BIOL 115 Lecture Notes
BIO LECTURE NOTES: Midterm 1
This course allows us to think critically about Biology in what we read about Science/Biology in news/mags/etc.

Being skeptical always, asking questions always, being ready to change your point of view.

What is Science?

1. A way of knowing things

2. A body of Knowledge accumulated through scientific investigation

The Scientific Way of Finding Things Out
Observation, then Question, then Hypothesis (informed guess), then Experiments (try to reject some hypotheses), then Conclusion

Theory: if hypothesis comes to be recognized as broad and general (like the cell theory). So “a broad intellectual construct, supported by evidence, that has explanatory power”.

Scientific method at work” Pasteur tests “spontaneous generation”. 

Observation: When you start with a sterile flask of sterile meat broth, a growth of living material generally appears in the broth.

Question: What is the source of the living material?

He had 2 Hypotheses: 1. The living material came from nothing “spontaneous generation”. 2. The living material is derived from living material outside the flask.

Pasteur’s experiment: He made an s-curve in the neck of a flask with sterile broth in it, so that any particles from the outside would not contact broth. It remained sterile until he removed trap, or tipped flask to mix trapped dust into broth.

The situation where he doesn’t break/tip the flask is called the control. Compares results to this.

Conclusion: No growth appears in the broth unless dust is admitted from outside. No spontaneous generation.

Example of necessity of control: Hemodynamic idea that if you tie off internal mammilaries in chest it will relieve anginas. Was successful, people had relief, but some guy decided to do a control experiment. Made incisions but didn’t tie off vessels in some patients, tied off vessels in others. Discovered that there was no difference.

Attributes of Living things

Hierarchy is... (bottom up)

Atoms: smallest unit of a molecule

Molecule: smallest unit of a compound that still fits the properties of the compound

Cell: Smallest unit of a living thing

Tissue: a group of cells with a common structure/function

Organ: compound of a number of tissues... a bunch of tissues

Organism: The entire creature

Population: Several organisms of same kind in a particular area

Community: interacting populations in a particular area

Ecosystem: community plus environment

Biosphere: Regions of the Earth’s crust, waters, and atmosphere inhabited by living things.

Living things take in energy. Major energy capturers are plants (they capture energy from sun)

Plants capture from sun, animals capture from plants, animals/plants die and bacteria/fungi capture that energy (decomposition) (also other animals eat dead animals)

Homeostasis – living organisms maintain their internal environment. Maintain constant body temperature (dogs pant, humans sweat, rabbits ears)

Living systems respond to the environment: nervous system: smell, vision, hearing, touch, etc.

Living organisms change over time. They evolve. Pigeons for example (diff kinds produced with breeding. Darwin).  Bacteria (resistant strains)

Cavalvade of Organisms (various types of living things)

There are three major domains of living things

Bacteria (prokaryotes/single celled, earliest organisms), Archaea (prokaryotes/single celled, earliest organisms), and Eukayra (eukaryotes(have a nucleus)). Eukaryotes include plants, fungi, animals, and protista (single celled)

EUKARYOTE KINGDOMS:

Animalia: Multicellular, Eukaryotic (cells have nucleus), Heterotrophic (ingestion, they eat stuff), have complex organ systems like brain, stomach, heart, digestive tract, etc.

Plants: Multicellular, Eukaryotic, cellulose cell walls, Autotrophic (they make their own energy by using sunlight. Photosynthesis), complex organ systems (transport systems, support systems, reproductive organs)

Fungi: Tremendous source of pharmaceutical agents, also some poisonous, hallucinations. Most are multicellular, eukaryotic, chitin cell walls (chitin also makes up insect exoskeleton), heterotrophs (not injestion, but absorption. Secrete enzymes and absorb digested material, tissues (but not organ systems), can be pathogenic (can cause disease. E.g. ringworm, athlete’s foot)

Protistans: Eukaryotes that are single-celled for the most part. Multicellular ones would be like kelp and seaweed. Can be pathogenic (sleeping sickness, etc.), some are autotrophs (algae, with cell walls), some heterotrophs (ingestion)

PROKARYOTES

Bacteria:Spherical, rod-shaped, helical. Only some are pathogenic (we are full of non-pathogenic bacteria), unicellular, do not have nucleus (prokaryotes), cell walls, most are heterotrophic, some are autotrophs.

Archaea (Extremophiles): Live in extreme conditions (in methane, high temperatures, highly acidic environments, etc). Unicellular, prokaryotes, cell walls, some autotrophic, some chemotrophic (use methane or sulphur compounds to generate energy)

VIRUSES

Bits of nucleic acid (DNA or RNA) surrounded by a shell of protein. Sometimes they’ll have a bit of cell membrane around them from the last cell they were inside. Can’t do anything on their own. But when they get into a living system, they take it over and use its elements to reproduce, and then burst the cell and enter the environment. One thing they can do is make more of themselves, effectively. Tricky question whether or not they’re living. Most of the ones we know are pathogenic.

Prions: proteins that get out of hand and can behave like living organisms (though they’re not)

Viroids: bits of naked RNA that can cause disease in plants.

(Lecture 2)

ATOMS AND MOLECULES: Building Blocks of Living Organisms

Elements: materials on Earth that cannot be broken down further. 

Living organisms are really separate from their environment. Part of being alive means being separate from their environment. Humans and the Earth’s Crust have diff. Concentrations of various elements.

Atoms: nucleus contains protons and neutrons, and clouds of electrons around it. In ordinary atoms, the number of protons and electrons are equal (balanced charge). In ions there will be differences. Most of the weight comes from protons/neutrons. Electrons weigh almost nothing. Atomic weight of an atom is the sum of the number of protons and neutrons. Number of protons is atomic number (determines the element).  Electrons very broadly dispersed from nucleus which is really tiny.

Electrons distributed in electron clouds that have diff energy levels, outside of the nucleus. First shell holds 2e, after than all other shells hold 8e. 

Isotopes: When the neutrons of an element vary. Diff atomic weight. Isotopes are not stable, don’t like having these extra neutrons. Some of these neutrons break down as radioactivity, so isotopes are often radioactive.

When radioactive decay occurs in isotopes, they can become a different element.

Isotopes in Biology and Medicine: e.g. PET scans. Radioactive tracer.

We can also use isotopes to date fossils.

Radiometric Fossil Dating: Most carbon exists as carbon-12. Rays change nitrogen atoms into Carbon-14 atoms. 

Carbon-14. Extra 2 neutrons. Constantly being produced in the atmosphere by nitrogen/light rays? Carbon that plants get from atmosphere is Co2. Small amount of it is C-14, rest is C-12. Breaks down into Nitrogen. Constantly eating C-14. Except when we die. Then C-14 stops being replenished. After a period of time, the amount of C-14 is half of what it was when it died. This is called the half-life (of the isotope). Half life of C-14 is 5700 years. At the half-life, ratio of C-14 to C-12 is half of what it should be (when alive). After 2 half-lives, ratio would be a quarter of what is should be. 

Between the present and 40000 years this is an effective method of dating.

Potassium breaks down to Argon too. Another Fossil dating thing. Volcanic rocks especially. As long as the rock is molten, argon doesn’t accumulate. As soon as rock hardens, argon collects, and you can determine the age by taking the ratio of argon to potassium.

Mendelea?’s table. Part of periodic table. Top left = least electrons, one electron ring. Bottom right: most electrons, 3 electron rings.

The nuclei of diff elements attract electrons more/less strongly. This is called electronegativity. Highly electronegative = pulling electrons tightly. Top right = most electronegative. Bottom left = least electronegative.

COVALENT BONDS: two non-metals. Stuck together by sharing electrons. Molecular hydrogen = one covalent cond. Molecular Oxygen = two covalent bonds. 

Water is a compound. Contains than one element. Molecules have strict geometries, btw. 

Ionic Bonds: electron transfer. Not as strong as covalent. Polar bonds are weak too.

Molecules have covalent bonds. NaCl, for example, isn’t a molecule!

Water molecule is polar. Electrons spend more of their time around oxygen, not hydrogen. So slight negative charge at oxygen end, slight positive charge at hydrogen end.

Hydrogen bonds: polar. Holds water molecules together. Very weak but sufficient to hold water together

Since water is weakly polar, it is an excellent solvent. Any ionic substance (any salt) can be dissolved in water. 

Hydration shells (sphere of hydration) around ions in water. This affects size of ions. 

Proteins that are small enough can be dissolved in water as well.

Hydrophilic: anything that can dissolve in water (anything that has charge on its surface). Loves water.

Hydrophobic: can’t dissolve in water. Oil, fat, etc. Lipids.

SO, because of hydrogen bonds:

1. Water has high heat capacity. 

2. Ice is less dense than water (so floats)

3. Excellent solvent

4. Water is cohesive (water moves up tree, water striders, surface tension)

ACIDS AND BASES: based on the idea of hydrogen atoms moving between water molecules.

In a body of water, a small number of molecules will lose a hydrogen to produce H30. H+ leaves water molecule, but leaves an electron behind, making it OH-(the proton jumps onto another water molecule that becomes H30+). H3O+ is referred to as H+. OH- is known as hydroxide ion. 

In regular neutral water, you have equal amounts of H+ and OH-. 

Acids are solutions with an excess of H+. The less H+ you have, the more basic/alkaline it is.

It is crucial for living systems to keep their pH in the proper range.  Ours is pH of 7.4. The way to do that is by buffer systems. Buffer systems are found in our blood (suck up H+ or release H+ to maintain pH)

Low pH = lots of acid. pH 7= neutral. High pH = low acid. pH scale is logarithmic.

pH 5 is 10 times more acidic than pH 6.

(Lecture 3)

Molecules of Life: Molecules Built on a Carbon Skeleton

The major molecules involved in living systems are molecules built on a carbon skeleton. Organic chem. Is the study of stuff that has carbon in it.

Carbon skeletons: (always 4 covalent bonds)

1. Carbon can make chains

2. Carbon can make branches

3. Carbon can make double covalent bonds

4. Carbon can make rings

This is the molecular structure of living systems

Simplest kind of carbon are hydrocarbons. Hydrocarbons are molecules built around carbon atoms. Simply hydrogen and carbon. 

· Nonpolar, hydrophobic molecules

Functional groups: molecular structures that contain more than carbon. When they’re added to carbon skeletons, they change their chemical behaviour. 

1. Hydroxyl group (OH- group).. E.G. Ethanol is characterized as a hydrocarbon with a hydroxyl group attached to it. Hydroxyls are polar, so molecules with hydroxyls can make hydrogen bonds. Makes a hydrophobic molecule hydrophilic because of hydrogen bonds too.Polar and water soluble, contribute water solubility to a molecule.

2. Carboxyl group (COOH). An organic acid. Carbon double bonded to oxygen and single bonded to a hydroxyl group. Because of this, this hydrogen can be released into the solution. This is what defines an acid too (a molecule that releases H into environment). Highly polar, acidic, and give up H ions in water.

3. Phosphate group (PO4). Stores useable energy. Breaking one off releases that energy. E.g.ATP ( major energy currency in the cell. Because it has these phosphate groups that can be broken. Polar, contribute to water solubility.

4. Amino group (NH2). Polar and basic. Dissolve in water. They can take hydrogen out of water, so they’re basic. Characteristic of amino acids.

LOOK UP STRUCTURES OF FUNCTIONAL GROUPS?

Carbohydrates: group of organic molecules that play three roles

1. Organic molecules with hydroxyl/alcohol groups on most carbons

2. Involved in generating energy, and storing energy

3. Involved in structural support of living cell/organism.

Simple Carbohydrates: monosaccharides. 

a. Glyceraldehyde: a three-carbon carbohydrate. Energy metabolism. 

b. Ribose: a five-carbon sugar. Usually in ring form. Involved in structure of DNA (information transfer and storage). Also one of the bases of ATP, so involved in energy transfer/metabolism

c. Glucose: a six-carbon sugar. The major source of energy in living system. (ring shape? Sometimes?) Glucose is a fuel. Gives about 4 calories per gram.

These monosaccharides can be chemically joined to one another to form disaccharides: a condensation reaction. One of the most common is sucrose. They’re joined together with these two hydroxyls through the loss of a molecule of water. Sucrose is a storage form for glucose and fructose. Can’t be used for energy itself, but can be broken down to gl and fr, and they can go through the energy producing reactions in the body.

Sucrose is a storage form of carbohydrate that’s produced in plants.

Whenever you have something that’s made of two subunits: 

· One subunit is called a monomer

· Dimer: two put together. 

· Heterodimer: different subunits put together. Homodimer would be two same subunits stuck together.

When you string more than two monomers together, you get a polymer.


Homopolymer: all subunits are identical


Heteropolymer: two or more diff types of subunits

Plants do make dimeric storage units, but major storage for sugar is homopolymers. Glycogen ( storage form of glucose that the body can use for energy. Glycogen is stored in muscles/liver of animals. Plants starches are stored in tubers like potatoes, rice, etc. Most plenteous/common form of carbohydrate on the planet, because it is wood. Unlike starches, no animal on the planet can break this starch down. ( same subunit (glucose) but put together in a diff way, and now it’s a totally diff compound.

^ all those are homopolymers.

Chitin: insect shell. Crustacean shells too.

SO, cellulose, plant starches, glycogen and chitin are carbohydrates that are polymers. Shows them as storage for energy and structural support for living shells. 

Again, carbohydrates, having all those alcohol groups, are highly soluble in water.

LIPIDS: hydrophobic organic compounds. Fat.

Basic building blocks of fat are fatty acids. These are acids because of the carbodyl group attached on top. Straight long hydrocarbon change with little carboxyl group on it. Still hydrophobic because too big with too small of a carboxyl group.

Saturated: straight molecules, no kinks. Since they are straight they can be stacked tightly, making them solid at room temp. Bad for you.

Unsaturated: with double-bonded carbon(s). Have kinks in them. Liquid at room temperature. Good for you.

Monounsaturated: one double bonded carbon. One kink.

Polyunsaturated: more than one double bonded carbon. More than one kink.

The fats in our body are called triglycerides. 

· A molecule of glycerol. Tri-alcohol.3 carbons with alcohol group on each. They condense with 3 fatty acids. Which forms triglycerides, commonly called a fat. Don’t have a lot of free fatty acids in body.

· Involved in energy storage. Store twice as much energy as carbohydrates.

· Good for thermal insulation too.

· Supports your organs (structurally)

· When fats are digested you break them back into free fatty acids, and then your body reconnects it.

Phospholipids: Amphipathic lipids

· Glycerol backbone (3 carbon alcoholic backbone)

· Two fatty acids on it

· But third alcohol group, instead of being joined to another fatty acid, is joined to a large, hydrophilic functional group. Joined through a phosphate linkage.

· Head is hydrophilic, fatty acid tails are hydrophobic.

· This is the basis for how your plasma membrane is made.

Plasma membrane: two layers of phospholipid chains. Hydrophillic heads pointing to inside of cell, and to outside environment (between the 2 chains). Protective barrier for hydrophobic stuff sandwiched btwn.

CHOLESTEROL AND RELATED MOLECULES

· An animal lipid

· A hydrocarbon with the occasional hydroxyl group 

· With 4 ring structures

· Part of plasma/cell membrane

· Important in hormones

· Produced in liver mostly, not really from what you eat

· Cholesterol is converted to Vitamin D by UV/sunlight.

· Derivatives of cholesterol: estrogen, testosterone (steroid hormones)

PROTEINS

· Molecules built from amino acids

· Structural functions: hair and nails

· Enzymes: chemical catalysts

· Signalling: hormones and their receptors

· Movement: muscles and cilia

· Amino acid: single carbon as its nucleus, carbosyl acidic group, amino group (and at physiological conditions the carboxyl group has lost a hydrogen but the amino group has bound a hydrogen), and an R group. The R group is all that makes amino acids different, other structures are constant.

· 2 types of amino acids: charged and uncharged (but polar, have hydroxyl group)

· The third type of amino acids are non-polar and hydrophobic. Just hydrocarbon chains stuck onto the central carbon. This means that that part of the protein can’t be exposed to aqueous environment. 

So proteins will have both hydrophobic and hydrophilic stretches.

BTW, what’s the difference btwn an ion and a polar molecule?

Proteins are polymers of amino acids, btw.

The way you join amino acids to form proteins: the carboxyl group of one joins to the amino group of the other (through the loss of water) and you get peptide bonds. Runs through the protein. Covalent bonds.

The order you arrange the amino acids in is called the primary structure of the protein.

Once you have that, the amino acids interact with each other to form diff structures, such as an alpha helix (held in this form by hydrogen bonding), pleated sheet. Those are secondary structures. Then those structures fold together (some pleated sheets, some alpha helix, etc) tangles together. Folded by hydrogen bonding and ionic bonding (if you have an acidic group and a basic group, they’ll form an ionic bond) (electrostatic attraction). Hydrophobic stuff sticks to inside. ( tertiary structures.

Quaternary structures are when tertiary structures tangle together and it’s crazy. Like yarn. 

Misfolded proteins are not allowed in living cells. They are broken down.

Cystic Fibrosis: a disease of protein misfolding.

Denaturing a protein: undoing these proteins. Treating them badly. Done with increasing salt concentration, decreasing pH or adding heat.

The things we do to preserve things (canning meats/veggies for ex) is often denaturing the proteins.

Hemoglobin only exists as a tetramer (4 subunits)

Sickle Cell Anemia: due to mutation of one amino acid in haemoglobin. When these ppl are exposed to low oxygen tension, their red blood cells get stretched out to sickle cells. Blood cells become distorted, can’t get through capillaries. Many harmful effects.

NUCLEIC ACIDS/POLYNUCLEOTIDES

· Nucleotide polymers that carry information

· A nucleotide has a sugar (deoxyribose), a phosphate group, and base.

· In DNA sequences (Adenine, Thymine, Guanine, Cytosine)

ATP has adenine, ribose, and 3 phosphate groups

(LECTURE 4)

PRIONS!

Kuru: a disease that struck the Fore people of Papua New Guinea. A neurological disorder (affected mostly women and children)

· Discoordinated, ataxic (can’t walk properly)

· Headaches

· Swallowing difficulties

· Jerks and tremors

Carlton Gadjusek was the answer to this problem. A virologist. He studied it in depth

He did autopsies. They showed that people with Kuru had big empty places in their brain, looks spongy. Reminded him of CJD (same sponginess). Weird because CJD is characterized by similar symptoms (seizures, etc). It also looks very much like Scrapie (sheep disease, similar symptoms again).

These diseases have: Long incubation time. Don’t know you’re sick till 10-20 years later.

They can be transmitted (they are infectious). They are called TSE. 

Turns out women and kids ate brain soup. They were eating the brains of ppl that died from Kuru. 

He developed the theory of “slow viruses”, since they have such a long incubation period. He assumed they were viruses because he couldn’t see them

CJD (Creutzfeldt-Jakob disease)

· Occurs spontaneously (sporadic) 85% of the time

· 10% is inherited

Fatal Familial Insomnia

· Inherited

· Usually when people are older, have already had kids

Stanley Prusiner tried to discover what causes these diseases

These TSE’s are weird because they are contagious through direct brain/brain contact.

He discovered that the infectiousness always followed the protein. Weird because it usually follows DNA/RNA (if it was a virus)

Resistant to proteases (resistant to digestion)

His hypothesis was that the infectious agent is a  protein. CRAZY!

Turns out the gene is ordinary. Everyone has the Prion gene. It’s a natural, ordinary part of the brain.

This explains why there is no immune reaction, no inflammation or anything.

When they knocked out that gene in mice, they were unaffected and well. Also, they were not affected by infected brains of others.

They called the protein PrP (prion protein).  For some reason the ppl who do get sick have the protein folded slightly differently.

How do you get it from infected brains?

· The Scrapie form of the protein interacts (almost like an enzyme) with normal PrP and converts it, allowing it to shift its shape and become another Scrapie protein.

· This was Pruisiner’s idea btw. And we stick to it today.

All TSEs have PrP mutations. Overexpressing a normal human TSE prion in a mouse causes TSE

BOVINE SPONGIFORM ENCEPHALOPATHY (BSE), also known as: MAD COW DISEASE

· Since cows were being fed ground up other cows

· They killed about a million cattle, because they were trying to eliminate it

· British beef industry in danger

· Nothing with the brain and spinal cord was allowed in food

· Technically there was no proof that it would affect humans though

BUT. A new Variant of CJD (vCJD) was discovered. Affect ppl younger, works faster.

In vCJD brain is shrunken.

So then is IS transmissible to humans from animals.

You can now get vCJD from: spontaneous, familial (mutation), ingestion of infected cows (it is true that the oral route is inefficient though), corneal transplant, pituitary grown hormone extracts, introcerebral electrodes, dual grafts, blood products, etc.

Route of vCJD is:

1. Prions are injested

2. Prions are absorbed from small intestines into bloodstream

3. Misfolded prions refold all normal prions in spleen and lymph nodes

4. Refolded prions move to brain and spinal cord, where they refold more proteins. Brain cells die, giving the brain a spongelike appearance.

In the prion protein, in a specific place you can have one of two amino acids. Either one is normal, but all of the victims of vCJD had m in both copies of the gene (mom/dad). Suggests that this form of the protein is more succeptible to refolding.

(LECTURE 5)

Cell Structure and Function: cells are the smallest independent units of life (smallest things that can exist on their own without help from other organisms)

Surface to volume ratio is why cells need to be so small.

· The amount of oxygen that it gets depends on the surface area

· Waste material released is also proportional to amount of membrane

· Surface increases as square of linear dimension

· Volume increases as cube of linear dimension

· As things get bigger and retain their proportion, their surface to volume ration drops

Prokaryote structure: small, no nucleus, DNA is just clumped in center (called nucleoid), no internal membranes (only plasma membrane), never multicellular, both aerobic (need oxygen), anaerobic (don’t need oxygen)

Eukaryotic structure: have nucleus (membrane bound structure that contains DNA in chromosomes), a lot of membrane structures in cytoplasm (vesicles, mitochondria), much larger than prokaryotes, can exist independently but also make multicellular creatures. 

Most of our body is composed of prokaryotes, but our cells are made of eukaryotes.

Cell is wrapped in plasma membrane

Around nucleus, endoplasmic reticulum. Pile of flattened sacs/vesicles.

· Both rough (with ribosomes on surface) and smooth. 

Rough endoplasmic reticulum and golgi complex are responsible for synthesis and processing od proteins

Lysosomes: vesicles involved in breaking things down

Mitochondria: energy factories of cell. Use oxygen and secrete CO2

· prokaryotes don’t have mitochondria.

· Mitochondria are actually former aerobic prokaryotes

Cytoplasm: cytosol is just material around organelles. Cytoplasm is that plus organelles.

Cytoskeleton: protein polymers that hold cell together. Support cell and are responsible for ell movement. Fre in cytoplasm.

Centrosome: small structure in cell involved in mitosis (spindles?)

MEMBRANE BOUND ORGANELLES

· Membrane made of same stuff as plasma membrane

Nucleus: double membrane pierced by channels or nuclear pores (allow large molecules to enter/leave nucleus)

· In nucleus are DNA (in form of chromosomes which is DNA+proteins) and different RNAs.

· 2 types of RNA, messenger RNA, and ribosomal RNA

Endoplasmic Reticulum (ER): 

· Rough with ribosomes, smooth without

· Rough involved in protein synthesis (proteins live in cytoplasm, proteins inserted in membrane, proteins are secreted by hormones)

· Proteins in cytoplasm are produced by free floating ribosomes that associate with mRNA

· Proteins that are inserted in membrane or secreted are synthesized in and on the rough ER.

· Protein is synthesized and strung together/extruded and then go into endoplasmic reticulum (not associated with cytoplasm)

· Membrane proteins don’t go into ER, but stay stuck in the membrane

· So for the proteins in ER, they get processed, have sugar groups added, get folded properly. Then they’re called glycoproteins.

Smooth ER: where lipids are synthesized (like steroids), in liver it’s also involved in detoxifying poisons and drugs.

To finish protein processing, part of the Rough ER buds off into vesicles and travels to golgi apparatus and fuses with one of its sheets.  It’s then processed in there. Protein is now passed from one piece of golgi to the next (through vesicles), each time it moves it gets processed some more. Finally buds off one last time and moves to plasma membrane, fuses with surface, and releases proteins to the outside(or inserted in membrane). 

So golgi apparatus: aids in protein processing.

When vesicles fuse to membrane and are released it’s called exocytosis. Endocytosis must also happen to balance it out otherwise membrane would just get larger and larger.

BUT! There’s another direction it can go from golgi. Vesicles can be released from golgi called lysosomes,  they have powerful enzymes, they stay in the cell and digest stuff (like worn out mitochondria and stuff), digested stuff goes like lipids are returned to cytoplasm to be used for more synthesis. These vesicles can also be exocytosed with waste material. 

Lysosones also fuse with phagocytotic or pinocycotic vesicles (that take up nutritive material from the outside) to digest the nutrients and release them into cytoplasm.

Also lysosomes sometimes used as storage depots. But important point is that they break down things in cell that have to be gotten rid of.

Gauchers disease: lack of lysosomal enzyme needed to digest certain lipids, so it collects in lysosomes and eventually the person dies.

Mitochondrion: outer and inner membrane, and repeated folding of membrane (cristae) inside. Increases surface area. This is where aerobic metabolism occurs (producing ATP). 

THE CYTOSKELETON

Support of cell, look like nerve cells, organizes cytoplasm (mitochondria are there cuz cytoplasm pusts them there, etc), mitosis (structural roles, and moves chromosomes apart from each other) involved in movement inside cell (so those vesicles moving to golgi are moving along a cytoskeleton track), and involved in movement itself (so when we move an arm, etc.)

· 3 major parts: 

· Microfilaments: cell movement, organizing cell structure.muscle contraction. Smallest. Made of protein called actin (homopolymers of actin).

· Intermediate filaments: structural. Medium sized. Made of variety of diff subunits. Intermediate filaments differ in diff types of cells (brain cells, muscle cells, etc.)

· Microtubules: intracellular transport, mitosis, cilia and flagella. Largest. Made of molecule called tubulin. Move things back and forth in cells. They make up the spindles for mitosis. All microtucules radiate from centrosome.

Microfilaments and microfilaments constantly break down, build up, dynamic. Intrermediate filaments are stable.

Things move along microtubules using motor proteins. These proteins walk along microtubules carrying vesicles (using ATP to walk)

Two ends of microtubules have diff polarity. So some motor proteins walk one way, others that walk diff directions.

Cilia and Flagella: filled with double microtubules. 

CELL JUNCTIONS: specialized structures where two cells touch.

3 major types of junctions

· Accluding junctions: bind cells so tightly together that nothing can slip btwn the spaces between them. Called tight junctions. (for example, you don’t want food and stuff to get into bloodstream, in intestine)

· Transmitting junctions: communicating junctions, gap junctions. Tiny gap btwn two cells. Protein channels btwn two cells, pores btwn two cells. Allow two cells to communicate directly with one another.

· Attaching junctions: junctions like rivets that hold cells together. They’re just physical structures to keep cells in one position, don’t serve another functions. Intermediate filaments hold cells stably together. 

· Blood-brain barrier: cells outside capillaries form tight junctions, so that blood can’t leak out. Tightly closed off, held together with tight junctions. The only way things in the blood can get into the brain are across the cells.

· Gap junctions important in smooth muscle: to control coordination (send signals and stuff).

(LECTURE 6)

THE PLASMA MEMBRANE

· Maintaining separation. Keeps cell separate from surroundings, very important. So that you can accumulate energy, nutrients, etc. And remain living

· Very delicate and fine

· Compartmentalization: surround organelles and stuff

· Composed of phospholipid bilayer. Hydrophobic tails on inside, surrounded by hydrophilic heads. 

· Cholesterol (large hydrophobic tail with hydroxyl group)

· Proteins in membrane. Integral protein embedded in membrane, peripheral protein attached to sticky out part of integral protein (those two are bound by hydrogen bonds)

· SO. Plasma membrane has phospholipids, cholesterol and proteins (and glycoproteins: sugar attached to protein) ( integral and peripheral membrane proteins.

· A lot of the membrane proteins are attached to the cytoskeleton too.

· On the outside of the cell is the extracellular matrix. Non-living stuff. Stuff cells have secreted around themselves, contains diff proteins, sugars, etc. For example cartilage, cell walls.

· Some integral proteins also bind to stuff in the extracellular matrix to hold it in place.

Phospholipids: Glycerol backbone. Hydrophilic head, hydrophobic fatty acid tails (2). The stuff membrane is made out of rememberrr?

They are ampipathic (can be soluble and insoluble) like detergents.

When you throw phospholipids in water they form either Micelle (the circle thing) or Phospholipid bilayer.

Membrane Fluidity:

a) Movement of phospholipids. Lipids move laterally in a membrane. But flip flopping doesn’t happen. Except for the ones attached to cytoskeleton. Fluid mosaic used to describe membrane.

b) Membrane fluidity: if you have a plasma membrane with all saturated fatty acid tails, they’re straight and pack very tightly. When you have unsaturated they can’t get that close  (so fluid situation). So animals can adjust the amount of saturated fat in their plasma membrane. So two things affect membrane liquidyness. Temperature and number of unsaturated/saturated fats/hydrocarbon tails.

c) Cholesterol within the membrane. Moderates these thermal changes. It makes the changes that occur, occur more slowly. Reduces fluidity by reducing phospholipid movement, hinders solidification by disrupting regular packing of phospholipids.

Typically when proteins cross membrane, they cross with an alpha helix. That alpha helix is usually hydrophobic (so that they can get through hydrophobic interior of membrane).

One way to get aqueous (hydrophilic stuff) through membrane is through pores.

FUNCTIONS OF PROTEINS IN MEMBRANES

Basically what they are is guards of the gates. 

Transport: some proteins are channels, only recognize certain molecules. 

Enzyme activity: some proteins have enzyme activity.

Signal transduction: important! Your body sends signals all over the place. For example, when adrenaline is released into bloodstream, it does not enter cells, but it binds to a protein receptor (the thing that binds to it is called ligand). And when it binds, it doesn’t move through but it causes protein to change its shape that somehow sends a signal to the inside of the the cell. 

Cell junctions too. That’s proteins.

Cell-cell recognition: these proteins recognize other stuff.e.g. white blood cells receptors on inside of blood vessels (inflammation), and stop there to eat up whatever’s causing the problem.

Also, remember: they attach to cytoskeleton and extracellular matrix.

MOVEMENT OF MOLECULES ACROSS MEMBRANES

Diffusion: things move down concentration gradient. High to low concentration.

So in a CELL...

4 diff types of molecules can diffuse into and out of plasma membrane. Noncharged(fat soluble, hydrophobic?) molecules, small polar molecules (like water)(but it’s pretty slow, there are channels to get water across faster), oxygen, CO2 (gases). Large and not fat soluble molecules can’t get across. 

So lungs work through diffusion. Ozygen diffuses into bloodstream, CO2 diffuses out and we exhale. 

So how do we get things that can’t be diffused?

Ion channels: you have to maintain right concentration of ions in cell. So ion channels are how cells move ions across membrane. Yah. Always allows only 1 particular type of ion across memebrane (so very specific ion channels). These tend to be open all the time, continual link of potassium, for example.

· Important thing: since it runs down the concentration gradient, it doesn’t require extra energy (ATP).

Ligand channels: specific to nerve cells. Not always open. Only open when something good binds to it.

Again, no extra energy has to be added (passive diffusion) for those channels.

Facilitated Diffusion: For molecules that aren’t charged.

· A membrane protein that binds to a ligand (like glucose). Specific to one thing. Fits lock and key to something (like glucose). Once glucose binds, something happens(conformational change) and glucose is expelled into cells.

· Different from ion channels because the ions just flow through an ion channel. But here you have specific recognition, conformational change, and pumps it into cell then.

· No extra energy either. Running in direction f concentration gradient.

BUT NOW! Active transport.

· Moves against concentration gradient, so requires extra energy (ATP)

· It’s a PUMP. So like sodium-potassium PUMP. Pumps sodium out and potassium in.

· So basically. Something binds from inside of cell. Then ATP has to give up a phosphate group (energy remember?) and that binds to the pump, causing is to open its channel to the outside, releasing the stuff. Then something else comes in from outside, ATP attaches, yadda yadda same thing.

Review of Transport.

Lipids are the component responsible for simple diffusion. No binding. No extra energy (conc grad), nonspecific, no maximum speed (per second, etc.)

Facilitated Diffusion: Proteins are the membrane component. There is binding. Also goes with conc grad. Specific. Yes maximum speed (limited by number of channels).

Active transport: proteins are the membrane component. Yes binding. Extra energy source needed from ATP. Goes against gradient. Specific. Yes maximum speed.

Osmotic Movement of Water: diffusion of water.

Hypertonic: over concentrated. Hypotonic: under concentrated.  Isotonic: two are the same.

Osmotic pressure can do work. Like keep plants upright.

In Hypertonic conditions, sac shrinks. Hypotonic: sac expands and can burst. Isotonic nothing happens

· So any fluids put into blood stream must have proper osmotic pressure.

BULK MOVEMENT OF MATERIALS INTO AND OUT OF CELLS

Exocytosis: movement of transport vesicles to membrane, binds and releases.

· Hormone, digestive enzymes, mucus, antibodies, neurotransmitters

· You’re inserting new membrane into the plasma membrane

· remember the vesicles are moving along exoskeletal track.

Endocytosis: the opposite

· receptor mediated endocytosis: like getting cholesterol from blood into cell.

· Phagocytosis: cell envelopes organisms/structures, delivers them to lysosomes for digestion.
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HOW CELLS WORK: ENERGY IN LIVING SYSTEMS

The first law of thermodynamics: energy can be transformed from one form to another, or transferred from one place to another, but it cannot be created of destroyed. Also known as law of conservation of energy.

· There’s a set amount of energy, it moves around and stuff. But it’s fixed.

· Kinetic energy: energy of movement

· Potential energy: ability to do work

· Heat: disorganized energy

· Work: the use of energy

Energy transfer: imagine waterfall.

· High potential energy at top, lower potential energy at bottom. The waterfall falling is kinetic energy, can be used (work) by mill for example.

· Energy transformations: from potential to kinetic and over and over, for example

· You can have multiple energy transformations (chemical energy to heat energy to kinetic, etc.)

· Another thing: heat is lost in transformation. Useful energy is decreasing, but total energy remains constant (cuz some energy is being dispersed as heat)

Conversion of Energy in Living Organisms

Sun shines down on plants. Plants convert solar energy to chemical energy (photosynthesis). Animals eat plants, so chemical energy being converted to diff types (like kinetic for movement) doneby cellular respiration. Give off CO2 and water, taken in by plants, cycle begins.

No energy transfer is 100% efficient. Heat is always lost. 

The Second Law of Thermodynamics: any time energy is transformed from one form into another, some of the energy is ‘lost’ and available to do work. The total disorder (entropy) of a system and its surroundings always increase.

In order to have an organized system, it requires an input of energy (e.g. cleaning your room)

So we have to use energy in our cells in order to create order. In order to do that we use glucose for example.

There’s a reverse relationship between potential energy and entropy.

· If you have order, you have potential energy. Your movement towards disorder provides energy to do work. 

More organized = more free energy, less stable, greater work capacity.

THEN! Spontaneous change (like rock rolls down a hill)

Less organized = less free energy, more stable, less work capacity.

THERMODYNAMIC SYSTEMS

Isolated system: does not exchange matter or energy with surroundings. Perfect thermos.

Closed system: exchanges energy with its surroundings. Like the Earth (getting energy from sun, earth can also give off heat energy)

Open system: exchanges both energy and matter with surroundings. Like living organisms (eating, releasing energy)

Two basic types of chemical reactions

· Endergonic: reaction that requires energy input

· Reactants have low potential energy, products have high potential energy, so energy must be added to the system. 

· Exergonic: reaction where energy is released

· Reactants have high PE, products have low PE. So energy is released.

· You can use exergonic reaction to power an endergonic reaction

SO. Photosynthesis is endergonic. Energy poor substances ( (energy in) sunlight ( glucose (product with more energy)

Cellular respiration is exergonic. Start with glucose ( releases energy (that you can use) ( products with less energy (CO2 and H2O)

ATP is a molecule. It is the energy currency of the cell.

In ATP we have a nucleotide (adenine), a sugar, and three phosphate groups. 

The thing is, you have these negative cluster of phosphate groups stuck together (takes energy to force them together), so a lot of potential energy. So breaking that releases energy.

Breaking ATP into ADP is exergonic reaction. Hydrolysis of ATP. 

Convert ADP back into ATP: phosphoralate ADP. You add phosphate group back. Requires energy so it`s endergonic. 

ATP is stable enough to move around a cell, but not stable enough to move out of cell. 

Energy from other exergonic reactions is what is used to phosphoralate ADP. So to convert ADP into ATP. Then the breakdown of ATP to ADP+phosphate gives energy for further reactions. It`s a cycle.

ATP...

· drives chemical reactions. To make or break down diff molecules. 

· To transport things in the cell. Move proteins and stuff.

· Transport things across membranes (active transport against conc grad)

Use ATP to drive unfavourable reactions (like, unnatural). Energy lets you do things like that.

· Favourable is likely to happen, I mean

ENZYMES AND CHEMICAL REACTIONS

· Protein catalysts that speed up reactions as much as a billion times

· They aren`t changed by these reactions, like they can be used over and over

· They don`t affect thermodynamics of reactions, don`t add or subtract energy (don`t alter endergony v. Exergony)

· Catalyst: speeds up reaction (one catalyst is heat)

· Biological catalysts are called enzymes.

· They reduce the energy required to start the reaction

Energy required to start a reaction is called activation energy.

· Enzyme lowers activation energy

· Facilitates/catalyzes reaction

The Mechanisms of Enzyme Function

1. Bring reactants closer together and into proper orientation

2. Change structure of reactants through charge interactions. So it can polarize a bond.

3. Place covalent bonds under stress, so increase stored energy

Substrate binds to active site of enzyme (part of enzyme that does stuff), releases products. 

Enzyme can break substrate together, or being them together.

Metabolic pathway: series of enzymes that allow you to go stepwise to do a series of reactions. To reach final product. (Prod 1, Prod 2... final product)

In one case, protein reaches active site, shape changes (water gets in and breaks bond, hydrolysis or water lysis), enzyme releases broken proteins and then it starts over again.

Inducible fit of active site: active site can change shape once substrate binds. 

When you want to control activity of an enzyme (to not waste energy for example). You can:

1. Make less enzymes (genes)

2. Make enzymes short lived (have to keep making them)

3. Enzyme inhibition.

a. Competitive inhibition: another molecule that competes with substrate for active site. Inhibitor resembles substrates and takes substrate’s place (it’s in the way)

b. Noncompetitive (allosteric) inhibition: where the inhibitor binds at site other than active site on enzyme, and it changes the enzyme’s shape. Which prevents binding of substrate.

c. One thing about allosteric: you can also have allosteric activators.

d. Inhibition is generally reversible, so can react to changes.

e. A lot of our painkillers are inhibitors, penicillin, nerve gas (prevents nerve production), cyanide (prevents cellular respiration, last step of electron transfer)


Feedback Inhibition: a metabolic pathway. The end product, if it accumulates, it can bind allosterically to one of the enzymes and prevent enzyme from overproducing products.

Enzyme activity is also dependant on physical surroundings. Temperature. Because enzymes are proteins, they can denature under high temperatures. Enzymes can function in different specific temperature ranges. pH also can affect protein structure (disrupts ionic bonds that form tertiary/quaternary bonds). Salinity (ionic conditions) also affect.
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Photosynthesis ( Glucose ( (use glucose for ATP) cellular respiration  ( CO2 + H2O ( back to photosynthesis (need sunlight for that too)

We will be focusing on breaking down the molecule glucose for energy. 

So FIRST. Glucose undergoes glycolysis (yields a little energy and a little electrons). Then Krebs cycle (yields a little energy and a lot of electrons). Then the released electrons go through electron transport chain and gradually release a lot of energy)

When we have chemical bonds, we have energy stored in these bonds. You can have electrons pulled to higher energy levels farther from nucleus. In these bonds there’s some in outer layers that are easily removed, inner layers harder to remove. 

The movement of electrons between molecules occurs trough Oxidation:Reduction (Redox) reactions.

Happens in pairs (oxidation, reduction). 

Oxidation: removal of electrons. Electrons from X is being passed to atom Y)

Reduction: gain of electrons. So Y undergoes reduction. Reduced = getting negative electrons.

Atom X is being oxidized by atom Y. Atom Y is an oxidizing agent, and more electronegative. It pulls electrons.

Y is reduced by X which is a reducing agent. X is less electronegative, gives up electrons to other atoms/molecules.

Hydrogens often move with electrons. So you have the movement of protons with the electrons.

Organic Fuels: Two good fuels are gasoline and glucose, due to their presence of an abundance of C-H bonds that can be broken down through oxidation. Fats are also really good fuels. Cuz loots of hydrogen bonds.

Glucose Combustion: You can burn it, but not really that useful for powering organisms. Plus adding heat denatures and bad stuff like that. So instead we use enzymes and break things down in a series of small steps. We can transfer energy into carrier molecules that we can then use to make useable energy in the form of ATP.

Energy carriers: NADH is the main one. Also a similar one called FADH but less important.

These are two electron carriers. Used to accept electrons during breakdown of glucose, and then in electron transfer chain (to release energy and power production of ATP)

NAD+ takes two electrons plus one proton to make NADH. In that process, NAD+ is reduced to give us NADH and a proton (which is also used).  NADH carries the electrons to a later stage and then drops them off, returning to original form NAD+

So during breakdown of glucose, NAD+ is reduced, picks up 2 electrons and a proton, moves to electron transfer chain and drops off the two electrons and is oxidized back to NAD+, protons are used too. 

There’s multiple stages in the breakdown of glucose and the energy metabolism.

First stage is Glycolysis (sugar breaking)

· Happens in cytosol

· Doesn’t require oxygen unlike later stages

· ATP is needed in some steps of this. Waay to specific yo. Nvm. 

· From here on in, everything happens in duplicate. So other stuff happens then...

· Final product of Glycolysis is pyruvate. Important to remember.

· Also have to remember that we get 2 pyruvate. From second hald of glycolysis you make 2 NADH (duplicate), 4 ATP (subtract then 2 ATP used earlier), to give Net 2ATP from glycolysis. And gives us 2 pyruvate per glucose. 

So we’re now moving into the mitochondria. So pyruvate must be converted to another form. Acetyl-CoA. Prepares us for entry into Krebs Cycle.

Krebs Cycle: Citric Acid Cycle. First product is citric acid.  Makes ATP, reduces a molecule of FAD and reduces another NADH. 

Not getting a lot of energy from Krebs Cycle, but a lot of of electrons.

ESSENTIALLY. Moving carbons around. Acetyl-CoA is what comes in, end up with NADH, ATP, FADH2, CO2. 

You need to regenerate the acceptor oxaloacetate. Regenerating molecule that accepts Acetyl-CoA.

Krebs cycle is happening in mitochondria. 

Localization...

Glycolysis happens in cytosol. Pyruvate is shipped into mitochondria matrix, converted into Acetyl-CoA and enters Krebs cycle (in mitochondrial matrix)

And then electrons created during krebs cycle is then passed on to electron transport chain in inner membrane. We end up passing electrons to oxygen to create water. Protons are located in intermembrane space. Reducing oxygen into water occurs in matrix.

Protons come back after to make ATP.

Into mitochondria we need to move NADH and ADP and inorganic phosphate into mitochondria. We get out ATP. 

So how does the hydrogen get into intermembrane space. 

· NADH converted to NAD+, electrons then move through protein complex chain.

· Oxygen is the last electron acceptor of ETC (electron transport chain)

· Electrons+oxygen to give us water. 

NADH gives more energy than FADH2 (enters the chain too, but later)

Protons are also pumped into intermembrane space, creating a proton concent grad

These protons move back to mitochondrial matrix through enzyme called ATP synthase, turns ADP into ATP. 

This is where you get that huge amount of ATP

Proton drive of ATP synthesis is called chemosmosis (with proton gradient). Oxidative Phosphorylation (electron transport chain and ATP synthesis)

Need to know: NADH and FADH2 donate electrons to ETC. And in doing so(as electrons move through), (to other side of membrane)protons are pumped, protons come back and ATP is made by the protons going back through ATP synthase. Make ATP. In the process, oxygen is reduced into water, 

FAD enters later than NAD. In the process, water is reduced.

Chemoosmosis: proton gradient driving ATP synthesis.

Oxidative Phosphorylation: oxidation of NAD, final acceptor is oxygen, in process you drive ADP to make ATP. Oxidation, oxygen, and phosphorylation.

Look at textbook? If there’s time :)

Increasing electronegativity down ETC. So next thing pulls the electrons from previous molecule (down to oxygen at the end). And then energy is released. And that drives H+ (proton) pump.

You can have poisons that stop ETC electron transfer. If you do that you get no ATP. That’s baaad. Some directly stop ATP synthesis. Uncoupler: uncouples ETC from ATO synthesis. In this case, the protons leak through the membrane. If protons leak back you still can’t do it. So in the end you get no ATP and lots of heat to disperse. 

Uncoupling also occurs in nature. You can uncouple ETC to make heat in plants (for plants who want to come up when it’s still cold outside)

You can also do it in mammals in order to create some heat in certain situations

· Brown fat: special fat tissue where ETC is uncoupled 

· Seen in hibernating animals and newborns

· Tightly controlled, cuz giving off heat from all your cells is very bad

TOTAL AND SUM OF WHAT WE TALKED ABOUT

· Glycolysis

· Breaks glucose into 3-carbon molecules known as pyruvate. 

· As it does so it uses some ATP, but it releases ATP too

· In the end you get 2ATP (net) and 2 NADH

· Happens in cytosol and is anaerobiv (doesn’t need oxygen)

· The rest of cellular respiration happens in mitochondria

· Pyruvate turns into Acetyl-CoA. In that process, carbon dioxide is lost and NADH is produced.

· Acetyl CoA then enters Krebs cycle/citric acid cycle.

· 2 carbons come in, join acceptor molecule oxylacetate, and it starts to be broken down

· As it’s brorken down carbon dioxide is released and NADH is produced (electrons are transferred into NADH)

· Goes around the cycle. We need to regenerate acceptor molecule. 

· And then NADH and FADH2 donate electrons to electron transfer chain

· In doing so, they drive the synthesis of ATP. This of course involves a proton gradient and requires oxygen

· In the end, per glucose we get 10 NADH, 2 FADH2, 30=38 ATP depending on cell type. 

· Some cells require ADP/ATP to move stuff in and out of cells (during cell resp) so the ATP output decreases

· Acetyl CoA and Citric Acid Cycle are in mitochondrial matrix (inner space of inner membrane, mitochondrial matrix)

· Oxidative phosphorylation happens across the inner membrane

· Electron transport chains embedded in inner membrane, protons are pumped from one end to the other.

· Listen to californication song?

· Another thing: it’s not just glucose, we can use all sorts of diff molecules to create food

· We can use proteins, fats, carbohydrates

· You need to break down the polymers and their components enter cellular respiration at diff points

· Fats and proteins are not used in glycolysis, glycolysis is specific to sugars

· In terms of energy reserves, we have glycogen (not very much) and fats (most of our storage)

· Fat holds more and weighs less (more energy per unit weight

Regulation of energy metabolism

· Feedback inhibition of glycolysis enzyme by Citric acid+NADH+ATP. So products from the later stages can all inhibit glycolysis

· Stimulation by AMP (one of the building blocks of ATP (we need to make ATP)

· So BASICALLY it is a regulated process

In the absence of oxygen though...

Fermentation! 

So in things like yeast it’s alcoholic fermentation, goes through glycolysis but you regenerate NAD+ and make CO2 and ethanol

In animals, it would be lactic acid fermentation. They generate NAD+ by directly reducing pyruvate.

· When they run out of energy lactic acid starts building up and gives you sore muscles.

BUT! As you recall we only get 2 ATP out of this. So it’s not a long term thing, can’t do it too much cuz you use that glucose up too.
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PLANT CELLS

Special structures

· Cell walls: supportive function and mediate cell-cell attachment and interactions

· Cell-cell attachment/interactions aided by plasmadesmata, kittle tiny channels that go through cell wall (proteins, enzymes and stuff can get through)

· Central Vacuole: storage and creates turgor pressure (osmotic pressure) that helps hold plant up

· Chloroplasts: site of photosynthesis.

So, cell walls...

· Not rigid, actually a fibre reinforced gel, but not a uniform or static one.

· Exterior to plasma membrane

· Primary cell wall (on outside)

· Secondary cell wall (thicker, up against membrane. A lot more fibres

· Middle lamella: cell attachment performed by this gel.

Chloroplast: unique to plants. Double membrane organelle. Has pancake like stacks called thylakoids (can be connected). Have fluid in the middle. And then there’s the stroma which is the fluid that fills rest of chloroplast. Oh btw chlorophyll is in thylakoid membrane, photosynthesis in there

Endosymbiosis and the Origins of Eukaryotic Cells: originally prokaryotic cells ate some aerobic bacteria. Were like “hmm maybe useful cuz they’ll make me energy!” so then kept it, and that’s the mitochondria.

· Another aspect of this theory is that photosynthetic bacteria were engulfed. So same thing happened with chloroplasts.

· So this theory refers to the double membrane organelles: mitochondria and chloroplasts 

· Protists are still doing endosymbiosis

PHOTOSYNTHESIS!

2 main steps

1. Light reactions: occur in thylakoid. Chlorophyll absorbs energy from sunlight and uses protons (from splitting water) to make ATP and NADPH. Spits out oxygen too.

2. Calvin cycle: occurs in stroma. Carbon dioxide is fixed and made into sugaes (put together to make glucose, etc). It’s powered by ADP and reducing power of NADH to give us our sugar. And then ADP and NAP+ go back into light reactions and are recharged and go back to be used in light reactions

So chlorophyll is a molecule that absorbs light

· Has a hydrophobic tail that inserts in thylakoid membrane

· Actual pigment on top that and then NADH

Absorption spectrum

· 2 types of chlorophyll in chloroplasts. Also carotenoids btw. 

· Chlorophyll a absorbs mostly in purple/blue + red wavelength

· Chlorophyll b absorbs more in blue and orange wavelength

· Carotenoids aborb more in blue to blue-green wavelength

· So there’s sorta an absence in green-yellow range. So greens are reflected and transmitted. Which is why plants look green.

So in the summertime...

There’s lots of chlorophyll in plants. So everything is green

In the fall the chlorophyll breaks down and you see other colours too (reds, purples, oranges)

Leaf and Plant Cell Anatomy

· Have waxy cuticle to help keep water in

· Chloroplasts are found in mesophyll (middle of leaf)

· Stomata: little mouths that open up when there’s lots of water, and close when there’s not so much water. When open, allow CO2 in and O out (gas exchange). Also involved in movement of water. So those are pores on cuticle. Top and bottom of leaf.

So photosynthesis uses light energy to convert water and carbon dioxide into oxygen, glucose and some water. Photosynthesis does redox ractions

We’re oxidizing water to oxygen, and reducing carbon dioxide to glucose.

· Radiolabel studies to prove origins of products

So basically what photosynthesis does is

Takes in sunlight and water into thylakoids, absorbed by chlorophyll, goes through electron transport chain, ATP and and NADP made, used to fix carbon dioxide in the calvin cycle/dark cycle in stroma. Yields sugars that end up in glucose. And we get our ATP and NADP back to use again.

Light hits pigments ( excites electrons ( and then what?

1. Energy can be released as heat or light/fluorescence. But not useful

2. Electron energy can be passed between pigment molecules . and eventually the energetic electron is captured by electron acceptor. 

In light absorbing pigment centers...

We have a photosystem. 

· In that is the antenna complex, which is various pigments that pass energy between pigments to special chlorophyll A.

· Special chlorophyll A are located in reaction centre. What they do is they pass the high energy electron to Primary Electron Acceptor

· PEA passes electron to ETC. So then we end up making ATP and NADH

· We also split water to provide more electrons to keep the PEA going.

· Whaat. So ok. In PHOTOSYSTEM 2: electrons to primary electron acceptor, to Electron Transfer Chain. Splits water for more electrons. One of the roles of photosystem 2 is that it pumps protons into thylakoid space. And protons go out through ATP synthase to make ATP ( same in cell resp)

· In PHOTOSYSTEM 1 (after) we have more pigments and it excites electrons again. And then we go to another ETC. This ETC gives electrons NADP+ to give us NADPH. So all it does it it boosts electrons up again.

Part 2 of photosynthesis is the Calvin Cycle, where carbon fixation occurs

·  Carbon dioxide comes in, is bound to a molecule by rubisco, produces 3-PGA

· Have to reduce 3-PGA, which uses ATP and NADPH (from light reactions). Out of that you get G3P. 2x G3p gives 1 glucose

· And then you have to regenerate the acceptor, which also uses ATP.

· To make one G3P you need 3 carbon dioxides. So in order to make glucose you need 6 carbon dioxide. 

SOOOOO!

Phase 1 (Light reactions: Sunlight ( photo system 2 (goes through ETC) (makes ATP)( Photosystem 1 (makes NADPH)

Phase 2 (Calvin cycle): CO2+RuBP ( 3-PGA ( G3p (using ATP+NADH). Two of those make one glucose.

When stomata close: CO2 can’t get in, O can’t get out. This is a problem for photosynthesis

Also, rubisco is pretty inefficient

· Most of the time it binds CO2, which is normal and is called carboxylation reaction
· But sometimes it bonds to an oxygen instead. That uses ATP, spits out (we lose) carbon dioxide). So bad thing. So in hot dry places it’s difficult cuz of stomata closing and this

The C4 Cycle helps this. It’s a carbon fixation into a 4-carbon molecule before the calvin cycle

So basically CO2 plus a molecule called PEP are captured into PEP carboxylate (use 1 NADPH). CO2 captured into malate, use another NADPH to release CO2 into calvin cycle. And then you need ATP to regenerate PEP.

C4 photosynthesis occurs in things like corn. C4 cycle happens in mesophyll. Calvin cycle occurs in special bundle sheath cells. Again, generally used by plants in hot places.

The other type of photosynthesis is CAM photosynthesis: done by cacti, pineapple etc.

· In these guys you have C4-CO2 fix at night
· Store malate in vacuole

· Do calvin cycle in daytime, so it’s actually separated in time

· ALL this happens in mesophyll cells.

· So stomata open at night (bit damper and cooler), and they close during the day.

BIO LECTURE NOTES: Midterm 2
(Lecture 10)

CELL DIVISION

1. Divide cell contents ( cytokinesis

2. Faithfully reproduce ( interphase

3. Divide genetic material (genome) ( mitosis

Why Cell Division?

For prokaryotes and protists: reproduction

For plants, embryos and young animals: growth

Skin, blood, gut lining: maintenance (cells being replaced constantly in skin)

Immune system: clonal response 

Injury: repair (healing cuts, etc)

Damage: regeneration (like skin, some animals regenerate whole limbs)

PROKARYOTIC CELL DIVISION (bacteria)

Prokaryotic chromosome is a single circular chromosome (single naked circle of DNA)

When bacteria replicate...

Replications starts at a certain point on the chromosome, continues around in both directions

Chromosomes actually attached to plasma membrane. Then there’s cell growth, and the two chromosomes move apart from each other.

Eventually it starts to lay down new plasma membrane in between the two chromosomes, and then it splits, builds new cell wall. 

Cell division in prokaryotes is known as binary fission.

EUKARYOTE CHROMOSOME FORM

Bigger cells, a lot more DNA to deal with, Important to have accurate replication of genetic material

Chromosome undergoes DNA synthesis, creates two sister chromatids (2 copies identical of chromosomes) ( central point where they’re stuck together is the centromere (Kinetochore: a protein complex that binds the centromere, used to attach chromosomes for movement)
And then, you have mitosis. Where the chromatids divide, and then you have daughter chromosomes (separate)

Each chromosome is a linear DNA molecule with tightly associated proteins

DNA synthesis occurs during interphase
In interphase, normally DNA is in the extended form. 

Wrapping up (condensing/packaging DNA so it’s easier to separate/divide)

STRUCTURE OF CHROMOSOMES

DNA wrapped around histones (proteins), this is what the DNA is coiled around.

The wrapped DNA+histones is known as the nucleosome
Then the beads on a string thing of DNA and histones coils again, and coils again and again (multiple layers of coiling), and then it’s looped around scaffolding proteins.

Prior to mitosis is interphase.

During interphase: chromosomes are duplicated  but still in extended form.

When we enter prophase (early stage of mitosis), chromosomes go into condensed form, the spindle grows and develops (made up of microtubules) ( this is the mechanism for the movement of chromosomes, they pull apart the chromosomes during mitosis. Centrioles/centrosome is the spindle organizing center. Specific to animal cells. On either side of the spindles, spindles gathered around them too, etc.

And then: nuclear membrane disintegrates (as do other endomembranes), and the spindle fibers bind to the kinetochores. 

ATP is involved in the movement of microtubules/spindles.

Next is metaphase: pairs of chromosomes line up, under tension at the spindle equator (also known as the metaphase plate).

Next is anaphase: sister chromatids separate and migrate to the spindle poles (centrosomes)

Finally there’s telophase: end of mitosis. The nuclear membrane, ER and Golgi reform, chromosomes extend.

After that is cytokinesis. (Cell division proper, not mitosis proper)

Cytokinesis (in animal cells): works a bit like muscles. The cleavage furrow. Actin and myosin. Like pulling strings, pulls cell apart into two.

Plant cells don’t do that, they just make a new cell wall.

There are 46 chromosomes in humans (2 x 23 chromosomes)

You have 22 sets of autosomes – non-sex chromosomes, and 1 set of sex chromosomes

# of types of chromosomes, so 23 types, this is known as n
Humans are diploid – 2 copies. 2n = 46.

Cells spend most of their time in interphase (getting ready for mitosis)

There are different stages of interphase.

1. G1 (Gap1): when cells just grow

2. Synthesis: DNA replication

3. G2: further cell growth

4. Mitosis

5. Cytokinesis, then  back to G1

^ All this is tightly regulated, so cells divide only when needed. You don’t want cells dividing when they’re not supposed to. If they go crazy, that’s cancer.

Oh wait. Cells can also stay in G0 for years. G0 is lack of cell division. It’s like Gap1, but cells don’t proceed from there. Like nerve cells, blood cells, muscle cells, etc. Don’t really divide after embryo and stuff.

STEM CELLS – PROMISE FOR THE FUTURE

Self renewing, give rise to differentiated offspring (have the potential to become anything)

TYPES OF STEM CELLS

· Categorized by potential to make diff things, tissues, organs, etc.

At the very early embryo you have totipotent stem cells (at first few divisions). They can make all structures. Anything! Including extraembryonic tissues (placenta, etc)

And then, what we have is a blastocyst, which has:

· Outer cells which make supporting tissue for embryonic development in mammals.

· Inside are pluripotent stem cells which can make everything except extraembryonic tissues.

And then, there are tissue specific stem cells, or multipotent stem cells. They can make multiple cell types related to a specific tissue type. Sometimes referred to as adult stem cells, because we keep these in our bone marrow, able to make all sorts of blood related cells, etc etc. Basically we still have some stem cells as adults, but their ability to make diff things is more limited.

Stem cells are able to renew themselves and make daughter cells that are more specific. 

So you can have symmetric divisions, just divisions to increase overall stem cell population.

You can have asymmetric divisions, where they renew themselves, but also make daughter cells that differentiate into things.

You can also have a symmetric division where stem cells divide and terminally differentiate (population is not renewed). Population is exhausted because they just divide to make multiple daughter cells.

The diff types of divisions depend on the types of stem cells you’re talking about.

ISOLATION OF EMBRYONIC STEM CELLS: when you isolate the pluripotent inner cell mass (stem cells) from the blastocyst, and you grow them and make more and stuff.

However, more recently, they found a way where they can take adult cells and make them embryo-like stem cells! So essentially they’re reprogramming non-stem cells to become pluripotent stem cells. 

· This is called Induced Pluripotent Stem Cells

· They transfer early embryo regulatory genes into the cells using a virus. They use a virus, and they take genes from actual embryonic stem cells or something and clone them, and then they introduce them to the adult (for example skin) cell by a virus.

· Good cuz it avoids ethical issues. Also good cuz it’s your own skin cells so good for transplants (no compatibility issues)

· However it’s really expensive. And these cells can cause tumors (related to virus used)

Sources of stem cells:

1. Embryonic stem cells (ES): few sources, they’re pluripotent, they can be foreign, and there are ethical issues

2. Adult stem cells: many sources, multipotent tissue stem cells, from yourself, no ethical issues.

3. iPSC = induced pluripotent stem cells, many sources, pluripotent, from self, no ethical

4. Cord blood/placental stem cells (can be used to treat the child later in life): many sources, pluripotent, from self, no ethical

You can take ES cells to make transgenic mice. Talk about it later.

You can drive ES Cells to become different things, and then they can be used therapeutically. 

· You can make them into insulin-secreting cells, dopamine/serotonin secreting neurons, etc.

· For it to work: good yield (you need to be able to get lots), homogeneous population (don’t want random stuff mixed in), no residual stem cells (risk of tumours), must be able to survive transplant. Also have to consider compatibility.

· Another source of getting differentiated cells for cell therapy: you can take a nucleus from a somatic cell (e.g. skin cell), transfer it into an egg cell with its nucleus removed, we let it grow up into an embryo, we isolate the inner cells, grow embryonic stem cells from this, and then induce them to do diff things. So essentially you’re making a clone (ethical issues etc etc.)

· Ethical issues like: where do you get the egg cell to do this? And cloning issue.

· Another thing that has been found to happen from time to time: you can have stem cells for one tissue develop into cells from another (unrelated) tissue. This is called transdetermination.

· Some ppl say this is due to them being in diff environment, fusing together, etc.
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CELL DIVISION AND STEM CELLS

Injecting stem cells into tissues to try to repair them

1. Embryonic stem cells: from inner cell mass of embryos. Pluripotent, capable of developing into diff things. Theory of therapeutic is to make them differentiate into the correct type of cell (treat them with diff growth hormone to make them become cardiac muscle cell, for ex, and then inject them into the heart)

2. Induced pluripotent stem cells: take adult cells, inject embryonic stem cell regulatory genes that take adult cells and make them back into embryonic-like stem cells. You can make them differentiate into cardiac muscle cells etc etc, and inject them back in

You can inject an egg with adult differentiated cell nucleus (like a skin cell), grow it into an embryo, take stem cells from that, and make it compatible to the donor.

Transdifferentiation: where for example blood stem cells somehow become heart stem cells. Maybe because of environment. 

· Sometimes victim to placebo effect. Hard to determine if healing is actually happening.

But bone marrow transplants and stuff are super common already, and that’s stem cells.

Medical tourism: ppl going abroad to get medical treatment in other countries.

CANCER – cells out of control

What is cancer?

1. Unregulated cell proliferation

2. Migration of cancer cells: spreads through blood and lymph systems and tumours appear in other parts of body. Known as metastases (end stages of cancer).

Can happen due to: Inherited predisposition, changes in environment (environmental stimulus like smoking), or just age (your cells have been dividing for many years, so if cells don’t replicate DNA perfectly...).

Whether it’s a benign or malignant tumour (skin cancer)

· Layer of tissue/skin it’s in

· How far along it gets

· Cell type they originate from

About 1.5 M cases in 2010.

Cancers or sex specific organs (breast, prostate) are most common in each sex.

Lung cancer is the second most common cancer – it is a preventable disease (smoking)

Colon cancer is next – it is also kinda preventable (smoking, diet, alcohol)

Some cancers are particularly malignant (pancreatic and lung survival probability is low)

Prostate cancer, if caught early, is almost 100% treatable. Also breast cancer, skin cancer.

Cancer comes from many diff risk factors: hormones, viruses, asbestos in wall insulation, diet, sunlight, x rays, heredity (you end up with a normal copy and a mutated copy of a gene that regulates cell growth. If you already have one copy of the gene that is mutated, your probability of cancer is much higher), etc.

Over the years, lung and bronchus cancer went up significantly in men, sort of in women too but not as much.

Stomach cancer went down significantly because of: refrigeration, you’re less likely to eat spoiled foods, and you also had less foods preserved in salt (can influence stomach cancer). Also went down because of H. Pylori (incidence of getting it is influenced by cleanliness of environment, so as living conditions improved it went down).

Uterine cancers went down because of PAP smears. Most cases of cervical/uterine cancers are caught early and dealt with.

Colon cancers are kind of going up, because of more processed foods, higher fat, lower fibre, etc.

Cigarette consumption and lung cancer deaths has a very strong positive correlation. 

Progression of Lung cancer: you start off with columnar/cilial cells, with basal cells under them. But within a year, these basal cells start to proliferate, and then within 5 years the original lining cells of your lungs are gone(the ones that are there with the cilia and stuff), so you get a further increase of basal cells, and then you get mutations in the nuclei, and then around 20 years after you start smoking is when you start to see cancers. 

Again: basal cells take over, lung lining cell dies off and disappears, cancerous invasion!

Cell phones = brain cancer? Jury’s still out.

Chance of cancer increases with age: the older you get, the more your cells divide, etc. Cancer results from errors in cell division, and problems with controlling cell division (making sure there aren’t any problems with your DNA/chromosomes). So in order to get cancer, you need generally multiple mutations. So the longer your cells have been dividing, the probability of having mistakes in division are higher.

Since cancer usually occurs after you have kids, natural selection and weeding out cancer predispositions doesn’t work

Knudson’s multiple hit hypothesis: cancer results from accumulated mutations in genes that regulate cell division. You need multiple mutations (4-5) in the same cell in order for it to become cancerous. 

· First mutation, cells just divide faster. Second, divides even faster. Third mutation, cell undergoes structural changes and they keep dividing. Fourth mutation, cell divides completely uncontrollably and invade other tissues. 

In mice, when you put in cancer related genes (myc and ras). So if you have myc alone, you have increased tumors. If you have ras alone, you have increased tumors (more than myc). If you have them both, the probability of getting cancer is quite high and quite soon. 

Cell cycle is very tightly regulated. There are actually checkpoints that control the progression through the cell cycle, main thing is to make sure that the cell is ready to do DNA synthesis and segregate chromosomes.

Again: Checkpoints control progression into S phase, mitosis and metaphase.

G1 -> S checkpoint: is the DNA intact and suitable for replication. Rb protein.

G2 -> M: Has the DNA been completely and accurately replicated?

Metaphase -> anaphase: are all of the chromosomes attached to the spindle and alighed at the equator?

To pass the checkpoint requires the activity cyclins + CDKs. There are specific combinations of those two that are required to pass each of these checkpoints and proceed to each of these stages of the cell cycle. 

· Specific ones for specific phases.

· CKDs present all the time

· Specific cyclins are only on in particular times of the cell cycle. Specific cyclins at diff stages of cycle.

· CDKs are present, inactive. Once their appropriate cyclins are made, then they bind together, CDKs are activated, they transfer phosphate groups to other proteins to activate/inactivate them, and the cell cycle proceeds.

· So we’re gonna talk about how cyclins and CDKs regulate retinalblastoma (Rb), which is out stopsign at this particular stage (G1 to S)

So let’s talk about cyclins.

Regulation at the G1 to S checkpoint:

Step 1: Growth factor binds to receptor, and triggers a signal that goes down to make you transcribe genes and stimulate cell division. So the receptor activates a pathway of relay proteins, this is known as the Signal Transduction Pathway.

So growth factor binds to receptor, and then we have signal transduction (one thing involved in this is the protein Ras). Our signal transduction activates transcription factors (eg myc). And then the transcription factors lead to production of cell division proteins (including cyclins). We make the cyclins in order to pass our checkpoint.

Proto-oncogenes: genes that have the capacity to become cancer causing genes. A mutation in a proto-oncogene will give you a cancer causing gene (known as an oncogene). Generally they are genes whose products stimulate cell division, which means they can mutate into cancer causing oncogenes. 

Cyclins, growth factors, growth factor receptors, ras, myc, CDKs... those can all be classified as proto-oncogenes. If you overstimulate/overproduce them, they can cause cancer.

Proto-oncogenes (in particular, when they’re proteins that stimulate cell division): you can have mutations that:

1. Give you a hyperactive protein. If your cell division protein is hyperactive, it’s gonna cause more cell division. This can lead to cancer.

2. You can also have multiple copies of the gene: this can happen in diff fashions. Often later on in cancer you can have gene amplification. Or viruses can introduce more copies of a gene. Anyway, extra proteins = more cell division.

3. OR, you can have breakages in chromosomes so that a gene ends up where it’s not normally supposed to be, and that can stimulate extra protein production as well. This is related to translocations which we’ll talk about later on. This is something that tends to happen later on once you start to have errors in the cells.

Retinoblastoma (Rb) protein – stop sign before DNA replication, checkpoint. Prevents replication unless correct cyclins are present. So if you have the right cyclin+CDK, they phosphoralate Rb, and Rb allows DNA replication to occur. 

Rb binds E2F (a transcription factor). Our Cyclin+CDK combos come along and add phosphate groups to Rb, Rb lets go of E2F, and E2F binds to DNA and activates the production of genes required for DNA replication.

This is what normally happens to make sure you don’t have replication when you’re not supposed to. We’ll talk later about the protein that works when the DNA is NOT fine.
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If there’s DNA damage!

DNA damage stimulates the transcription factor called p53. P53 activates genes that stop the Rb phosphorylation, and you get no DNA replication.

P53 also stimulates production of genes involved in DNA repair. So it can fix that damage so that you can proceed with the cell cycle. That’s another role.

If that doesn’t work, if repair doesn’t happen, or doesn’t happen quickly enough, P53 can trigger Apoptosis (cell death/suicide)

· A number of genes that affect cancer are genes that are involved in triggering apoptosis.

P53 and Rb are known as tumor-supressor genes. Ones that normally prevent DNA replication.

· Genes whose products normally inhibit cell division – when mutated, cell division occurs when it shouldn’t

P53 is known as the “guardian of the genome”. Because it’s so important in preventing cell division when DNA is damaged.

“Loss of function” mutations in tumor-supressor genes cause cancer. And generally you need both copies of the gene to be mutated.

SO! Characteristics of Cancer. 

· Self-sufficiency in growth signals: they can grow without necessarily needing to get the correct signal, because you have a mutation in a gene that’s involved in signalling growth. So you can have your constitutively ON (or always on) oncogenes.

· It’s beginning to be thought that stem cells are involved in a lot of cancers. And stem cells have limitless replicative material. And they grow fairly slowly, and if you have a mutation in this you have the ability to keep dividing, and that may be harder to treat because it’s already a stem cell.

· Insensitivity to antigrowth signals: tumour suppressors turned OFF. Tumours are clonal but heterogeneous. Relating to treatment: Tumours generally arise from a certain set of cells, but once they start accumulating mutations, once you knock out something like P53, you’re gonna start replicating when you’re not supposed to. So as mutations accumulate you can have diff mutations in diff cells, all of which make them very difficult to treat since it’s not just one thing that’s affected. So you can become drug resistant. Another thing that can happen is you can have altered chromosome sets (aneuploidy). Where you can swapping btwn chromosomes, where you can chromosomes going to the wrong side of the cell when you’re dividing (so extra copies or loss of copies) We’ll talk about this in a bit. 

· Tissue invasion and metastasis: a bunch of things affect this (multifactorial)

· Sustained angiogenesis: cancer cells can grow own new blood vessels, which promotes cancer growth because it gets nutrients/oxygen that it needs. Aka, allows growth of large tumors.

A tumour’s ability for blood vessel growth affects the size of the tumour, metastasis.

Tumour stimulates production of blood vessels by making vasculature growth factors (that’s one of the mutations that can occur)

Metastasis: to have it start moving through the blood stream. In order to metastasize, it’s actually pretty complex (multifactorial). 

Your tumour needs to get through the basement membrane (eg. with enzymes, get through the extracellular matrix. So it needs to digest through multiple layers, and then migrate into the blood vessel and avoid being eaten by stuff in there. 

Again... it’s MULTIFACTORIAL: digest through extracellular matrix, migrate to blood vessels.

TREATMENTS:

Blocking Angiogenesis (production of blood vessels): Avastin. Doesn’t stop initial cancer, but it blocks the receptor for vascular endothelial growth factor.

Taming receptors to treat cancer: 

· Tamoxifen: blocks estrogen receptor. Has to be metabolized by your liver to block properly.

· So it competes w/ other drugs like antidepressants for liver enzymes

· No big side effects really.

· Herceptin: blocks Her2 receptor. It’s a monoclonal antibody that binds to the receptor and prevents other things from binding there.

· It’s more useful for preventing recurrence than treating the original cancer (30% success rate?)

· Very expensive!

More than 60% of melanoma patients have mutations in the signalling protein raf. 

Translocation: swapping bits of chromosomes (generally you had a double strand break)

· X rays can cause double strand breaks, so translocation.

· So when it’s swapped to another chromosome with diff regulation, you can have overproduction. 

· Swapping c-myc with lgH (antibody protein) causes leukemia.

Another translocation involved in cancer is: the production of the “Philadelphia chromosome” (Bcr-abl gene, produced from swaps.) It’s an overactive, chimeric protein with kinase activity. Whaa?

· Chronic myelogenic leukemia (CML): one cancer this is commonly found in.

· Gleevec: a drug that blocks kinase activity.Does it by affecting how ATP is handled by this kinase. 

· Probability of long-term survival of CML is greatly increased with this drug.

Retinoblastoma tumour suppressor gene mutation is a type of eye cancer. One of the best known hereditary cancers. 

· Normally what happens with hereditary cancers is you inherit one copy of the mutated gene. You only need one hit to lose your tumour suppressor. 

· With this cancer, most people have both eyes (bilateral) becoming cancerous by early childhood.

· There’s also sporadic retinoblastoma. You need 2 hits/mutations in the same cell for it to happen. Generally that’s just one eye (unilateral), not necessarily childhood.

Human p53 mutation is calle Li Fraumeni syndrome. Probability of getting it is very high, tend to get it younger than usual, and you tend to have multiple cancers.

Colon cancer tumour progression....

1. Mutation in tumour-supressor gene APC

2. Allows small benign growths to occur (polyps)

3. Then there’s activation of ras (increased ras) a signal transduction protein. Which means you lose ras?

4. And then you lose p53. Which is the guardian of the genome. Which means that all sorts of mutatations will happen once you knock p53 out. 

5. Then lots of other mutations occur that make it malignant (like loss of antimetastasis gene).

6. Then it starts moving into the bloodstream.

In hereditary disease, there is 100% change of colon cancer by age 40.

Xeroderma Pigmentosa: you can’t be exposed to sunlight.

Viruses that cause cancer...

Viruses can carry an oncogene (like v-myc, which is the virusy version of c-myc)

Gardasil inhibits certain strains of HPV, which can cause cancer.

DONE WITH CANCER! NOW MEIOSIS.

Meiosis: the cell division that occurs in your germ cells (in ovaries, testes) to produce haploid gametes (egg cells, sperm cells), that come together in fertilization to create a diploid zygote, that develops into an embryo through mitoses, to develop into ppl like us.

So anyway meiosis

1.  Production of haploid gametes so that the number ot chromosomes doesn’t double each generation (known as reduction division)

2. Creates genetic diversity, because your combining genetic material from diff individuals

a. In chromosome sets (chromosome 1 from your mom, chromosome 2 from dad, etc.) so diff combo in each sperm/egg.

b. In chromosome structure: recombination, crossing over.

That’s sexual reproduction. Asexual reproduction is when

· Offspring are genetically identical to parents

· Reproduction by mitosis

Just some terms...

Diploid: a full set of chromosomes containing half from the mother and half from the father. All somatic (non-sex) cells are diploid. Diploid is also written as 2n. So in humans, 2n=46.

Haploid: a half set of chromosomes. Each gamete (sperm/egg) is haploid. N=23. So a single set of chromosomes.

Two gametes fuse to form a single cell zygote, which recreates the diploid number of chromosomes.

In diploid cells, we have matching sets of chromosomes. Each matching chromosomes has a pair (homologous pairs). So like, 2 copies of chromosome #5, one originally from mother, one originally from father.

The mammalian diploid chromosome set consists of a variable number of autosomes (22 homologous pairs in humans) and one pair of sex chromosomes. These form a homologous pair in females (XX), but a nonhomologous pair in males (XY).

A gene locus: the location of a particular gene. 

For each particular gene, we have 2 copies. This is called a pair of alleles. They can be identical or have slight differences.

The basics of meiosis...

· You start with DNA replication, you end up with 2 x 2n. 

· And then, an interesting thing happens! In mitosis, our 2 diff chromosomes line up in tandem. But in meiosis, our 2 chromosomes line up with each other. So we have pairing of homologous chromosomes. Whoa! And this is in prophase 1. 

· And then you separate the 2 pairs of homologous chromosomes.

· And then you divide again, and separate the sister chromatids.  So you have 4 haploid cells rather than 2 diploid cells. Those are generally known as germ cells.

So... 2 cell divisions to get 4 products.

Reduction division: each gamete has half the genomic complement of parent.

Let’s look at the details.

Prior to meiosis...

Interphase: you have our DNA duplication.

And then meiosis...

In Meiosis 1...

Prophase 1: Homologous chromosomes link as they condense, and then they pair up. Nuclear membrane breaks down, spindle forms. And during this pairing you have a phenomenon known as crossing over (discuss later, this is an introduction of variation)

Metaphase 1: homologous chromosomes line up on metaphase plate. Independant assortment occurs?

Anaphase 1: they separate.

And then there’s meiosis 2...

Telophase 1: two haploid daughter cells result from cytokinesis.

Prophase 2: brief.

Metaphase 2: sister chromatids line up at new metaphase plate.

Anaphase 2: Sister chromatids separate.

Telophase 2: four haploid gametes result.

Variability #1!

Independent assortment: 4 possible combinations. 

Two equally probable arrangements of chromosomes at metaphase 1. In metaphase 2 you can either get all of mom’s on one side and all of dad’s on one side. Or you can have one of dad’s and one of mom’s on one side, and one of mom’s and one of dad’s on the other side.

· Essentially you have random selection of maternal vs paternal for each chromosome

· Number of combinations = 2 to the power of n. So 2 to the 23 possible types of gametes.

Variability #2!

Crossing over, which leads to recombination.

When the chromosomes essentially swap bits of themselves. And by the end of prophase 1 you have shuffled sets of genes along your chromosomes. So they exchange bits of themselves during prophase 1. 

You can have 2-3 crossovers per chromosome.

So basically crossing over/recombination: Shuffling of alleles obtained from mom & dad to get chromosomes with new combinations of alleles.

“My-O-my, sex!” breaks down to...

My-O ( meiosis (avoid confusion with mitosis)

My-O-my ( pairing of homologous chromosomes


    ( 2 cell divisions

Sex ( takes place to form haploid gametes
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Spermatogenesis (generating sperm)

1. Sperm stem cells: spermatogonium (diploid), they divide and then...

2. Primary spermatocyte (diploid), they undergo meiosis 1 and then...

3. Secondary spermatocytes (haploid), they undergo meiosis 2 and then...

4. 4 Spermatids (haploid), and then you have differentiation of the sperm, where they undergo physical changes, they lose most cellular content. Pretty much what you’re left with is a nucleus, a flagella (largely made of microtubules, lots of mitochondria so they can swim.

5. Sperm ( mature, haploid male gametes)

Sperm are small, motile DNA delivery systems. Just a nucleus, mitochondrion and a flagellum.

Lots of sperm made. 10 million per ejaculate.

Oogenesis (egg production)...

1. Start with stem cell in the oogonium which is diploid

2. Then we have growth

3. Then we have the primary oocyte (still diploid)

4. The primary oocyte starts to undergo meiosis. 

5. Gets midway through meiosis 1 (prophase 1?) and stays there for essentially the whole fertile of a woman, until you undergo menopause.

6. Meiosis 1 is completed just before ovulation. And then you get to the haploid phase (where you have a secondary oocyte). Creates polar body 1 also though. To get rid of extra DNA and stuff (polar bodies just disintegrate). Vast majority of cytoplasm goes into the other cell though (for nutrients, proteins, signals that are pre-existing to do early stages of embryogenesis and stuff all has to be packaged into the egg. Father side (sperm)only provides DNA) 

7. Once you have the secondary oocyte, things are arrested again in meiosis 2 until fertilization occurs.

8. Once you have fertilization, meiosis 2 is completed. When that happens you also create polar body 2. Same deal, disintegrates, most of cytoplasm goes into what is now the ovum.

9. You get the ovum, which becomes zygote upon fertilization, then embryo and stuff.

Unlike men who continue to make sperm, all stem cells are exhausted before birth. But only a few complete meiosis and make a child, obvi.

1 egg per meiosis. 1 egg per ovulation. 9 months gestation/pregnancy. Up to 3 years nursing.

BUT WAIT! Remember how there was lots of diff types of variability? First one being the fact that genetic material is provided by 2 parents, ½ chromos from dad, half from mom. Then there’s variability 1 (independent assortment of chromosomes) and variability 2 (crossing over, shuffling alleles) from meiosis? Now there’s VARIABILITY #3, that comes through sexual reproduction (fusion of egg and sperm, which sperm enters egg and that sorta thing)

When there are problems with meiosis...

Nondisjunction: chromosomes failing to separate. This can be the homologous chromosomes (meiosis 1), or the sister chromatids (meiosis 2)

Nondisjunction in meiosis 1: when homologous chromosomes fail to separate, you end up with an extra copy of a particular chromosome in half the gametes, and the other half with one less copy of that particular chromosome. So all gametes end up being abnormal. So 24 chroms (n+1) in 2 gametes, 22 chroms (n-1) in the other 2.

So when those gametes are fertilized...

1. N x n + 1 = 2n + 1. This is called trisomy. An extra copy of one chromosome

2. N x n – 1 = 2n – 1 = monosomy. Missing a copy of one chromosome.

· Only a few types of trisomy are known to survive embryogenesis

· Only one type of monosomy is known to survive embryogenesis

Nondisjunction in meiosis 2: the sister chromatids fail to separate. In this case, we end up with half normal gametes, and ¼ n + 1 abnormal gametes, and ¼ n – 1 abnormal gametes. So the probability of having normal gametes is 50% if this nondisjunction occurs.

The most famous (and the only trisomy that lives long past early childhood) is Trisomy 21. Also known as Down Syndrome. These guys have 3 copies of chromosome 21, the smallest chromosome.

The probability of having a child with down syndrome increases sharply with maternal age. Especially once you get past 30-35. With younger mothers the probability is 1/3000, more like 1/9 when you reach 50 years old. Normally, the disjunction that causes this happens in the mother. It’s likely that that has to do with oocyte stalling/arrest during meiosis 1.

More common trisomies that we run into that you may not be aware of cuz don’t has as obvious symptoms are sex chromosome aneuploidies.

· XXY (trisomy) Klinefelter’s syndrome. Outwardly male, quite tall, some female characteristics (breasts, etc)

· XYY (trisomy) (would have to result in nondisjunction in father). Outwardly male. Fairly normal.

· XXX (trisomy). Outwardly female. Fairly normal.

· X (monosomy). Women, shorter, more infertile.

· In general, sex chromosome nondisjunctions are more tolerated in embryos. Because a) There aren’t actually a lot of genes on the Y chromosome (and most are related to maleness, not function stuff). B) what happens in normal females is that one X chromosome is inactivated very early in the embryo development. So most females, in all of their cells, there’s only one X chromosome active anyway. So if you’re missing one it doesn’t really matter. This is also the reason why extra chromosomes are tolerated, because if one X is always deactivated. If you have XXX, 2 X’s are actually deactivated.

Women are mosaics. In some patches of cells, you’ll have one X chromosome active, and in other patches of cells you’ll have other chromosomes active. Generally, this isn’t obvious, but one striking example: Calico cats (have orange and black fur). The orange/black fur is a gene that’s encoded on the X chromosome. So orange fur is where chromosome containing orange allele is activated (black is deactivated), black fur is where chromosome where black allele is activated (orange is deactivated). So Calico cats are always female (unless they have Klinefelter’s syndrome!)

Generally the total incidence of live births with chromosome abnormalities is 0.6%.

Prenatal Diagnosis:

Largely done to look for things like chromosome abnormalities (trisomies, etc). There are 2 common fetal diagnoses: 

1. Amniocentesis: Done at around 3-4 months into pregnancy. amniotic fluids are drawn (there are cells that came off fetus in the fluid). These cells are allowed to grow and a karyotype is made, to look at chromosomes.

· Cons: done later.

· Pros: risk of miscarriage is less than #2.

2. Chorionic Villus Samplling: can be done earlier (2-3 months). In this case, little hairs are suctioned out from sac, and you get enough to make a karyotype. 

· But nowadays, you get an ultrasound and blood tests to check for stuff like down syndrome. To see if you should do amniocentesis (in case you miscarry). Also to test for cystic fibrosis.

NOW! Moving forward from fertilization to development...

Cells = building blocks. Think lego blocks thing. Cell division (making more) + cell differentiation (diff colours) (cells having diff fates) is also important if you wanna make something complex.

Genes = plans. Drives pattern formation. 

Plasticine analogy...

· You need a plan

· Set aside material for limbs, head

· Take basic structures, mold them into something that looks more realistic

· Basic pattern

· Elaborate pattern (morphogenesis in actual development)

Problems with platicine analogy:

· There are diff cell types (no diff plasticine colours, etc)

· No mutations, everything perfect

· Growth is missing (plasticine doesn’t grow, with embryogenesis you get bigger and bigger as you refine the pattern)

Key things that came up in both of these analogies:

· Development is moving from simple to complex. Processes involved are...

· Cell division

· Formation of basic pattern

· Elaboration of pattern (includes cell differentiation, so creation of diff cell types. Also morphogenesis. Also cell migrations. Also cell death, for example the way we get the spaces btwn our fingers.)

· Growth 

· This stuff results from a plan (genes)

Embryogenesis 

· Basic processes triggered by fertilization. There are several basic steps...

· Cleavage – cell division

· Gastrulation – cell movements that result in the production of diff layers of cells (establishment of basic tissue layers)

· Organogenesis – the formation of the organs, which essentially goes from very basic establishments of organ ‘buds’.

· We’re gonna focus on the development of the frog Xenopus. Because human development is super complicated.

So, the first step of embryogenesis is cleavage. What that is, is rapid cell division without any cell growth. Rapid cell division in order to give you something to work with (more lego blocks!). You undergo cleavage until you get something called a blastula (ball of cells that has a fluid cavity known as the blastocoel)

· So you go from one big cell to lots of small cells.

· There is gonna be a bit of size increase because you have a cavity in the center.

Second step is Gastrulation: the formation of tissue layers. It occurs through cells migrating from the surface of the blastula into the inside of the blastula. 

· At the end of gastrulation, you have 3 layers of cells: the ectoderm (outer layer), mesoderm (middle layer), and endoderm (inside layer). And this all occurs through cell migration.

So Ectoderm: outer layer (epidermis) of skin; nervous tissue (including the brain and spinal cord).

Mesoderm: (middle layer). Connective tissue of skin. Skeletal, cardiac, smooth muscle, bone, cartilage, blood vessels, urinary system, gut organs, peritoneum (coelom lining); reproductive tract. So the vast majority of stuff between you and the lining of your gut.

Endoderm: (inner layer).Gut lining and respiratory tract, and organs derived from these linings.

Last stage is Organogenesis: formation of organs. By the end of gastrulation you actually have the diff axes of the embryo set up. 

· One of the first organ formations is: the production of neural tissue, known as neurogenesis. A piece of mesoderm known as the notochord tells the ectoderm above it “you’re gonna become neural tissue.”  So you have the induction of fate by the notochord onto the ectoderm above. And this will become the neural tube. 

· Ectoderm above folds inward and eventually pinches off to become neural tube. Eventually becomes brain and spinal chord.

Somites: segments (eg. Ribs)

The frog’s body form changes as it grows and its tissues specialize. The embryo becomes a tadpole, which metamorphoses into an adult. So...

· Further cell div + growth

· Pattern formation and organogenesis continues

· Cell migration, cell death, and cell differentiation

OKAY SO. Development summary.

1. Fertilization: sperm penetrates egg, egg and sperm nuclei fuse, a zygote forms.

2. Cleavage: Mitotic cell divisions to make a ball of cells (blastula). Also note: each cell gets a diff bit of the egg’s cytoplasm.

3. Gastrulation: cell rearrangements/migrations to form a gastrula, an early embryo that has those 3 primary tissue layers (ectoderm, mesoderm, endoderm).

4. Organogenesis: organs form from tissue interactions that cause cells t omove, change shape, and commit suicide (see: notochords, neural tubes thing)

5. Growth, tissue specialization: organs grow in size, take on mature form, gradually assume specialized functions.

(LECTURE 14)

New section! Mendelian Genetics.

(Try the Genetics Problems at the end of Ch 11 & 12)

Mendel’s Laws

· Laws were ignored at first, rediscovered by geneticists later.

· Laws of inheritance: First law of segregation, second law of inheritance. We’re gonna focus on this more.

· He was also the first to establish the concept of genes (particulates of inheritance, that in the case of most organisms you end up with 2 copies).

Some definitions...

Phenotype: the outward manifestation of your genetic makeup. E.g. purple vs white flowers on pea plants.

Allele: a form/version of a particular genes. So because we’re diploid, we have 2 alleles for every gene.

· There can be as many alleles as there are possible mutations at the DNA level

Genotype: an individual’s genetic makeup

· Which alleles you have for a particular gene

· Our genotype is what gives us our phenotype. Phenotype is outward manifestation of genotype.

CROSS OF PURE BREEDING LINES

Monohybrid cross: parents differ in one trait. In this case, they differ in one gene at one locus (location on chromosome)

Monohybrid cross

· We start with our true/pure breeding parental generation, known as P. So pure purple flowers crossed with pure white flowers.

· This gives us our first progeny/filial generation, known as the F1. In this case, all of our F1 plants have purple flowers (talk later). 

· Fertilization of F1 plants...

· Second filial generation (taking the kids and crossing them amongst themselves). Known as the F2. In this monohybrid cross, ¾ of plants have purple flowers, ¼ white flowers.

But, why are we getting this combination of flowers?

Lessons from F1: 

· We’re seeing a single parent phenotype

· We’re seeing that purple phenotype is ‘dominant’ to white pheno. Purple > white. 

Lessons from F2: 

· We’re seeing the that the other parental pheno returns in F2. 

· In F1, the white contribution is ‘hidden’.

· So white pheno is recessive to purple pheno. White < purple.

What’s going on in terms of genotype? 

· Purple > white

· Remember that we’re dealing with a diploid. So 2N – 2 alleles per individual

· The purple allele is dominant (upper case P)

· The white allele is recessive (lower case p)

· Since our parent flowers are pure breeding, that means that purple flowers are PP, white flowers are pp. 

· If you look at gametes, purple flower can only produce P gamete, white can only produce p.

· This means that F1 has to be Pp. And in the presence of P, it’s gonna be purple no matter what.

· What gametes would Pp make? One half P, one half p. So then when we cross these together (Pp x Pp), we get a mix of either P_ (which makes purple) and pp (which makes white). 

To derive the ratios (3/4 purple, ¼ white)...

We have to use the Punnett square. If we look at our parental cross (PP x pp) (see notebook!)

Lessons learned from monohybrid cross:

· Alleles segregate from each other during meiosis to form gametes

· Like if we look at F1, for the gametes from Pp, they’re either P or p, not both

· This is known as Mendel’s First Law (Segregation) (alleles always separate to form gametes)

· Of course, the gametes you get are determined by geno of parent

· Homozygous: when you have 2 copies of the same allele

· Heterozygous – 1 copy each of 2 different alleles

· Alleles can be dominant or recessive 

· You can tell by looking in an F1 (or a heterozygote in general)

· Dominant – allele whose phenotype is expressed in heterozygotes

· Recessive – allele whose phenotype is hidden in heterozygotes but can reappear in homozygous progeny (further generations)

Another type of cross is called a backcross: when you cross back to one of the parents

For example, in a back-cross to the true-breeding dominant parent (i.e. Pp x PP)...

· In Pp, the gametes will be half P and half p

· In PP, all gametes will be P

· This means that you’ll end up with ½ PP flowers, ½ pP flowers ( so all purple since P > p

If you do a backcross to a recessive homozygous parent (Pp x pp)...

· In Pp, gametes are half P half p

· In pp, all gametes are p

· So you’ll get ½ Pp, ½ pp... so half purple, half white.

The cross to a homozygous recessive is known as a testcross. This is ‘cause you can take a purple flower (that you don’t know whether it’s pure-breeding or not, whether it’s homozygous or heterozygous) and you can find out by crossing it with a homozygous recessive individual (known as the ‘tester’). So it’s super useful. 

NOW! Dihybrid crosses.

Dihybrid cross is looking at 2 genes.

So a purple, tall plant crossed with a white, short plant (both are true-breeding/pure-breeding)

In flower colour, purple > white (P > p). In plant height, tall > short (T > t)

So as for the genotype of the parents... 

· Since they’re pure-breeding, we’ve got PPTT x pptt. Gametes will be PT and pt.

PT + pt will give PpTt. So in F1, it’ll be PpTt x PpTt. The gametes they can give are: ¼ PT, ¼ Pt, ¼ pT, ¼ pt.

So in terms of phenotypes in F2. 4 diff types of phenotypes:

1. Purple and tall: we know these guys will have a big P and a big T (P_T_)

2. White and tall: ppT_

3. Purple and short: P_tt

4. White and short: pptt

The ratio will be 9:3:3:1. Why? See punnett square in notebook.

Lessons learned from Dihybrid cross:

· Independent assortment of 2 genes

· This is known as Mendel’s Second Law (Independent Assortment)

· The P gene acts independently of the T gene in gamete formation

· So essentially you get an equal number of all possible gene combos in the gametes ( ¼ PT, ¼ Pt, ¼ pT, ¼ pt). This is regardless of the combo seen in original parent generation.

· Because of that, you’re getting this 9:3:3:1 ratio, which is basically 2 combined 3:1 ratios

· Also, not gonna go over in detail, but: law applies only to genes on diff chromosomes + genes far apart on same chromosome

In a testcross with a dihybrid...

You’ll have your tester (homozygous recessive for both genes, so pptt), crossed with the unknown (in this case, purple/tall (PpTt).

Note that: testcross reflects the genotype of the ‘unknown’ parent (that you’re testing), because the other parent is recessive for both genes.

So in this case, the PpTt gametes are ¼ of all those combos again, and pptt gametes are all pt.

· You’ll get: ¼ PpTt (purple tall), ¼ ppTt (white tall), ¼ Pptt (purple short), and ¼ pptt (white short)

Punnett squares are great, but beyond that...

· Once you get beyond dihybrid cross, Punnett squares get tedious

· How do you get around this?

· You start working with probabilities

· You take advantage of the “product rule” of probabilities (aka ‘multiplicative rule’)

· To get the probability of event A and event B happening, you multiply the probability of the two events: P(A&B) = P(A)xP(B)

· For example, in a coin toss. P(Tails+Tails) = P(T)xP(T) = ½ x ½ = ¼ 

So back to that dihybrid cross. If we apply the product rule to that.

For example in PpTt x PpTt, what is the probability of getting a P_T_ progeny (purple and tall)?

It’s easiest to consider the dihybrid cross as individual monohybrid. So what we want is: P(P_+T_) = P(P_)xP(T_)

· To find the individual probabilities, make a Punnett square (see notebook)

· P(P_)xP(T_) = ¾ x ¾ = 9/16

What about: what is the probability of getting specifically a PpTt progeny?

· P(Pp + Tt) = P(Pp) x P(Tt) = ½ x ½ = ¼

Intro to Problem Solving...

Some things you need to think about when problem solving:

· What is the question asking? 

· What do you need to know to answer this question?

· In terms of concepts? (so like, for dihybrid cross, you will have some form of 9:3:3:1)

· In terms of data? (you need to look at the F1 to know which is dom which is rec)

· What information is given?

· How much of this information is useful?

· What assumptions do you need to make? (write down)

· Do you need more information than is given to answer the question?

· Can you derive that information from what you have been given?

· How? Using what concepts? (looking at F1 to see dom/rec)

· What would be your first step in answering this problem?

· How will you proceed from there?

OKAY SO. A probability question!

In a cross of Aa Bb cc Dd x Aa Bb Cc dd, how many progeny will you have that have hte genotype of aa bb cc dd?

Concepts: product rule, what happens when your doing monohybrid crosses + test crosses

P(aa bb cc dd) = P(aa) x P(bb) x P(cc) x P(dd) = ¼ x ¼ x ½ x ½ = 1/64 . See notebook for Punnett squares.

(LECTURE 15)

Monohybrid crosses: 3:1 ratio in F2. (Monohybrid means both parents are heterozygous btw)

Dihybrid crosses: 9:3:3:1 ratio in F2

When you want to know what allele is dominant: 

· Tends to be the phenotype seen most. 

· It’s the phenotype seen in heterozygotes. 

· In monohybrid, we’re gonna see 3:1 for dom:rec pheno.

(2011/10/20. Check out problem at beginning of lecture recording.)

If you see 1:1 in a monohybrid or 1:1:1:1 in a dihybrid, it’s a test cross – when you cross something (heterozygous) x homozygous recessive.

So basically...

If you see 3:1, you’re dealing with a monohybrid (single gene, gotta be 2 heterozygous parents)

If you see a 1:1, then you’ve got one parent that’s recessive, one that’s heterozygous

If you see a 9:3:3:1, you’ve got a dihybrid cross

If you see a 1:1:1:1, you’ve got one recessive parent for 2 genes, and one heterozygous parent for both genes.

Good exam question: “What type of cross would you need to do to determine the dominance relationship of this?” :-O

Mendel’s First Law (Segregation): alleles segregate from each other during meiosis to form gametes. Aa becomes ½ A and ½ a. Yarp.

Mendel’s Second Law (Independent assortment): independent assortment of 2 genes during meiosis. Essentially, in the formation of gametes, not only do alleles segregate from each other, but the combination of alleles you get is going to be random (unless the genes are linked, not gonna go into that). So the gametes for AaBb will be ¼ AB, ¼ Ab, ¼ aB, ¼ ab.

Law of Segregation in Meiosis:

· Metaphase 1: replicated chromosomes that have paired move to cell’s equator. AA for mother, aa for father.

· Anaphase 1: Maternal/paternal chromosomes separate (alleles A and a separate)

· Telophase 1: the two alleles are separated into two cells. This is where the segregation of alleles (Mendel’s First Law) happens.
· Telophase 2: The pairs of chromosomes (alleles) are separated. 1 chromosome per cell. So 4 cells. 

Independent assortment (of 2 genes) in meiosis:

· Metaphase 1: replicated chromosomes that have paired move to cell’s equator. AABB for mother, aabb for father. HOWEVER. You can also have AAbb (allele from mother lining up with allele from father on left side) and aaBB (allele from mother lining up with allele from father on right side). 

· Anaphase 1: You can either have: 2 maternal and 2 paternal alleles separate (alleles A and B go on one side, alleles a and b go on the other side). Or, you can have one maternal one paternal on left side, one maternal one paternal on right side.

· Telophase 1: Right side and left side split to form 2 cells. So the cells can contain all mother genes, all father genes, or one mother allele and one father allele (Aabb and aaBB).

· Telophase 2: So in the end, when the 2 cells divide into 4, those gametes can have either all mom chromosome, all dad chromosome, or one mom/one dad chromosome (Ab, Ab, aB, aB) ( this is called a new, shuffled chromosome.

So, the genes Mendel studied were simple, “black and white”. Single-gene traits, nice, dominant/recessive relationships. So...

· Only 2 alleles

· One allele was completely dominant over the other

· Did not affect the viability of the progeny

But! Not all traits have single gene, straightforward dominance/recessive inheritance

Incomplete dominance: where the heterozygote has an intermediate phenotype between the 2 parents. 

Codominance: where phenotypes of both alleles are expressed in the heterozygote

Multiple alleles: for most things, there’s more than 2 alleles

Interaction between genes and the environment: the effect of environment on specific phenotypes

Polygenic inheritance: for the vast majority of things, your phenotype is not determined by a single gene, but multiple genes (and multiple genes that are affected by the environment). 

So let’s break it down now...

Incomplete dominance: So like a pink petunia coming from a red petunia x a white petunia.

· You see phenotypic effects of both alleles in the heterozygote

· Heterozygote is “between” that of the 2 alleles (intermediate phenotype)

· One “functional” allele is not enough to give you the 100% dominant phenotype. So eg, an enzyme that makes pigment. If you’re homozygous for the functional enzyme, you’re gonna be dark coloured. White coloured if homozygous for non-functional enzyme. If heterozygous, you’ll get some colour (pink)

· So as a contrast: if you have complete dominance; one functional copy is enough to give the phenotype. 

· So RR (red) x rr (white) ( in F1, you’ll get pink. And when you cross 2 pink (Rr x Rr)...

· F2 will be 1 RR (red), 2 Rr (pink), 1 rr (white)

· Interesting to note that: if you end up getting a 1:2:1 instead of a 3:1, then you’re looking at some sort of altered dominance relationship.

Codominance: Somewhat similar to intermediate dominance. The heterozygote has a diff phenotype than the homozygotes. The heterozygote has a combination of the phenotypes from both alleles.

· But it’s like not like the “middle blend” of incomplete dominance. It’s like, you have triangles and you have squares. The heterozygote would have triangles and squares mixed together. Yenno?

· So for blood type: Essentially you have glycolipids on the blood cells that determine blood type. That’s determined by your genotype. 

· If you’re A type, you have A glycolipids on your blood cells. You have either a homozygous AA genotype, or an AO genotype.

· If you’re a B type, you have B glycolipids on your blood cells. You have either a homozygous BB genotype, or a BO genotype.

· If you’re AB type, you have both A and B glycolipids on your blood cells. You have for sure an AB genotype. 

· Universal recipient. You can take all blood types.

· Btw, this phenotype is the one where you see codominance.

· If you’re O type, you have no glycolipids on your blood cells. You have for sure OO genotype.

· Universal donor. Anybody can use blood that has no glycolipids.

Multiple alleles: referring back to blood type example...

· ABO blood type is determined by three alleles. These have diff dominance relationships with each other.

· Ia (A allele) = Ib (B allele), so they’re equally dominant, codominant. Both are dominant to i (O allele), which is recessive.

Recessive lethal genes: this is a case where you have an allele that is viable only in one dose/in heterozygous (so in a heterozygote with one of that allele, it’s perfectly fine. But it’s lethal if you have two. For example, minx cats are missing their tail. So they’re missing about half their vertebrae. But if they were homozygous for the allele that causes them to have less vertebrae, they would be missing too significant a chunk of vertebrae to survive.

· The yellow gene in mice: Bb x Bb (crossing 2 yellow) will give you ¼ BB (black), ½ Bb (yellow), and ¼ bb (these ones die in utero!!!). 

· The ratio among the actual live mice would actually be 1/3 black and 2/3 yellow, since all bb die off,

· So our ratio is skewed. Because if we look at the ones that actually survive, we’re missing ¼. We’re missing an entire phenotype class. 

This leads to the phenomenon known as pleiotropy.

This is when a gene affects more than one trait. So in yellow mice, that gene affects colour and viability. 

So for example, there’s an allele that gives white cats with blue eyes that are deaf. So there’s one allele that determines fur colour, eye colour, and hearing.

Genes & Environment

· In single gene – you can have effects on protein function. So temperature sensitivity, the Siamese colour allele (protein works where it’s cold, doesn’t where it’s warm in the body.

· Also hydrangea flowers. The colour depends on soil pH. So colour depends on what kind of soil it’s frown in. Acid = blue. Basic = pink. 

(LECTURE 16)

Polygenic inheritance: phenotype determined by multiple genes. This is the norm. Unusual to be solely determined by one gene. 

So back to genes & environment. Nutrition can also play a role.

· From the external environment... Phenylketonuria (PKU) is a metabolic disorder where you’re unable to convert particular amino acids. Nasty results including mental impairment. However, if you have a diet low in phenylalanine when you’re young, you end up perfectly fine. So very treatable as long as you start when you’re young.

· From the internal environment... Pattern baldness. Expression of the gene/phenotype is influenced by having testosterone. So if you’re female and you have Bb, you won’t be bald (you would be if you were male). BB is not bald for both, bb is bald for both.

Polygenic traits – Quantitative Genetics...

When you have something that’s regulated by multiple genes, you tend to get a bell curve (fits normal distribution). Can also be influenced by environment (diet, social stress, infections, etc.)

NOW! Pedigrees and patterns of inheritance.

Problem w/ human genetics is that family sizes are too small to “see” Mendelian ratios manifested in progeny.

So we analyze human genetic traits of existing families using pedigree analysis. 
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Autosomal dominant inheritance

· Autosomal – not on sex chromosome

· Dominant – both homozygotes and heterozygotes show the trait

· 50% of children of a heterozygous affected parent will be affected

· Appears in both sexes with equal frequency

· Seen in every generation 

· Affected offspring have affected parent

· 50% of children of heterozygous affected parent will be affected

· Unaffected persons do not transmit the trait

· If a trait is rare, then most affected people are heterozygous and most people marrying in are normal

· Examples: polydactyly (extra fingers or toes). Achondroplasia (heterozygote). Homozygous would be lethal. Homozygous recessive accounts for vast majority of world’s population. Marfan syndrome: elongated bones. Spidery appearance, very tall.

Autosomal recessive inheritance

· Autosomal – not on sex chromosome

· Recessive – only homozygotes show trait

· 25% of children of two heterozygous unaffected parents (carriers) will be affected

· 50% of their children will be carriers

· Appears in both sexes with equal frequency

· Skips generations

· Affected offspring usually have unaffected parents

· Occurs more frequently in offspring of closely related parents. Cuz something that’s rare becomes a family trait, so less rare.

· If trait is rare, most people marrying in are homozygous ‘normal’

Assume in this class that all diseases are rare, so anyone marrying in is homozygous normal. 

If child is already born (you know more about it because you can see whether or not they’re affected), then the probability of them being a carrier changes. Because you can rule out certain genotypes.

Sex determination: what causes the difference btwn sexes? Whether or not you have a Y chromosome.

Structure of human X vs Y chromosomes

· X chromosome is longer than Y chromosome

· This is cuz the differential region of X chromosome is longer than Y chromosome’s.

· So there are relatively few Y-linked genes. More X-linked genes. 

· There’s a maleness gene (SRY) and 2 pseudoautosomal regions. Don’t think it’s important though.

There are X-link dominant inheritances, but we’re gonna focus on...
X-linked recessive inheritance

· Carried on X chromosome

· Recessive – only homozygous females show trait

· Males have one X-chromosome, so they show the trait if they inherit even one copy (they’re known as hemizygous)

· Sons tend to inherit from heterozygous unaffected (carrier) mothers

· Since males only have 1 copy, they’re much more likely to get the trait (rarely see affected famales)

· Skips generations

· 50% of sons of heterozygous (carrier) mother will be affected

· Never passed from father to son

· All daughters of affected fathers are carriers, since one of their X chromosomes has to come from dad

· If trait is rare, then people marrying in are expected to be normal

· Haemophilia, red-green colourblindness

Some important genetic disorders

· Cystic fibrosis: mucus clogs lungs, liver, pancreas.

· Why is it common when it’s a bad disease? Because maybe there’s a heterozygote advantage. So maybe having only one diseased recessive allele was beneficial. It might’ve given protection against a diarrheal disease.

· Sickle-cell anemia: sickle shaped haemoglobin molecules. Tends to clog blood flow. 

· Heterozygote advantage. Protection from malaria?

· Tay-Sachs disease: Deterioration of CNS in infancy. 

· Phenylketonurea (PKU): brain fails to develop in infancy. Very treatable with specialized diet at young age, that’s why it’s routinely checked at birth in developed countries

· Hemophilia: blood doesn’t clot. Treatable now with intravenous clotting factors.

· Huntington’s disease: late onset, that’s why no natural selection effect.

· Duschenne muscular dystrophy: muscles waste away. ~20 years survival.

· Hypercholesterolemia: crazy cholesterol levels in blood. Early death from heart attacks.

(LECTURE 17)

Diff topic now! We’re now looking at Gene structure & function.

Definition of genetics:

· Classical: study of heredity. Forward genetics.

· Modern: study of genes. What genes are doing at the molecular level. Focus on proteins

Definition of gene:

· Classical: a functional unit of inheritance (that affects a particular character or trait, like fur colour for example)

· Modern: a stretch of DNA that encodes a protein (or RNA) that affects a particular character or trait)

DNA & Replication

· Chromosomes contain DNA and protein. People used to think protein had the genetic material since it’s more complex (more diff subunits, etc.)

· DNA made up of 4 diff types of nucleotides. Made up of a deoxyribose sugar, a phosphate group, and a nitrogenous base.

· There’s two types of nitrogenous bases you can have: a purine type (2 nitrogenous rings). The purine type is either Adenine (A) or Guanine (G). The second type of nitrogenous base you can have is the pyramidine type (single nitrogenous ring). These are cytosine (C) or thymine (T)

· Memory trick: Pyramidine has cytosine and thymine

Rosalind Franklin did an x-ray crystallography . Found that: DNA is a helical molecule, it has phosphate groups on the outside, they got rough dimensions of the molecule as well.

Erwin Chargaff: another researcher who looked at nucleic composition for diff organisms. Found that for any given organism, the percent adenine equals the percent thymine, and the percent cytosine equals the percent guanine.

· So you have a pair. One big one (double ring) goes with one little one (single ring). And in that specific pairing (A&T, C&G)

This is what enabled Watson & Crick to determine the structure of DNA. Made DNA model out of metal.

DNA is like a spiraled ladder. Consists of two strands of nucleotides linked by hydrogen bonds. The outer “rails” of the double helix are made of sugar and phosphate components of the molecule (alternating). Inner rungs are made of nitrogenous bases linked by hydrogen bonds.

Features of DNA:

1. DNA is a double helix (2 helixes wrapped around each other).

2. Sugar-phosphate backbone

3. Bases on inside of helix

4. Chargaff’s rules are explained, because you have the hydrogen bonding btwn one puring and one pyramidine, giving you a constant size of the hydrogen bonded bases up the center of the staircase.

5. Again, 2 strands are held together by hydrogen bonds. G&C have 3 hydrogen bonds, A&T have 2.

6. The two strands run antiparallel to each other (in opposite directions). So one rail is phos, sug, phos, sug... and the other is sug, phos, sug, phos... etc. That’s the only way they can line up appropriately and give the required structure.

The complementarity of the base pairings (Chargaff’s rule) is the basis for the replication mechanism of DNA.

OK so DNA replication.

· The parental DNA is a double helix. 
· The parental DNA is unwound, so the nucleotides are no longer bound to each other.
· We now add bind new nucleotides back with the unwound parental DNA strands. So new DNA strands are synthesized with bases that are complementary to the parental strands.

· New DNA double helixes actually always consists of an old strand (the parental strand) and a new strand (the daughter strand). So each strand is a template for the addition of complementary nucleotides.

· Complementarity (A&T, G&C) determines the nucleotides that should be added, and allows for faithful reproduction of the daughter strand.

· Nucleotides are added in a particular direction. They’re always added to the 3’ end of the growing strand. This is just based on the chemical structure. So when you’re actually making DNA, you’re starting by adding a phosphate group to the sugar.

So from a different level (DNA replication)

· Something called DNA helicase unwinds the DNA strands at the replication fork. It’s like a zipper.

· There are enzymes known as DNA polymerases whose job is to add new DNA nucleotides (the complimentary nucleotides). They add in 5’ ( 3’ direction, so they add to the 3’ end.

· So a DNA molecule is antiparallel, which means that one strand is 5’ ( 3’, and the other strand is 3’ ( 5’. So the polymerases work in 2 diff directions/

· This means that one polymerase works continuously, and the other has to start and stop

· This means that you have to have an enzyme that joins the breaks on the strand with the start and stop. This is called DNA ligase.
· Nucleotides are available in nucleoplasm, to be picked up by DNA polymerases

So it’s a fairly simple process, but nothing is perfect. Mistakes can be made. So DNA polymerase is a big protein made of many units. One of the units, its job is to proofread. So:

· DNA pol checks for errors (DNA molecule has wrong nucleotide, it stops, goes back, fixes the error and then continues)

· Important because it brings error rate down (usually it’s 1/100,000)

Mismatch repair by nucleotide excision: there are also cellular repair mechanisms that look for errors, including mismatches.

· There’s one type of error detection mechanism that goes in and cuts out nucleotides that are wrong (it’s an enzyme)

· So essentially: it detects mismatches, cuts, and repairs.

· Can either fix problems that were missed by DNA polymerase, or can fix problems from environmental stuff. 

· Error rate goes down to 1 in 10 billion (
Another type of error you can have in replication is essentially, slippage or stuttering of DNA polymerase

· In various portions of the genome, there are short repeated sequences. These can be something like, for example, CGG CGG CGG CGG, etc. 

· Sometimes the polymerases slip up, add another sequence.

· DNA fingerprinting is based on the fact that these small repeats happen in our genes, making them unique and identifiable

· But these slippages happening in important genes can lead to trinucleotide repeat diseases 

· Huntington’s disease is an example of this.

Central dogma of molecular biology: DNA is transcribed into RNA, which is translated into protein.

· So DNA has the instructions to make a protein, and the instructions are passed on through RNA to make the protein

· DNA starts off with 4 nucleotides, it’s transcribed into RNA which also has 4 nucleotides (slightly different ones). It’s translated (nucleic acid ( amino acid) into protein (20 amino acids). 

· So! DNA is transcribed into messenger RNA. And then the translation of RNA into protein is done involving 2 other types of RNA: transfer RNA and ribosomes (ribosomal RNA+other proteins)

So basically what’s happening in the central dogma is...

· Transcription: in transcription, a section of DNA unwinds and nucleotides on it form base pairs with nucleotides of messenger RNA, creating an mRNA chain. This chain leaves the cell nucleus, heading for a ribosome in the cell’s cytoplasm. This is where translation takes place.

· Translation: Amino acids brought in by transfer RNA join the mRNA chain to the ribosome. It is then “read” within the ribosome, and a chain of amino acids is linked together in the order specified by the mRNA sequence.

· The chain is finished and folded up. Voila! You have a protein!

DNA vs. RNA. They’re fairly similar in terms of structure.

· Both made up of nucleotides. Both have phosphate, sugar, and nitrogenous base.

· But there are subtle differences: 

· The sugar in RNA is ribose. The sugar in DNA is deoxyribose

· The bases are different. In DNA you have G, C, A, T. In RNA you have G, C, A, uracil (instead of thymine).

· So when copying RNA from DNA, A goes with U (instead of T)

· DNA is a double helix. RNA is a single strand molecule.

Synthesis of RNA (Transcription)

· Unwind DNA double helix using RNA polymerase (like helicase in replication)

· RNA polymerase is also a large enzyme complex (~45 nucleotides)

· RNA polymerase begins assembling RNA nucleotides with DNA template

· RNA is released and heads to cytoplasm (DNA is rewound into original form too)

Another view of transcription:

· Promoter: a piece of DNA in front of the gene, where transcription begins (site of binding of RNA polymerase). It determines which strand is transcribed, and it helps determine when the gene is transcribed.

· Terminator: transcription stop signal. 

Oh btw we’re talking about eukaryotes here.

RNA polymerase binds at promoter. Transcription (making mRNA strand) starts at the beginning of the 5’ untranslation region and ends after the 3’ UTR. Between that are exons (which are coding sequences) alternated with introns (non-coding sequences).

So then you get your mRNA strand. Actually this strand that is made is considered a Pre-mRNA strand. At the 5’ end of this strand is a 5’ cap (at the beginning of the strand. One of the things it does is it directs binding to the ribosome. At the opposite end (3’ end) is the poly(A) tail. This protects it from degrading. Typical half-life is 10 hrs. The hydroxyl group has oxygen in it, it’s reactive, so it tends to react to things like water, and starts to take the strand apart. So RNA is temporary, DNA is permanent storage.

· Basically the polyA tail consists of a bunch of A’s that slowly get used up (putting off the degrading of the actual strand)

So introns are only found in eukaryotes. They vary in nucleotide length. (They’re copied from DNA template)

· Oh, so: exons are the parts that code for the protein. Introns are intervening sequences that are cut out of the mRNA. 

· The process of cutting them up is known as splicing.

· So basically the difference between pre-mRNA and mRNA is that pre-mRNA contains introns, that are then spliced from the strand so that it becomes the final protein-coding mRNA.

So why have introns? Why have that extra DNA? 

· Evolution can use introns to shuffle genes around, and get new proteins that do new things

· Alternative splicing: multiple versions of a protein can be made from the same gene. This can give you different forms found in diff tissues or at diff times.

· So introns, in this case, it allows you to take the same proteins and make diff versions at diff times.

· Alternative splicing, btw, also partially explains why organisms as complex as humans have a similar number of genes as supposedly less complex organisms like plants. Humans have a very large amount of alternative splicing, so really we have a loooot more genes but the complex part is what’s spliced and what’s not.

Let’s move on to translation (making proteins)

One of the reasons why ppl thought proteins made a much genetic material is: how do you code for proteins with only 4 bases? As it turns out, you have codons (triplets of nucleotides) which make it easier. So this means the RNA code is in triplets.

The Genetic Code! 

· It’s nearly universal (the code can be read in all organisms)

· The code is degenerate (you can have more than one codon that can make a particular amino acid)

· There’s only one codon for methionine though (which is also known as the ‘start’ codon, cuz most genes start with this codon, coding for methionine)

· Some amino acids have 6 codons (that can make the acid)

· The third nucleic acid in a codon often doesn’t really matter. So if you have a mutation there, it can be without effect.

· There are no commas, the reading frame determines everything (we’ll talk later)

· There are three ‘STOP’ codons that cause protein synthesis to end. These cause amino acid chain termination (they tell the ribosome)

Something that’s important in reading mRNA is other RNA. Like transfer or tRNA.

· tRNA is a small adaptor molecule. It’s considered noncoding RNA cuz it doesn’t specify a particular protein.

· It does, however, have the ability to bind a specific amino acid at one end (of the tRNA), and at the other end it has an anti-codon​ that is complementary to a particular codon. 

· So a tRNA carries a particular amino acid, lines up with a particular codon, and in doing that brings a particular amino acid to make a protein.

· Again, it works on complementarity to mRNA codons to bring amino acids

· So it brings amino acids as specified by the mRNA codons, in case you didn’t catch that...

Another RNA that’s important is rRNA (ribosomal RNA)

· Plays a structural role. It forms the organelle known as the ribosome which is made up of ribosomal RNA and protein. 

· So, in the ribosome there are 2 parts: a small ribosomal subunit (consisting of lots of proteins and 1 RNA) and a large ribosomal subunit (consisting of lots of proteins and 3 RNAs).

· The small ribosomal subunit binds the 5’ cap of the messenger RNA. 

· Once it’s bound, the messenger RNA joins up with the large ribosomal subunit to bind the amino acids together to make the protein. So makes peptide bonds.

So while tRNA brings the amino acids together and lines them up with the messenger RNA, the ribosome is the work bench on which this happens. It creates the correct environment.

Translation of an mRNA

· The small ribosomal subunit binds to the 5’ cap of the mRNA and aligns with methionine tRNA at the start codon. This establishes ‘the reading frame’

· It slides along until it reaches the AUG start codon

· Now, it binds up with the large ribosome subunit and protein synthesis/translation begins.

Prokaryotes are pretty fast at this. Proteins are made pretty rapidly.

Slower in eukaryotes, but still pretty fast.

In order to facilitate things, mRNA tends to have many ribosomes translating it at once.

For synthesis of secreted proteins and membrane embedded proteins, ribosomes bind to the ER + translate the protein into the ER. 

· Remember, ribosomes can either be free in the cytoplasm or secreted/membrane embedded.
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MUTATION AND MUTANTS – the ramifications of mutations on protein structure, etc.

Just a reminder! Though most genes are protein coding genes, there are also active RNA coding genes. 

Mutation: change in DNA sequence that can lead to an altered protein sequence, that can lead to an altered phenotype

· An individual with an altered phenotype can be referred to as a mutant individual.

Base-pair substitutions/changes. Simple mutational events that are taking place that affect one or a couple base pairs. Swapping one nucleotide for another.

· Can happen spontaneously

· DNA proofreading is needed to prevent these
· So like if mismatches aren’t corrected, these are the types of mutations you’re gonna have

· Chemicals/UV light can also lead to some of these small, “point” mutations

Types of point mutations...

Silent mutation: no effect on amino acid sequence, because of that degenerate thing (see last lecture)

Missense: the swapping makes it so that it now codes for a different amino acid. Could be bad, could be beneficial, could be neutral.

Nonsense: where you change an amino acid codon for one that codes for a STOP codon. So if you have a stop codon too early, you’ll have a ‘trunkated’ protein that isn’t able to do what it’s supposed to do. It could be bad, or not make much of a difference. 

· Whether or not it’s bad/neutral depends on: where it is on the protein, how far along on the protein (at the end = less bad?), and whether or not you’re losing any key amino acids. 

· Is it affecting an important part of the protein? How much of the protein is affected?

Insertion/deletion: leads to ‘frame shift’ unless it happens in multiple of 3 nucleotides. Because you shift everything, you can get a lot of missense. 

E.g. THE FAT CAT ATE THE BIG RAT becomes THE FAT CAT TET HEB IGR AT... so gibberish after the point of deletion.

Frame shift can also lead to nonsense (premature stop). 

But wait! If it happens in a multiple of 3, you’re just adding in/taking out a codon. (THE FAT CAT WHY ATE THE BIG RAT) ( this could be relatively neutral, depending on where it is and stuff.

Prokaryotic Gene Regulation

· Needs to respond to the environment: if a particular sugar is around, it needs to be able to eat/use/metabolize it.

· Pretty much, you can control genes at the point of transcription (at the DNA), and then you can control it at the protein as it’s made (post-translational)

· We’re gonna talk about transcriptional control.

· There are regulatory proteins (called transcription factors) that regulate transcription at the DNA level. They control transcription of all sorts of proteins.

Example of gene regulation: The Lac Operon (Lactose operon)

· It’s a cluster of genes required to metabolize lactose

· An operon is a cluster of related genes that and their regulators (found in prokaryotes)

· On the DNA, we have the promoter (site where polymerase binds and transcription starts), and then there’s the operator. The operator is a stretch of DNA between the promoter and the genes (in the lac operon). It’s involved in determining if RNA polymerase can move (so it’s a regulatory DNA sequence). And that depends on the presence of a protein known as the Lac Repressor. 

· So the Lac repressor binds to the Operator DNA sequence and prevents transcription by RNA polymerase. It’s literally physically in the way of the polymerase.

· The Lac repressor is sensitive to the presence of lactose. 

· This is an example of allosteric regulation, which is when an enzyme is regulated by another molecule. 

· So lactose is metabolized into allolactose. And allolactose can bind to the Lac repressor and remove it from the DNA, and then RNA polymerase is able to move.

· So! When you have no lactose, the repressor binds and you have no transcription. However, if there is lactose, the allolactose binds the repressor and removes it, allowing transcription to occur. 

Now for eukaryotes! Levels of Gene Regulation in Eukaryotes.

1.  In DNA: you can regulate DNA by changes to the DNA structure, which is literally the accessibility of the gene for transcription (talk later)

2. Transcription initiation (like Lac operon, DNA sequences bound by regulators that regulation transcription initiation). We’re gonna be focusing on this.

3. In RNA: RNA processing. Splicing, alternative splicing. 

4. RNA transport: we need to get the RNA from the nucleus to the ribosomes.

5. Translation initiation

6. In polypeptide (protein): adding a phosphate group, or a sugar or whatever

7. Protein localization: should it be on the inside/outside of cell, in cytoplasm, in organelle?

Transcription initiation...

· Commonly used for differential gene regulation between cells

· It involves a regulatory DNA sequence and protein transcription factors. Just like in prokaryotes.

· But due to number of genes, regulation is more complex

So just to note: you can have positive activators and negative repressors (lac operon) in gene regulation.

The eukaryotic situation

· RNA polymerase is binding at promoter

· And then we have DNA sequences called enhancers, that all sorts of transcription factors bind to. And often, you can have the looping of the DNA to help them all bind.

· So the big difference is: you can have binding not just at the promoter, and you can have many transcription factors acting in eukaryotes.

Different cells contain different combinations of activators (transcription factors). 

Genes that are co-ordinately regulated (together) have the same set of regulatory sequences and transcription factors.

SO ESSENTIALLY.

In DNA, you have

· A promoter, where RNA polymerase binds

· Enhancers, that’s where regulatory transcription factors bind.

· Transcription factors, they can be activators (increase transcription) or repressors (decrease transcription)

Coactivators (proteins) can also enhance transcription. For example, the coactivator can help bring these enhancer proteins to RNA polymerase to enhance transcription.

You can also regulate gene expression by chromatin structure.

There`s two types of chromatin structure (in interphase).

1. Heterochromatin – tightly packed nucleosomes. DNA is referred to as `closed``. Associated with things like centromeres/ends of chromosomes... non-transcribed regions. RNA polymerase is not gonna get in there, it’s all packaged up and not accessible.

2. Euchromatin – loosely packed nucleosomes. ‘ open ‘ DNA. Associated with transcribed regions of chromosomes. RNA polymerase + transcription factors can get to the DNA. 

^ These two structures are also involved in gene regulation.

Also for gene silencing. Since males have XY and females XX, in order to have dosage compensation in the X chromosome, one of them is silenced. Remember? 

Barr body: in females, you have this structure. This is a condensed chromosome that’s seen in the nuclei of females. This gives you patches of one X active, and patches of the other X active (Calico cat). So like different alleles being activated or not.

OK NOW! Molecular Biology and Biotechnology

Why Gene Cloning?

1. To study gene function

2. To make proteins in industrial quantities

3. To transform organisms (pigs with glowing noses)

That’s why... but how do you do it?

Restriction enzyme: enzymes that bind to specific short DNA sequences, and they cut at those sites.

· In bacteria, restriction enzymes restrict bacterial viruses from growing in bacterial cells. Cuz essentially they just chop up the virus. 

· They generally bind to a palindromic site

· They can cut to leave overlapping ‘sticky ends’, or a straight, blunt cut.

· Someone realized that this can be really handy to making recombinant DNA

So cloning with restriction enzymes!

· Restriction enzyme cuts DNA in two, leaving two sticky ends. 

· DNA fragment from another source (gene of interest) is added

· The two sticky ends stick back together with that gene in between

· DNA ligase pastes the strands together

· Ta-da! You have what’s called a recombinant DNA molecule.

· But wait, there’s more. The whole point is that now you insert that custom-designed DNA into what’s called a DNA vector

· DNA vector replicates it in a bacterial host, to yield many copies/clones that you can work with

So the most common vectors we use are bacterial plasmids

· In bacteria. Small, circular, extra-chromosome pieces of DNA known as plasmids

· They are able to replicate independently in host. Host is generally E coli.

· The plasmids contain what is called a polylinker. Where you have a bunch of diff restriction enzyme sites. This makes it flexible cuz you can cut your DNA of interest with your restriction enzyme, cut the plasmid with the same restriction enzyme, and paste them together. 

·  Also, they tend to have an antibiotic restistance gene (like ampicillin). This allows us to tell which bacteria are carrying the plasmid (a ‘selectable marker’)

· They can have an insertion marker too. This allows us to tell whether or not another piece of DNA has been added to the plasmid. Gives you, for example, either a blue or white cell, depending on whether an insert is present.

So a breakdown of the steps!

· Cut recombinant DNA and plasmid with the same restriction enzyme

· Mix them together (stick to each other with ligase)

· We insert our recombinant plasmid into bacteria (transform)

· We get a lot of copies 

· Select with antibiotic

· And then you have a clone with the gene of interest

People sometimes take the whole genome and chop it up (with restriction enzyme). Then create a “library” by putting all the pieces into different vectors (bacteria clones or viruses or whatever)

But! How do you find the gene piece you’re interested from all those bacteria?

· You take advantage of DNA’s structure (Double-stranded) to use labelled probes that are complementary/will stick to the gene of interest. Like they’re radioactive or something, so it’s easier to spot.

· This is called DNA hybridization

^That’s the classical way of doing it.

The more common way these days is to use PCR (Polymerase Chain Reaction)

· It uses small DNA primers that bind to the gene to allow copying.

· You use small pieces of DNA that are complementary to the gene you want to copy, and you use those to initiate DNA synthesis

· This is so much quicker and easier than making/screening a library

How does PCR work?

· You take the target DNA sequence you’re interested in and you heat it up to separate the two strands

· Primers bond with the ends of the target sequences

· DNA polymerase adds complementary nucleotides to the 2 strands

· The DNA polymerase we tend to use is a heat stable Taq DNA polymerase

· Yields 4 molecules. Keep repeating until you have lots and lots

PCR revolutionized molecular biology. Made things so much easier and faster! Kary Mullis was responsible for this.

If you don’t know the DNA sequence of the thing you’re looking for, you can’t PCR it (cuz then you can’t design your primer).
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DNA analysis by gel electrophoresis

· Cut up/digest DNA with restriction enzyme

· Put into a gel matrix that is positive on one end, negative on the other

· DNA has a negative charge, so it will migrate from – to +

· Large pieces move slower, small pieces move faster

· So everyone has a unique pattern type thing

· You can check results of cloning too (the pattern should be the same)

· Stain with dye too?

· Can be used as the first step of DNA hybridization to check for the presence of certain DNA sequences of interest

· Remember, DNA hybridization detects the DNA for a gene of interest with a labelled copy of DNA that pairs with the gene of interest.

· Review: Take a small piece of DNA that you make radioactive. You heat the DNA strand with the gene of interest, mix the probe with that, and look for places where the probe ends up (they will bind to genes of interest.

· So what you can do using the gel thing is: 

· Run a gel, transfer DNA to a nylon filter

· Mix it in with radioactive probe (in a bag)

· Probe will bind to DNA sequences of interest

· When it’s radioactive you expose it to a-ray film, and then you can see where the bands are, where your DNA of interest is present

Biotechnology and Transgenic Organisms – the recombinant DNA thing we were talking about.

There are recombinant pharmaceuticals. Like human clotting factors, human growth hormone, etc. Made in different hosts, treating many different conditions.

Humulin – recombinant insulin. Treating diabetes. Instead of getting insulin from animals, you can make the insulin (replicate lots). Extract from hosts, and then mixed to give you active insulin. No adverse effects because it’s human insulin.

Transgenic Plants: Made in diff ways

· Using Agrobacterium tumefaciens: It’s a plant-infecting bacterium. It gets into plant cells and sticks a plasmid into the plant genome. The Ti plasmid contains genes that make the plant make food for the agrobacterium. 

· So what researchers have done: taken agrobacterium, removed the gene from the plasmid that makes plants make it food, and inserted a gene that they’d like the plant to express into the Ti plasmid, put the plasmid back into agrobacterium. And then use it to stick the gene into the plant cell. 

Transgenic Plants = Genetically Modified Organisms (GMOs)

Transgenic animals – gene transfer into embryo

· Animal transformation – inject DNA into single cell embryo or egg, both whole organism+progeny will have transgene + show desired trait (since it ends up in every cell, since it’s still a single cell embryo/egg. So even in the gametes).

The difference between traditional breeding and genetically modified organisms is just a difference of time. 

Gene therapy – Somatic Cell Treatments. Treatment only of Body Cells.

· To correct a particular condition in a particular tissue.

1. Isolate a healthy version of the gene that is causing the problem. Clone it.

2. Combine it with a disarmed virus (vector) to carry the gene into the tissue and its cells

3. Inject the recombinant virus into the problem area. The puppy can see again!

The first gene therapy trials were done on Ashanti DeSilva. She had ADA (severely compromised immune system)

· Took blood from patient, isolate white blood cells, used virus to insert correct genes into blood cells, returned into patient

· She more or less had complete recovery, but she has to get the treatment redone once or twice a year because blood has high turnover.

· However, there can be side effects. They saw some viral integration affecting proto-oncogenes – caused cancers. You can also have allergic/immune response to the virus. 

· Some use inhaled aerosol with virus particles instead of injection (for cystic fibrosis). However, some people can get severe immune reactions to the virus itself because body gets defensive.

· Another con is that you have to have repeated treatment for a lot of gene therapy. And immune response tends to get worse with repeated treatment.

^ That’s gene therapy at the somatic level. What about gene therapy at the embryo level?

This hasn’t actually been done. If you had an embryo with a genetic defect, In order to do this you would have to take a cell from that embryo, treat that cell with a virus containing the therapeutic gene, and take the nucleus from that corrected cell and stick it in an egg cell (that has no nucleus), and grow the embryo to a healthy baby.

· Too similar to human cloning

· Ramifications/side effects that might happen would be much worse than in somatic cell therapy, because it’s in the entire organism (all the cells)

Animal Cloning

Reproductive Cloning – how is it done?

· Remove the nucleus from an egg

· Take a nucleus from an adult cell and you stick it in the egg

· Stimulate cleavage by giving it a treatment like an electrical jolt

With Dolly the Sheep

· They took an egg cell from one female sheep

· They removed the nucleus from it

· Then they took an adult cell from another sheep’s udder and fused those two cells

· You end up with a fused cell (using electric shock) with an adult nucleus

· Fused cell develops into embryo

· Embryo was placed in a third sheep’s uterus, let it develop

· Got a lamb that looked like the second sheep (donor of the nucleus)

Human cloning is very controversial, and here are some of the issues:

1. Most clones fail to come to term. 

2. Those that are born usually die shortly thereafter.

3. Those that survive have numerous problems and die early (Dolly was put down). Remember gene silencing? Some genes are permanently turned off at the chromosome level and have to be reactivated for development. If that doesn’t happen, you’ll have problems

4. Clones aren’t actually identical (think identical twins). Because environment plays a role as well as genes.

5. ‘Playing God’ ethics

Forensics: DNA profiling

DNA fingerprinting

· The actual protein coding portion of our chromosome is around 10%. The rest is regulatory regions, structural DNA, and repetitive DNA that includes repeats that are pretty much neutral. Doesn’t really affect anything, but it’s different between people.

· The simultaneous detection of genotype at many variable locations dispersed at random throughout the genome

· VNTR = a repeat sequence. Variable Number of Tandem Repeats. Can have up to several thousand copies dispersed throughout the genome on diff chromosomes, so ppl have a whole bunch of these.

· So they use DNA hybridization to a gel (also called southern blotting). 

· So what they do is they isolate a whole bunch of DNA, cut it with a restriction enzyme, run it on a gel, and then you use a probe to the repeat sequence, and you get variable patterns of bands on the film that represent the number of copies at diff locations

· Because ppl have diff combinations, you will have diff banding patterns. “Bar codes”

So you’re looking for an exact match. DNA fingerprints are unique. You screen the victim, the specimen, and the suspects.

You can also use fingerprinting for paternity testing. If it’s for that, the child has half from mom and half from dad. So you don’t expect an exact match, but you should be able to account for every band from either mom or dad. Bands must come from somewhere.

^ That’s old style! Again.

Now people have switched from using long VNTRs and DNA hybridization to short tandem repeats (STRs) 

They also use PCR to amplify them now. 

STR – up to 7 bases and up to 40 repeats

· Rapid – can do it in a few hours

· With PCR you don’t need much DNA

· In the US, they use 13 diff STR sites across the genome

Instead of running it on a big gel, they use small ‘straws’ of gels (with DNA marked by fluorescent labelling) and decipher it with a laser. Get a computer generated graph and you match up the waves (looks like an ECG). You can tell the sex as well, by marking the X and Y chromosomes too. These graphs are called Electropherograms.

This info is added to the CODIS database – DNA of all past criminals.
BIO LECTURE NOTES: post-midterms
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Evolution: how variations in living things is transmitted during the ages. So Darwin.

Darwin: born into wealth, forced to go to medical school, then went to study religion (he was religious), but he loved nature. Married to the Witchworth? Family. So he was super rich.

In Britain/Europe during his time, ppl thought all species on earth were created by god, and they were perfect. Therefore they couldn’t change and/or disappear. Immutable and forever permanent.

Bishop something thought the earth was 6000 years old. Finally they started finding examples of extinction (fossils), but they thought they were ppl drowned in Noah’s Ark. 

· Fossils did show that there were some crazy animals going around there, dinosaurs, etc.

· Since they’re sposed to be ‘perfect’, they thought they weren’t extinct, just living somewhere else in the world

Lamarre said evolution did occur, species did change over time. But in regard of use and disuse.

· So as progenitors of giraffes eat leaves of trees, their necks get longer and longer, and their children have longer necks. So the idea that what you do in this life gets transmitted into the next.

Another idea is that when you had crosses btwn 2 diff individuals, they blended their traits. Mendel?

OK so Darwin:

· Opportunity came when he was around 22, to be a companion to the caption of the ship the Beagle. That was making a round the world trip to study stuff. So he was on the boat for 5 years. When he got back to Britain where he stayed for the rest of his life, he was sick for the rest of his life. He had a happy marriage, loved his kids, polite to a fault, but sick. 

· The Beagle’s voyage: they left Britain, hit South America, went to Galapagos Islands, new Zealand, Australia, etc etc.

· During this time, he made a number of observations that would occupy him for the rest of his life. Most of his info came from the Galapagos Islands. 

· He noticed that every Galapagos island had a different kind of tortoise.

· Why? Environment had more or less the same environment. Hmm. 

· Also, two kinds of iguanas on the islands, land iguana and marine iguana. Marine iguana made its life by diving into the sea (algae). Would rub off algae. Land iguana adapted to living in dry conditions. Clearly the same animal, but ‘modified for different purposes’.

· Also birds. One of the most important. Variety of diff birds on the islands (some adapted to eat seeds, some adapted to ground, some lived on cacti, etc.). He thought they were diff species, turns out they were all finches.

· Exemplification of the idea of one species being modified according to its needs/environment

· Diff islands have diff types too (no one type that spreads over all the islands

· The thing about islands is that the fauna/flora arrive from the mainland, they don’t arise spontaneously. So only one type of finch on the mainland.

So essentially Darwin determined that species can change.

Artificial selection: basically breeding on a farm

Origins of corn: first corn was Teosinte, with selective breeding we got modern corn.

All the plants from the cabbage family (cauliflower, broccoli, brussel sprouts) came from the mustard plant.

Breeding weird pigeons (Darwin did pigeons)

Domestic dogs (came from wolves)

Goldfish, same story/ came from brown carp.

Belgian blue cattle (mutation in a single gene called myostatin. Regulates muscle growth in the embryo. Since they lack that function, they’re highly overmuscled. So bad they can’t even give birth. Have to have C-sections. 

So like for sports, the ones on top probs have mutations (like myostation mutation). So ethical questions arrive from that.

But now, how species change.

Variation in populations: diff spotted giraffes, ladybugs, and defs people. This means we bring diff sets of ‘tools’ to the environment.

Same species definition: they can mate and have fertile offspring.

· Lions and tigers can mate, but their offspring are not fertile.

Variation is often heritable (so tall parents have tall kids, etc.)

People always thought that when ppl bred it was just a blend of the traits, even though they saw that white pea plants + red pea plants didn’t always give pink. Ppl can be blind.

The Malthusian Proposal

· Some guy wrote an article about population (for poor ppl). 

· He said poor ppl breed like flies, no limits, they grow exponentially. But the amount of food to feed them does not. It grows at best arithmetically (it grows slowly). 

· So he said that what happens is that the poor people will eventually outgrow food supply, and you’ll have war, famine, and disease.

· So he said poor ppl should be encouraged to be celibate and delay marrying

Organisms are tested by their environment

· Struggle for survival. Not all of them are gonna make it.

· By definition, lions trying to hunt for buffalo are picking off the weak ones, picking off the ones that runs slowly, have parasitic infections and aren’t as strong, etc. So the ones that survive are gonna be the healthier ones.

There is a fierce competition between members of the same species

· So like maple trees crowding. Only a certain amount can get enough sunlight, enough nutrients from soil, etc.

Alfred Russell Wallace

· Wrote a letter to Darwin

· When he was feverish and dreaming, he has the exact same theory as Darwin.

· The same research that Darwin has been working at for 30 years

· They arranged for both of them to present it on the same day/place/time so that they’d both get recognition for it.

· But after that Darwin published a huge ass paper and from then it was irrefutable that he was the lead researcher dude. Wallace accepted that too.

Btw Darwin read a book by a guy who estimated that the world was actually hundreds of thousands and maybe millions of years old. The earth is now thought to be 4.5 billion years old.

The main idea was that:

Massive reproductive output + limited resources ( competition + heritable variations ( natural selection + environmental change ( evolution

So as grass gets tougher, teeth adapt. This is Natural selection + environmental change. So this is evolution.

Evolution: a random process that produces non-random results, and that’s what a lot of people find upsetting

Fossils Evidence

Fossils are ancient remnants of ancient organisms

Usually formed in aqueous environments (rivers, streams...)

Geological Strata: layers of silt that have been deposited every time there was a body of water. So you see those lines on that huge rock/mountain thing. Btw all animals living in the water have fossils in those layers.

It’s like digging through a landfill and finding a hula hoop where you can then date that there were hula hoops from this time to that time, based on newspapers that were also there and stuff.

· This is the kind of analysis done on fossils

Darwin’s theory is that evolution occurred due to natural selection

Evolution is not a theory, natural selection is the theory

Fossils: bones, fossil poop, eggs/embryo, footprints, skin impressions/feather impressions, even remnants of proteins that let us know what colour the feathers were

Frozen mammoths in Siberian permafrost, well preserved creatures in amber

Darwin found a fossil armadillo that was as big as a volkswagon. Pleistocene Glyptodont, massive armadillo. Running in the grass around the fossils was a normal armadillo. So the animals in Argentina have been quite similar over the years?

Very complete set of fossils for origin of horses. 

So in horses: short face at first with teeth adapted for eating soft leaves, they had toes. But as times changed, they got larger, forest became grasslands so they needed longer teeth, became distance runners so they developed hoofs instead of padded feet. 

Last common ancestor: most recent ancestor from which all organisms in a group are directly descended.

Whale evolution: molecular + fossil evidence says had a last common ancestor with the hippopotamus. 

Whale fin, the skeleton is like an arm skeleton. So it used to be an arm (unlike fish fins)

On a general level, things get more and more complex in their form as time progresses. But some things are still getting simpler (like creature that become parasites)

· So evolution isn’t just about getting more complex, it’s just whatever’s most useful in the environment

Darwin was also aware of the fact that: if you look at a human arm skeleton, and the arm skeletons of other vertibrates, we all have the same bones (diff lengths/angles and stuff obvi)

· To determine that it’s the same bone, you can study similar embryo, find immediate stages, etc.

· We call structures that are similar because they have similar ancestry homologous.

· The structures themselves (like the wings) are not homologous, but the bones are

Animals from diff lineages becoming similar is called convergent evolution. So like squid and human eyes are very similar, even though there’s no homology there, they’re from diff ancestrial lines

Embryonic similarities: similarities in ancenstry seen here. Because they’re all very similar.

Vestigial structures: why are we able to wiggle our ears? We don’t wiggle our ears. Dogs/cats wiggle their ears. But it’s just a remnant of our ancestry that serves no purpose today.

· So although whales don’t have hind limbs visibly, they actually have little ones buried in their blubber. So this tells us that they are related to something that once had hind limbs. 

· So vestigial structures that are useless, but are markers of history. Tell us that we’ere all related, and gives us a sense of the direction the relatedness goes.

(LECTURE 21)

Molecular Evidence 

Cytochrome C amino acid sequence: so if you look at cytochrome C in three different proteins (one from yeast, one from wheat, one from a primate (like, monkey?)), 55% have the same amino acid, and 28% where 2 proteins have the same amino acid. (as in, the same sequence of amino acids within the bigger sequence)

· All living things have cytochrome C (use as electron carrier)

· What this means is that these three are basically the same protein that have been modified over time through ancestry/lineage, either for some reason or just cuz mutations happen.

· Point is that these proteins are highly conserved between broad separation of diff forms of life

Proteins that serve important functions are usually conserved between diff species (like haemoglobin)

Linus Poling’s Fundamental Basis of the molecular clock is that: mutations occur. But you should be able to use those mutations as a clock, because they’re regular (like clock ticking). So for example, a human and a chimp mutating to become separate species. Once they’re separate, both we and the chimp should have accumulated  a certain number of differences. Those differences will correspond to the amount of time we’ve been separate. 

· So since we separated much longer ago from gorillas (twice as long ago), you would expect to see twice as many mutations between us and gorillas and us and chimps. Because the amount of mutations you have would be proportional to the amount of time we’ve been separate from each other.

So like, the percentage of amino acids in haemoglobin at are different between species... for species that are closer to us (like monkeys and other mammals), the percentage is much smaller than for fish or something. On a graph it’s a linear function, so indicates that haemoglobin evolves at a constant rate.

· Can be used to date the divergence in species

· Acts as evidence for the phyllogenetic? organization that we’ve made of organisms in the past

· So. Based on the fossil records and stuff, we would have said that fish originated before amphibians, birds, etc. And this is proof that that’s true.

Not all proteins evolve at the same rate. Some proteins are highly conserved. The proteins that control cell cycle are highly conserved! They cannot tolerate any substantial mutation because they have to drive mitosis. But other proteins like structural proteins that might not be as tightly constrained. 

Interesting: languages, when they separate, do the same thing. Diff words like calling an eraser a rubber, etc.

· The longer 2 langs have been separated, the more differences accumulate. 

Percentage difference in selected DNA sequences says the same thing. Linear increase in percentage difference as species are more and more different.

· The reason why DNA analysis/phylogeny is better is because: you can have mutations in DNA code that don’t affect the amino acid. So graph line is straighter haha, also, if you’re looking at a gene that’s highly selective, there’s lots of pressure for it to not change. But transposants (DNA that doesn’t serve a function), accumulate mutations at a constant rate, and use it as a molecular clock.

So now! Microevolution

· Heritable changes in the genetics of a population 

· Subtle changes in a single species that might be a prelude to new species forming

· So the fundamental basis of evolution

Mutation: the source of all new heritable variation in the population. That’s it. That’s where all the variation comes from, and that’s random.

· Mutation is extremely rare (on a particular stretch of gene, but we have so many genes it’s not actually that rare)

· It can be deleterious/bad, neutral, or beneficial (most rare)

Gene Flow: the movement of genes between and amongst the population

· So you have a genome that’s gonna be carried away, and that new genome that maybe wasn’t present a kilometre away, are now introduced into that population. 

· It prevents speciation from occurring, because it doesn’t allow populations to become separate (because it mixes them). “Diminished interpopulation variability” basically.

· One of the main soruces of gene flow is animal mobility (bird carrying acorn, animal poop, pollen, etc.)

· A problem in  the case of genetically modified plants and stuff, because their pollen can be transported through the air, and then organic farmers are like wtf you ruined my crop.

· So that’s not a good thing. Also in regard to pathogens (cuz of intercontinental traffic). Like SARS was first in the Orient, but was introduced into North/South America, etc. Travel and stuff causes this.

Assortative/Selective Mating: white swans like to mate with white, black like to mate with black. This means that this is working in the opp direction of gene flow. Those genes associated with blackness/whiteness stay apart. So you can actually get a fair amount of population differentiation.

· So this maintains differences in the population, decreases individual variability, increases homozygosity.

· This is found in human culture too. Like, the Amish mate with the Amish. And as a result there are a number of genetic problems that they have (higher concentration at least)

Genetic Drift: mostly in small populations. Nothing to do with selection, but sometimes accidents, random chance happens and you end up with for example only dominant RR red poppies where once there were white and red poppies (someone steps on all the white poppies, etc.). These are random, unselected changes in allele frequencies. Cuts population diversity, increases homozygosity.

· Eugenics: lets get rid of the bad apples. Mentally retarded people, immigrants, whatever. “Sterilizing” the population, trying to purify the race.

· But okay. Say you wanted to purposefully get rid of all the white flowers in the world cuz they weren’t as good or something. There’s no way of doing that because there are tons of heterozygous red flowers. 

· Heterozygous hide recessive traits. Sometimes they can be bad. This is why inbreeding (incest) is bad. The likelihood that you have the same deleterious recessive gene is much more likely.

One example of genetic drift is. The bottleneck effect: say you pour a few marbles from a bottle with red and white marbles. Chances are you’re not gonna get a good representation of the whole bottle population, only a ‘sampling’

· Anyway, so population bottlenecks reduce variation

Another example of genetic drift is. The Founder effect. Frequency of red allele is low in land population. Several of the travellers (establishing themselves on a new island) happen to carry the red allele. Frequency of red allele is much higher in new population.

· Amish are also an example for this.

· One of the people who founded the amish sect had a gene for an extra finger, for ex.

The last factor that affects how mutations do in the population is NATURAL SELECTION. This drives the adaptation of an organism to its environment. The environment selects those traits that will be passed on with greater frequency from one generation to the next. So it’s a small difference over time (have fewer offspring who don’t do as well, and then after generations you only have the ones who do the best left). Consequently, natural selection only operates during the reproductive life of the organism (so things like alzheimers can’t be naturally selected. Because those things happen after you have kids. Natural selection is the only adaptive flow in evolution (gene flow and stuff don’t respond to the environment). Natural selection isn’t about perfection (like until you get to the highest, most perfect creature), it’s just about optimization for the immediate circumstances.

People with Huntington’s, before their symptoms show, actually have increased fertility. So there’s natural selection for Huntington’s, which sucks.

The three basic ways natural selection occurs

· Directional selection: favours phenotypes at one extreme of the population distribution. This is the essence of artificial selection. 

· In an experiment: three pools of fish. One pool with only killifish. One pool with killifish and large guppies that aren’t eaten by killifish. One pool with pike fish (that eat large guppies) and small guppies. When they added small guppies to the pool with only killifish and left them there for 11 years, they found after that the small guppies had become large ones. This shows directional selection.

· Unintentional directional selection: developing resistant bacteria.

· Stabilizing selection: maintains intermediate values in a population. Counteracts any changes from stuff like drift or mutation.

· So, birth weight of people. Lighter kids and heavier kids have higher mortality rates.

· Disruptive selection: where the two ends of the population form are favoured. 

· So weird butterflies on either end of butterfly species are unpalatable so favoured. This means middle type dies off.

Sexual Selection

· Female selects for male traits

· Often results in maladaptive outcomes

· Male’s reproductive success is based on the number of females he can fertilize

· Female’s reproductive success is based on the number of offspring she can have. So they tend to be choosy, males not so.

· Male’s sometimes battle to be the one that fertilizes a female. So the one who wins gets the females, and she’s got nothing to say about it. This is sexual selection. 

· In cases of male combat, there’s a tremendous sexual dimorphism (male much larger than female)

Maladaptive: antlers too big to get through forest.

(LECTURE 22)

Also you have pretty boys (peacocks) that put on a show to get females interested. With these species you’ll find that the females are less interesting looking.

· But peacock feathers are maladaptive, hard to fly, can’t escape predators as well. But females choose this. You’re choosing reproduction over survival. So it’s not survival of the fittest, it’s reproduction of the fittest

· Still, the fact that the male is able to have a tail like this and still be alive (not picked off by predators already) is a good sign

· Males would have to be healthy to build a tail like this. So this is also a good sign. Birds that have parasites have duller feathers for ex.

· Could also indicate that the male is a better providers. In red-headed finch, the brightness of the red on their heads is determined by their diet. So if someone can feed themselves well they have bright red heads, and this is a good sign.

· Female sensory biases: females won’t notice you unless you look a certain way

· Runaway selection, somewhat arbitrary

Female fish from related species (where males don’t have swords on tails) still prefer males of similar species that have swords. But that preference is built into their sensory system. So if the tail-less swords mutated and developed swords, that would be favoured and it would become like that first species.

Runaway Selection/Arbitrary selection: although the trait is not in any way adaptive, it allows offspring to get chosen for reproduction more often

· Also another thing to note is that both the preference for, for example, a brighter spot, AND the gene for the brighter spot are hereditary/get passed down together. Cuz those who like bright spots and those who have bright spots will mate together and have kids who like bright spots and have them too.

Stalk eyed flies: long stalks for eyes. Some females prefer ones with long stalks, and some prefer shorter. So again, preference links with the stalk length.

Now MACROEVOLUTION. The evolution of new life forms. Speciation.

Biological definition of a species: groups of interbreeding natural populations that are reproductively isolated from other such groups. 

· But this doesn’t work for fossils. Because you don’t see them reproduce. So they use morphological criteria (but convergence makes this difficult)

· Doesn’t work for organisms that reproduce asexually

· But! Esp in plants, you can get diff species that produce fertile hybrids. So hmmm.

Allopatric Speciation (Geographic isolation)

Species arise because populations get separated by each other. Speciation is about isolation and change.

· Essentially no gene flow between habitats

· You then get adaptation to the two separate local environments (accumulating mutations)

· Final step is when they become reproductively isolated

· Rate of differences will double once they become reproductively isolated, because both can now accumulate mutations independently

· Example is Camellids. Now you have llamas, dromedary, vicuna, etc. Also btw they all have the same number of chromosomes, which doesn’t always happen. 

· Island speciation: so like the Galapagos islands. Tortoise gets to an island. Can’t get off. So they end up speciating.

We call stuff of the same species that look different: Races or Subspecies

Ring Species: so like when lizards are spread across the all the edges of an island. Like a ring. Each type of lizard can breed with the lizards on either side of them. But a lizard from one end of the ring cannot breed with a lizard on the opposite side of the ring, since they’ve been separate for much longer.

Sympatric Speciation (in one place)

· Habitat isolation

· Polyploidy

Adaptive radiation: when an organism enters an environment that is completely unoccupied (so like islands). This means a whole bunch of diff ecological niches are available. So even though these species are living in the same place, they don’t need each other and fall into the diff niches they fall into. This is like the Darwin finches.

Ok so the Hawthorn fly story. Hawthorn flies used to live on hawthorn fruit in hawthorn trees. But then apple trees were introduced in North America, and some of those flies lived on those too. And these flies remember where they were born and they eat there (either apple or hawthorn). And apples and hawthorn trees bear fruit at diff times, so the hawthorn flies that eat hawthorns and the apple flies that eat apples never see each other. So they’re on their way to speciation (not yet though).

Polyploidy: fastest form of speciation. Very common in plants, rare in animals. Basic idea is that, if you cross two separate related species that have diff number of chromosomes, you end up with an odd number of chromosomes in the hybrid. And that odd number won’t let you do meiosis. HOWEVER on occasion, in producing gametes, you can have a mitotic error before you go into meiosis where you get duplication of chromosomes where they don’t separate. So instead of having an odd number of chromosomes, you get an even number and they form pairs. So now all the chromosomes are paired, and you can produce gametes, yadda yadda. And then you produce a fertile hybrid that has a diff number of chromosomes than either parent. 

· If offspring is a plant, it’s probs bigger, prettier, more robust than either of the patents.

· But also! Since the hybrid has diff number of chromosomes than either parent, it can’t reproduce with them and essentially you now have a new species. So speciation occurred in one generation, whereas it normally takes centuries/millennia 

· So an example is wheat, and coffee plant

Reproductive isolation: so there are prezygotic (before fertilization) and postzygotic (after fertilization) mechanisms of reproductive isolation.

· PREZYGOTIC ISOLATION:

· mechanical: two flowers that are very different but can form hybrids easily. However, only hummingbirds pollinate one, and only bees pollinate the other. So the pollen never intermingles, and therefore the species remain separate.

· Temporal isolation too: so like the hawthorn flies. Cicadas too. They burrow in the ground for 13 or 17 years, and because both are prime numbers you very very rarely have them both out at the same time.

· Behavioural reproductive isolation: fireflies. Their flashes in the sky are often mating patterns. Each flash squiggle pattern is specific for the female. So obviously that’s reproductive isolation.

· POSTZYGOTIC ISOLATION:

· So yeah, sometimes the two species can mate, but the hybrid is infertile. You’re not gonna get gene flow.

(LECTURE 23)

The Origins of Evolutionary Novelty (Eyes, limbs, etc.)

Homeotic mutations: drosophila (fruitfly) example, strange mutations producing legs where the antennae should be. Just knocking out a single gene changes the antennae into legs. Making a whole leg shouldn’t require only one gene, it should be lots of genes that have to be coordinated. So why? This is because of homeotic genes (which produce homeotic mutations). We now know that homeotic mutations are produced by mutations in genes that produce transcription factors. So the proteins produced are transcription factors, which turn on different programs. So in this case the program for antennae has been mutated into the program for legs. 

· Homeotic genes are also involved in geography (so where things should be located). So they determine which part of the fly is which, and based off that they determine which structures to make that are appropriate to those diff parts of the fly.

· So these genes are very powerful. If evolution plays around with these genes it can have a major effect and change an species substantially

· The DNA that codes for these genes contains a stretch of 180 nucleotides. That segment of DNA is called the homeobox (HOX). It codes for a part of the protein called the homeodomain. 

· It’s the homeodomain that binds to the DNA and recognizes particular sequences on the DNA

· There are lots of homeobox proteins. And all those homeotic proteins/genes code for proteins that contain the homeodomain. And that targets them to particular parts of the DNA that allows them to direct these programs. 

· HOX genes are the homeotic genes that can produce these homeotic transformations in the fly. 

· Important to note: there are other transcription factors that have homeodomains, but they’re not HOX genes. So this homeodomain is found in a number of transcription factors, but only a subset of them are these homeotic genes.

So how do these homeobox genes function? (so these are the genes that produce the homeotic transformation and they contain a homeobox that codes for the homeodomain). The extraordinary thing you find when you map the genes into the genome (all on chromosome 3). Turns out there are a series of these genes arranged in a particular order on the DNA in two different clusters. An antennapedia cluster (closer to the centromere) and the bithorax cluster (further away). 

· The order in which they’re arranged on the chromosome is the order in which they’re expressed in the fly. Which is kinda weird.

· The fly embryo is folded over (the end of the tail is folded over the head.)

· If we look at the expression of these genes in the embryo, you can see that the ones closest to the centromere are expressed in the front end of the embryo, and goes down from there. So they’re expressed in the same order in the embryo as they are in the chromosome.

· Ok so flies are segmented animals. And in the embryo it’s very obvious, you have 14 segments. And these genes are expressed in particular sets of segments. 

· Antennapedia (gene involved in legs growing out of its head) is expressed in the second and weakly in the third segment, for example. 

· One other point: when ppl name these mutations, they name them after the mutant phenotype (so like “Deformed” gene, or “Sex combs reduced” gene)

Did an experiment. Found out that Humans, chickens, mice, etc. All have homeobox genes. So all of a sudden, drosophila informs our understanding of human development. So they help to organize the front to back geography of mammals/organisms. 

If you take the drosophila deformed gene, and you take its regulatory promoter/enhancers from it. And then you stick them on a reporter/a fluorescent protein that’s only expressed when this gene is turned on (so if you put that back in the drosophila it would light up at the appropriate time, cuz it’s being regulated at the same time as the protein that should be there). But ok, if you put it into a mouse, you transfect a mouse with this construct, and it also gets turned on in the appropriate part of the spinal cord. So this is where the mouse homologue of “deformed” gene would be turned on in the mouse, with the promoter from the drosophila gene. It gets turned on properly. 

· If you take the one from mouse and put it in drosophila, it works too (so reverse experiment)

· So not only do they have the same genes, but the regulatory components of those genes are transferrable btwn two species that have been separated for half a billion years. This is unspeakable conservation. The genes are interchangeable between these two.

· This conservation speaks volumes about how important it is to maintain proper geography in the developing embryo, and how little tolerance there is for any change in the sequence of these proteins

· No animals lack homeobox genes. Homeobox genes are almost always set up in the same order in any animal.

· The amphioxus (organism that represents the ancestor of vertebrates. Living remnant of last common ancestor of vertebrates). It has a single set of these genes.

· But mouse has four sets and zebrafish have 6 sets. Why? This is thought to be due to duplications of these clusters within the species.

This says that virtually all animals have a basic toolbox that they use to build their organisms. And you have to understand that in order to understand the appearance of evolutionary novelty, you have to understand embryology, because changes in form happen in the embryo. The other point is that once you duplicate a gene (you have two copies)  (think the mouse and zebrafish above), you can play around with one of them. One of them can accumulate mutations, get knocked out, not function anymore... as long as you have the original one. As long as one of them is functioning you’re cool. So what you get when you have a duplication of a gene is, you get an opportunity to fiddle around with function – because on the one hand you can accumulate mutations and end up knocking one pair out, but you can also accumulate mutations and change the function of one of those genes. So while originally you had one gene with one function, now you have two genes with related functions. It allows you to increase your repertoire of molecular and biochemical functions that you can accomplish.

· So it’s not shocking that in vertebrates (with their higher level of complexity) there should have been selection for extra sets of these genes.

· So what maybe happened here is that the increasing complexity of the vertebrates was mediated in part by increasing the number of sets in these homeobox genes.

· Also, the homeobox genes function independently, so you don’t only have a few switches to play with, you now have 40 or 60... which gives you a lot more subtlety/nuance in how you deal with development.

Examples of how homeobox (HOX) genes function: arthropod limbs (jointed limb animals)

· If we’re gonna ask the HOX genes to be involved in evolutionary changes, there are a few things that could happen

· You could have duplication/loss of some of the HOX genes, which would affect regulation (we saw that already, mammals have more than drosophila, etc.)

· A change in the HOX protein itself (if one protein changes its function, then you could change the way the body developed.)

· A change in the HOX expression patterns (if instead of being restricted to one part of the animal, the gene was expressed in a larger part, or if it was expressed in diff times, that would have an effect.).

·  Eg. In chickens, one of the HOX genes is expressed in the embryo between the forelimb and the hindlimb. So it determines the limbless thoracic part of the body. In snakes, the same gene is expressed right from where the hind limbs would be, right up to the head. So the feeling is that what’s happened here is that the entire front end of the snake has been converted into thoracic vertebral column with no limbs. So possibly the way snakes became limbless was in part because of a change in the expression pattern of that homeobox gene

· A change in the genes downstream of the homeobox gene. A change in the genes that are turned on/off by the homeobox gene, and other genes in the regulatory sequence.

· So those are four things that can happen in evolution because of HOX genes

· So remember, the four things are: Duplication/loss of HOX genes, change in proteins themselves, change in their expression pattern, or change in genes downstream from the HOX genes themselves.

When the two homeobox genes ultrabithorax and abdominal-a are expressed ectopically (ectopic: in the wrong place)... so say you express ultrabithorax in seg 1 and 2 of drosophila, you shut of the production of legs. Ultrabithorax inhibits/blocks the formation of legs.

If you ectopically expressed drosophila ultrabithorax, you prevent the formation of legs. However! If you ectopically expressed brine shrimp ultrabithorax in a drosophila, you don’t block the formation of legs. This is because the ultrabithorax of brine shrimp is not inhibitory of legs (this is why they have legs on every segment, etc.). 

So way back when there was their common ancestor, two things must have changed in the ultrabithorax protein. The ultrabithorax gene changed it’s expression pattern, and it became limb-inhibitory. This  allowed the appearance of the classical insect form. 

If you look at the sequences of amino acids in 2 diff types of flies, brine shrimp and the velvet worm...

· You find that the sequences are identical at the homeodomain

· You also find with the the artemia (brine shrimp) and the velvet worm that if you remove the carboxy terminal group, it now becomes inhibitory. So in both of them, the carboxy terminal end of the molecule contains sequences that neutralize its inhibitory effect (sequences of S and T). So it has a hidden inhibitory effect, but it’s blocked by those sequences.

· In the flies, however, there’s a whole segment in the carboxy terminal (identical in the two types of flies, diff from artemia and v worm) that consists of whole string of A’s (called a polyalanine tract). So that’s the evolutionary molecular change.  

But! How come caterpillars can have four those three pairs of legs and four “false limbs”? it should have ultrabithorax and abdominal-a expressed there, which should inhibit those 4 limbs. The answer seems to be a change in the expression pattern of ultrabithorax. . 

· First of all, when any protrusion on the body appears (limbs, mouth parts, etc.), the gene D11 (distaless) is responsible (distaless is named after the mutant phenotype. Distal means far away). So when you mutate this gene, the far-off parts of the limb don’t form, so it’s responsible for making the limb as a projection, right out to its end.

· Basically, ultrabithorax prevents limb formation by blocking distaless. That’s the way it does it.

· Crazy thing is that, in a caterpillar, there are 8 holes (where the 4 pairs of false limbs end up protruding) where there is no ultrabithorax. And later on you can see that the distaless appears where the ultrabithorax is turned off. So caterpillars have developed a system that shuts off ultrabithorax in those very restricted areas so that limbs can grow there.  So it can grow these extra legs.

OK NOW! The origin of eyes.

Camera eye (our eyes) and compound eyes (insect eyes)

· Camera eye: one lens. Cephalopods (octopi, squid) have eyes like ours, which is also an example of evolutionary convergence.

· Compound eye: each facet has a lens. Been around at least as long as camera eyes. Characteristic of many invertebrates.

Ppl often say, “An eye without a lens or half an eye is useless, so how can an eye have developed from a pre-eye when taking away a part of the eye makes it useless?” There are two answers to that.

1. You don’t need a whole eye to be better off than you were without any. Being able to see a little makes a big difference.

2.  Even just being able to see light/dark can help you run to shadows to hide, to know if a predator is there (you see their shadow pass by).

· So that argument is bogus.

Even today’s organisms have different kinds of eyes.

1. Patch of light-sensitive cells: can’t form image, can’t tell light direction, but can tell you whether it’s daytime or nighttime (whether you should be out feeding or whether to be hiding.)

2. Eye cup: so now you can tell where the light is coming from. Tiny difference, but huge difference in animal’s survivability

3. Simple pinhole camera-type eye: sharp resolution and focus, but not a lot of light let in (dim)

4. Eye with primitive lens: so lens collects light and focuses it, so you have better vision in the dark

5. Complex camera-type eye: you can manipulate the lens, etc etc. Complex, like for squid.

Something else now... another homeodomain protein. Not one of the HOX genes, it’s one of the proteins that has the homeodomain but is not a HOX gene.

It’s called Pax6. First found in drosophila (called eyelets) because when it’s mutated, drosophila doesn’t have an eye. So clearly this is a regulating/control gene, because we know that there isn’t only one gene involved in the production of the eye. So it’s like a switch that turns on the program that makes an eye.

· In humans too, it’s associated with an eye deformity when it’s mutated (opaque cornea, iris absent, retina degenerate, lens opaque, etc etc.)

· Point is, same gene, same kind of effect. Same is true in mouse, zebrafish, fruitflies, invertebrates....

· Invertebrates?! That’s insane! Because they have compound eyes. And that’s so different. But yup. Pax6 is the master switch in both cases.

· Btw though: (while we’re talking about conserved molecules) The visual pigments that are used to absorb light and convert it into nerve activity (the opsins) are the same in all organisms. They all use the same proteins to see light. Again, the theme of deep ancestry is underscored.

Ectopic Pax6 expression

In fruitflies, you can get normal eyes PLUS an eye on the antenna, or under the wing. They seem to be functional and project to the nervous system (but the wrong part, so who knows what they’re doing). So point is, Pax6 anywhere, you get an eye.

· However, if you transfect a mouse Pax6 into a drosophila, get it ectopically expressed, and you get an eye. So a mouse gene can direct the formation of a drosophila eye. 

SO IT’S IMPORTANT to understand that these Pax6 genes aren’t saying “make a mouse eye”. They just say “make an eye”. They’re transferrable among animals. The eye that gets made is just based on what animal the gene is in. 

(LECTURE 24)

Now we’re gonna talk about how we came out of the water and became tetrapods.

All original life arose in the oceans. First bacteria, then invertebrates, then vertebrates.

1. Early on in the development of vertebrates, there were jawless fish/creatures, and at some point in development, they developed lungs. So these were air-gulpers (gulp into lungs, to assist them perhaps in shallow water). 

2. In the bony fish, the lungs were lost. The fish we’re used to that we eat. They do have a swim bladder (sac filled with gas that gives them neutral buoyancy, they can set where they float). They also have fins (thin place of skin with some bony rays in it). 

3. Later development was lobe-finned fish. They still have fins, but they have something like an arm/leg projection into that fin. They have a lobe sticking out of the body with a fin at the end. It’s from the lobe-finned fish that land organisms arose.

4. And then, a line of fish that arose from the lobe-finned fish that started to show changes in their fins which eventually gave rise to limbs as we know them. 

a. Tiktaalik fish is extraordinary because its limb is the closest we’ve found to a limb that might be the direct ancestor to limbs like our own. Skeleton inside has a number of these extra bones in it, there are bones that clearly correspond to our arm bones, but smaller bones where it’s not clear if they correspond to our digits/toes. Has structure of the arm inside, but you also have fins. Also head could move around! 

Points to keep in mind: 1. In these early ordinary fish (lobe finned, etc.), the upper limbs are attached to the skull, they’re not free. The skull is not free (you know what fish are like). However, the pelvic girdle is not attached to the vertebral column. So not the ideal way to get on land (support your weight). In order to do that, you have to attach the pelvic girdle to the vertebral column, and you have to free the shoulder girdle from the head so that it’s mobile. 2. The vertebra have to be interlocking with each other, to give them support against gravity (the fish didn’t have that). 

How did the change happen? First look at how limbs develop.

· Develop as a little bud at the side of the embryo. Two up at top and two at bottom that develop into limbs/fins. So the early development of fins and limbs are the same. What you get is called a limb bud (sticks out from side of the embryo. Doesn’t matter if it’s a fish, chicken, human, whatever). 

· There’s not a small limb in the limb bud that gets bigger and bigger. Rather, the proximal elements are made first, so humerous first, etc etc. To fingers. So it goes sequentially.

· Limb bud filled with tissue called mesoderm. Has a thickened layer of ectoderm at the surface. It’s called the apical ectodermal ridge, cuz it’s at the apex of the limb bud, and it’s a thick ridge. If you remove the AER, limb development stops. 

· If you stick an extra AER on the front of this limb, you get a mirror image limb (so a second limb appearing). So you know that the AER is what’s creating the limb. 

· But most of the tissue for the limb comes from the mesoderm. AER is just directing it. 

· Now! If you put leg mesoderm in and take out the arm mesoderm, you get a leg forming instead of an arm. So now you know that the mesoderm determines what kind of structure you get, and the AER determines that this is gonna make a limb of some sort. 

· If you put in mesoderm from somewhere on the body that doesn’t make limbs, you get nothing. 

Finally, the AER produces something called FGF, (fibroblast growth factor). These molecules/growth factors also involved in setting up the anatomy of the brain/the wiring in the brain. So a lot of these molecules are used very broadly in development. 

In this case, FBF is secreted by the AER. What you can show, is that you can take a bead soaked in FBR, remove the AER from the buds, and put that bead on there instead. You get a normal limb!

Also! The “progress zone”. Situated right behind the AER. What that is, is a layer of dividing stem cells. That’s what’s making the limb, that’s why the limb bud gets longer and longer as it produces the different elements of the limb, because these cells keep proliferating. So these stem cells proliferate, but they also produce differentiated offspring that make up the limb. So no matter how long the limb gets until it’s finished, you always get this progress zone of proliferating cells.

And as we said, that AER produces FGF. What the FGF does, is it maintains these cells proliferating. So! The AER maintains proliferation of the progress zone by releasing FGF. And that keeps the limb bud growing, so then if you remove the AER the limb stops growing cuz it can’t keep the progress zone going. 

Second important part of the limb bud is on the posterior (the back part) of the limb bud. It’s called the zone of polarizing activity (ZPA). If we took this structure and removed it from the limb bud and put it in the front instead of in the back, you’ll get a backwards limb. The ZPA determines the front and the back of your limb. (Front of limb is where the thumb is, back of limb is where the pinky is). You can also get mirror image limb (if you take ZPA on side and put it on other side?). So the ZPA is somehow turning on the program that determines which side your thumb/pinky are on.

· ZPA induced by (it appears because of the expression of) a protein called Hand2. Hand2 causes the ZPA to appear, and then the ZPA produces a protein called sonic hedgehog (SHH). 

· So when you produce SHH (at the ZPA, in the posterior), it diffuses away, so you end up with a gradient of SHH, with lots of it at the posterior (back), and less and less near the anterior (front). This is how cells know where they are in the limb, whether they’re in the back or front. So by setting up gradients, you set up a set of map values that allow cells to tell where they are.

· SHH gradient also turns on the HOX genes in the developing limb. So HOX genes are used in limb development as well (mostly Hoxd-9-13). 

· SHH turns on the HOX genes in nested fashion (that is, you get Hoxd-9, Hoxd-9 and 10, Hoxd-9 and 10 and 11, etc etc.). So you get one, then two then three then four, and they’re piled up like that. So each of these cells have a diff address in terms of these Hoxd genes. So it’s a way of setting up map values in the limb to tell the limb what to make and how to make it. So that’s for limbs, but what about when hands and feet (like, fingers) are made?

· So they found that in fish and mouse limbs, the order of Hoxd-13 and Hoxd-11 are the same. But to make a mouse hand, the order is reversed. So the idea is that that expression there is absolutely unique to tetrapods (for hands and feet). This is based on observations on the zebrafish (a “model” organism).

· However! They found out later that if you look at other fish, or primitive fish, you discover that they more or less do the same thing as the mouse. So that theory’s killed. So now the idea that the hand and the foot arose as a brand new innovation of tetrapods looks like it’s probs not true. Looks like even the earliest vertebrates had some pattern like this. The bony fish lost it, the rest of us retained it and somehow modified it to allow us to produce limbs with digits.

So now, what about animals that returned to water after? Like seals and manatees and stuff? Whales too.

· Seals’ closest living relatives are bears. Manatees’ closest living relatives are elephants. Both have typical mammalian skeletons. 

· When a mammal swims, they swim in an up and down motion (fish swim with a side to side motion. Reptiles (snakes) move side to side too)

· Closest livng ancestor of whales is hippopotamus. They are in the family with cows and pigs too.

· In whales, the ear is very different from us. One of the things is that the bone that contains the inner structure of the ear is free. In us it’s just part of the skull. That bony structure is hung under the skull, suspended by ligaments. As early as 45 million years ago in Pakicetus (clearly a land animal) you already have that. So you already have these beginnings of adaptations of the ear for living in the water. 

· As you go down the animal list, you get reduction of the hind limbs. You can see this in the fossil record. Eventually you start to find evidence for a tail. And finally there’s other adaptations for hearing underwater that occur (like a fat head and lowe jaw). That you can start seeing evidence for long ago too.

· So you have a fairly continuous stream of change in the fossils. 

· In a whale, the nostrils are at the top of their head. And if you look, the nostrils start moving back and back until you get it like a whale. 

Modern whales are filter feeders. Other whales have teeth that eat squid (killer whales, dolphins). They have uniform pegs (so not diff teeth like us). Before though they had typical carnivorous teeth. Only recently did they become blah pegs.

One of the ways that ppl understood that the whales were related to hoofed animals (cows, hippos, camels, etc.) is because in the early whales, if you look at the hind limb and look at the ankle bones. The ankle bones of the even toed hoof animals are very characteristic. In most animals that ankle bone has a pulley on the surface (this rounded area where the tendon goes over? Yadda yadda). Point is, in a pig (an even toed hoofed animal) you have a pulley on top and one on bottom. This is characteristic of all even toed animals. So you see this in whales too. 

· Was confirmed using molecular techniques. That is, that these are comparable sequences in these various creatures. But in a lot of cases you had situations where there was a single nucleotide polymorphism. And the creatures with the same polymorphism (like whale and hippo) you found that in a lot of ways they were the same as each other and different from all the others.

So what happens to whales and stuff in development? Do they have a hind limb bud even though they don’t have hind limbs?

· What we see is that (in a developing dolphin), is that at early embryo stage, they have a hind limb bud. It gets bigger, and then IT DISAPPEARS! They shut them off. So at this point, Hand2 is turned off (or never gets turned on). So you don’t induce the zone of polarizing activity, there’s no sonic hedgehog produced, no HOX gene, and the limb bulb regresses. So because of one gene turning off, there’s no limb there. 

· But obvs you can’t have that happen all of a sudden cuz then the animal would be crippled. So what happened is that as it slowly adapts to life in the water, you can have more and more mutations turning Hand2 down more and more until eventually you turn it down completely. 

· In fossil records you can see the limb slowly regressing.

OK! Now the ear.

In land animals you have a canal that brings the air into the eardrum, you have bones that carry vibrations to cochlea. Vibrations in cochlea signal go through fluid there and stimulates nerve fibres that send signals to brain. Also, the semicircular canals are what determine balance, and determine your perception of your movement in space. So when you spin you know that you’re spinning to left.

In the whale, things are very different. In human ear cochlea and semicircular canals are buried inside bone that connects to your skull. But that bone is separate from the rest of the skull in whale. The ear canal is closed. And the vibrations reach the cochlea through the skull and through the fat bodies in the lower jaw. So vibrations vibrate in the head, and then vibrate the fat pad in the lower jaw that then cause vibrations in the ear. 

The vestibular canals (semicircular canals) are also different in whales. In the dolphin/whale/whatever these canals are much much smaller than they are in a similar sized mammal. Cochlea stays same size, but semicircular canals get smaller and smaller as you move down list of animals.

(LECTURE 25)

Human evolution: the primates. Our closest relatives both morphologically and when you talk about molecular affinities is the group of primates. Include monkeys, apes and ourselves.

Our last common ancestor was with an ape that gave rise through speciation to chimpanzees and ourselves. So we didn’t come from monkeys, but apes.

The monkeys: small animals that brachiate, move through the trees. So they have lots of adaptations for that, which we’ve retained. These features are true for all primates:

· Arms for brachiating, very loose shoulder girdle that allows their arms to move freely.

· Fingernails instead of claws

· Stereoscopic vision (eyes facing forward). So three-dimensional vision. Depth perception. 

· Relatively large brains.

· All sexually mature fairly late. Tend to have single offspring, and tend to have offspring fairly rarely

· Live for relatively long period of time.

Orangutans: found only in Bornio? Solitary, sexually dimorphic (males twice as big as females), fruit eaters and tool users. Smart.

Gorillas: have male-male competition. Live in groups, live on fruit, can climb trees, etc.

Bonobos (type of chimpanzee): with them we form a monophaletic group. We rose from the exact same ancestor as them. Very intelligent, very gregarious, live in large groups, subject of many studies.  Live on fruit, but also eat meat (they hunt and kill small animals). Very similar DNA (95-98% same), they use tools, have culture (diff tribes in diff parts do the same thing in diff ways). Been taught sign language. They’re the only other mammals that have sex facing each other. They resolve conflicts with sex, etc. Basically they love sex. 

How to distinguish ape from human fossils?

1. We’re bipedal. We stand up. Apes walk on their knuckles and feet. So apes have stiff, straight spine. We on the other hand, have an s-shaped curve.

2. Humans have broad pelvis like a bowl. Apes pelvis is elongated, hasn’t been modified for bipedalism. Easier childbirth.

3. Thigh bones point towards midline (point inwards). Another sign of bipedalism. With apes they point outwards. 

4. Apes’ left foot has a thumb, instead of a big toe like we do. So they have a big toe that’s opposable, can grab things with its feet.

Now if we look at the skulls. Ape vs. Human.

· Apes have sloping foreheads, we have vertical forehead. Relatively small brain compared to us. They have ridges over their eyes, we don’t. They have protrusive face (face sticks out). Our face is flat. They have large canines, we don’t. They don’t have a chin, we do. Teeth lined up in u-shaped form (straight on sides, crosses over on top). But in humans shaped like parabola, smooth curve.

· In humans, the hole the spinal cord leads up to is right under the base of the skull (because of bipedalism. In apes, the hole is in the back of the skull. 

Sahelanthropus: earliest human ancestor. Found in Sahel desert. As old as about the time of the common ancestor of humans and apes.  It was bipedal.  7 million years ago. All they found was skull.

Ardipithecus: 4.5 mil years old. Found whole skeleton. Everything indicates that it was bipedal, but skull looks like ape. This tells us that the first thing that happened with humans is they stood up. The apes that were gonna become humans stood up like we do (they still had ape frames though).

· Ardepithecus also has opposable toes, so it is bipedal but retains apelike foot.

· Long arms though (apes need this to walk on knuckles and swing off trees)

Australopithecus: 4-1.5 mya. We have many skeletons of this. A lot of ape characteristics in face. But bipedal. These are primitive ape-like creatures that are standing up. Also, no canines! Slightly larger brains, about a meter tall. Toe is no longer opposable. We found Australopithecus footprints (one small one big) (they look human-like, there’s no question they were walking). This was in volcanic dust.

Why were apes pushed towards bipedalism though? No clear answers, but some theories:

· We wanted to become endurance runners

· Stand up to look for predators? Hmm.

· Being able to hold children and take care of them. Human infants are helpless, ape infants aren’t (they follow their mother)

· This is because ape baby brains are 40-50% adult size, because apes have wide birth canals. Human babies have brains only 20% adult size (because our birth canal is so small). So human babies are more helpless.

There were about 6-7 species of Australopithecus. So 607 hominid ancestors. But there have been at least 3 or 4 diff species of humans (some alive at the same time)

About 2-3 mya, a new species of hominid appeared that was clearly not Australopithecus. The brain was larger, 4.5 feet. This was the Homo habilis: first homo we know, first incontrovertible evidence of using stone tools.

About 1.8 mya: homo erectus. Lasted for long long time (more than a million years). Brain is bigger (1kg). Taller (5.5 ft). Seems very human. However they have tremendous brow ridges, even though the face doesn’t protrude as much. Associated with fires (hearths, evidence of cooking food, killing large animals.) Advanced tools. Lived through several ice ages (so must have had some kind of clothing?). 

All of these creatures lived in Africa btw. But homo erectus is the first hominid that left Africa (middle east, throughout Asia). In order to do that you have to have some kind of society/culture that enables you to work together and set up living in a new environment.

Finally, about 230 thou years ago, Neanderthals appeared. Different from modern humans. Big brow ridge, forehead slopes a bit, etc. But brain size is larger than ours! 5.5 ft on average. Arose and lived in Europe and Western Asia. Not Africa. Apparently better adapted to cold than us, but the point is that we’re not adapted to live on the moon and we’ve been there. So in the end we somehow took over.

2 hundred k years ago, homo sapiens (us) appeared. Originated in Africa, but left. This means that both Neanderthals and us co-existed in Europe. 

Evidence for fine stone tools for Neanderthals, no evidence for art. Evidence for hunting large mammals (bone piles of things they ate, but also a lot of the Neanderthal bones you find are fractured and healed. Apparently same breaking patterns as ppl with rodeo accidents. Also, lots of Neanderthal bones with major fractures/head injuries/no teeth, which means that these people were getting grievously injured and surviving, which also means that they must have had some social support structure). 

In Australopithecus, there wasn’t a huge increase in brain size. But once you get to Homo brain size increases rapidly. Suggests much increased evolutionary selection/pressure for higher intelligence.

· As brain size started increasing: tools, then fires, etc. Our level of culture increased as well.

We have sampled Neanderthal DNA. In mitochondria. It’s SUPER similar to human, but there are of course tiny differences. OK so also, some ppl thought that the Neanderthals never died off and that we’re just a hybrid of them, that they just sort of got absorbed into human species. But no, the DNA shows that that’s not true, there are no Neanderthal characteristics in human DNA. 

Ppl found nuclear DNA in Neanderthal though, and now they’re saying that maybe there’s a tiiiny percentage of Neanderthal DNA in our genomes. So there was a teeny bit of interbreeding, but it didn’t have a major effect.

40 thousand years ago, Neanderthals were throughout Europe and western Asia. And then about 40-35 tya humans started entering Europe from the middle east, and Neanderthals became less and less populous. And then there were only tiny patches of them, and then eventually you find no further evidence of them. 

So three things could have happened to make them disappear:

1. Interbreeding with humans (what we talked about, how we`re now just a hybrid)

2. Ecological competition (we were simply better at using resources, maybe we had clothes to survive Ice Age and they didn’t, etc.)

3. Violent confrontation (we killed ‘em all)

Tools got more advanced from homo habilis to sapiens. 

Earliest signs of self-awareness: doodles, shells strung on a necklace, etc. And then! A flute made from an arm bone from a vulture. Making music, adorning themselves, burying their dead (with Neanderthals as well, some evidence for burials). But it’s only with homo sapiens that you find grave goods (stuff added to grave). And finally! Cave art. 

(LECTURE 26)

Homo floresiensis: The Wild Card

They were only just discovered in Indonesia. Human skull in the palm of your hand. Children’s limbs that fit on a five dollar bill. But they were clearly hominids. About 1 meter tall.

· Clearly bipedal, just really small. Couldn’t find good bones for it, only one skull found.

· They had advanced stone tools. So here’s the problem: they’re brains were small, yet they lived together, they had fire, there were dwarf elephants that lived with them (they hunted them), they made tools comparable to homo erectus ones. A lot of ppl don’t wanna accept that. 

· These skeletons date to about 18 thousand years ago! So we lived with them. 

· Beyond that, the natives of the small Indonesian island of Flores had myths/legends about small, dwarf, hairy people that speak gibberish and imitate what ppl say to them. 

· In some rumors it’s said that maybe they only died out only a 100 years ago, or that they’re still living in the forest!

· This turns on its head everything about brain size and intelligence. 

A lot of people suggested that this is not a new species of human, but a normal human being that had a congenital defect caused by a single gene mutation (microcephalin). So the idea is that these are mutant people.  But! Argument continues. A lot of their bones are different from ours, and are more similar to homo erectus or Australopithecus. So a lot of ppl also think they arose from ancient stock, and developed locally in the islands, and didn’t change much over time (a very divergent species of human being)

(LECTURE 27)

Human Race(s)

Definition of race is vague. No one really knows what they’re talking about.

Someone who’s half black and half white might identify themselves as a black person.

In ancient times it was different. Back then ppl were described by their character, traditions, culture. Not much mentioned of colour. You might say she was Asian, but not she was yellow. 

So separating people and stigmatizing them for their race is a new thing. Developed when slavery began. 

· The races as they were are distributed in a gradient fashion across the surface of the earth. Ppl change gradually with distance. There aren’t just black/white people. There are black, less black, even less black, more white, etc etc. You wouldn’t notice colour change if you were to just walk from Africa to Norway. From the most black to most white. Because it’s a spectrum.  Like short people and tall people, there’s a distribution.

Carl Linnaeus: he classified all of life. Named homo sapiens, etc. He went and created a taxonomy of humanity too. Described color, personality, behaviour, intellect, etc in different races (“subspecies”, Americans, Europeans, Asians, Africans). Biased, no evidence, yadda yadda.

Blumenbach: german guy, made the same effort (racial classification). Gave us the word ‘Caucasian’. Recognized the fact that diversity was graded. Although his thing was hierarchical, he wasn’t racist, opposed slavery.

If we wanna look at races and where they come from, we wanna look at ancestry.

Two basic theories about how humans populated Europe, Asia, and how they gave rise to present populations.

1. African Replacement Hypothesis: Homo erectus left Africa, populated mostly Asian, very little bit of Europe. Homo erectus died off then, left no traces. And then after, homo sapiens left Africa, and filled the Earth.

2. Multiregional hypothesis: Homo erectus populated the world. And at each locale where groups of homo erectus were, they diverged from one another and became the races we know today (white, black, yellow, etc.)

So the difference between the two is there are two different species. African Replacement Hypothesis says that homo sapiens arose, entered Europe, entered Asia about 100,000 years ago. Multiregional hypothesis says that homo erectus entered Asia about 1.8 million years ago. And then the regional populations in Asia and Europe evolved into homo sapiens. 

· In multiregional hypothesis: If the races arose 1.8 million years ago, they can certainly be very different from one another, because they’ve been separated for a long time.

· In African Replacement Hypothesis: they’ve only been separated for 100,000 years, so that’s not nearly as long.

OK so again

African Replacement hypothesis: humans left Africa 100,000 yrs ago and replaced all other hominids outside Africa (H erectus and Neanderthals)

Multiregional hypothesis: homo erectus left Africa 1.8 million yrs ago and evolved separately in many locations outside Africa.

The reason we didn’t speciate completely is because of gene flow. 

We can use the molecular clock to determine how different genotypes are related and over what span of time (talk later). 

· The first way this was done with ppl was to use mitochondrial DNA. Why?

· 1. Every cell contains tons of mitochondria which contain 2-10 copies of DNA. So it’s easy to get.

· 2. Because mitochondria don’t have good DNA repair mechanisms, they accumulate mutations more rapidly, and that makes the molecular clock more fine tuned (instead of looking at minutes, you’re looking at seconds)

· 3.  mDNA (mitochondrial DNA) does not recombine. When you recombine you mix everything up. So you have no idea what the history is because you don’t know where the diff pieces came from. But the mitochondrial DNA you have in your cells is the same as your mother’s, etc etc. The only thing that changes mDNA is mutations. So if you know how frequently those mutations happen, you can look at the difference in the number of mutations in 2 diff samples of mDNA, you can get an idea of how long ago they separate. 

· 4. mDNA runs through maternal line only. The mitochondria in all of your body cells came from your mother. So mitochondrial DNA is a way of tarcing the lineage of the maternal line of descent.

· Mitochondrial Eve: the mitochondrial forbearer of an entire generation. You can do the same thing with an entire population, and you come up with a point in history where there was one woman (100 tya), and her mDNA is in all of us today. 

· She wasn’t “the first woman” all alone, there were other females bearing kids with her, but she was just the only one whose mitochondrial DNA lasted throughout the generations

· The nuclear genes in all of your cells came from a lot of sources though.

You can do the same thing with males. Using the Y chromosome. So Y Chromosome Adam. 

· The Y chromosome is only transmitted to males. So little to no recombination, and it identifies the male line of descent. (Looking at last names)

· You get essentially the same analysis as Mitochondrial Eve. 

By tracing it back and looking at the different genotypes (molecular clock stuff)... it turns out that everything coalesces (traces back) to Africa about 100 tya. You then have movement into the Middle East, and then they move along the coast of Asia, Australia, and more recently Europe. And then the Americas. So this strongly supports the African Replacement Hypothesis. 

Study done in Mongolia showed that large proportion of men there had the same Y chromosome. You trace it back in time about a thousand years ago. Same time Genghis Khan was wreaking havoc (him and his sons had no restrictions on how many kids they could have). So ppl think this is cuz of him.

Another interesting thing: The Lemba (black tribe in South Africa). They say they’re the descendent from the Jews/Semites, and that one of their tribes (Bouba) are descendent from the Jewish Priest (anyone named Cohen). Foundational legend is that they came from a town called Senna, they had to leave, etc. But they still maintain their Jewish customs.

· When you look at their Y chromosomes, you find that 38% have a Bantu chromosome (African). But 68% have a Semitic chromosome. So their founding legend starts to make sense.

· 50% of the ppl with the name Cohen have the same Y chromosome.

Now. Natural Selection and Racial Traits.

Why does UV light drive the darkening of skin? 

UV light has strong effects on human physiology. It causes the conversion of cholesterol to vitamin D, and there’s very little food that has vitamin D in it.

Sunlight creates vitamin D, but destroys folic acid (need it for embryo to develop properly).

So what happens is...

In high UV light level areas, dark skin protects you from getting cancer, it protects you from having your folate destroyed, and you can make enough vitamin D because there’s so much sun. So ppl with dark skin make healthy babies.

In low UV light areas: ppl with dark skin have trouble maintaining the right level of vitamin D (ppl with white skin are fine). Both have adequate folate, and there’s no cancer risk. But the white person has healthier kids.

So that’s what gives rise to the difference of appearance of people.

A molecular examination of the differences between people...

Any two humans are 99.9% genetically identical. This species is a lot more similar to one another than other animals. This suggests that we went through a bottleneck, and ppl think that when we left Africa, it was as a very small group.

It’s been found that 85% of the genetic variance between different groups (Africans, Asians, Europeans, etc.) can be found within the group itself (small village in Africa, etc.). Amount of genetic variance between groups that were distant (Black, Asian) was about 6%. So 6% of .1%, which is a tiny difference.

What this means is that if everyone on the earth except for one small group was killed off, 85% of the genetic variability would be preserved.

Ppl took this and ran with it! There’s a diversity panel (CEPH), which has cell cultures from 1064 individuals from 52 populations in the world.

Microsatellite polymorphisms: a microsatellite is a small repeating piece of DNA (so say, GATA). So individuals in a population will tend to have the same number of repeating GATAs. So it’s just a way of separating diff ppl. So this is a form of identification mark you can use to analyze ancestry.

You can see that in one microsatellite, a certain number of repeats can be more prevalent in a certain area (the Americas) and is less frequent everywhere else (let`s call this yellow number of repeats). And maybe another number of repeats of a microsatellite is really prevalent in East Asia and nowhere else (let`s say purple number of repeats). So if somebody is homozygous for the yellow alleles, and the dark purple alleles, you can infer that they`re probably from America and East Asia. So this gives you a way to infer ancestry, by using the frequency of these different alleles.

First we look at the number of alleles for a single locus (like for ex, how many alleles control eye colour). Africa has more alleles at any locus than anywhere else. So Africa is the most genetically diverse place on the planet. On the other hand, the Americas and Oceania have the lowest numbers, they have the least diversity on the planet.

· And remember, Africa is where we first arose, and Oceania and the Americas is the last place we got to. So they have the least diversity. Makes sense! At each point you had the Founder effect and the diversity decreased.

What about private alleles? Alleles that are only (or mostly) found in one place. You find again that Africa has by far the largest number of them. And again Americas least.

· There are very few private alleles though, btw.

When you put this all together and take those microsatellite data, you can do a Cluster analysis: you ask the computer to break down these genotypes, these allele frequencies for individuals, break them down into a number of clusters, and see how they fall out. If races have any meaning, then they should fall out into different groups. What happens when you do this is...

· When you ask the computer to do this into 5 groups, it more or less gives you the 5 continental groups.

This has been used in terms of medicine.

· Diff races respond differently to diff drugs

· Diff allele frequencies for drug metabolizing enzymes

· However! You can’t really use this because say you have a black guy who says he needs this drug. But no, because if he’s in the states, he has maybe 20% European genes. And maybe those European genes have that enzyme, so you’ll poison him if you give him the wrong drug.

Ppl who have the exact same ancestry can be two diff colours. Ancestry and colour aren’t the same. 

