Photosynthesis 

Photon: Packet of sunlight. Has both particle and wave properties. 
Pigments: Any substance that absorbs light. 
Solar radiation has a variety of wavelengths: Visible light fuels photosynthesis

· T.E. Engelmann’s Experiment: 
· Hypothesis: If light can be separated spatially into component wavelengths, oxygen concentration would be highest where the wavelengths involved in photosynthesis are present. 

· Pigments have colour but the colour you see is the reflected wavelength not the absorbed. 

· Photosynthesis depends on the wavelengths the photons absorbed by special light-capturing molecules (pigments), not the reflected. Absorption begins energy transfer process. 

· Light-catching part of pigment molecule alternates between single and double bonds. These bonds have electrons that can be excited and moved to another (higher) energy level when they absorb light. 
	Electron excitation is first step to photosynthesis. 

· Variety of photosynthetic pigments that absorb different wavelengths

Colour of pigment is the wavelength that is reflected back that you can see.
Black pigments absorb all kinds of wavelengths
White and lighter pigments are really picky. They reflect almost all back.

Photosynthetic pigments have their own characteristic absorption spectra.
Ex. Chlorophyll (Green pigment) absorbs all wavelengths except green

Chlorophylls: Main pigments that absorb light from two non-green regions. 
Accessory pigments: Trap photons in other wavelengths and transfer the energy to main pigments. 

Photosystem function: Accessory pigments 
· Most pigments in photosystem are accessory or harvester pigments. 
· When excited they transfer energy to adjacent pigment molecules 
· Each transfer uses energy (But energy also available for photosynthesis) 
Photosystem: Reaction Center_ 
	Energy is reduced to level that can be captured by molecule of chlorophyll a. 
	This Chlorophyll molecule is reaction center of a ‘photosystem’: Collection of pigments and proteins  
		Reaction center accepts energy and transfers to non-pigment molecule in ETC. 
Two stages of photosynthesis: Light vs. Dark reactions 

	Light-dependent reactions… 
Pigments in chloroplast membranes absorb light energy and give up electrons that enter ETC to produce ATP and NADPH. 
Pigments that give up electrons get replaced electrons from split water molecule and O2 is released as waste product. 


ETC: Electron transport chain: Adjacent to pigment system and is embedded in membrane.
	Acceptor molecule in chain transfers electron from pigment reaction center to next molecule in chain. 
	As electrons pass energy that is released is used to make ATP. 

Photosystem: 
	Arrangement of chlorophyll and other pigments packed into thylakoid. 
	Eukaryotic plants have two photosystems: I and II. 
		I: Uses chlorophyll a, in form P700. 
		II: Uses different form of chlorophyll a, as P680. Second to be discovered. 
	Difference between I and II? 
· PS I produces reducing power (H+) which is added to carbon dioxide in dark cycle to make glucose 
· PSII produces ATP, O2 and electrons used to replenish electrons lost from chlorophyll 

Light independent: Dark Reactions 
	- Synthesizes organic carbon 
	- Can proceed in the dark using ATP and NADPH from light reactions. 
	- Takes place in stoma (non-membrane part of chloroplast) 
	- Called ‘Calvin-Benson’ Cycle 
	- Cyclic reaction pathway 
Produce: Glucose + ADP + NADP+ 


Summary: Photons -> Pigments -> Electrons -> ATP/NADPH -> Sugars

Gases diffuse through small pores in leaves called stomata. Leaves loose too much water when stomata are open, problem for plants in hot areas. 
	Two types of dark cycles evolved for this: C3 and C4 (For desert plants since more efficient at water conservation). 

C3: Called this because CO2 first incorporated into 3-carbon compound. Occurs everywhere in leaf. More efficient under cool and moist conditions and normal light, requires less machinery. 
C4: CO2 first incorporated into 4-carbon compound. Takes place in inner cell. Better for dry places. Faster. Stomata not open as much. 

Respiration 
 
 All respiration (in organisms) begins with glycolysis, which proceeds without oxygen in cell cytoplasm. Not an efficient ATP producer though. 

In absence of oxygen, fermentation begins (anaerobic) and occurs in cytoplasm. Not efficient ATP maker as well. 

When oxygen is present, Krebs cycle + ETC activated. ETC occurs in membrane of mitochondrion. Very efficient ATP producer. 

Anaerobic pathway: 
· Evolved later
· Requires oxygen
· Starts with glycolysis in cytoplasm 
· Completed in cell mitochondria

Step 1: Glycolysis: Splits 1 molecule of glucose into 2 pyruvates: Generates 2 ATP and 2 NADPH (for transfer of H+ and e-) in the process. 

Step 2: Krebs cycle: Generates 2 ATP and lots of reducing power (H+ and e-) as NADH and FADH2, CO2 is waste product. 

Step 3: ETC: Uses reducing power producing 32 ATP. Electrons and H+ are transferred to oxygen to produce water.

TOTAL ATP: 36 molecules. (2 in gly., 2 in Krebs, 32 in ETC)

Role of Coenzymes: 
· NAD+ and FAD accept electrons and hydrogen and are converted to NADH and FADH2 in first 2 steps 
· They deliver electrons and hydrogen icons ‘stripped’ from glucose to the ETC which produces ATP 

Glycolysis: 2 stages
1) Energy requiring steps 
- Energy from 2 ATP activates glucose and its six-carbon derivatives 
2) Energy-releasing steps
· Products of first part are split into 3-C pyruvates 
· 4 ATP and 2 NADH form 
· 2 Net produced ATP (2 in, 4 out net) 

Glycolysis: Multiple steps
	First and second stages of glycolysis actually involve 9 steps (glucose - > 2 Pyruvate) 
	These steps basically rearrange the C and P atoms in sequence. Each step requires specific enzyme. 

Second stage Reactions: Aerobic Respiration:  (LEO THE LION SAYS GER) 
1) Preparatory reaction begins with pyruvate 
· 3 carbon pyruvate is converted to 2-C ‘acetyl unit’ and one CO2.
· NAD+ is reduced to NADH (this is production of reducing power) 
2) Krebs Cycle 
· Acetyl units are oxidized to CO2 
· NAD+ and FAD are reduced to NADH and FADH2
	Overall reactants per pyruvate molecule:
     - 1 Acetyl-CoA 
     - 3 NAD+
     - 1 FAD
     - 1 ADP and 1 Pi 
	Overall Products per pyruvate molecule:
    - 1 Coenzyme A
    - 2 CO2 
    - 3 NADH 
    - 1 FADH2
     - 1 ATP 



Results of stage 2: 
	All carbon molecules end up as CO2
	Coenzymes (FAD, NAD+) are reduced (they pick up electrons and hydrogen to shuttle to ETC) 
	One molecule of ATP forms per pyruvate 
	4 – C oxaloacetate regenerates to acetyl-coenzyme A for re-use in next cycle. 

MAIN FUNCTION OF STAGES (ABOVE): TO PRODUCE REDUCING POWER (i.e. electrons and Hydrogen for ETC chain). 

Electron transport chain and phosphorylation: Stage 3

· Occurs in mitochondrial membrane. 
· Coenzymes NADH and FADH2 deliver electrons to ETC
· Electron transfer sets up H+ ion gradient across mitochondrial membrane (gradient is temporary form of stored energy, like water behind a dam for electricity). 
· Flow of H+ down the gradient powers ATP formation from ADP and Pi 
· Main function to produce ATP 

Chemiosmotic model of Energy storage: ETC’s H+ ion gradient across mitochondrial membrane creates temporary energy storage. 
The H+ ion gradient powers ATP production. 

Importance of oxygen: 
· Electron transport ‘phosphorylation’ (i.e. creation of ATP from ADP and Pi by the ETC) requires presence of oxygen at the end of transfer chain to accept the electron. 
· Oxygen takes spent electrons from ETC and combines with H+ to form water. Electrons cannot accumulate in cell, that’s why electron acceptor (O2) is essential to aerobic respiration. 

Anoxic Pathways 
· No oxygen 
· Produce less ATP than aerobic pathways
· Two types:
· Fermentation (2 kinds) 
· Anaerobic electron transport 

Used by: Single celled organisms, bacteria and yeast. Multicellular organisms are obligate anaerobes (cannot survive without O2). 

Fermentation: 
· Begins with glycolysis 
· Does not break glucose down completely (to CO2 and H2O) 
· Yields only 2 ATP and some reducing power 
· Steps that follow glycolysis are only there to regenerate NAD+ for reuse in glycolysis. 

2 kinds of fermentation: 
1) Lactate: Fermenters produce lactate (lactic acid) from pyruvate.
2) Alcoholic: Fermenters produce ethanol. Used to make beer, wine and what not. 

Why does lactic acid build up in muscles?
	- As oxygen is limited (when working out we try to breath faster) body temporarily switches to anaerobic, converting pyruvate into lactate. Working muscle cells can continue anaerobic energy production at high rates in short time. 

Anaerobic ETC: 
· Similar to oxygen based system but does not use oxygen
· Carried by certain bacteria 
· ETC is in the bacterial plasma (outer) membrane. 
· Final electron acceptors are inorganic (nitrate and sulfate) not O2
· ATP yield is much lower than from oxygen, slightly higher than fermentation 
















Cells: Cell structure and Function 

· Cell is a smallest unit having properties of life such as self-organization and self-replication. 
· Life exists because cells divide and grow. 
· Cell can survive on its on 
· Highly organized for metabolism 
· Senses and responds to environment 
· Has potential to reproduce 

Why so small?
	> As size increases it takes more time to get external compounds into and around the cell. Also distance from membrane to cell center grows. 
	> To overcome this cardiovascular systems have been dedicated as transport systems 

Two types of cells: 
1) Prokaryotic (Evolved first):
- Have no internal membrane-bound organelles 
2)  Eukaryotic (Evolved from prokaryotes) 
- Has membrane-bound organelles and specialized organelles for specialized activities 
Both cells have plasma (outer) membrane, region where DNA is stored and cytoplasm (cellular substance). 

Prokaryotic Cells: 
· DNA is not in membrane-bound nucleus 
· Smallest and simplest
· No membrane-bound organelles, no internal membrane 
· First to evolve 
· 2 groups:
· Archaebacteria (live in extreme habitats) 
· Eubacteria (more common and widespread) 
· Both differ from each other in metabolic abilities, composition of membranes and structure of ribosomes. 
· Prokaryotic structure:
· Pilus: Hair like structure on surface, helps grip and used to exchange genetic material 
· Flagellum: Whip like appendage used for locomotion 
· Cytoplasm: Cellular substance outside nucleus 
· Plasma membrane: outer membrane of cell 
· Cell wall: Outer layer of bacteria exposed to outside environment 
· DNA: Genetic information 
· Nucleoid – Central region in bacteria where DNA is concentrated but its not a true nucleus. Imaginary structure, no physical boundary enclosing it. 



Eukaryotic Cells: 
· Have complex internal structure. Have nucleus and organelles and a cytoskeleton. 
· Evolved from simpler prokaryotic cells (e.g. bacteria) 

Cell wall, central vacuole and chloroplast are only found in plant cells not animal cells. 
· Function of nucleus: Keeps DNA protected and separated from metabolic machinery. 
· To also isolate DNA related functions into a smaller chamber for better control and efficiency. 
· DNA is organized into distinctive chromosomes (while prokaryotic cells contain only 1 circular DNA molecule and a bunch of different circlets of DNA called plasmids) 
· Eukaryotic DNA Has complex proteins called histones 
· Eukaryotic nucleus:
· Chromatin: Complex of nucleic acids and proteins, primarily histones that condenses to form chromosomes during division 
· Nuclear envelope is structure around nucleus
· Nucleoplasm is liquid surrounding chromosomes 
· Nucleolus is a knot of specialized chromatin that manufactures ribosomes 

Ribosomes: Site of protein synthesis:
· Copies of DNA are made using different sugar (Ribose) to make RNA. 
· 3 kinds of RNA
· Ribosomal RNA (rRNA) become ribosomes which are sites for protein synthesis 
· Messenger RNA (mRNA) travels to ribosomes where they dictate the specific sequence of amino acids. 
· Transfer RNA (tRNA) transport specific amino acids to their proper positions as specified by mRNA on ribosome during protein synthesis. 

Cytomembrane system (C.M):
· C.M. system is group of related organelles (E.R, Golgi bodies, Vesicles) in which lipids are assembled and new polypeptide chains are modified.
· After manufacturing products are sorted and shipped via the ER to various destinations. 

Endoplasmic Reticulum: ER – 
· Cannels continuous with nuclear membrane
· Extends throughout cytoplasm 
· Two regions visible – rough (with ribosomes) and smooth (no ribosomes) 

Golgi Body:
· Adds finishing touches on proteins and lipids
· Packages finished material for shipment 
· Material arrives and leaves in vesicles 



Vesicles:
· Membranous sacs that move around in cytoplasm. Sites of digestion. Formed by pinching of membranes in ER, Golgi bodies and outer membranes 
· Two kinds:
· Lysosomes: contain enzymes that break down cellular components
· Peroxisomes: contain enzymes that rid cell of toxic hydrogen peroxide (by product of respiration) 

Mitochondria:
· ATP-producing powerhouses. Main site of energy production. 
· Membranes form two distinct compartments (inner and outer) 
· ATP-making machinery embedded in inner mitochondrial membrane, which is folded to increase surface area. 
· Inner membrane: ETC located
· Outer membrane 
· Cristae: Folding of inner membrane allows more efficient packaging and respiration
· Matrix 
· Have their own DNA, resemble bacteria and divide on their own 
· May have evolved from ancient bacteria and formed symbiotic relationship 

Mitochondrial failure: near-to-universal feature of programmed cell death (apoptosis). 
	Evolutions way of maintaining bodies integrity. 
	Apoptosis: Controlled by diverse ranges of cell signals. May include toxins, hormones and growth factors and more. 
	Failure brought on by a biochemical that increases mitochondrial permeability and prevents cross-membrane H+ ion gradients. 

Membrane permeability: Measure of rate of flow across cell membrane. 

Cancer cells do not suffer apoptosis and cell division is unregulated. Leads to tumor growth. Cancer cells depend on high rates of glycolysis and switch off mitochondria. 

Cytoskeleton: 
· Internal structure in all eukaryotic cells. Dynamic 3-D structure that fills cytoplasm. Acts as muscle an skeleton for movement and stability. 
· ‘Scaffolding’ is basis for cell shape and internal organization 
· Allows organelle movement within cells and cell motility (ability to move) 

Animal cells surrounded by matrix that provide some structural support. 
Cell-to-cell junctions: structure and communication: 
	 - Plant cell junctions: Plasmodesmata are communication channels for sending and receiving chemical signals. 




Membranes 
· Membrane is a lipid bi-layer; it separates internal from external environments. 
· Major components of cell membranes 
· Gives cell its sealant properties 
· Construction: Two layers of phospholipids with hydrophobic (non-polar) tails and hydrophilic (polar) heads facing out. 
· Purpose of hydrophobic interior: Prevents movement of ions (that are polar) across membrane. Polar ions cannot diffuse through a non-polar structure. 

How does membrane transport shit then?
· Many different embedded proteins help out. 
· Most of the membrane is proteins (by weight). Lots of different functions (e.g. hormone receptors, identification as self, transport) 
 Membranes that do not function properly cause disease:
· Ex. Cystic fibrosis: Caused by defective protein channel that line inner and outer channels of body. 
· Not enough Cl- and water cross membranes. 
· Result: Thick mucus clogs airways 
Fluid mosaic model: 
· Membrane is a ‘structural mosaic’ of…
· Different lipids
· Sterols (cholesterol in animals) 
· Proteins 
· Is barrier but some properties of fluidity: most phospholipids and some non-polar proteins can drift through. 
·  Types of membrane proteins: 
- Adhesion protein: Helps cells stick together in animal tissues. 
- Receptor protein: Plasma membrane protein that binds to particular substance. Helps get rid of toxins and infectious agents. 
- Recognition protein: Tag/identify a cell as belonging to ones own body. 
- Transport proteins: Move substances across by forming a channel. 
· Membranes are selectively permeable: Some small molecules can cross.

Membrane crossing mechanisms: 
1) Diffusion across lipid bilayer (e.g. CO2, O2) 
2) Passive transport (no energy needed, diffusion through channels) 
3) Active transport (Energy needed) 
4) Endocytosis (moving substance inward in new vesicle by engulfing substance)
5) Exocytosis (Expelling substance through vesicle that merges with outer membrane)

Concentration gradient: 
· In diffusion and passive transport molecules move down a concentration gradient (from area of high concentration to area of low concentration of same molecules) 
· Diffusion: Net movement of molecules from more concentrated area to less concentrated area (Down a gradient). Eventually evenly dispersed.

· Dissolved molecules have vibrational motion (Brownian motion) that moves them randomly into space. With enough time they become evenly dispersed this is called diffusion. 
· Although molecules collide randomly net movement is away from the crowded area with more collisions 
· Factors affecting rate of diffusion: 
· Steepness of concentration gradient:
· The steeper gradient, faster diffusion
· Molecular size 
· Smaller molecules diffuse faster 
· Temperature
· Higher temperature faster diffusion 
Transport proteins:
· Span lipid bilayer 
· Interior is able to open to both sides
·  Change shape when they interact with solute – this facilitates transport across membrane 
· Move water-soluble (polar) substances across 

	

Passive transport:
· Doesn’t require energy
· Solutes diffuse through channel inside proteins interior 
· Net movement down gradient 

	

Active transport: 
· Requires ATP 
· Protein is an ATPase pump 
· Can pump solute against its concentration gradient (from low to high) 


 

Osmosis: Diffusion of water molecules across a semi-permeable membrane. Across a membrane that is permeable to water not its dissolved substances, from region of low solute to high solute concentration. 
	Movement of water will increase pressure in region receiving water molecules and lower the pressure in region loosing water molecules. 

Osmosis in life: 
	- Hypotonic solution: Too much intracellular pressure, cells swell (too much)
	- Isotonic solution: No net movement of water, normal cell size (perfect)
	- Hypertonic: Too little intracellular pressure, cells shrink. (too little) 






Cell Division: Mitosis and Meiosis
Cell divides under specific instructions and passes its genetic information and cell machinery. 

Reproduction:
· Parents produce new generation of cells or multi-celled individuals 
· ‘Daughter cells’ must have:
· Hereditary instructions, encoded in DNA
· Enough metabolic machinery to start on own

Eukaryotic organisms have two types of cell divisions: Mitosis and Meiosis

Mitosis: 
· Occurs in eukaryotic cells. 
· Type of cell division where cell machinery is divided and DNA is duplicated so that both daughter cells have copies 
· Roles:
· Basis of increase in body size in multicellular organisms during growth 
· Cell replacement 
· Chromosomes 
· DNA that is organized inside nucleus (eukaryotes) 
· Each chromosome consists of 2 sister chromatids joined at centromere 
· Chromatids are duplicated in new cells in prep. for mitosis. 
· Chromosome number 
· Sum of total chromosomes in a cell 
· Somatic cells:
· Two chromosomes complete set (1 from mother and 1 from father, called diploid) 
· In gametes (egg and sperm): One of each chromosome type called haploid 
Humans have 46 diploid chromosomes. 
	- Two sets of 23 chromosomes: 1 set from father, 1 set from mother.
Mitosis: Produces cells with 46 chromosomes – two of each type. 

 Cell cycle: 

	Interphase: 
· Cell increases in mass (G1) 
· DNA and attached proteins are duplicated (Synthesis) 
· Cell prepares to divide (G2) 
Some cells stop at interphase. E.g. Brain neurons (stuck in G1), or insufficient nutrients. 





Mitosis: 
	- Period of nuclear division 
	- Followed by cytoplasmic division into 2 daughter cells
	- Process involves separating sister chromatids and moving them to opposite ends of cell using mitotic spindle. 

Maintaining chromosome number:
· Interphase: Chromosome unduplicated
· Interphase (prep for mitosis) chromosome duplicated. 
· Chromosomes divided into 2 daughter cells 
Spindle apparatus:
	Structure pulls paired chromosomes apart to opposite ends of cell during division. 

4 Phases of Mitosis: 
1) Prophase: 
a. Early prophase: Centrioles form spindle fibers. 
b. Late prophase: One centriole pair is moved toward opposite pole. Nuclear envelope becomes permeable 
2) Metaphase: 
a. Transition to metaphase: Centrosome (centrioles with organized microtubules and some cytoplasm), assists formation of spindle apparatus and beings to organize chromosomes on spindle fiber. 
b. Chromosomes are lined up at equator 
3) Anaphase:
a. Chromatids are pulled apart
4) Telophase:
a. Cell membrane constricts to form daughter cells 

Results:
· 2 new cells with 1 chromatid 

Meiosis:  
· While your body cells have the total amount of DNA donated from your father and mother, your eggs and sperm cells only ½ of this DNA. 
· It’s divided in a way to ensure that eggs and sperm have one copy of every gene. 

Sexual reproduction…
	Germ cells are cells that give rise to gametes. Gametes arise from diploid germ cells. 
	Gametes merge at fertilization and provide new organism with full set of DNA (diploid) 

Homologous chromosomes carry different alleles: 
· Cells have two of each chromosome, one from mother and father. These pairs are homologous. 
· Paternal and maternal chromosomes carry different alleles i.e. An allele is an alternative form of a gene. If both have same DNA code they are homozygous, if different then heterozygous 
Sexual reproduction shuffles these alleles. 
Offspring inherit new combinations of alleles, which lead to variations in traits. 
Variation among offspring occurs because of shuffling of alleles between homologous chromosomes. Each contains some maternal and some paternal.

Meiosis: Two divisions 
	DNA is not duplicated between these two divisions. 
	Four haploid nuclei form 

Independent assortment occurs in metaphase 1. 
End result: (Both) 4 daughter cells (haploid gametes) with 1 chromatid.  

1) Crossing over (‘shuffling’) Occurs in Prophase I 
· All four chromatids are closely aligned 
· Alleles are exchanged between nonsister chromosomes 
2) Random alignment 
· Either the maternal or paternal member of a homologous pair 
· Chromosomes in a gamete are a mix 

	Mitosis:
· Functions: Asexual reproduction, growth and repair 
· Occurs in somatic cells 
· Produces clones
	Meiosis: 
· Function: Sexual reproduction
· Occurs in germ cells 
· Produces offspring with variable traits 




Prokaryotes (Cell division):
· Termed binary fission
· Chromosome is a single DNA molecule that first replicates and then attaches a copy to a different part of the cell membrane. When cells pull apart the replicate and original chromosomes are separated without a spindle. 
· Cell splitting called cytokinesis. Two identical cells (except for spontaneous mutation) 













How Genes Work 

History of discovery of DNA:
· Johann Miescher investigated the chemical composition of nucleus 
· Griffith isolated two strains of bacteria. Material (from lethal and harmless strain passed on from lethal to harmless making them lethal) 
· Oswald Avery Cell extracts treated with protein-digesting enzymes could still transform bacteria. Cell extracts treated with DNA-digesting enzymes lost their transforming ability
· Hershey and Chase: Created labeled bacteriophages 
· Chargaff amount of adenine always equal amount of thymine and amount of guanine always equals amount of cytosine 
· Rosalind Franklin discovered DNA is circular  
· Watson and Crick discovered DNA is double helix
Bacteriophages: Viruses that infect bacteria

Structure of Nucleotides in DNA:
· Each nucleotide consists of:
· Deoxyribose (5-carbon sugar) 
· Phosphate group 
· Nitrogen base
· 4 bases: Adenine, Guanine, Thymine, Cytosine 
· A and G are purines. T and C are pyrimidines  
DNA Replication:
· DNA provides instructions
· Much is not used in cell function (“Junk” DNA) 
· Some genes function as a switch to turn on and off other genes (Regulators) 
· Branch pairing during replication:
· Each old strand serves as template for new complement strand 

Role of enzymes:	
· Enzymes unwind the two strands
· DNA polymerase attaches complementary nucleotides 
· DNA ligase fills in gaps 
· Enzymes wind two strands together 

DNA repair: 
	DNA ligase – fixes break 
	DNA polymerase can read correct sequence from complementary strand and fix mismatched pairs. 
RNAs:
· mRNA (messenger): Carries protein-building instructions 
· rRNA (ribosomal): Major component of ribosomes 
· tRNA (transfer): Brings specific amino acids to ribosomes 

1. Transcription: DNA info copied into RNA 
2. Translation: RNA is translated to form polypeptide chains
Epigenetics 
· Epigenome: Array of chemical markers and switches that lie along the length of the double helix 
· Markers can be influenced by environment
· Non-genetic markers inherited 
· Genome: All DNA in haploid number of chromosomes for a species. 
· Structural: Mapping + sequence of genomes for individuals 
· Comparative: Evolutionary relationships of groups of organisms  
· Methyl groups silence groups. Sit on top of DNA and prevent expression of genes. 

Genes:
	- Units of information about specific traits
	- Each has a specific location on chromosome 
	- All our genes are present in two copies
Alleles: 
	- Different molecular forms of a gene 
	- Arise by mutation or recombinations 
	- Dominant allele: Expressed
	- Recessive allele: Disguised by dominant 
Allele combinations:
· Homozygous: Two identical alleles 
· AA or aa 
· Heterozygous: Two different alleles
· Aa 
Probability of occurrence: Chance that each outcome of a given event will occur is proportional to the number of ways that event can be reached. 

Independent Assortment: Occurs in Metaphase I 

Dominance relations:
	- Complete dominance: Fully masked 
	- Incomplete dominance: Not fully masked 
	- Codominance: 2 dominant paired. 
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Rocks dated using radiometric tech.
Rock formation aiso studied
Reconstruction of phylogenetictres diffcut b/c:
- Biochemical and DNA evidence not avalble:
= Comparisons based on body plans

vvvvy
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‘One major early driver of macroevolution was oxygen buildup.
Oxygenation ead to:
= Evolution of eukaryotic cel structure:
= Evolution ofsoft-bodied multi-celular organisms
= Explosion of many mutt-celular forms a beginning of Cambrian period

Evolution of Eukaryotic Cel structure
« Mogemcels = eukaryotic
+ Havespeciaized intemal organelles surrounded by membrane that control whatgoes n and
‘whatgoes out, whie bacteril cells do nothave membrane bound organeles.
« Eukaryoticcels are larger

Prokaryotiestructure:
* Bl (pointy things o gri)

Cytoplasmwith ribosomes inside cel)

DNA (notin nucieus)

Flagellum (taito help move)

Capsue (Outer most membrane)

Cellwall(ftercapsule)

Plasma membrane (after cll wal)

Internal organells are thoughto have come because large prokaryotic cels ate smalle ones oh my
£0d). Then these celsressted digestion and formed a symbioticelationship to help each other.
Eventualy became a part of one organism.

iochondrion hasits own DNAand they divide fike bacteria cels by pinching n the

Alltrue multcellla organisms are colonial
> Meaning they cannot exst on their own

Connection between Mult-celllar organisms need oxygen supply transported. For this
multiceluarty andoxygen  youneed special transportsystems drculatory system with
levels hemoglobin).Higher oxygen levels i atmospheres = Faster rate of

transportation o internalcells.
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Advantageof early multi-cellulriy:
" Larger organisms, more complexand can preform multiple functons together
« Cellscan be replaced withoutloss of organism

Mass extincton: Connection between extnction and speciation
« Mass extinctions created ecological vacuums (opportunites) fo surviving species
+ Ecologicl vacuum:and new environmentalconditions promoted evolution of new species

Plte tectonics: Moving continents
* Earthssurface s covered by series of crusal plates
+Ocean floorsare constantly moving, spreading from center,sinking at edges, being
regenerated
" Convention currents beneath the lates move the crustalplates in diffrent directions.
+ Sourceof heat drving convection currents is radioactiviy (inearths mantle)

‘Ordovician mass extnction caused by glacation of Gondwana.
 AsGondwanappassedover north pole it ead to severe global cimatic cooling and
‘widespread of gacation. Massive gaciation owered sea-levels globall (Reduced marine:
habitat).Cooling + owsea levels lead to Ordovican mass extincion.
+ What evoived as a result? Appearance ofawed andbony fish + i began to appear on
land

End of Cretaceous Period: 85% Extinct. End of dinosaursNOOOO.
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Topic 13: Nutrient Cycling

Friday Mah 28,2010 63160

+ Elements needed for DVR of organismsare calied nutrients. ‘Simply: Mitabolic esential elements

"o DMR:Development, Maintenance and reprodction £ C.,P, e, K, G andmany thers
TR ofthese nutrints) in cosystems s caled RtERRGYEingl

" TMA: Transformation, Movementandreuse

21ypes
1. MBGGRUEABHEE Nutrients required i large amounts
x.Carbon (sne venyhing s carbon based) Oepends enorgansmin ueston
2. WIGEGRUIGHS: Nutrants ncced insmallamunts st
essental)
e Fe(ron) ok (Potassim)
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Why are nutrients so important?
Influence species growth and controltheir  Influence species population and control how far they
disribution spread/exist
Ex. Crustaceans very large group of arthropods) can'tgrow n akes withlow Ca.
‘concentrations.Northern lakes n Ontario and Quebec have low Ca concentrations
and this prevents colonization.

ity andtherefore iomass
Abity of an ecosystem to produce

(Fromures toorganisms)

Blomass: Total amount of organismsin  ghven area orvolume

« Low P andN levels affect ecosystem

« Whatisimportanceof P and N7

Phosphorus:Essentalto EGSof in sysems & ATP3nd phospholgd
molecues

£G5: Energetcs genets andstructre

Nzogen: . Aminoacids, nucek acds
o~ Importantto structure and unctonof organisms,  and hemoglobin

formpart of key bomolecues.
- Nitrogen supples i rates of primary producion
Foation of energy by
autotrophs

Importanceof recycing metabolic essential nutrents?
- Productivtyand biomass would be ess without it
- Energy makesa 1-way tip through an ecosystem but nutrents are recyced
o Not100%eficent so newinputs e ahvays needed
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