disulphide bridges (3). Still not functional. It then must undergo a cleavage reaction, and then it becomes active!


Multiple mechanisms regulate gene expression in eukaryotes
How long does mRNA last in the cytoplasm?
miRNA
all proteins have a half life and will break down.
Ubiquitin cell system which is where the cell tags certain proteins to be destroyed, sending the cell to the protostome. It is a form of gene expression. 
	-will be reused to make new proteins
	-alzheimers
















November 16th 2015
2 key features of mitosis: replication and ordering/dividing of the cell.
Happens in somatic cells of the body, generates genetically identical cells. DOES NOT GENERATE DIVERSITY.

Cell Cycle: a period of growth followed by nuclear division and cytokinesis 
Mitosis: divides replicated DNA equally and precisely

Replication of DNA of each individual chromosome creates two identical molecules called sister chromatids

Chromosome Segregation: Equal distribution of daughter chromosomes to each of two cells resulting from cell division

Result of binary fission- prokaryotes
-cell division yields progeny that are identical to parental cell except for mutations that occur during cellular reproduction
- generates genetically identical cells identical progeny to the parent. 
- Reproduced the entire organism- asexual reproduction
	-genetically identical to the parents, with exception being mutations 
		-in prokaryotes, mutations are a form of genetic diversity

Result of mitotic cell division – eukaryotes
-cell division yields progeny that are identical to parental cell
-genetic information in an embryo is conferred to trillions of cells that comprise the body 
	-trying to transfer entire set of DNA to every single cell in the body
-mutations are present, but it does not count for genetic diversity because we have many cells in our body (multicellular organisms). The effects of the mutation are only seen in the effected cell and its offspring. Mutations are not unimportant either.

Mitosis provides for growth, cell replacement, and asexual reproduction
-when the cell cycle operates normally, mitosis produces genetically identical cells for
	-growth 
	-replacement of damaged and lost cells
	-asexual reproduction

What makes us different- overview
-only 1.5% of the human genome is protein-coding
-similarity to chimpanzees > 98%
	-closest relative neaderthals
-the genes that we have in common in the protein coding regions with chimps, 98% of them are similar.
-closest relative was Neanderthal, there was some intermingling. The difference comes from…

What makes difference?
-unique genes (only we have it. Fetal haemoglobin, different hair, Fox p-2 which works for language) (Different copy numbers of genes)
-non-coding regions (significant roles in timing and extent of gene expression)
-sequence changes of shared gene between species  (genome difference between people have less than .1%, compared to the 2% difference between genes

-but between individuals – the basis of difference is the variants (alleles) of a given gene
	-arise over multiple generations via mutations
	-passed on in unique combinations

Variation relies upon recombination
-two parents give rise to unique combinations of genetic matrial during fertilization
-sexual reproduction gives rise to greater variation than simple cell division
	-parents are different from offspring
-basis of variation lies in recombination of genetic material
	-allele combinations make the difference from people, one allele from mum and dad each

Mechanism of genetic recombination
-basis of variation lies in recombination of genetic material
	-you recombine pieces of DNA
-requires 2 dna molecules that differ from one another in at least 2 places that have the same sequence (homology)
-homology allows DNA on different molecules to line up and recombine precisely (will have the some gene but maybe different alleles. Areas of difference will swap between the different chromosomes)
	-occur in eukaryotes via a process called meiosis (sex cells are produced via meiosis)
Video:
Interphase: diploid cells. Chromosomes are duplicated to make sister chromatids.
Prophase i: spindles from and go to opposite poles of the cells. Chromosomes thicken
Metaphase I: Chromosome pairs line up in middle of the cell
Anphase i: Homogolous chromosomes are separated and move to opposite pole, each consisting of 2 sister chromosomes.
Telophase I and Cytokinesis: Began with 46 chromosome, each daughter cell has 23 chromosomes
Meiosis II: microtubules attach to chromosomes which line up in center of cell and the 2 sister chromatids are pulled apart. Each daughter cells divide into 2 cells. Begin with 2 Diploid cells, then have 4 Haploid Cells.
-prokaryotes…..

Bacterial recombination:
-bacterial dna is found in a single, closed loop, chromosomes
- Bacterial cells divide by replication of the bacterial chromosome and then by binary fission
-creates clone cells, but mutations could result in diversity. 
-bacteria possess multiple mechanisms for dna recombination

-bacteria used three mechanisms to move genes from cell to cell, to create more diversity.
-transformation is the uptake of DNA from the surrounding environment (Griffiths and Avery’s experiments)
-transduction is gene transfer by phages
- Conjugation is the transfer of DNA from a donor to a recipient bacterial cell through a cytoplasmic (mating bridge)

-once new DNA gets into a bacterial cell, part of it may then integrate into the recipient’s chromosome
-if there is some degree of homology, what may happen is that piece of DNA may recombine with host chromosome.

Transformation
-occurs when bacteria take up DNA from disintegrated bacteria 
	-linear fragments recombine by double crossovers
	-transformation bacteria usually have DNA binding protein in wall

-genetic manipulation of some bacterial requires artificial some bacterial requires artificial transformation
	Alters cell membrane for dna penetration 

-transduction occurs when bacterial phages transfer dna from one bacteria to another
- virus incorporates DNA fragments from host cell
	-if DNA fragments are homologous, bacteria, become partial diploids
	-recombination by double crossovers
	-not done intentially by bacteria. 

Lifecycle of phage (lytic cycle)
-phage attatches to cell and infect the bacteria with their DNA, hijacking the cell, making more phages
-bacteria chromosomes start to break down,
-phages will rupture the bacterial cell, and infect more bacterial cells
-or the phages can inject their DNA into the bacteria chromosomes
-under environmental stress, the DNA will be excised from the chromosome and recircularizes
-sometimes instead of phage DNA being incorporated, bacterial DNA will be injected from another bacteria. 
-if there’s homology, there may be recombination
-if bacterial DNA is packaged into phage progeny ‘by mistake’ then when phage infects next bacterium, DNA from original bacteria is injected and may recombine

Conjugation
-physical contact between two bacterial cells resulting in direct transfer of genetic information without any death
-mating bridge starts at sex pilus, extensions out of the cell. One of the sex pilis makes contact with another cell and begins construction of cytoplasmic bridge in which DNA is transferred
-bacterial recombination occurs by conjugation 
	-sex pilus connects two bacteria
	-donor sends DNA via cytoplasmic bridge to recipient
	-recipient undergoes recombination
	
	-plasmids: circular, non-chromosomal tranferable DNA
	-R plasmids confer resistance to antibiotics

-The f factor (fertility) is a sequence of DNA that codes for a series of genes that build the bridge. The sex pilis make contact and the bridge begins to form. From the f-factor, the DNA begins to replicate in rolling circle replication. Begins at start of the f-factor and the strand peels off and is brought through the bridge into the other cell, taking the f-factor and other genes with it. If there is some homology with the DNA piece, you can get a recombination event. 

-an f factor can also exist as a plasmid
	-separate from the bacterial chromosome
-some plasmids, including the f factor, can bring about conjugation and move to another cell in linear form
-the transferred plasmid reforms a circle in the recipient cell
-There is no recombining, the cell is genetically different though because of the chromatid

-genetically identical = behavioural identical?
-no, bacteria can behave in quite different ways
-due to partition of cytoplasmic contents in cell division
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Recombination II: Meisosis

-human diversity is the consequence of meiosis
	-we all have the same genes in the same order on the same chromosome, but in different versions called alleles. For every gene, we inherit 2 copies (one from each parent), and these unique combos make us different.
	-when you reproduce, you make a mix of mum and dad alleles 

-prokaryotes divide by binary fission, which is cloning. They do have diversity though from mutations and copy mistakes, and 3 mechanisms.
Transformation- certain species of bacteria have a cell wall protein called a DNA binding protein. It binds onto lysed pieces of cell and brings it into its own cell, potentially causing recombination. One bacteria has to have died.

Transduction- the result of viruses that infect bacteria and may accidentally transport bacterial DNA from one bacteria to another
-Result of bacteriophage
-Virus injects enzymes and breaks down cell DNA as well as infects with viral DNA. 
-Cell bursts and more phages are released with some bacterial DNA inside of them. When they inject other bacteria, bacterial DNA may be injected into the new host cells, resulting in recombination.

Conjugation- the contact between bacteria forming a mating bridge and exchanging DNA. 
-F factor which can be a plasmid or in the host chromosome, found in F+ donor cells, makes a pilus that joins the 2 cells. 
-Rolling circle DNA, the F factor is replicated as its being transferred. Its replicated in both host and recipient cell. Creates more F+ cells. 
-Not directly recombination, as 2 pieces of DNA do not recombine. What we do have in a genetically different cell. An example of genetic diversity. 
-When the F factor is apart of the host DNA, the f factor rolling circle replication can result in some replication of the cells other DNA that gets transferred over to the recipient cell. This can result in recombination. 
-Does not require cell death

-Bacteria with the same DNA does not have to be the same behaviourally due to different cytoplasmic contents and ratio.

Chromosomes are matched in homologous pairs
-In humans, somatic cells have
	-23 pairs of homologous chromosomes
	-one member of each pair from each parent
-The human sex chromosomes x and y differ in size and genetic composition
-the other 22 pairs of chromosomes are autosomes with the same size and genetic composition
-get 1 member of each pair from each pair. 1 set of 23 chromosomes from each parent= 23 pairs. This is diploid, 2 sets of chromosomes. Diploid number is 46.



-homologous chromosomes are matched in 
	-length
	-centromere position
	-gene locations
-you have 2 copies/versions of the same chromosome.
-A locus is the position of a gene (a given set of genes will always be at the same position)
-Different versions of a gene (allele) may be found at the same locus on maternal and paternal chromosomes

Gametes have a single set of chromosomes
-two parents give rise to unique combinations of genetic material during fertilization (union of sperm and egg- gametes)
-if gametes were produced by mitosis they would have 46 chromosomes; fertilization would yield a zygote containing 92 chromosomes

Sperm (46) + egg (46) = zygote (92) THIS IS TOO MANY

-meiosis is a process that converts diploid nuclei to haploid nuclei
-starts with diploid cell and ends with haploid cells
	-diploid cells have 2 homologous sets of chromosomes
	-haploid cells have one set of chromosomes
	-meiosis occurs in the sex organs, producing gametes
-the zygote thus has a diploid chromosome number, one set from each parent

-any sexual life cycle, has to alternate between these stages. Haploid egg meets haploid sperm makes diploid zygote
	-gametes are made in males at puberty, in females in the womb and then halts until puberty.

Meiosis reduced the chromosome number from diploid to haploid
-begins with chromosome duplication, sister chromatids
-meiosis has 2 rounds of division. First round separates homologous chromosomes, reducing chromosome number to 1N. The second round is the separation of the sister chromatids.
-It’s also about generating genetic diversity 

-meiosis and mitosis are preceded by the duplication of chromosomes
	-meiosis is followed by two consecutive cell divisions and
	-mitosis is followed by only one cell division
-One duplication of chromosomes is followed by two divisions – each daughter cell produced has a haploid set of chromosomes

-Interphase: chromosomes duplicate and centrosomes are duplicated (diploid cell, primordial germ cell)
Meiosis I: 
	Prophase I: chromosomes condense and nuclear membrane fragments. Centrosomes start producing microtubule spindles towards opposite sides of cell.
	-these homologous chromosomes line up next to each other, synapses, brings the homologous pairs together (tetrad of 4 sister chromatids). Sister chromatids swap pieces in crossing over.


Crossing over generates genetic variability
-genetic recombination is the production of new combinations of alleles due to crossing over
-crossing over is an exchange of corresponding segments between separate (nonsister) chromatids on homologous chromosomes
	-nonsister chromatids join at a chiasma, the site of attachment and crossing over
-corresponding amounts of genetic material are exchanged between maternal and paternal (nonsister) chromatids 

SOURCES OF GENETIC VARIABILITY: 
-CROSSING OVER IN PROPHASE I
	-required: pieces of homology and difference

Metaphase I: Spindle microtubules attached to a kinetochore at lined up sister chromatids 
Anaphase I: Sister Chromatids remain attached while chromosomes are pulled apart, homologous pairs have been pulled apart

Independent Orientation of chromosomes in meiosis generates genetic variability
-independent orientation at metaphase I
	-each pair of chromosomes independently aligns at the cell equator
	-there is an equal probability of the maternal or paternal chromosome facing a given pole
	-the number of combinations for chromosomes packages into gametes in 2n where n= 
haploid number of chromosomes

- 2 equally probably arrangements of chromosomes at metaphase I plate
-in metaphase II you get 4 different possibilities
-at the end, it can give you 4 different combinations 
-with 23 chromosomes, 2^23 means 8.4x10^6 possible arrangements/combinations. For each egg or cell. Not taking into account crossing over, but just independent assortment. 
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Diversity Comes From:
-crossing over in prophase I: homologous chromosomes lines up beside each other and start swapping corresponding segments. This is the key genetic shuffle.
-Independent Orientation: chromosomes line up at metaphase plate, 50/50 chance in which way there are facing. Gives 8.4 million combinations.
-Fertilization is random; which sperm fertilized each egg. Over 70 trillion different pairings. (Not considering crossing over)

Meiosis reduces the chromosome number from diploid to haploid
-meiosis I- telophase I
	-duplicated chromosomes have reached the poles
	-a nuclear envelope re-forms around chromosomes in some species
	-each nucleus has the haploid number of chromosomes

-Meiosis II follows meiosis I without chromosomes duplication
-Each of the two haploid products enters meiosis II
-Meiosis II- Prophase II
	-chromosomes coil and become compact (if uncoiled after telophase I)
	-nuclear envelope, if reformed, breaks up again
	-no replication
Metaphase II: kinetochore is connects to spindle fibres
Anaphase II: sister chromatids are pulled apart and are brought to tell poles
Telophase II: nuclear envelope reforms and cytokinesis occurs, resulting in 4 haploid daughter cells

Differences between mitosis and meiosis:
-in mitosis, metaphase chromosomes line up across cell plate and chromatids are pulled apart
-in meiosis, in prophase I the pairs are brought together and swap over, sticking together in tetrads on the plate
-Mitosis makes diploid clone cells
-Meiosis makes haploid genetically diverse gametes (sperm or egg)

-There are errors in meiosis too, producing gametes with abnormal number of chromosomes, resulting in a zygote with chromosomes abnormalities.
-Chromosome test can be ordered, due to age, genetics, infertility, etc.

Karyotypic Analysis of an individual’s chromosomes
- a karyotype is an ordered display of magnified images of an individual’s chromosomes arranged in pairs
-karyotypes
	-often produced from dividing cells arrested at metaphase of mitosis and 
	-allow for the observation of
		-homologous chromosome pairs
		-chromosome number
		-chromosome structure

-cells are collected from individual, from the fetus let’s say
-uterine fluid is collected as cells are found in there or a blood sample
-centrifuge to separate cells
-suspend cells in hypotonic solution (to separate the chromosomes easier)
-fix and stain cells
-stains light up in different colours for different chromosomes
-46 Xy or XX is normal

Aneuploidy
-a normal chromosomal number is euploid
- cells with extra or missing chromosomes are aneuploidy
-most autosomal aneuploids are spontaneously aborted (< 50%)
-those that are born are more likely to have an extra chromosome (trisomy) rather than a missing one (monosomy)
-most common are 13, 18, and 21. They have fewer genes compared to other chromosomes
	-intellectual development
-too much gene expression

An extra copy of chromosome 21 causes Down Syndrome
-Trisomy 21, called Down Syndrome, produces a characteristic set of symptoms, which include:
	-mental retardation
	-characteristic facial features
	-short stature
	-heart defects
	-susceptibility to respiratory infections, leukemia, Alzheimer’s disease
	-shortened life span


Accidents during meiosis can alter chromosome number
-nondisjunction is the failure of chromomsomes or chromatids to separate normally during meiosis. This can happen during
	-meiosis I, if both members of a homologous pair go to one pole or
	-meiosis II if both sister chromatids go to one pole
-Fertilization after nondisjunction yields zygotes with altered numbers of chromosomes

-Can occur in mitosis, when sister chromatids do not separate. This can be the cause of tumours in cancers.

Abnormal Number of sex chromosomes do not usually affect survival
-Sex chromosome abnormalities tend to be less severe, perhaps because of
	-the small size of the y chromosome (gene poor) or
	-x chromosome inactivation
Kleinfelter- XXY; failure in meiosis in egg or sperm. Male. Infertile.
XYY- male. Nondisjunction in sperm. Phenotypes are almost non-existent, mild. Infertile. 
Turner Syndrome- XO, no Y. Missing a chromosome. Believe that the majority of fetus’ are stillborn, less than 1% make it to turn.
XXX- female, no symptoms just female. Both extra X’s are inactivated. 
XXYY- arises from meiosis in egg and in sperm then meet. Lots of severe symptoms, behavioural and developmental. 
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-Meiosis is 2 step procedure
I: separating homologous chromosomes
II: separating sister chromatids
-to create haploid cells, when joined (egg and sperm) make diploid zygote

-Errors can occur during meiosis, resulting in aneuploidy, incorrect number of chromosomes. 
Too many: trisomy. Not necessarily lethal, can have a consequence but not always detrimental.
Too little: monosomy. Always lethal in the womb in autosomal chromosomes, but Turner Syndrome (sex chromosome deficit, XO) is survivable.
-Results from a failure of separation, nondisjunction. Can happen in either step of meiosis.

Polyploidy
-catastrophic failure of seperation
-cell with extra chromosome sets is polyploid
-triploid (3N) cells have three sets of chromosomes
-produced in one of two main ways
1) fertilization of one eggs by two sperm
2) fusion of haploid and diploid gametes
-triploids account for 17% of all spontaneous abortions and 3% of stillbirths and newborn deaths

Alterations of chromosome structure can cause birth defects and cancer
-chromosome breakage can lead to rearrangements that can produce
	-genetic disorders or if changes occur in somatic cells, cancer

Deletion- loses chromosome segment. Can happen in meiosis can occur due to error in crossing over, losing a chunk of chromosome. Depends on size and location or portion of gene lost as to whether or not is can have an adverse effect.

Inversion- a reversal of a chromosome segment. No genetic material lost, only 5-10% of these have a problem. Depends on where the gene is broken as to whether or not is has an issue (etc in the middle of a gene). Could it happen during crossing over?

Duplication- repeat of a chromosome segment. Could happen due to replication slippage, an error during interphase when the DNA is being copied, the copying machinery slips off and goes back to a part it already copied. 

Reciprocal Translocation- Pieces of non-homologous chromosomes swap over. 2 different chromosomes swap, not losing or gaining anything, still have same number of information but its rearranged. 1/100 people may carry it.  It depends on where the genes broke off as to whether or not it has an effect. 
Example: Philadelphia chromosome that causes CML


Chronic Myelogenous Leukemia (CML)
- is one of the most common leukemias
-affects cells that give rise to white blood cells (leukocytes), and
-results from part of chromosome 22 switching places with a small fragment from a top of chromosome 9
-Breaks in middle of gene and codes for a hybrid gene for a hybrid protein that makes white blood cells over-divide. 

MEIOSIS IS VERY IMPORTANT FOR THE FINAL, hereditary genetics and its implications

Mendelian Genetics I:
Heredity: the passing on of traits/characteristics through the generations through DNA

Gregor Mendel:
-founder of genetics
-Augustinian Monk (1822-1884)
-first to use scientific method to study inheritance
-made hereditary genetics important
-breaded garden peas

Blending Theory of Inheritance
-popular belief until about 1900
-Hereditary traits blend evenly in offspring through mixing of parents’ blood
-does not explain some observations:
	-extremes do not gradually disappear
	-offspring sometimes have different traits from either parent	
	-doesn’t explain the disappearance of traits in generations 

Mendel’s Experimental Model – the garden pea
-1866, mendel
	-correctly argued that parents pass on to their offspring discrete ‘heritable factors’ and
	-stressed that the heritable factors (today called genes), retain their individuality generation after generation.
- A heritable feature that varies among individuals, such as flower color, is called a character.
- Each variant for a character, such as purple or white flowers, is a trait (we refer to as alleles).

• True-breeding varieties 
• Self-fertilized plants (same trait each generation) 
• Easy to cross 
• Cross-pollination between parents 

 Offspring of two different varieties are hybrids.
 True-breeding parental plants are the P generation (parents).
 Hybrid offspring are the F1 generation (filial).
 A cross of F1 plants produces an f2 generation

Mendel- inheritance of a single character
-a cross between two individuals differing in a single character is a monohybrid cross
-mendel crossed a plant with purple flowers and a plant with white flowers
	-the f1 generation produced all plants with purple flowers
-a cross of f1 plants with each other produced an f2 generation with ¾ purple and ¼ white flowers

Mendel’s Law of Segregation described the inheritance of a single character
- the all purple f1 generation did not produce light purple flowers, as predicted by the blending process
-mendel needed to explain why 
	-white color seemed to disappear in the f1 generation and
	-white colour reappeared in one quarter of the f2 offering
-mendel observed the same patterns of inheritance for 6 other pea plant characters

-Mendel developed four hypothesis
1) alleles are alternative versions of genes that account for variations in inherited characters
2) for each characteristic, an organism inherits two alleles, one from each parent. The alleles can be the same or different 
3) if the alleles of an inherited pair differ, then one determines the organism’s appearance and is called the dominant allele. The other has no noticeable effect on the organism’s appearance and is called the recessive allele
	-phenotype is the appearance or expression of a trait
	-the genotype is the genetic makeup of a trait
	-the same phenotype may be determined by more than one genotype
4) a sperm or egg caries only one allele for each inherited character because allele pair separate (segregate) from each other during the production of gametes.  This statement is called the law of segregation. 
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-mendel’s hypothesis explain the 3:1 ratio in the f2 generation
-the f1 hybrids all have a Pp genotype
-a punnett square shows the four possible combinations of alleles that could occur when these gametes combine
	-the dominant allele is the one that is visible in the phenotype
	-the recessive allele can only be seen if there is 2 copies of it 
	-law of segregation: the alleles have to separate and recombine to make a gamete

P generation: a homozygous dominant breaded with a homozygous recessive
F1: results from p generation, heterozygous dominant 
F2: results from f1 generation, results in 3:1 dominant: recessive offspring 


Homologous chromosomes bear the alleles for each character
- a locus is the specific location of a gene along a chromosome
-for a pair of homologous chromosomes, alleles of a gene resde at the same locus
	Homozygous individuals have the same allele on both homologues
	Heterozygous individuals have a different allele on each homologue

-Mendel essentially predicted meiosis 

Product Rule in Probability
-probability of two independent events occurring in succession
	-individual probabilities multiplied

Sum rule in probability:
-probability of 2 different events producing th same outcome 
	-individual probabilities added
-probability of a heads and a tails in 2 tosses

Probability in Mendel’s Crosses
-Heterzygous cross (PpxPp)
	- PP zygote= ¼
	-pp zygote= ¼
	-Pp zygote = ½

-phenotype probabilities
	-purple flowers = PP+Pp= ¾
	-white flowers = pp = ¼

Review:
What is meant by character, trait, and allele?
	-genotype, phenotype
	- homozygous, heterozygous, dominant, recessive

What is a monohybrid cross?
- expected phenotype ratios
-How does Mendel’s law of segregation explain the observed phenotypes?
	-product and sum rule in probability

Mendelian Genetics II:
Using the testcross to determine unknown genotypes
-a testcross is the mating between an individual of unknown genotype and a homozygous recessive individual
-a testcross can show whether the unknown genotype includes a recessive allele

-mendel used testcrosses to verify that he had true- breeding genotypes


The law of independent assortment is revealed by tracking two characters at once
-a dihybrid cross is a mating of parental varieties that differ in two characteristics
	-take identical plants from 2 characteristics (ie colour an shape)
	-RRYY vs rryy, 100% of population would be RrYy
	-f1 geneteration would result in 9:3:3:1 ratio in f2 generation

-The 2 trait sort independently

Medel’s Legacy
-dies and no one knew who he was
-around 1900, 3 scientists rediscovered his work
	-chromosomes occur in pairs in diploid organisms
	- chromosomes of each pair are separated and delivered singly to gametes
	-independent assortment of chromosomes
	- one chromosome of each pair is derived from the male parent, one from the female parent

Review:
What is a test-cross?
	-what results would you predict if th plant were heterozygous versus homozygous
What is a dihybrid cross
	-what results would you expect and why?
What results would you expect from a dihybrid testcross?
-how does the chromosomal theory of inheritance explain Mendel’s results? 


































Friday November 27th
Human Genetics I
- a few human traits can be inherited in the classical mendlian sense
	-tongue rolling
	-attached earlobes (recessive) vs free earlobes (dominant)
	-widows peak
-ALL DOMINANT MEANS IS WHAT IS EXPRESSED IN THE PHENOTYPE
Tracking Genetic Traits in Humans
-in a simple dominant-recessive inheritance of dominant allele A and recessive allele a
	-a recessive phenotype always results from a homozygous recessive genotype (aa) but
	-a dominant phenotype can result from either
		-the homozygous dominant genotype (AA)
		-or a heterozygous genotype (Aa)
-wild-type traits, those prevailing in nature, are not necessarily specified by dominant alleles. Is the most common trait in nature. 

Tracking Genetic Traits in Humans
-the inheritance of human traits follows Mendel’s laws
-a pedigree
	-shows the inheritance of a trait in a family through multiple generations,
	-demonstrates dominant or recessive inheritance, and
	-can also be used to deduce genotypes of family members
		-female is circle, male is square. If trait is present, the shape is filled in. 
-incidence to genetic diseases are not even
-geographically isolated populations
	-marthas vineyard had inbreeding as it was geographically isolated. Leading to high rates of deafness in the population in general.

-most common fatal genetically recessive disease in US: cystic fibrosis. Why would lethal disease causing alleles remain in a population? Because of carriers. There are lots of carriers who do not have disease traits, but can pass it along to possibly create right combo for cystic fibrosis.

-carriers in pedigree is half/half 
-learn how to determine genotype of disease. 

Many inherited disorders in humans are controlled by a single gene
-inherited human disorders may show recessive inheritance
	-two recessive alleles are needed to show disease
	-heterozygous parents are carriers of the disease-causing allele, and
	-the probability of inheritance increases with inbreeding, mating between close relatives

-or dominant inheritance in which
	-one dominant allele is needed to show disease and
	-dominant lethal alleles are usually eliminated from the population (as you cannot be a carrier, you only need one allele to pass it on)
-not all are removed from population. Example: Huntington’s, neurodegenerative. Odds are 50/50 to pass it onto the offspring. Only appears in later life, meaning most people have already reproduced by the time they show the disease.
-dwarfism. Cannot be homozygous dominant, due to lung issues. 


Later Modifications and Additions to Mendel’s Hypotheses
-in incomplete dominance, dominant alleles do not completely mask recessive alleles
-in codominance, the effects of different alleles are equally detectable in heterozygotes
-in multiple alleles, more than two alleles of a gene are present in a population


Incomplete dominance results in intermediate phenotypes
-Mendel’s pea crosses always looked like one of the parental varieties, called complete dominance
-for some characters, the appearance of F1 hybrids falls between the phenotypes of the two parental varieties. This is called incomplete dominance, in which
	-neither allele is dominant over the other and
	-expression of both alleles occurs

-

Incomplete Dominance in Human Traits
-Familial hypercholesterolemia
	-normal blood cholesterol level is 120-189 mg/dl
	-homozygous FH patients (1 in million) have total blood cholesterol 600-1200 mg/dl
	-heterozygous FH patients (1 in 500) have total blood cholesterol of 280-500 mg/dl

-LDL receptors cannot be made as efficiently in those with high cholesterol

Many genes have more than two alleles in the population
-although in individual can at most carry two different alleles for a particular gene, more than two alleles often exist in the wider population
-human ABO blood group phenotypes involve three alleles for a single gene
-the four human blood groups, A, B, AB, and O, result from combinations of these three alleles
-the A and B alleles are both expressed in heterozygous individuals, a condition known as codominance 

Codominance
-neither allele is dominant over the other and
	-expression of both alleles is observed as a distinct phenotype in the heterozygous individual
	-AB blood type is an example of codominance 
-means what carbohydrate you have on the surface of your blood cells. O means no carbyhydrates. AB means you show both.
-blood group a- anti-b antibodies. Vice versa B
-ab makes none. Universal recipient. 
-o makes a and b antibodies. Universal donor. 
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Later Modifications and Additions to Mendel’s Hypotheses
-In epistasis, genes interact, with the activity of one gene influencing the activity of another gene
-in polygenetic inheritance, a character is controlled by the common effects of several genes
-in pleiotropy, two or more characters are affected by a single gene


Epistasis
-genes interact
	-allele of one locus inhibits or masks effects of allele at a different locus
	-some expected phenotypes do not appear among offspring

Labrador Retrievers
-melanin pigment gene
	-B allele: black fur colour (dominant)
	-b allele: brown fur colour (recessive)

-Pigment deposition gene
	-E allele; pigment deposition normal (dominant)
	-e allele: pigment deposition blocked (recessive)

-Phenotypes:
	-black fur : BB EE, BB Ee, Bb EE, Bb Ee
	-Brown fur: bb EE, bb, Ee
	-yellow fur: BB ee, Bb ee, bb, ee

A single character may be influenced by many genes
-many characteristics result from polygenetic inheritance, in which a single phenotypic character results from the additive effects of two or more genes
	-human skin colour is an example of polygenic inheritance


A single gene may affect any phenotypic characters
-pleiotropy occurs when one gene influences many characteristics
	-sickle cell disease is a human example of pleiotropy


The environment affects many characters
-many characters result from a combination of heredity and the environment. For example
	-skin colour is affected by exposure to sunlight
	-susceptibility is diseases, such as cancer, has hereditary and environmental-components, and
	-identical twins show some differences
-only genetic influences are inherited


Human Genetics II

Chromosome behaviour accounts for Mendel’s Laws
-the chromosomes theory of inheritance states that
	-genes occupy specific loci on chromosomes
	-chromosomes undergo segregation, and independent assortment during meiosis
-mendel’s laws correlate with chromosome separation in meiosis
	-the law of segregation depends on separation of homologous chromosomes in anaphase I

Genes on the same chromosome tend to be inherited together
-Batesone and Punnett studied plants that did not show a 9:3:3:1 ratio in the F2 generation
	-purple colour dominant (P)
	-Red colour recessive (p)
	-Long pollen dominant (L)
	-round pollen recessive (l)
-performed dihybrid cross, then ‘selfed’ the F1 heterzygotes


Crossing over produced new combinations of alleles
-crossing over between homologous chromosomes produced new combinations of alleles in gametes
	-linked alleles can be separated by crossing over, forming recombinant gametes
	-the percentage of recombinants is the recombination frequency


Drosophila melanogaster
-fruit fly
	-model organism for animal genetics
	-compared to mendel’s peas
	-used to test linkage and recombination

Recombination Frequency
-when examining recombinant frequency, Morgan and his students found that the greater the distance between genes on a chromosomes, the more points there are between them were crossing over can occur
	-greater distance: the more potential sites of recombination… higher recombination frequency
	-lesser distance: fewer potential sites of recombination… lower recombination frequency

Geneticists use crossover data to map genes
-recombination frequencies used to determine relative locations on a chromosome 
	-linkage map for genes g,c, and l
Geneticists use crossover data to map genes
-recombination frequencies used to determine relative locations on a chromosome

Recombination occurs often
-widely separated linked genes often recombines
	-seems to assort independently
	-detected by testing linkage to genes between them

Review
• What is meant by gene linkage?
• How are new allelic combinations created?
• How is the percentage of recombinant offspring 
calculated?
• How can recombination frequency be used to determine 
relative gene position on a chromosome?

-epistasis: phenotypes controlled by more than one gene
-polygenic inheritance: height, skin colour, etc. Multiple genes affect a given characteristic. Looks like a normal distribution, in a continuum
-polytropy: one gene that affects multiple different characteristics. Ex; albinism and sickle cell
-environmental effect; amount of time in the sun affects skin colour. Outside effects can affect phenotype

-despite these modifications, theres gene-linkage. 
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Human Genetics III:
-genes on the same chromosome do NOT follow Mendelian genetic patterns 
-Recombination frequency- where genes cross over between chromosomes and how often

Sex-Linked Genes
-many animals have a pair of sex chromosomes
	-designated x and y
	-determine an individual’s sex

-Linked genes- 2 genes on the same chromosome
-sex linked- all genes found on the x and y chromosome

-humans have 23 pairs of chromosomes, 22 are autosomes, 1 is sex chromosomes.
-x is much larger than y
-every normal human has 2 sex chromosomes, which act like a homologous pair although they are different for the most part. Pseudo-autosomal region is homologous between the chromosomes and so they can pair up. They can have some crossing over between X and y.

-in mammals
	-males have XY sex chromosomes,
	-females have XX sex chromosomes,

-Females are XX and males are XY in both humans and fruit flies

-males determine the sex, as female can only contribute the X chromosome and male can contribute either. Expect 50/50 male to female birth chance, approximately.

Human sex determination depends on the SRY gene
-y chromosome length 57,772,954 bps
-known protein-coding genes: 412

-sry gene: sex determining region of y-chromosome. Codes for protein called TDF, testes determining factor. It is the master switch that determines male-ness in an offspring. 
-in the first 6 weeks of gestation, there in an androgynous piece of tissue that will because a reproductive organ. SRY gene then activates and activates other Y-chromosome genes, and that piece of tissue then becomes testes which produce hormones that cause the production of other male reproductive tissues.
-if this does not turn on, then the female reproductive tissues are formed. It’s described as default. 

-y chromosome is very small and gene poor in comparison to other chromosomes, mostly packed into one region of the chromosome. The tips are telomeres and PSR. Only about 30 genes can cross over with the y. 
-whats the rest? A lot of junk, like repeat DNA regions in multiple copies, retro-transposed sections from virus’ that were in old chromosomes. The 30% is evolving at a speed beyond the rest of our chromosomes. 
-Heterochromatic block, unexpressed region of DNA. No idea what happens in that block, no identified genes. 

The human X chromosome 
--x chromosome length: 154,913,754 bps
-known protein-coding genes: 1788

-significantly large with much more genes. Most genes have normal, unimpressive functions.

Chromosomes determine sex in many species
-grasshoppers, roaches, and some other insects have an x-o system
	-o stands for absence of a sex chromosome
	-females are XX and males are XO
-nematoad worm, if you’re XO a male. XX are hermaphrodite. 

-In certain fishes, butterflies and birds and Komodo dragon.
	-the sex chromosomes are Z and W
	-males are ZZ and
	-Females are ZW

-big difference is that males are homo-gemetic sex. Have the same 2 chromosomes.
Females are hetero-gemetic. Females are sex determining. 
-Z is larger than W, but Z is more comparable to chromosome 9 in humans than the sex chromosomes. 
	-2 very different origins of sex determination


-some organisms lack sex chromosomes altogether
	-in bees, sex is determined by chromosome number
	-females are diploid
	-males are haploid

-male drones are derived from unfertilized eggs laid by the queen bee, genetically only from queen bee’s haploid gametes
	-when male sperm is made, it has the same # of chromosomes, not halves
	-no father and no sons, but has grandfather and can have grandsons
-if fertilized, then is becomes a female. 32 chromosomes.

-Reptiles sex is determined by the temperature of the eggs in the third trimester. It triggers hormone production. Environmental sex determination. 

Sex-linked genes exhibit a unique pattern of inheritance
-sex-linked genes are located on either of the sex chromosomes
	-the x chromosome carries many genes unrelated to sex, for example eye colour
	-the inheritance of white eye colour in a fruit fly illustrates an x-linked recessive trait

-White is recessively inherited on x- chromosome. 


Human sex-linked disorders affect mostly males
-most sex-linked human disorders are
	-due to recessive alleles and
	-seen mostly in males
-a male receiving a single x-linked recessive allele from his mother will have the disorder
-a female must receive the allele from both parents to be affected

-human disorders are mostly seen in males, as any recessive in x chromosome give male 50/50 chance. If recessive, its rare female will get them.
-only 3 y-linked disorders. Testicular development disorder.
-over 100 on x chromosome

-disease carrying male cannot pass it onto sons, as they get a y from him. He will pass it onto 100% of daughters, who then are most likely carriers. (knights move)

-recessive and sex-linked humans disorders include
-hemophilia, characterized by excessive bleeding because hemophiliacs lack one or more of the proteins required for blood clotting
	-red-green colour blindness, a malfunction of light-sensitive cells in the eyes
-Duchenne muscular dystrophy, a condition characterized by a progressive weakening of the muscles and loss of coordination

Inheritance of Hemophilia
-recessive allele carried on X-chromosome
	-males show symptoms
	-Female heterozygous carriers- no symptoms 
	-Homozygous- show symptoms

X-linked dominant traits
	-congenital generalized hypertrichosis

X-chromosome inactivation
-in female mammals, one of the two x chromosomes is highly compacted and transcriptionally inactive (called a Barr body)
		-either the maternal or paternal chromosome is randomly inactived
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Sex linkage- inheritance on sex chromosomes which determine the sex or the organism. Combination of chromosomes give you your sex, the genes on the chromosomes control for mainly normal cellular activities.
	-X and y chromosomes are very different, inherited in non-Mendelian ways
-most diseases on x chromosome are recessively inherited (think of haemophilia with queen Victoria)

-X-linked father inheritance vs x-linked mother inheritance
-Father is unaffected, mother is heterozygous for allele (carrier) so is not effected but can pass on that allele. Female offspring will get fathers one X, and one of the mothers X 50/50 of getting the affected allele. Can only be a carrier. Son would get father’s Y chromosome, 50/50 of getting affected allele from mother and being AFFECTED.
-Father is affected on X-chromosome, he will always pass on his X to his daughters, making them at least carriers. The son’s will never be affected as they receive the Y from the father. 

x-linked dominant- only need 1 X allele to show it
	-example: congenital generalized hypertrichosis (excessive hair growth). Seen in both male and females, but not as extreme in females and is patchy.

X -chromosome inactivation: women have 2 X chromosomes, but 1 is inactivated. It gets compacted down to as small as possible and becomes transcriptionally inactive, meaning it cannot be transcribed. This happens during embryonic development and becomes a Barr body. 
- Every time the cell divides, that x- chromosome is copied but shut down again. So in some cells, maternal X is expressed, and in some cells the paternal X is expressed.
-Gene dosage compensation, if both were activated, there would be twice as much gene expression as males. Some organisms double the y expression, or halve both of the expressions of the males. 

-Heterozygous allele expression between parental X-chromosomes results in calico colour in female cats (tortoise shell pattern). Both of the phenotypes are produced because they are both being expressed. Males can only be calico if it is an aneuploid, has an extra X chromosome (is infertile).
Human example: sweat gland production on the X-chromosome doesn’t produce properly. The individuals only have some patches of sweat glands and some body parts that do not have sweat glands.
Haemophilia- 50% of liver cells make the clotting factor, but it’s enough to not have a visible effect on clotting. Only 10% of carrier women show some decrease in normal clotting factors.

Non-traditional patterns of inheritance
-cytoplasmic inheritance follows the pattern of inheritance of mitochondria or chloroplasts
	-focus on human genetics and mitochondrial inheritance, as they have their own DNA. 
-cytoplasmic inheritance follows the maternal line
-zygote’s cytoplasm originates from egg cell. All mitochondria comes from the mother and reproduce themselves by binary fission. Prone to mutation only passed only by the mother, called uni-parental inheritance. 
-Sperm have no cytoplasm, just the DNA in the head of the sperm. 
-Mutant alleles in organelle DNA
	-Mendelian inheritance not followed (no segregation by meiosis)
	-uniparental inheritance from female 

-Mitochondrial genes are transmitted from mother to all of her offspring, affected males will not pass it onto daughters. 
-ooplasmic transfer technique can enable woman to avoid transmitting a mitochondrial disorder
-doing in-vitro with 3 people, an extra woman who will donate eggs with good mitochondria. Nucleus is removed from donor and replaced with biological mother DNA. Then in-vitro fertilize with sperm
-Controversy: 3 parents? Less than .01% of DNA comes from third person, so no.

Mitochondrial ‘Eve’
-3% over a million years in mutation rate, because they don’t have DNA repair mechanisms. 
-mtDNA sequences of indigenous peoples worldwide were compared to determine the common ancestral mtDNA sequence
-Hypothesized ancestral woman loved approx. 170000-2000000 yrs ago in Africa
-this is remarkably close to the date of the homosapiens idaltu fossils 

Richard the Third
-Dies in battle and they passively burry him. His tomb was destroyed and his body was lost until 3 yrs ago. 
-Got mitochondrial DNA from bones and followed mothers line, and tracked her line and proved it was him under a parking lot.

The Y chromosome provides clues about human male evolution
-the y chromosome provides clues about human male evolution because
	-y chromosomes are passed intact from father to son and
	-mutations in y chromosomes can reveal data about recent shared ancestry
-y chromosome has bits of DNA in heterochromatic block, the y-q-12 region mutates very quickly. Can group males into haplotypes to trace males lineage (example gengas khan is relates to 1/200 men in 16000000 in south East Asia)
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X- chromosome inactivation- 1 of the x chromosomes is turned off randomly in each somatic cell 

Genomic Imprinting
-expression of an allele is determined by the parent that contributed it
	-only one allele (from either father or mother) is expressed
	-other allele is turned off (silenced)
-often, result of methylation of region adjacent to gene responsible for trait. Retained within the offspring 

Prader-Willi (PWS) and Angelman Syndrome (AS)
-deletion of a region of chromosome 15 (contains the PWS and AS genes)
-PWS- normal but imprinted maternal PWS gene, paternal deletion of the region (so no functioning PWS gene). Normal copy on mums chromosome but its inactivated. No functional gene at all. Chronic hunger. 
-AS- Normal but imprinted paternal AS, maternal deletion of the region (so no functioning AS gene). Present on paternal but it’s inactivated. No function gene at all. 

Phenocopy
-not genetic
-a trait that appears inherited but is caused by the environment eg exposure to teratogens
-may have symptoms that resemble an inherited trait or occur within families
	-thalidomide causes limb defects similar to inherited phocomelia

EXAM KNOWLEDGE:
1) 80mc (similar to midterms in terms of wording and difficulty)
	-regulation of gene expression (operons in bacteria, eukaryotic)
	-meiosis- understand what’s happening at each stages and the implications. Allele segregation.
	-mendelian genetics, probability questions, phenotype, etc
	-inheritance outside of Mendel
	-diversity. 
	-41 questions are on material above
	-bacteria gene diversity
	-Starts with membranes! Do not study anything before that. 
	-Energy and enzyme
	-respiration
	-Photosynthesis – overall point of each step. What goes in and comes out
	-DNA structure and replication
*****-Exon/intro splicing, matching sequences, translation, etc
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