Chapter 11: The Cell Cycle
· Cell division – cells arise from the division of pre-existing cells (Rudolf Virchow) 
· Nuclear divison
· Meiosis - leads to production of sperm and eggs (called gametes) 
· Amount of hereditary material found in parent cell is reduced by half 
· Mitosis -  leads to production of all other cells (called somatic cells) 
· Same genetic material as parent cell 
· Often followed by cytokinesis 
· Responsible for growth and repair in multicellular species
· Responsible for reproduction in asexually reproducing species 
· Interphase
· Chromosomes are uncoiled into extremely long and thin structures
· Most of the time cells are in interphase  
· Cell cycle
· Hereditary material is duplicated with one copy going to each daughter cell during mitosis so daughter cells contain genetic info identical to parent cell 
· Gap phases before mitosis exist b/c: 
· Parent cell must be large enough in size 
· To make required organelles so that the daughter cell will operate normally 
	Mitotic or M phase
	· Dividing phase (chromosomes condense) 

	G1 Phase – interphase 
	· Occurs after M phase but before S phase

· Cell growth and duplication of organelles 

	G2 Phase – interphase 
	· Cell growth and duplication of organelles continues to build the protein “machinery”

	S Phase (synthesis) – interphase 
	· DNA synthesis (chromosomes replicate)

· Duplication of genetic material 

· Distributes chromosome copies to daughter cells 

· Lasts about 8 hours 

	G0 phase 
	· Cells stop dividing (undivided state)

· No phases exist; post mitotic 
· i.e. 

· mature, fully formed nerve and muscle cells 

· in other cells, such as liver cells, they can go from G0 back to cell cycle which is triggered by external cues (i.e. growth factors released upon injuries)

· brain cells (do not grow because cranium doesn’t grow)

· mature neurons, heart 


Bacteria – box 11.2 

· Undergo the process of binary fission 
· Binary fission produces two genetically identical daughter cells 
· Contain single, circular chromosome composed of DNA coiled upon itself in nucleoid 
· Chromosome is located mid cell
· Chromosomes replicate
· Chromosomes pull apart; ring of FtsZ protein forms 
· FtsZ ring constricts. Membrane and cell wall infold. Fission complete. 
	Term
	Definition

	Histones
	Eukaryotic chromosomes normally exist as extremely long, threadlike strands consisting of DNA associated with globular proteins called histones 

	Chromosome
	A structure composed of DNA molecule and associated proteins 

	Chromatin
	The material that makes up eukaryotic chromosomes. Consists of a DNA molecule complexed with histone proteins 

	Chromatid
	One strand of a replicated chromosomes, with its associated proteins 

	Sister chromatids
	The two strands of a replicated chromosome. When chromosomes are replicated, they consist of two sister chromatids. The genetic material in sister chromatids is identical. When sister chromatids separate during mitosis, they become independent chromosomes. 

	Centromere
	The structure that joins sister chromatids

	Kinetochore
	The structure on sister chromatids where spindle fibres attach; each chromosome has 2

	Microtubule organizing center
	Any structure that organizes microtubules 

	Centrosome 
	The microtubule organizing centre in animals  (contains pair of centrioles) 

	Centriole 
	Cylindrical structures that comprise microtubules, located inside animal centrosomes 

	Mitotic spindle
	Structure that produces mechanical forces that pull chromosomes into the daughter cells during mitosis 

	Spindle fibres
	Group of microtubules that attach to chromosomes 


Cycle of Mitosis

· IPPMAT – I prefer partying mainly at the club 

	Stage
	What’s Happening

	Interphase
	· Read above 

	Prophase
	· In the nucleus

· Nucleoli begin to disappear

· Chromatin fibres contract (DNA condenses) by tightly coiling 
· Chromosomes are visible and consist of two identical sister chromatids joined together at the centromere 
· Chromosomes condense 
· In the cytoplasm

· Mitotic spindle forms (microtubules polymerize)
· Assembly of microtubules begins in the centrosome (animals) or microtubule organizing center (plants)
· In animals, the centrioles begin to move apart to opposite sides of nucleus (2 poles)

	Pro Metaphase
	· Chromosomes do not appear completely aligned or organized

· Nucleoli disappear and nuclear envelope breaks down

· A specialized structure called a kinetochore is formed near the centromere

· Spindle fibres attach to sister chromatids at the kinetochore regions 

· Centrosomes continue movement to opposite poles of the cell 

· Kinetochore microtubules are polymerized, randomly oriented at first, then they become aligned parallel with microtubules 

· Kinetochore microtubules begin moving the chromosomes towards the middle of the cell 

· Kinetochore microtubules

· Extend from the poles to the kinetochores

· Attach to the kinetochores 

· Assist in movement of chromosomes 

· Non-kinetochore microtubules 

· Radiate from each centrosome towards the metaphase plate without attaching to chromosomes

· May overlap with those from the opposite pole 

· Assist in elongating the entire cell during anaphase

· They form a cage-like network which facilitates the activities of the cell cycle components 

	Metaphase 
	· Chromosomes line up along the metaphase plate 

· Centromeres are aligned on the metaphase plate, which is located equidistant from two poles 

· Each chromatid is attached to spindle fibres that run from its kinetochore to one of the two poles of the cell 

· Each chromosome is held by kinetochore spindle fibres reaching to opposite poles and exerting the same amount of tension or pull 

	Anaphase
	· Binding proteins between the sister chromatids break down

· Centromeres of sister chromatids disjoin and segregate, this process is called disjunctional segregation
· Kinetochore spindle fibres begin to shorten, and as they do motor proteins pull the chromosomes to opposite poles of the cell 
· Chromosomes move centromere first (they appear v shaped)

· Towards the end of anaphase, the two poles have identical numbers of chromosomes

· The cell elongates 

	Telophase
	· Non-kinetochore microtubules further elongate the cell 

· Two daughter nuclei form; chromosomes de-condense  

· Formation of the nuclear envelopes around each set of chromosome 

	Cytokinesis 
	· Telophase is often, but not always, followed by cytokinesis 
· Animal, fungi, slime moulds – begins with cleavage furrow 

· Plants – microtubules + proteins define and organize region where new plasma membrane and cell wall will form 

· Some slime/moulds do not go through cytokinesis b/c have many nuclei so if one gets crushed, they have another nucleus as a back up


· During anaphase, microtubules shorten at kinetochore 

· Use fluorescent labels to make the metaphase chromosomes fluoresce blue and the microtubules fluoresce yellow

· At the start of anaphase, photobleach (not cut out) a section of microtubules to mark them without changing their function 

· The photo-bleached section remains visible, but the distance between chromosomes and photo-bleached section lessened 

· Photo bleached section remained stationary (not sliding past one another) 

· Conclusion: microtubules shorten at one end 

· Side note: experiments show it isn’t “elastic like” pulling apart 

· How do chromosomes move during the process of mitosis?
· During mitosis, spindle fibres grow from the microtubule organizing center at the plus end until that end attached to the kinetochore 

· The tubulin subunits of the kinetochore microtubules are depolymerized (lost) from the kinetochore ends (+ ends) 
· Motor proteins, such as dynein attach and detach along the kinetochore mictrotubules length, this results in kinetochore movement 
· Summary

·  As anaphase is under way, proteins in the kinetochore catalyze the loss of tubulin subunits at the + end of the spindle fibre, while dyneins and other motor proteins repeats walk toward the minus end. 

· As the microtubule shortens and the detach-move-reattach cycle of the motor proteins repeats, the chromosome is pulled to one end of the mitotic spindle. 

Control of the Cell Cycle

· Heterokaryon: different nuclei 

· Cell cycle control molecules – it is not about sequence of cell cycle*; it is cell-cell immediate impact

Cell Fusion Experiment (Johnson and Rao)

· What happens when M phase cell is fused to a G1 phase cell?

· Chromosomes from G1 phase cell condense; signalling start of M phase  

· Nucleus of G1 phase cell enters M phase 

· What happens when S phase cell is fused to a G1 phase cell?

· G1 phase chromosomes enter S phase 

· G1 phase cell begins replicating its DNA 

· What happens when S phase cell is fused to a G2 phase cell? 

· G2 – already replicated so won’t do it again

· Fuse them together = G2 chromosomes do not replicate (do not enter S phase) 

· What happens when M cell is fused to a G2 phase cell?

· G2 phase cells chromosomes condense

Microinjection Experiments (Markert and Masui)

· What happens when M phase cytoplasm is injected into a G2 phase cell? 

· G2 phase cell begins M phase

· What happens when interphase cytoplasm is injected into G2 phase cell?

· G2 phase cell remains in G2 phase

· What do ^ observations suggest?

· Regulatory molecules control entry into M and S phases

· Molecular signals in cytoplasm of M phase cells initiate mitosis 
Cell Cycle Enzymes 

· Cyclins: proteins that oscillate in concentration during the cell cycle and regulate cyclin dependent kinase activity

· Builds up during interphase

· Decreases concentration during mitosis 

· MPF (mitosis promoting factor): MPF is present in the cytoplasm and consists of 2 components: a protein kinase (cyclin-dependent kinase), which catalyzes the phosphorylation of a protein, and a cyclin 

· Induces mitosis in all eukaryotes 

· CDK (cyclin depedent kinase): 

· Concentration doesn’t change during cell cycle 

· Protein kinase which uses ATP 

· Adds phosphate group to protein 

· Induces a conformational change

· To be active, it must be attached to cyclin 

· Phosphatase
· Removes phosphate group from the kinase target protein 

· Reverses the conformational change 

· Happens in late G2 

· Protease
· Degrades protein (proteolytic enzymes)
· Activated by MPF – triggers own destruction 
1) Cyclin synthesis starts in late S phase and continues into G2 phase. Cyclin accumulates since it is protected from degradation during this stage.

2) This accumulated cyclin molecules combine w/ recycled Cdk molecules to produce MPF. Passes G2 checkpoint and initiates mitosis.

3) By phosphorylating diff proteins, MPF assists in promoting mitosis. During metaphase, MPF activity reaches its peak. 
4) The cyclin component of MPF is degraded during anaphase. This terminates M phase. The cell then enters G1 phase. 

5) Conditions in the cell favour degradation of cyclin during G1. Cdk component of MPF is recycled. 

Functions of Cell Cycle Checkpoints

· Under normal conditions, cell cycle checkpoints ensure that DNA replication (S phase of Interphase) and mitosis take place only when conditions are favourable and the related processes are functioning properly

· Checkpoints regulate the correct sequence of events in time and enforce synchrony of different complex processes (i.e. during spindle organization and chromosome contraction)

· Involve rapid and reversible alterations, for example when functional groups change (dephosphorylation and phosphorylation) or when proteins (cyclins) are broken down 

Three Main Cycle Checkpoints

1) G1 Checkpoint

· Ensures that the cell is large enough to divide and has enough nutrient to support daughter cells 

· Also checks that DNA is not damaged 

· If failed = cell would fail to divide 

2) G2 Checkpoint

· Ensures that DNA replication (S phase) has been completely successful

· Checks DNA is not damaged and activated MPF present 

· If failed = daughter cells would NOT have the same component of chromosomes 

3) Metaphase checkpoint 

· Ensures that all chromosomes are attached to the mitotic spindle via a kinetochore 

· If failed = daughter  cells would not have the correct number of chromosomes because some chromosomes might not separate properly 
Cancer: Out of Control Cell Division

· Uncontrolled cell division

· Cancer cells divide faster than normal cells 

· Cell cycle is not regulated

· Cell cycle checkpoints failed 

· Cancer cells use nutrients and space needed by normal cells and disrupt function of normal tissues 

· 2 main defects

· make proteins required for cell growth active at all times

· prevent tumour suppressor genes from shutting down cell cycle 

· Metastasis: spread (movement) of cancerous cells from their original growth 

· Benign: non cancerous

· Malignant: cancerous – can detach from original tumour and invade other tissues 

Describe an example of a type of cancer in which the G1 checkpoint does not function properly 

· Normal children: Rb protein (tumour suppressor) functions as a cell cycle brake 

· Retinoblastoma cancer: 

· Rb protein is dysfunctional 

· G1 checkpoint is disrupted

· Cell division is constant and unregulated 

· Malignant tumours in the retina 

· Cancer – G1 checkpoint disrupted; then division – tumours 

· Note that the events which follow in cancerous cells are DIFFERENT in comparison to what happens when the G1 checkpoint fails in normal, non-cancerous cells

· cell division is constant and unregulated (not the normal condition), which leads to the proliferation of malignant tumours in the retina
Cures for Cancer and Treatment Strategies
· Cancer chemotherapy 

· Cancer is often treated with chemo

· Anticancer chemicals are applied to the whole body with injection

· Mode of action of chemo drugs 

· Kills rapidly dividing cancer cells or causes them to stop in G1 phase

· Side effects

· Hair loss, nausea, weight loss, weakness

· Some chemotherapy chemicals also kill normal cells that rapidly divide such as intestinal cells and hair follicles 

· Other Chemo Drugs

· Also recall our previous class discussion of the thalidomide and liposomal nanomedicines in cancer treatment 

· Adriamycin – stops the DNA from unwinding correctly, which results in the disruption of DNA replication and no new cancer cells 

· Vincristine (from the rosy periwinkle) and Taxol (from the Pacific Yew tree’s bark) are both antimicrotubule agents. These natural plant extracts inhibit spindle fiber formation, which results the disruption of mitosis and no new cancer cells.

· Are there any environmental & ecological concerns?

· Discoidermalide – from deep water sponges with anti-tumor properties … research is ongoing

· Radiation therapy

· X rays are focused upon the cancer’s site

· X rays react w/ water in cells and disrupt DNA structure, replication and cell division 

· Advantage -- slows tumour growth

· Disadvantage – can also damage normal cells 

· New/current cancer research

· Is looking into attachment of chemotherapy drugs that bind to specific membrane proteins in cancer cells

· Is focused upon the delivery of chemotherapy drugs via liposomes so that they target only cancer cells 

Chapter 12: Meiosis

· Embryo: newly growing offspring 
· gamete - a haploid (n) reproductive cell that has one set of chromosomes

· fertilization - occurs during the fusion of two gametes (one from each parent)

Sexual Reproduction in Humans
· brings 2 gametes (one from the male and one from the female) together
· 2 parents produce offspring (progeny)
· parents have 2n (diploid) nuclei
· gametes are n (haploid) and differ one from another in gene composition
· gametes have half the DNA content of each parent nucleus (n is ½ of 2n)
· each parent passes on half of its genes to its offspring
· offspring inherit a unique combination (mixture) of genes from both parents = Genetic Variation
	Term
	Definition
	Example or Comment 

	Chromosome
	Structure made of DNA + proteins; carries cell’s hereditary info (genes)
	Eukaryotes – threadlike 

Bacteria/archaea – circular 

	Sex chromosome
	Chromosomes associated with individual’s sex
	X and Y – humans
W and X – birds and butterflies 

	Autosome 
	Non sex chromosome
	1-22 in humans 

	Unreplicated chromosome 
	Chromosome that consists of a single copy 
	Eukaryotes – single thread

	Replicated chromosome
	Chromosome that has been copied; consists of two linear structures joined at centromere 
	*replicated and non replicated chromosomes are each considered single chromosomes even though replicated chromosomes comprise 2 sister chromatids 

	Sister chromatids
	Chromosome copies in a replicated chromosome 
	

	Homologous chromosomes (homologs)
	Similar in size, shape, gene content 
Same genes at identical locations 

May contain diff alleles 
	Have a 22 chromosome from mom, 22 from dad 

	Non sister chromatids
	Chromosome copies in homologous chromosomes 
	

	Tetrad
	Homologous chromosomes joined together 
	

	Haploid number
	Number of diff types of chromosomes in a cell; symbolized n 
	Humans – n = 23

	Diploid number
	The number of chromosomes present in a diploid cell; 2n 
	All cells except gametes have 46 in human (2n = 46)

	Ploidy
	Number of each type of chromosome present; equivalent to number of haploid chromosome sets present 
	

	Haploid 
	Having one of each type of chromosome – 1 allele of each gene 
	

	Diploid 
	Having two of each type of chromosome – 2 alleles of each gene 
	

	Polyploid 
	Having more than 2 of each type; 3n, 4n
	


Genes

· units of heredity

· made of DNA (nucleic acid) located on chromosomes

· have specific sequences of nucleotides (monomers)

· most genes program cells to synthesize proteins

· the actions of these proteins produce the organism's inherited traits

· alleles - are the different versions of a specific gene

Karyotype
· a display of an individual's chromosomes that is organized in terms of chromosome number, size and type  

· karyotypes are useful for genetic screening to identify specific chromosomal defects in their number, size, and type

KLINEFELTER SYNDROME

· males have an abnormal number of sex chromosomes, XXY

· males have very small testes and are sterile

· males display feminine body contours (enlargement of breast tissue)

· have normal intelligence

CML (CHRONIC MYELOGENOUS LEUKEMIA)

· a large portion of Chromosome 22 switches with a small piece from Chromosome 9, this results in an easily recognizable shortened chromosome 22 (called the Philadelphia chromosome)

· is a cancer, which affects the cells that give rise to white blood cells

Karyotpye Technique

1) obtain a sample of cells and grow cells in culture 
2) when cultured cells dividing rapidly, add colchicines which stops mitosis at metaphase by disrupting formation of mitotic spindle 

· chromosomes at this stage easy to study b/c condensed and consist of sister chromatids 

3) chromosomes  then stained and studied with light microscope 

· distinguish condensed chromosomes by size, position of centromere, striping or banding pattern that appears in response to some stains 

· spectral karyotyping or chromosomal painting – fluorescent dyes attach to short DNA molecules 
Banding Patterns 

· Locus: position of a gene along a chromosome (or along a DNA double helix)
Meiosis 
Prior to Meiosis – chromosomes replicate, forming sister chromatids 
· during Interphase, each chromosome in the 2n parent cell replicates, in uncondensed state 
Meiosis 
· nuclear division (reduction division) leads to halving a chromosome # 

· occurs in sexually reproducing individuals

· consists of two consecutive cell divisions, Meiosis I & Meiosis II

Meiosis I - homologous chromosomes separate 
· homologs from each pair of homologous chromosomes separate and move to 2 different daughter  cells

· diploid parent produces 2 haploid daughter cells 

· cells have 1 of each type of chromosome but are replicated (each still consists of 2 sister chromatids though)

Meiosis II – sister chromatids separate 
· sister chromatids of each chromosome separate and move to each of the daughter cells

· at end of meiosis II and cytokinesis, there are 4 haploid gametes each with one copy of each chromosome produced
· cells have 1 type of chromosomes that are unreplicated 
The Phases of Meiosis I:   

· prophase I ( metaphase I ( anaphase I ( telophase I ( cytokinesis
Early Prophase 1 
· nuclear envelope breaks down and chromosomes condense
· spindle apparatus forms 

· replicated homologous chromosomes pair to form tetrads , this process is called synapsis
· synapsis of homologs form pairs of homologous chromosomes (tetrads) 
· is precise
· homologous chromosomes align gene by gene 
· the exact mechanism which causes synapsis is still unknown, but it may involve a protein complex called the synaptonemal complex (holds together homologous chromosomes)
Late Prophase 1

· CROSSING OVER (recombination) occurs between two non-sister chromatids 
· Mix of maternal and paternal alleles 

· Non sister chromatids from each homolog get physically broken at same point and attached to each other – “protein complex” forms where crossing over will occur 

· Chiasma (singular, abbreviated Xma) one crossing over
· Chiasmata (plural, abbreviated Xta) several crossing overs

Metaphase I

· tetrads line up along the metaphase plate

· Attached to kinetochore microtubules on centromere 

Anaphase I

· Non kinetochore microtubules lengthening cells; now called recombinant chromosomes 

· homologs separate and start migrating to the opposite poles of the cell

· disjunctional segregation occurs during Anaphase I

Telophase and Cytokinesis 
· chromosomes finish their movement to the opposite sides of the cell

· cleavage furrow formation (animal cells); reformation of nuclear envelope in some 

· cytokinesis divides the cytoplasm to form 2 haploid daughter cells

The Phases of Meiosis II 

Prophase II 
· if nuclear envelope formed, it breaks down 

· spindle apparatus forms and centrosomes are replicated

Metaphase II 
· chromosomes line up along the metaphase plate

Anaphase II 
· sister chromatids separate at centromeres and start to move to the opposite poles

· disjunctional segregation occurs  

Telophase II 
· chromosomes finish movement to opposite poles

· nuclear envelopes form around each haploid set of chromosomes
Cytokinesis 
· cytoplasm is divided

· at the end of meiosis II, each cell has divided and four haploid daughter cells are forme
CREIGHTON & McCLINTOCK’S EXPERIMENTS (1931)

· Harriet Creighton & Barbara McClintock studied Zea mays (corn)
· Strain 1:
· long chromosome 9, with knob
· kernels are coloured & waxy

· Strain 2:
·  short chromosome 9 , no knob 
· kernels are colourless & starchy
· Strain 1 X  Strain 2 (Strain 1 is crossed with Strain 2):
· chiasmata form between non-sister chromatids
· Some offspring have:
1) long chromosome 9, no knob, kernels are colourless & waxy
2) short chromosome 9, with knob, kernels are coloured & starchy
3) same as parental types

· Conclusions:
· physical exchange of DNA (knob) took place
· they are displayed in phenotypes
· crossing over has occurred

Reduction Divison 
· reduces chromosome number from 2n (diploid) to n (haploid)

· daughter cells have half the number of parent chromosomes

· union of two haploid (n) gametes during fertilization restores the diploid (2n) number

Genetic Variation 
· daughter cells are genetically different from the parent cells 

· What are THREE ways in which Meiosis & Fertilization introduce genetic variation?

1) Crossing over between homologous chromosomes – specifically between non-sister chromatids (during Prophase I , Meiosis I) – genetic recombination 
2) Independent assortment of homologous pairs (during Metaphase I, Meiosis I)

3) Random fusion of gametes during fertilization.

· What is the approximate number of different combinations of chromosomes in gametes?

· HUMANS

· If n = 23, then 2n = 223 = approx. 8.4 million different combinations of chromosomes in gametes

· Note: crossing over & mutations are not considered here. If they were considered, then even greater variation would be displayed! 

Asexual Reproduction 
· all individuals that reproduce asexually can produce offspring that are genetically identical (only one parent needed)

Sexual Reproduction 
· two parents needed, but only females can give birth to offspring (i.e. males cannot give birth),

· thus fewer offspring are produced

PURIFYING SELECTION HYPOTHESIS
· In species that reproduce via sexual selection, only ½ of offspring will inherit the damaged allele (compared to species that asexually reproduce which pass on damaged genes to all of their offspring).
· Natural selection will favour the success of offspring that do not inherit damaged genes. This is referred to as purifying selection. 

CHANGING ENVIRONMENT HYPOTHESIS
· A population comprised of genetically diverse individuals, will be more likely to survive and successfully reproduce than a population, which is composed of genetically identical individuals
· This genetic variation is very important for the maintenance of biodiversity.
· Sexual reproduction produces more genetic variation for adaptation.

· Experiment

· Snails that become infected by parasitic worms cannot reproduce – worms eat reproductive organs

· In habitats where parasitism is common, sexually produced offspring have higher fitness than asexually produced individuals 

· Conclusion: sexual reproduction is common in habitats where parasitism is common; asexual common in habitats where parasitism is rare 

Errors Can Occur During Meiosis 
How do mistakes occur in meiosis?

· nondisjunctions
· meiotic errors

· nondisjunctions may occur during Meiosis I , if the homologous pairs of chromosomes do not separate properly

· nondisjunctions may occur during Meiosis II, if the sister chromatids do not separate properly

· Other mistakes involve chromosome structure alterations:

· deletions

· duplications

· crossing over errors may occur

Why do mistakes occur? 

· meiotic errors seem to be accidental in their occurrence

· generally mistakes occur without any genetic predisposition

Definitions 
· monosomy: 1 type of a certain chromosome 
· aneuploidy: abnormal number of certain chromosomes
· individuals have too many or too few of specific chromosomes

· trisomy: individuals have three copies of a certain chromosome
· polyploidy: Chromosome number is greater than two complete chromosome sets
· ex. TRIPLOIDY (3n)12
Examples of Trisomy of Autosomal Chromosomes in Humans

· down syndrome: trisomy of chromosomal 21
· mental retardation, high risk for heart problems/leukemia 
· degenerative brain disorder similar to Alzheimer’s 
· patau syndrome: trisomy of chromosome 13
· severely mentally challenged
· cleft palate, deaf
· malformed organs
· Edwards syndrome: trisomy of chromosome 18
· Small newborns
· Low set ears, webbed neck, receding chin
· Organ malformations 
Examples of Anueploidy of Sex Chromosomes in Humans

· Turner syndrome: XO female
· a viable human monosomy
· short stature, webbed neck
· shield like chest
· internal sex organs do not mature, females are sterile 
· triple X syndrome: XXX 
· usually normal phenotype and fertile, others have variable expression 
· XYY: 
· Normal male but much taller than average
· Normal fertility and intelligence  
· Klinefelter syndrome: XXY
· Have male sex organs but are sterile – small testicular size 
· May have some female like traits like enlarged breasts 
· Poor beard growth; fewer chest hair
· Narrow shoulders; wide hips 
· Long legs
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Chapter 13: Mendel and the Gene

· Heredity: inheritance 
· Trait: individual characteristics of an individual 

· Model organism

· Small, short lived, inexpensive to take care of, easy to manipulate, reproduces lots 
· Blending inheritance: black + white sheep = grey sheep

· Inheritance of acquired characteristics: traits modified through use are passed down to offspring (giraffes grow long necks b/c strain necks to get food, pass down long necks)

· Particulate inheritance: hereditary info acts like discrete entities

· Principle of segregation: each gamete contains one allele of each gene 

· Independent assortment: alleles of diff genes are transmitted independent of each other 

· Test cross: using parents that only contribute recessive alleles to determine unknown genotype of 3rd parent 

· Reciprocal cross: set of matings where mother’s phenotype in first cross is dad’s phenotype in second cross

· Pure line: individuals that produce offspring identical to themselves when self pollinated or crossed to another member of the pure line population

· Ex. rounds seeds produce round seeds when mated to self or another pure line individual from round seed

· With this could predict how matings w/ each line would turn out 

· Mendel knew if he mated round w/ wrinkled, would get hybrids 

· Mendel’s findings

· Dominant & recessive alleles 

· Independent assortment 

· Locus: physical location of the gene 

Meiosis and Sutton & Boveri 

· Physical separation of alleles during anaphase 1 is responsible for principle of segregation 

· Principle of segregation: each gamete carries only one allele for seed shape because the alleles have segregated during meiosis

· Principle of independent assortment: the genes for seed shape and seed colour assort independently because they are located on different chromosomes 

· Chromosome theory of inheritance: Mendel’s rules can be explained by the independent alignment and separation of homologous chromosomes at meiosis 1 

· Sex linked inheritance: gene is on either sex chromosome 

· Y linked: gene resides on Y chromosome

· X linked: gene resides on X chromosome 

· X and Y differ in shape, size and gene content 

What Happens when Genes are located on the same chromosome? 

· Linkage: when two or more genes are located on the same chromosome 

· Recombinant: combination of alleles on the X chromosome is different from the combination of alleles present in the parental generation 
· Prediction:

· Independent assortment occurs when genes are on different chromosomes because the alleles of unlinked genes segregate to gametes independently of one another during meiosis I 

· But when genes are on the same chromosome, their alleles are carried to gametes together 

· Actual:

· Linked genes are inherited together unless crossing over occurs – when crossing over takes place, recombination occurs. 

· Linked alleles segregate together unless there is a physical crossover between homologous chromosomes 

· Greater physical distance between genes increases the chances that crossing over will take place between them

· Genetic map: shows relative positions of genes along a particular chromosome

· Sturtevant – Proposed that unit of distance along a chromosome should simply be the percentage of offspring that have recombinant phenotypes with respect to two genes 

	Type of Inheritance
	Definition
	Consequences/Comments

	Sex linkage
	Genes located on sex chromosome 
	Patterns of inheritance in males/females differ

	Linkage 
	Two genes found on same chromosome
	Linked genes violate principle of independent assortment

	Incomplete dominance
	Heterozygotes have intermediate phenotype
	Polymorphism – heterozygotes have unique phenotype

	Codominance
	Heterozygotes have phenotype of both alleles
	Polymorphism is possible – heterozygotes have unique phenotype

	Multiple allelism 
	In a population, more than two alleles present at a locus
	Polymorphism is possible 

	Polymorphism
	In a population, more than 2 phenotypes present
	Can result from actions of multiple alleles, incomplete dominance or co dominance

	Pleiotropy
	A single allele affects many traits
	This is common

	Variation in genetic environment
	In discrete traits, the phenotype associated with an allele depends on which alleles are present at another gene
	One allele can be associated with different phenotypes 

Epistasis: One gene can impact the action of another gene; can mask or reduce the effect of another gene

	Variation in physical environment
	Phenotype influenced by environment experienced by individual 
	Same genotypes can be associated with different phenotypes

i.e. PKU – genetic disease but simple change in environment (diet) can lead to normal phenotype 

	Polygenic inheritance of quantitative traits
	Many genes are involved in specifying traits that exhibit continuous variation 
	Unlike alleles that determine discrete traits, each allele adds a small amount to phenotype 


· Discrete quantities: characteristics that are qualitatively different (i.e. green and yellow)

· Quantitative traits: differ by degree (i.e. in humans – height, weight, skin colour) 

· Frequencies form a bell curve 

· Pedigree: records genetic relationship among individuals in a family along with each person’s sex and phenotype with respect to the trait in question. If the trait is due to a single gene, then analyzing pedigree may reveal whether the trait is due to a dominant or recessive allele and whether the gene responsible is located on a sex chromosome or an autosome

Chapter 14: DNA and the Gene – Synthesis and Repair 
· Transformation: incorporation of external DNA into a bacterial cell; can happen naturally but also in lab procedures

· Transformation experiments demonstrated the presence of a hereditary or genetic factor 

· Griffith’s mice experiment

· Live non virulent R strain – mice lived

· Live virulent S strain – mice died

· Killed virulent S strain – mice lived

· Live R strain + killed S strain – mice died 
· Something changed the behaviour from R like to S like 

· Avery et al Experiment -- What is the transforming factor? 

1) Start with heat killed streptococcus cells which contain different types of macromolecules and remove lipids and carbohydrates

2) Add enzyme to digest one type of macromolecule in each treatment. Add each treatment to a mixture of R cells

a. RNA + DNA = transformation

b. Protein + DNA = transformation

c. Protein + RNA = no transformation (transformation requires presence of DNA) 

· Hershey Chase Experiment 

· Make viral DNA radioactive with P and viral protein radioactive with S – infect diff E coli 

· Centrifuge solutions to force cells into a pellet – record location of labels 
· Radioactive DNA in pellet; radioactive protein in solution

· Therefore – Viral genes consist of DNA; viral coats consist of proteins 

· Meselson and Stahl Experiment 

· 15N DNA – heaviest (old DNA); 14N DNA – lightest (new DNA); hybrid DNA – intermediate
· 0th generation – actual: 1 band of 15N 
· 1st generation – actual: 1 band
· Conservative – 2 bands; 15N and 14N 

· Dispersive – single band; all hybrid 

· Semi – single band; all hybrid 

· 2nd generation – actual 2 bands 
· Semi – 2 bands; ½ hybrid and ½ low density 

· Dispersive – 1 band; all hybrid
DNA

· 5’ – phosphate; 3’ – OH 

· Replication started:

· Replication bubble forms and specific sequences of bases called origin of replication

· Eukaryotes – multiple sites of replication bubbles & bidirectional replication 

· Starts at replication fork – Y shaped region where parent DNA double helix is split into 2 single strands 

· DNA polymerase adds bases at 3’ end

· DNA synthesis proceeds in 5’ to 3’ direction

· Look at diagrams in textbook 

· Leading & Lagging Strands 

· Telomerase 

· Nucleotide excision repair to fix after synthesis is done 

· DNA polymerase III exonuclease (3’ to 5’) 

	Name
	Function 

	Opening the Helix
Helicase
Single-strand DNA binding proteins (SSBPs) 

Topoisomerase 
	Catalyzes the breaking of H bonds between base pairs and the opening of the double helix

Stabilize single stranded DNA 

Breaks and rejoins the DNA double helix to relieve twisting forces caused by the opening of the helix

	Leading Strand
Primase
DNA Polymerase III

Sliding Clamp
	Catalyzes the synthesis of the RNA primer

Extends the leading strand 

Holds DNA polymerase in place during strand extension

	Lagging Strand
Primase
DNA Polymerase III

Sliding Clamp

Polymerase I 

DNA ligase 

	Catalyzes the synthesis of the RNA primer on an Okazaki fragment 

Extends an Okazaki fragment 

Holds DNA polymerase in place during strand extension
Removes the RNA primer and replaces it with DNA 

Catalyzes the joining of Okazaki fragments into a continuous strand 


 Chapter 15: How Genes Work
