BIO Keywords Midterm 2
	Adaptive radiation
	The evolution from one species of animals or plants of a number of different forms.  As the original population increases, in size it spreads out from its center origin to exploit new habitats and food sources. 

In this time this results in a number of populations each adapted to its particular habitat: eventually these populations will differ from each other sufficiently to become new species. 

A good example of this process is the evolution of the Australian marsupials into species adapted as carnivores, herbivores, burrowers, fliers, etc. On a smaller scale, the adaptive radiation of the Galapagos finches provided Darwin with crucial evidence for his theory of evolution.

	Allele
	A string of DNA used to code for a specific gene on a single chromosome. 

	Allele frequencies
	The fraction of all chromosomes in the area that carry that allele.

	Allopolyploidy
	A polyploidy, usually a plant, that contains multiple sets of chromosomes derived from different species. Hybrids are usually sterile, because they do not have sets of homologous chromosomes and therefore pairing cannot take place. However, if doubling of the chromosome number occurs in a hybrid derived from two diploid (2n) species, the resulting tetraploid (4n) is a fertile plant.

	Autopolypoloidy
	A polyploidy organism in which the multiple sets of chromosomes are all derived from the same species. Genome duplication. In one individual in meiosis, in the haploid stage, chromosomes recombine as sperm and egg. Sometimes chromosomes don’t pull apart in the second rotation; they end up with one haploid and 1 diploid cell. Increasing chromosomes there which lead to increasing genetic machines in the cell, and to traits that get magnified.

	Beneficial mutation
	A chromosome mutation which has a beneficial effect on a population and causes an improvement in traits. A mutation that increases the fitness in an organism, or which provides traits that are desirable. 

	Bottleneck effect
	Occurs when the effective population size sharply decreases to a small percentage of the original. A huge population in an area, but some disaster wipes out much of the population. There is less variability in the population because they are all descended from a small population. There don’t have much inherent variability to allow them to survive many diseases. A small sample size is created from a large one in the same location. An example would be the buffalos in the prairies.

	Chromosomal Inversion
	A type of chromosomal mutation. Occurs when part of a single chromosome breaks off and is put in backwards (reversed) so that the genes at that part are inverse. This occurs during crossing over.

	Chromosomal mutation
	A change in the structure of a chromosome, which usually causes severe effects on an organism. 

	Chromosomal translocation
	A chromosomal abnormality caused by rearrangement of parts between nonhomologous chromosomes; occurrence of which is common in cancer.

	Crossing over
	A process during meiosis when 2 chromosomes pair up and exchange segments of their genetic material. 

	Deleterious mutation
	A change in the amino acid sequence of a genome. It has a negative effect, is harmful, and decreases the fitness of the organism. An example is sickle cell anemia, where there is one amino acid replacement in the hemoglobin chain. 

	Diploid
	When an organism has 2 sets of chromosomes, one set being derived from the female parent and the other from the male. In animals, all the cells except the reproductive cells are diploid. 

	Directional selection
	A type of natural selection where one extreme phenotype is favoured over the mean or other extreme. When there is a shift to a different value. A change in the mean, but no change to the spread. Is usually seen in environments which have changed over time. Changes in weather, climate, or food ability lead to directional selection. 

	Disruptive selection
	Selection against the average individual in a population. The makeup of the population shows phenotypes of both extremes, with very few individuals in the middle. The mean value will still be maintained, but 2 different curves, representing 2 different extremes, are developed. The rarest of the 3 types of natural selection. 

	Female choice
	An evolutionary process where females select males with certain characteristics. This leads to the preservation of these characters in the species. Females produce a limited number of gametes in their lifetime. They must find the best sperm possible to fertilize their eggs. Adornment: brightness and colouration, behaviours like mating rituals. Males put on a show for females to select them. 

	Fitness
	An individual’s ability to pass on its genes. This term was first used by Darwin.

	Fixation
	The change in a gene pool from a state where there are at least 2 variants of a particular allele to a state where only one of the alleles remain.

	Founder effect
	The loss of genetic variation that occurs when a new population is established a by a very small number of individuals from a large population. A population, which is a subset of a much bigger population (populations are both small and one is a surviving population), gets lifted and moved to a new location. A small population, who are all related to each other. A Canadian example occurs when people were brought from France to be the settlers of “New France”. This population settled in Quebec, and were all distantly related to each other. A small population of 600 then moved to the St. Jean region, and carried a gene for a rare form of muscular dystrophy (spread to their descendants). 

	Frame shift mutation
	A type of point mutation. The addition/deletion of nucleotides causes a shift in the frame of the codons in mRNA, eventually leading to the amino acid sequence being altered. 

	Gene duplication
	A part of the genetic material that is duplicated, producing multiple copies. An important part of evolution. After the gene is duplicated, the genes, which were once identical, will change and create 2 different genes. 

	Gene flow
	The genetic population moves from one population to another. The genes flow out of the population. This alters the frequency of the alleles of certain genes in a population by exchanging them between the populations. 

	Gene pool
	The collection of all genes in a population.

	Genetic drift
	If a population is extremely small, one allele will possibly disappear. There is a very small sample, so not enough numbers for random probabilities to work. There needs to be a large sample size for random mating to occur. The sampling of alleles drift away from what you would expect to see in a population. Occurred in “New France” when the settlers were brought from France to Canada.

	Genetic equilibrium
	The time at which the allele and genotype frequencies do not change from one generation to another. It is defined by the Hardy-Weinberg Equation. Only happens if there is: Random mating, no natural selection, no genetic drift, no mutation, and no gene flow.

	Genotype frequencies
	The percentage of individuals in a population with a particular genotype. 

	Hardy-Weinberg principle
	They figure out the mathematics of probability. A way to measure the frequency of a population and to be able to predict what is going to happen in the next generation. A rule that states that allele and genotype frequencies in a population will remain constant from generation to generation in the absence of other evolutionary influences. Built off Mendel’s theory. 

	Heterozygote advantage
	When heterozygotes have a higher relative fitness than homozygotes. Something retaining alleles within a population. The dominant allele shields the harmful effects of the recessive allele. Because of this, the heterozygotes survive longer in the case of diseases. People with sickle cell anemia have a higher resistance to malaria in some regions of Africa. 

	Heterozygous
	An individual who has 2 alleles, a dominant allele and a recessive allele. 

	Homology
	Divergent evolution. Structures that share a common ancestor, but over time they have been modified to have different functions. An example: the phalanges. 

	Homoplasy
	Convergent evolution. Structures have similar functions, but share no common ancestor. The environment moulds the shape of the organism. Examples: Wings of moth, birds.

	Homozygous
	An individual who has one type of allele only. They can either be both dominant or both recessive. 

	Inbreeding
	When a set of individuals are mating in a very close population. The heterozygosity in the population diminishes, as does genetic variability. 

	Male competition
	There are 3 types: Combat, sperm competition, and infanticide. Combat: When males battle for dominance over females (They battle each other in order to mate with a certain female). Occurs with elephant seals where some males mate with many females. Some females can never produce pups because they cannot mate with anyone. 

Sperm competition: When mating, the male gives a package of its sperm to the female, and makes sure it only goes to that female. Male constantly guards the female and makes sure their sperm is the best. If the female does not like the male, she can reject the sperm. Occurs mostly with insects. 

Infanticide: One dominant male battles the other male then kills every single lion cub after killing the male. It then mates with the female. Occurs with lions. 

	Microevolution
	Evolutionary changes which result from the frequency of alleles within a population. Can also occur in the chromosome structure or numbers due to mutation and recombination. Saying we are headed down the path to a new species because we can detect the changes in allelic frequencies. 

	Migration
	(Gene Flow) The movement of genetic material from one population to another. If they flow out in a disproportionate, when alleles are combined, the results are not as expected. Some populations which are small, and isolated from each other. Some populations are separated by a phenomenon, causing two isolated populations to mix together. An example occurs along Banff and Yoho, where bridges on highways are covered in vegetation; these are habitat bridges. Highways created barriers for species in those areas, causing the populations to genetically drift from each other because they were isolated. The animals can then mix across the populations. 

	Missense mutation
	A type of point mutation. When the wrong amino acid is produced. This results in the polypeptide containing the incorrect amino acid. An example is sickle cell anemia. 

	Modern theory of evolution
	This theory combines Darwin’s theory of evolution with several other scientific findings to prove that species change over time. Darwin’s findings on natural selection are combined with Mendel’s law (which states that genes are passed from parent to offspring and genetic variation occurs due to the multiple alleles in a gene). The modern theory states that variation in individuals occurs due to changes at the genetic level. Huxley introduced the modern theory of evolution and applied genetics to how heritability occurs.

	Mutation
	Can be of 3 types: Beneficial (an improvement in the trait), Neutral (Has no effect), and Deleterious (harmful, a negative effective on a trait). An organism in its lifetime generates less than 10 mutations. 

	Natural selection
	The theory proposed by Darwin. The traits which are best adapted to the environment will be passed on to the next generation. States that the change in the allelic frequency can lead to a new species. 

	Neutral mutation
	A mutation that changes the amino acid sequence of a protein, but does not alter its function. Is neither harmful, nor beneficial; has no effect.

	Non-random mating
	Not a case of natural selection. The frequency of the alleles and genotypes in a population remains constant due to mating in a very close population. This leads to the loss in heterozygosity. 

	Nonsense mutation
	A type of point mutation. A sense codon codes for an amino acid. A nonsense codon is a termination codon. A sense codon is changed to a nonsense (stop) codon, resulting in a shorter and non-functional polypeptide chain. 

	Point mutation
	 Has 4 types of mutations: Silent, Missense, Nonsense, and Frame Shift. The replacement of only one nucleotide base.  

	Polyploidy
	When an organism or cell has more than twice the haploid number of chromosomes. Organisms that have two sets of chromosomes. Example, if an individual has 23 pairs, the polyploidy would have 46 pairs. More common in plants than in animals.

	Population
	A group of organisms that interbreed and share the same habitat, at the same time. 

	Population genetics
	The study of genetic variation in a group of organisms in the same species. The change depends on the total number of alleles available in the population which can contribute to the change. Based on the measurements of allelic frequency in the population, can predict what happens in the future of that population. When allelic frequencies change, one of the things happening may be natural selection. 

	Punnett square
	Shows all the possible allelic combinations of an offspring based on the genotypes passed down by the parents. This uses both the dominant and recessive traits of the parents in order to predict which traits the offspring will possess. 

	Qualitative trait/variation
	The result of a single gene (monogenetic). Variation that is measured in two or more states, with intermediate steps being absent. Measured in terms of quality; the phenotype can fall into one of three categories which are not ordered. 

	Quantitative trait/variation
	A phenotypic trait that shows continuous variation and can be measured quantitatively. These traits are measured by the effects by the effects of multiple loci (a region of chromosome containing one or more genes) that contribute to determining a quantitative trait. 

The result of multiple genes having an effect, meaning that there is not gene for one trait. Involves polygenetic traits, which involve multiple loci. The more measurements taken, the larger the range of values. Bell Curve is the normal distribution. 

	Recessive allele
	The allele that only produces its results if the paired allele is identical. Recessive traits cannot overpower dominant traits. If a dominant and recessive allele is present together, the individual will most likely inherit the dominant trait. If 2 recessive alleles are present, the individual will only inherit the recessive trait. 

	Reinforcement
	When two populations have been apart, and come back into contact, the reproductive isolation is increased, and may be complete or incomplete.

	Sexual dimorphism
	The existence of two different types of individuals within a species: males and females. The dimorphism between males and females based on their size, appearance, as well their sexual organs. 

Case: females selecting males based on their dimorphic characteristics. Some males are more likely to mate, and their alleles are more likely to get passed onto the next generation. Females produce a limited number of gametes in their lifetime and look for the best sperm to fertilize the eggs. Males produce millions of sperm. 

Example: Females mate with birds with longs tales because long tail = fit male.

	Sexual selection
	A form of natural selection which uses Darwin’s theory. Males or females are attracted to certain characteristics (colour, behaviour, etc.) within a mate, causing those characteristics to be passed on to the next generation. This brings about changes in a species.

	Sickle cell anaemia
	A hereditary disease where a point mutation in the allele causes an amino acid replacement in a hemoglobin chain. This leads to oxygen not being able to bind to the red blood cells, causing them to take on the shape of a “sickle”. Heterozygote individuals with this disease have a higher resistance to malaria because the malaria cannot receive oxygen, and the disease dies. 

	Silent mutation
	Substituted base pair changes a codon, but the sequence codes for the same amino acid as before. It doesn’t affect the amino acid replacement and there is no change to the resulting polypeptide. 

	Sperm competition
	Competition between males to fertilize the egg of a certain female. 

Example: When mating, the male gives a package of its sperm to the female, and makes sure it only goes to that female. Male constantly guards the female and makes sure their sperm is the best. If the female does not like the male, she can reject the sperm. Occurs mostly with insects. 

	Stabilizing selection
	A type of natural selection where the genetic diversity decreases and the mean of the population stays the same (stabilizes), but spread reduces on a certain trait value. 

Example: In a graph for the tail length of birds, only the end values were shown and the medium disappeared.

	Synthetic theory of evolution
	A theory proposed by Huxley which describes Darwin’s findings, and applies genetics to how heritability occurs. Uses Darwin’s ideas, Mendel’s laws of genetics, and shows that changes occur at a molecular level.

	Tetraploid
	An organism with 4 times the haploid number of chromosomes (4n). 

	Triploid
	An organism containing 3 times the haploid number of chromosomes (3n). Example: seedless watermelons. 




	Adhesion
	When water molecules stick to the walls of conducting tubes due to forces of attraction. 

Example: When plants carry water from the roots, they have cells which are interconnected and act as drinking straws. Water can then be pulled up these small tubes.

	Archaean eon (3800-2500 Ma)
	Anaerobic life appears in the oceans waters after oxygen minerals in the oceans become oxidized. Life creates high energy protons which move down the ETC to make ATP (most protons come from methane and hydrogen sulfide). Come from small molecules, no oxygen (oxygen is toxic to them). Anaerobic world, no oxygen is present, and anaerobic bacteria are the first life. 

Sometime near the end of the eon, a shift occurs and a new process that allows high energy proteins to be recovered from water molecules. As a consequence, a waste products called oxygen are produced and immediately dissolves in oceans. 

· ¼ of earth’s history
· Get life from very first bacterium
· Taxonomy kingdoms: Animalia, plantae, fungi, Protista
· 40 years ago protists all put in one group (monera). All single celled prokaryotes, moderately uniform group.

	Biomonomers
	Single units which are linked with other bimonomers to form biopolymers in living organisms. On earth, the first bimonomers came from prebiotic soups, hydrothermal vents, and interstellar organics. 

Ex. Amino acids (bimonomers) join to form proteins (biopolymers).

	Biopolymers
	(Macromolecules). Made of bimonomers linked together by chemical bonds. All building blocks of life occur spontaneously. 

Types: Proteins (stitched together by amino acids), nucleic acids (made by combining nucleotide with sugar and phosphate stitching together), carbohydrates (stitched together by sugar molecules).

Lipid, in its polymerizations makes plasma membrane. Proteins, nucleic acids, and carbohydrates make the contents inside the cell and give its functionality.

May have all come from:

1) Panspermia: Coming from somewhere else, extra-terrestrial. 
2) RNA, the very first molecules, which were able to self-catalyze and replicate themselves.
3) Proteins were the first biopolymers, made up of amino acid chains.
4) Clays? Cannot get spontaneously long chains, but has characteristics which allow them to hold onto charge molecules.  First polymers occurred on edges of ancients oceans where there were clays. Provided a matrix on which chains of amino acids could be place to make peptide bonds. Facilitated interactions of monomers.


	Building phase of the earth
	The first stage of the Hadean Eon. All bombardments occurring and consistently bringing in matter. Asteroids contain huge amounts of water. Period of time where planet is growing because of all the material being added to it. 

	Carbon
	· Universe is loaded with carbon
· One of the most abundant elements
· Can link together in chains and bind with other atoms to make organic chemicals
· Perfect positioning of 4 molecules that can be stitched together in rings, woven webs, any form 
· Ideal Lego block that can be used in any way possible

	Cenozoic (65 Ma – present time)
	Dinosaurs disappear. Meteorite appears in peninsula and changes climate of the world. Dinosaurs disappear; one group removed, birds and mammals produced. Mass extinction; decrease in more than 50% of the biology of the taxa on the planet. 

Dinosaurs gone, but why wasn’t the other biodiversity affected?

	Central dogma
	DNA makes RNA, which makes protein. Replication (DNA copies its information), transcription (DNA codes to produce mRNA), translation (mRNA brings info to ribosomes which use it for protein synthesis). Coding system containing all the genetic information of an organism:

· How it forms, structure, and how it will catalyze reactions
· DNA replication
· Set aside and code all information
· Double redundant system: 2 strands; anti-strand contains protection to main strand

	Chemical evolution 
	Follows a sequence:

1) Primitive earth that is cooling. It is a carbon world (most abundant element). Ex. Dying red stars are nothing but giant carbon sinks that spread matter throughout the universe.
2) Inorganic chemicals; energy capture
3) Small inorganic molecules: polymerization, macromolecules.

How to get from primitive cooling earth to having a cell? 2 elements:

· Midpoint between chemicals and biological evolution
· Large macromolecule life which is all made up of subunits. Going to have to wrap them in a plasma membrane, which internally creates a specialized environment. Unique chemistry associated with life occurs.
· Macromolecules are made from small organic molecules. Also formed from inorganic molecules; transition to turn inorganic chemicals into organic molecules that can then make macromolecules for the plasma membrane.  

	Cohesion
	Intermolecular attraction between like molecules in a substance. Water molecules have a high resistance to separation and want to stick together. Water displays cohesion (H-bonding).

	Crystal lattice of water
	· At 4 degrees water molecules separate and form a lattice (crystal). Water is less dense (spongier lattice) than at 5 degrees.
· Water becomes less dense as it solidifies (molecules are further apart).
· As it freezes, less dense water floats (ice floats up).
· When water freezes it does not freeze the whole system.
· Spongy lattice of water (ice) forms on surface. Because there is no more air in it, it acts as an insulator so that the water below can remain in liquid form. 

	Emergence
	Characterized by the idea that something is “more than the sum of its parts”. Life’s molecules do things as a collective unit that are not explained by just the presence of the molecules themselves.

Ex. Sodium and chlorine behave completely different when combined. 

Things happen when complex set of molecules comes together in a microenvironment of cells. Cells magnify those environments in order to do unexpected things.

	Eras
	A period in history when important biological events occurred. Divided into three eras:  Paleozoic, Mesozoic, and Cenozoic.

	Eukaryote
	Organisms having:

· Nuclear material contained in the nuclear envelope
· Organelles: cells divided into specialized functional zones
· They are often multicellular (Animalia, plantae, fungi)

	Mesozoic (251-65 Ma)
	Second era. Flowering plants, dinosaurs, and insects occurring. Diversification of terrestrial animals, especially vertebrates. Dinosaurs and reptiles dominant.

	Evaporation
	When a substance changes its state from liquid to gas form due to an increase in temperature. This requires the breaking of certain bonds.

In water, it takes lots of heat to raise the temperature. It takes a lot of energy to raise its temperature 1 degree (because of its specific heat capacity). Trying to break the hydrogen bonds.

El Nino: Mass of hot water that wells up and releases its heat on the surface and can release its heat slowly over time and be able to cause global and continental weather changes.

	Geological time scale
	The scale indicating the major geological eons. Can be imagined in the form of a skyscraper, where 1 floor = 60 Ma, 72 floors, 12 ft/floor.

· Hadeon Eon (4600-3800 Ma, floors 0-12)
· Archeon Eon (3800-2500 Ma, floors 12-33)
· Proterozoic Eon (2500-543 Ma, floors 33-63)
· Phanerozoic Eon (543 Ma- present time, top 9 floors)

	Goldilocks zone
	If a planet has the right amount of mass to create an atmosphere, hold gases in, and has the temperature where water can exists as a solid, liquid and gas (basically planet has to be able to hold water), it lies in this zone. Earth lies right in the middle of this zone. Scientists found habitable zones in other solar systems. Life occurs because of water; cannot evolve without it.

The perfect distance from a star in order to sustain life. (ex. Earth to sun)

	Green house gases
	A gas in an atmosphere that absorbs and emits radiation within the thermal infrared zone (harmful).

Ex. Ozone (O3) is a Greenhouse gas. The upper layers of oxygen in the atmosphere form ozone. It protects from UV radiation. 

In the Proterozoic eon, lifeforms began moving out of the water once they had UV protection.

	Habitable zone
	Another name for the Goldilocks Zone.

In the case of the solar system, if a planet is too close to the sun, it is too small a planet, and its water evaporates. There is not enough gravitational pull to hold an atmosphere in place. 

If a planet is too far from the sun the water never vaporizes and solidifies. Piles of frozen liquefied gases/water.

	Hadean eon (4600-3800 Ma)
	· Planet in a growth phase, bombarded by asteroids and extraterrestrial material that is constantly heating up and thawing.
· Planets forming. Formation of solar system. Everything assembles into its final orbits.
· Stabilizing event occurs and earth develops a crust and water. Life evolves in the water. Takes a billion years to happen.
· Very first life forms, biochemistry of life.
· Ends with the origin of life.

	Hydrogen bond
	The strongest type of bond exhibited by polar molecules although they are weak compared to ionic and covalent bonds. It is the result of the electrostatic attraction between a proton and an electronegative atom.

	Hydrophilic
	Also known as polar molecules, they are attracted to water. The cell membrane is made up of a bilayer with hydrophilic heads.

	Hydrophobic
	Also known as non-polar molecules, they repel water. The lipid bilayer of a cell membrane has a hydrophobic head.

	Hydrothermal vents
	· Geothermal vents releasing methane, hydrogen sulfide. 
· Thermophiles are bacteria and archaea which can survive in extreme heat.

	Interstellar organic compounds
	Organic compounds with extraterrestrial origins.

	Interstellar space dust
	Cleansing of small particles which appeared in spaces between the planets. Extraterrestrial dust originating often from another planet, or the death of a star. This dust fills much of the space between the stars and is composed of carbon, silicon, and oxygen.

	Late heavy bombardment
	· Asteroid belt: belt of asteroids running between the inner planets and outer planets.
· Kuiper Belt: asteroid belt surrounding the whole solar system.
· Unusual because both belts because there are no interplanetary terrains in space.
· Rocks on moon have an age of about 4.1 billion years. Based on craters of the moon, meteorite impact occurred between 3.8-4.1 billion years ago.
· Space missions collected material from asteroids and founds gases in Asteroid belt and metals in Kuiper belt.
· Asteroid composition switched from how planets are set up.
· Gravitational pull of planets set the asteroids in motion. Asteroids shot towards sun and hit every other planet, and shot out of orbital field.
· This is why the craters on the moon are dated back then.
· Asteroids on outside towards sun, the ones on inside shot towards the outside.
· If an asteroid comes in, has to pass between Jupiter and Saturn. Planets are constantly bombarded.
· Planets turned into molten rock from impact. Evaporated water broke.

	Liposome
	· Have a lipid bilayer just like the cell membrane.
· Large, have more of an aqueous environment, fats inside it resemble those of a lipid, but are packaged inside an aqueous environment.
· Formed by dissolving lipids in water
· RNA on clay surfaces formed this with enclosed RNA
· Can be artificially made in the lab to bring drugs or other substances into the tissues

	Micelles
	An aggregate of molecules in a colloid. 

Micelle Replication: A+BS

· Reactions Takes A and B (2 water soluble compounds) and turns them into S (water insoluble compound).
· When a mixture of A+B and S are taken and shaken, it produces liposomes.
· Trapped inside are reagents that can react with each other, make more of the same fats that micelle is made from
· Fat does not want to stay in the solution because it aggregates with fats in the envelope of a micelle.
· Cells will grow
· Some separate and form 2 separate micelles

	Miller-Urey experiment
	· Done by two scientists in the 20th century
· Tried to mimic the early atmosphere of earth
· Took gases present in early atmosphere (ammonia, methane, water, hydrogen) and placed it in a chamber. They boiled water and has water shift from liquid to gaseous state.
· Water comes into the chamber with ammonium and methane. They then spark it, trying to mimic lightning by adding an electrical charge.
· Circular reaction starting with pure water and gases. Water vapour condenses.
· Repeated the experiment in a constant flux.
· Amino acids, sugars, nucleotides occurred spontaneously over time.
· Ancient earth: reflux of water on surface of planet.

	Nice model
	· First billion years, the formation of the solar system.
· Big Bang: matter becomes radiated out into the galaxies and forms solar systems. Solar systems consist of objects heavy enough to use a gravitational pull to pull in other matter and bodies which orbit the sun.
· Star system: a set of planets revolving around the sun.
· 99% of the mass of the solar system incorporated into the sun.
· Some of the larger planets stabilize into the orbit. Sun undergoes nuclear reactions, and this generates energy for the whole system.
· When hit with asteroids, large planets gain weight, can grow, then change their orbits.
· Planets close to the sun are small and dense. Planets further are large and gaseous.
· About 4.1 billion years ago, the outer planets had orbits closer to the sun. 
· As the planets get larger, their orbits get larger and they start moving away from the sun.
· Jupiter and Saturn in perfect orbit harmonic: when one planet orbits once, the other one orbits twice. Period of time when they catch up and will be very close. When combined, they make a large gravitational pull.
· Uranus and Neptune switched places in their orbits.

	Nonpolar compound
	A compound which has its electrons equally distributed among its atoms.

	Paleozic (543-251 Ma)
	· Marine invertebrates, algae appear. Worms, sponges, etc. appear. Single celled organisms appear
· Oceans become multicellular
· First planets appear, and first animals come up to land to feed on plants
· Arthropod group (insects)

	Panspermia
	Extraterrestrial, came from somewhere in space. Bacteria came to earth on asteroid at the end of stabilizing phase. This is the bacteria from which everything starts.

	Periods
	Eras that are subdivided into units of time.

	Phanerozoic eon (550 Ma-present time)
	Multicellular organisms come up on land. Plants some up first so that animals can have something to eat. New process involving oxygen is so efficient that it takes over life, but poisons anaerobic organisms.

	Polar compound
	An uneven distribution of electrons in a compound. One side has a positive charge, and the other has a negative charge. This makes the compound soluble. Water is a polar compound.

	Prebiotic soup (Primordial Soup) 
	· The aquatic environment, which was filled with amino acids, sugars, etc.
· Water molecules at the bottom of the oceans loaded with inorganic compounds.
· Geothermal vents release methane and hydrogen sulfide, and inorganic life all spontaneously appears in oceans
· An opening in the sea floor where heated, mineral rich water flows
· A possible source for the first organic molecules. 
· Could have happened when all the asteroids were forming the planet, When water appeared, it was not distilled
· Water gone through fermentation
· Included lots of simple inorganic molecules

Primordial Soup: Having a rich naturally occurring mix of basic organic molecules of life that appear spontaneously.

	Prokaryote
	· Single celled organisms
· Have a circular genome
· Have no chromosomes and organelles
· Genome is not hidden inside nuclear membrane floating in cytoplasm
· Bacteria are prokaryotic

	Proteins first hypothesis
	· The idea that proteins are required to make RNA and other proteins
· Miller Urey Experiment
· When proteins folded, RNA molecules lined up in groups along proteins and nucleotides link to each other.
· Proteins serve as templates to make RNA
· RNA may be reverse transcribed to make DNA
· Stitching everything together is the problem

	Proterozoic eon (2500-543 Ma)
	· Oxygen produced oxygen levels rise, oxygen atmosphere, and single celled aerobic organisms.
· Oxygen is toxic to anaerobic bacteria. They retreat to certain places.
· First eukaryotes appear and some single celled protists and protozoans populate oceans.
· Building up of oxygen atmosphere. Upper layers of oxygen atmosphere form ozone. Ozone protects from UV radiation and creates protective layers for single celled life.
· Lifeforms being moving out of water and they have protection from UV damage.
· Nothing multicellular appears.

	Protobionts
	· A group of abiotically produced molecules surrounded by a membrane or membrane like structure. 
· Cells that contain a specialized environment surrounded by a lipid bilayer.
· Not a cell because it cannot pass genetic material to its offspring
· Possible precursor to prokaryotes
· Phospholipids with poplar heads and non-polar tails.  When shaken up, in the right conditions, get a lipid bilayer
· When shaken up, will incorporate whatever is in the solution
· Ex. Starch, amylase, phosphate
· An experiment took protobionts, shook them up in a mixture containing a chemical reaction that is isolated in a cell. They were able to take the substrate from outside the cell to catalyze reactions to export products.

	Protocells
	Self-organized, spherical lipids which are proposed to be an origin of life.

	Reducing atmosphere
	An atmosphere made up of methane, ammonia, hydrogen, water vapour, and very little oxygen.

Chemical electrons donate and allow electrons to bond.

	Reverse transcriptase
	An enzyme that catalyzes the formation of DNA from RNA using reverse transcription. 

	Ribozymes
	An enzyme able to act as an enzyme, found in the mitochondria.

	RNA world
	· May have a situation where RNA is the compound that came first. First long chain, catalytic, self-perpetrating is RNA molecule. Speculation from the fact that some RNA strands have catalytic abilities.
· Very first molecules were RNA which were able to self-catalyze and replicate themselves. Able to make functional things in a simple world and make RNA.

	Specific heat
	The amount of heat need to raise the temperature of a substance by a given amount (usually 1 degree).

	Spontaneous origins
	The hypothetic process by which organisms develop from nonliving matter. All living things come from non-living things.

	Stabilizing phased of the earth
	Second stage of the Hadean Eon. When the bombardment and growth of the planet stops and stabilizes. The heat of the explosions means that water is not being vaporized and is starting to accumulate on the surface of the planet. 

· Film of water that covers the planet.
· Still a few bombardments to come; meteorite cracks through shell of the planet and magma flows up to the surface and then it solidifies again.
· Occasional  massive bombardments but only punctures the planet (not changing from liquid to solid)
· Sudbury, Ontario meteorite came up and smashed the shell of the planet into core and brought magma up to surface (there are minerals mined here).

	Surface tension
	The bonding of water molecules across the surface is very strong. Polarizing, and attracting all the molecules underneath the surface. This minimizes the surface area.

	Surfactant
	Substance (chemical) that reduces the surface tension of a liquid in which it is dissolved and interferes with hydrogen bonds in water.

	Vesicles
	A small organelle within a cell made up of a fluid enclosed by a lipid bilayer membrane and transports materials within the cytoplasm of eukaryotes. A sac like organelle located in the cytoplasm.

	Volcanic outgassing
	When volcanoes erupt, they release gases into the atmosphere. Water gas is released, then condensed to form oceans.

	Eons
	Geological time scales divide earth’s history into four eons: Hadeon, Archeon, Proterozoic, and Phanerozoic eons), in which there are eras and periods.





	Absorbtive heterotroph
	An organism, usually a fungus, that gets its food from by secreting digestive enzymes into the environment to break down large food molecules the absorbing the products.

	Aerobic
	· Require oxygen to survive and thrive
· Need oxygen to oxidize glucose in cellular respiration
· Need oxygen to produce ATP as an energy source
· Animals, fungi, plants, and some bacteria are aerobic
· Multicellular organisms must overcome problems associated with large volume to surface area ratios
· Create large body cavities to increase surface area

	Algae
	Aquatic, photosynthetic, eukaryotic organisms which can be both unicellular and multicellular. Generally produce chlorophyll, but lack the roots, stems, and leaves (regular characteristics) of plants on land.

	Anaerobic
	· Can survive and thrive without oxygen
· Other metabolic processes are used to produce ATP
· Fermentation produces lactic acid due to the lack of oxygen
· Bacteria are anaerobic, and some archaea
· Humans can use the anaerobic pathway for a short time, and produce lactic acid in their muscles
· Faster than aerobic process, but produces less ATP

	Animalia
	Kingdom
· All organisms are multicellular eukaryotes
· Do not have cell walls or chloroplasts
· Ingestive heterotrophs which obtain their food by consuming other organisms
· Mobile, can produce movement 

	Antibody
	· A chemical the body produces to eradicate a foreign infecting agent
· A protein substance which was developed in the body as a response to an antigen which entered the body
· The antibody cell binds the antigen of an invading cell and inactivates it. Then puts a mark on the invaders so the killer cells can eradicate it.

	Antigen
	· A substance that the body regards as foreign and elicits and immune response for antibodies to bind to it.
· Antibodies recognize and bind to specific structures on antigens
· Antigens may be formed or introduced into the body, and are proteins

	Antibiotic resistance
	When a bacterium becomes able to withstand the effects of an antibiotic.

· When a plasmid bacterium runs into resistant bacterium, plasmid jumps. Antibiotic resistance spreads.
· Only bacteria with that plasmid can survive on the antibiotics
· When resistant bacteria are identified, everything must be done to kill and cleanse them
· Weak bacteria die when exposed to antibiotics, and resistant bacteria survive.

	Archaea
	· Prokaryotic organisms that can survive in extreme conditions. 
· Called “extremophiles” to grow in anaerobic, hypersaline, and high temperature habitats
· Found in both arctic and tropical waters
· Do not have nucleus or membrane bound organelles
· Unicellular
· Harsh climates and extreme conditions: hydrothermal vents, volcanoes, etc.

	ATP sythetase (synthase),
	An enzyme complex that catalyzes the formation of ATP from ADP.

· Plays an important role in metabolizing energy
· Inner membranes of mitochondria in eukaryotes are covered with this enzyme
· The enzymes used in the electron transport chain to form ATP through the phosphorylation of ADP
· All energy in a living system is based on proton gradients
· Protons to a high concentration on one side of the membrane then fall through the membrane to the other side (down the gradient). How biological energy is captured
· Falls through the hole in ATP synthetase, and phosphate put on ADP to make ATP.
· To make water spin, ATP is burnt to force protons into the space between the two membranes (burn energy to push protons to the opposite side of the membrane)

	Autotroph
	· An organism that obtains its carbon from carbon dioxide. 
· Are divided into 3 types: photoautotrophs (energy from sunlight), chemoorganotrophs (energy by breaking carbon-carbon bonds), chemolithotrophs (energy from minerals).
· Organisms that produce their own food
· Use energy to convert carbon dioxide into glucose
· Plants, algae, and some bacteria

	Bacteria (Eubacteria)
	One of the domains.
· Single celled prokaryotes without a nucleus or membrane bound organelles
· DNA not enclosed in nucleus, but floating around in cytoplasm
· Do not undergo mitosis, but Binary fission. Reproduce quickly.
· Cell walls are made of peptidoglycan
· Among the first life forms on earth
· Ex. E. Coli (even though genus species names cannot be applied to bacteria, this name was given before this fact was known.) 

	Bacterial flagellum
	· Unique motile structure in bacterium that allows it to move
· A structure in the cell surface of a bacterium
· Molecular motor embedded in plasma membrane and peptidoglycan wall. 
· A series of rings anchored in the cell wall and membrane

	Bacteriophage
	· Viruses to bacteria, attacks these bacteria (predators)
· Plays a role in transduction, which is horizontal gene transfer by a virus 
· When a bacteriophage lands ln a cell and injects its DNA: 
1) Piece of DNA embedded a protein coat. First message is to destroy the DNA in the cell it injected into
2) Take the DNA injected and make copies of it, as well as more protein
3) Viral DNA packaged into protein, cells burst. Goes on to attack another cell.

	Binary fission
	The simplest way for bacteria to reproduce. Only occurs in prokaryote cells.

· Simple cell division: cytokinesis
· Cell divides into 2 daughter cells, and the daughter cells become divided
· Each cell is a clone of the previous one, very little variation
· Only variation comes from mutations
· Circular DNA duplicates
· DNA anchors itself to cell membrane so that when cytokinesis occurs and cell splits in half, each pair gets one of the circular chromosomes
· Most prevalent form of increasing

	Capsin protein
	A layer of protein that protects the genetic information in a virus. It has surface recognition proteins to be able to detect the appropriate host cell and create entry inside it.

	Capsule
	The sticky external layer of polysaccharides or proteins that surrounds the cell wall of a prokaryotes. 

	Chemolithoheterotroph
	A type of heterotroph. Gets its energy from minerals.

	Chemolithotrophs
	A type of autotroph which gets its energy from minerals.

	Chemoorganoheterotrophs
	A type of heterotroph which gets its energy by breaking carbon-carbon bonds.

	Chemoorganotrophs
	A type of autotroph which gets it energy by breaking carbon-carbon bonds.

	Chitin
	A polysaccharide structure found in the cell walls of fungi, and also found in algae.

	Circular genome
	· A type of genome seen in prokaryote genomes, plasmids, mitochondria, and chloroplasts
· In reproduction by binary fission, it is multiplied

	Conjugation
	· Plasmid transfer: plasmid connects to the bacterial cell without plasmid
· Conjugation means cytoplasmic exchange. Genetic material on plasmid is exchanged.
· Plasmid wants to propagate itself, independent of DNA host bacterial cell
· After a bridge forms, it sends on strand of DNA across the bridge and duplicates. Cell has a plasmid of double stranded DNA.
· Bacterial cell is different when: it breaks the pillus and when it has a plasmid

	Cyanobacteria
	· A type of bacteria which undergo photosynthesis in order to obtain their energy. 
· They use carbon dioxide (as a carbon source) and water to produce energy. 
· Due to its efficiency, these bacteria release oxygen into the atmosphere. 
· Primary producers in some areas of the ocean.

	Daughter cell
	A cell resulting from the replication and division of the parent cell. They are completely identical (clones) of the parent cell. Generated from mitosis.

	Domains
	The highest, most general level of taxonomic classification. There are three domains: eukarya, eubacteria, and archaea. All organisms are classified into one of these three domains.

	Electron donor
	· When an atom loses 1 or more electrons, and becomes a cation with a positive charge
· Hydrolysis of water
· Reducing agent, is oxidized, so it loses electrons

	Electron receptor
	· Oxidizing agent, is reduced, so it gains electrons
· Oxygen accepts the final electron and becomes water
· Aerobic respiration. Produces ATP, water, carbon dioxide, and energy

	Electron transport chain
	· A series of carrier molecules that move along in a transport chain. 
· They are oxidized and reduced as electrons are passed down the chain. 
· Energy can be used to produce ATP. 
· Oxygen is the final proton acceptor at the end, forming water.

	Endospore
	· Can only be formed by bacteria
· Forms when conditions for growth are bad
· Allows bacteria to survive until conditions improve. Contains a core wall and cortex made from a peptidoglycan layer.
· Highly resistant bacteria, and its capsid can often withstand extreme conditions
· They can cause bacteria to last for 1000s of years

	Enveloped virus
	· Surrounded by a phospholipid bilayer and sometimes a plasma membrane (H1N1)
· Bilipid layer derived from host cell. When the virus forms, it steals the plasma membrane of its host cell
· It makes it difficult for the immune system to detect anything because the virus hides easily in the plasma membrane of the host
· Proteins are used to artificially produce a vaccine. In most cases, body does not react to an enveloped virus
· It enters the host cell and replicates its DNA and makes messages to put its viral proteins into the plasma membrane of the host
· Replicating, budding our, infecting other cells. Doesn’t kill the cell.

	Eukaryota
	· Often multicellular, organism with membrane bound organelles
· Have nuclear material contained in a nuclear envelope
· Organelles: components in cell divided into specialized functional zones

	Extremophiles
	Archaea that can thrive in extreme conditions and temperatures. Conditions can be extremely unusual such as high salt areas.

Some have strange metabolic pathways (biochemical), and can detoxify dioxins, poisons, and can break carbon molecules apart.
Problem is that they live in such extreme conditions and cannot be replicated in the lab to be grown and cultured.

	Flagellar hook
	The bent hook on a flagellum motor that allows it to spin. Made of protein.

	Flagellar motor
	· Molecular motor embedded in a plasma membrane and peptidoglycan wall causes spinning of the filament inserted in a hook
· Kink in structure, shaft in the middle
· Motor consists of 40 proteins, 23 proteins common to every single flagella
· Motor is going to spin. Creates a spinning/spiralling motion within the flagellum
· Spinning against, doesn’t disrupt the plasma membrane. Both on outer and inner membranes
· All motors arose as one successful variant, few modifications over time

	Fungi
	· Eukaryotic organisms which reproduce by releasing spores.
· Release enzymes to the outside world to make glucose outside their bodies, then absorb it
· Absorptive heterotrophs which consumes glucose
· Shares some similarities with animalia

	Gram-negative bacteria
	· Bacteria that do not stain during the Gram stain test
· Have the normal phospholipid bilayer and the peptidoglycan layer
· Also have an outer membrane which keeps the stain from reaching the peptidoglycan layer
· Penicillin does not work because it dissolves the peptidoglycan membrane
· Ones with flagella have 3 rings: L-ring, P-ring, and MS-ring

	Gram-Positive bacteria
	· Bacteria that stain purple during the Gram stain test
· Have a phospholipid bilayer and peptidoglycan layer, but no second outer membrane
· Penicillin works, because it dissolves the peptidoglycan layer
· Ones with flagella have 2 rings: P-ring and MS-ring

	Halophiles
	Archaea that thrive in environments with high concentrations of salt. Can be found anywhere with concentrations of salt 5x greater than the ocean.

	Heterotroph
	Gets their energy from existing carbon-carbon bonds. They are all multicellular organism that need to consume other organisms in order to survive.

Three types: Photoheterotrophs, chemoorganoheterotrophs, and chemolithoheterotrophs

	Histones
	· Any group of water soluble proteins found in association with the DNA of plant and animal chromosomes
· Contain a large portion of positively charged amino acids
· Involved in condensation and coiling of chromosomes during cell division

	Horizontal gene transfer
	· Transfer of genetic material between organisms (particularly bacteria)
· Occurs when the gene is exchanged between the parents and the offspring
· Primary reason for antibacterial resistance
· Conjugation, Transduction, and Transformation are all types

	Ingestive heterotroph
	An animal or protist that obtains its nutrients by ingesting organic material before digesting it.

	Latent viral phase
	Virus integrated into the host genome, but inactive. May be deactivated by stress such as ultraviolet radiation.

	Lithotrophs
	Organism that obtains its carbon from minerals, and are very rich in electrons.

	Lysogenic cycle
	As the cell divides, the virus stays inside. It ultimately comes out and kills the cell. Shows the cells can have a viral lobe.

	Lytic cycle
	The virus incorporates into the genome of host and stays inside as the host replicates. No infective or damaging effects at this time. 

	Methanogens
	A type of archaea that obtains its energy from hydrogen by taking one of its protons and forming carbon dioxide, water, and methane. Found in heated environments such as hots springs, hydrothermal vents, and the solid rock of the earth’s crust.

	Monera
	· A kingdom that represented all unicellular organisms without a nucleus
· About 40 years ago, prokaryotes were represented by one group
· Moderately uniform group, but complexity is not understood
· Since then, they have been divided into 2 groups: archaea and bacteria

	Nitrogen fixation
	· In all their unique metabolisms, one of the bacterial abilities is to take nitrogen from the atmosphere and split it off and make it into ammonia
· Ammonia can work in biochemical pathways
· Using nitrogen is the only way to get amino acids
· It all comes from nitrogen fixation: the only way to get bacteria into organic forms
· The nitrogen cycle, the role of nitrogen fixation
· Only group bringing it into the living system to be taken up by plants and eaten by other organisms.
· No organic nitrogen without bacteria because they can take nitrogen off and release it into the atmosphere
· Too much nitrogen in the water causes algae blooms

	Nonenveloped virus
	Viruses like phages and bacteriophages that do not have the phospholipid bilayer. H and N proteins are located in the capsid.

	Nucleoid
	The central region of a prokaryote cell. Has no membrane separating from the cytoplasm. DNA replication and RNA transcription occur here.

	Oxidized
	When a chemical loses electron, it is oxidized. When something is oxidized, it is called the reducing agent.

	Pandemic
	A viral infection that spreads rapidly around the world. It is a problem because viruses can mix and match genetic material (like bacteria). It is a concern that viruses can mix and spread to different populations; sometimes vaccinations work, sometimes they don’t.

Ex. Spanish flu (Influenza): Occurred after end of WW1, killed over 20 million. Mass movement of people returning home caused the virus to spread. Flu carried from war zone to different parts of the world.

	Pathogen
	A biological agent that causes disease or illness to its host. Could be viral, bacterial, or fungal. Can spread to both prokaryotes and humans in a few ways:

· Airborne (on water drops, dust droplets, can carry bacterial infections)
Ex. Tuberculosis 
· Arthropod (insects closely related to bacteria are carriers of the disease)
Ex. Bubonic plague
· Direct contact (touching someone who has it)
Ex. Gonorrhea
· Food/waterborne (In food and water)
Ex. Cholera

	Penicillin
	· A group of antibiotics derived from penicillin fungi
· Disrupts the peptidoglycan layer; in bacteria removes it
· Most bacteria are now resistant to penicillin. Resistance gene is found on plasmid of bacteria.
· Does not work on gram negative bacteria because of their outer cell wall

	Peptidoglycan
	· A polymeric substance formed by a polysaccharide backbone tied by short polypeptides
· Primary structural molecules of cell walls 
· Makes a cell wall in bacteria that gives it shape and structure

	Periplasm
	The zone between the cytoplasmic membrane and the outer membrane in gram negative bacteria. It contains a thin layer of peptidoglycan. No periplasm in gram positive bacteria because there is only one biological membrane.

	Phage
	A type of virus that attacks a host cell, and is harmful for it. DNA gets injected into a cell and contains genetic information that shuts down the host cell so that only the viral DNA is being reproduced.

	Photoheterotrophs
	Heterotrophic (gets their carbon from existing carbon-carbon bonds). Gets energy from sunlight

	Photosynthesis
	· First occurred in cyanobacteria
· A process used by plants and some bacteria to convert light energy (captured from the sun) into chemical energy which can fuel the organism
· Most efficient energy producing reaction. Uses carbon dioxide, water, and light
· Products: water and oxygen

	Phototrophs
	Autotrophic (gets there carbon from carbon dioxide).  Gets energy from the sunlight. 

	Pilli
	A hair like appendage on the surface of a prokaryote. Important in conjugation, and makes cytoplasmic bridges between bacteria.

	Plantae
	One of the kingdoms in the taxonomic classifications. Multicellular, autotrophic organisms which undergo photosynthesis and contain chlorophyll. 

	Plasmid
	· A DNA molecule in the cytoplasm of some prokaryotes
· Often has genes with functions that supplement those in the nucleoid
· Can replicate without the nucleoid DNA passed along during cell division
· A way of changing the DNA content of the genome

	Prions
	· Most famous is Bovine Spongiform Encephalopathy (MAD COW DISEASE)
· Unusual; if it transforms itself (separate tertiary structure) it is extremely dangerous because it sticks to and grabs hold of abhorrent protein forms
· Ends are catalytic sites to convert more of normal protein into abhorrent form
· Stickiness causes proteins to accumulate in vacuoles
· In nerve cells causes nerve damage
· Abhorrent form cannot be destroyed; self-catalyzing, info containing cell protein.
· Normal protein believe to be original protein used with cell adhesion to put cells together in a multicellular organism
· All animals can be subjected to Mad Cow Diseases

	Prokaryote
	· All recent discoveries
· One of the domains in the taxonomic classification
· Genomic DNA is not enclosed by a nuclear membrane
· Have no membrane bound organelles 
· All are unicellular

	Protista
	Unicellular (sometimes multicellular) eukaryotes which are likely ancestors of all multicellular life. Diverse kingdom with animal, plant, and fungal abilities.

	Proton gradients
	· Used as an intermediate energy source for heat and flagellar rotation
· All energy in living system is based on proton gradients
· Protons go to high concentration on one side of the membrane, and make the fall through the membrane to the other side (down the gradient)
· How to capture biological energy
· ATP synthetase falls through the hole and phosphate put on ADP to make ATP
· To make motor spin, ATP burnt to force protons in space between 2 membranes (burn energy to push protons to opposite side of membrane)

	Protozoa
	A group of unicellular or acellular eukaryotic organisms now classified in various phyla. Formerly regarded as a phylum of simple animals, or members of the kingdom Protista.

	Redox pair
	· In a redox process, the reductant transfers its electrons to the oxidant. 
· The reducing agent is oxidized and the oxidizing agent is reduced. 
· The pair of oxidizing and reducing agents that are involved in a particular reaction. 

	Reduced
	When a substance gains electrons, and are called oxidizing agents. Occurs during reduction reactions.

	Reverse transcriptase
	An enzyme that can create DNA from RNA. Used in RNA viruses.

	Ribosome
	· The site of protein synthesis in a cell
· A multi-subunit complex of RNA and ribosomal proteins
· Responsible for translation of mRNA into proteins
· Eukaryote and prokaryotic ribosomes are different

	Saprophytic
	Plants, fungi, or micro-organisms that live on dead or decomposing matter. Obtain nutrients from dead organic matter.

	Stromatolites
	· Layered structures formed in the shallow water by the trapping, binding, and cementation of sedimentary grains by cyanobacteria
· When they appeared, they appeared just below the water level at a depth where the UV could not pass

	Thermophiles
	Archaea that thrive in extremely high temperatures. Contain enzymes that function at extremely high temperatures.

	Transduction
	· Horizontal gene transfer by a virus
·  A bacteriophage attaches to a cell, injects its viral DNA, and destroys the host cell
· Extremely rare: A small piece of the host DNA is not destroyed
· Going to be a protein coat that picked up part of the host cell’s DNA
· Lysis occurs, and virus is ready to inject DNA, but it is not viral DNA. It is DNA from the host bacterium
· When a virus goes to inject into other bacteria, DNA gets incorporated 

	Transformation
	Without plasmids or assists, a genomic bacterium from one bacterium gets incorporated into another bacterium.

Steps:
· DNA fragments (prokaryote chromosome)
· Uptake of DNA
· Integration with chromosome (stable transformation) OR degradation (unsuccessful transformation)

No conjugation (no connections). If there are fragments of DNA in surrounding medium, bacteria will pick them up and put them in their DNA.

	Vaccine
	· Administered orally or by injection and used to treat disease causing micro-organisms 
· Works by stimulating an immune response in the body so that the body can build up a resistance to the pathogen

	Virion
	· Entire virus particles
· Consists of genetic material made from DNA or RNA, and a protein coat that protects the genetic information. 
· Virion is shaped helical, polyhedrical, spherical, or complex

	Viroids
	· Circular pieces of DNA (150 nucleotides in length). First found in plants, and caused plant disease and death.
· Shuts down transcription and translation processes in plants (have no more protein being produced, so death)
· Round piece of RNA can replicate itself, has catalytic function, has impact
· Found in humans in Hepatitis B. Small RNA viroids piggybacks Hepatitis B to move around

	Virus
	· Do not have the characteristics of life
· Protein package containing pieces of genetic information (DNA), nucleic acids within protein
· Has an outer protein coat that protects the genetic information inside
· Injects the host cell with viral DNA and protein then makes copies of it
· Causes the host cell to burst and die

	



	9+2 organization
	· Cytoplasmic extension with microtubule arrangement inside it
· Orientation of flagella and cilia in eukaryotes
· Position of 9 microtubules on outside surrounding 2 in the center
· All built at the bottom by centriole body
· Assembling cylindrical structure with paired sets of tubules (9 clusters). Have reinforcing protein structures for pairs in the middle

	Alternation of generations
	· Alternates between haplontic and diplontic states
· Occurs in flowering plants: zygote undergoes mitosis to become complex structure. All cells are diploid.
· In brown spots of ferns
· Cells are going to produce the next form of plants. Don’t make gametes
· Spores reduced into wind, blows, lands on ground
· Undergoes mitosis to become complex multicellular structure
· Cells are haploid; these cells are going to make gametes. Modifying it into sperm and egg

Ex. Salamander

Every single cell is diploid. Only some of those cells undergo meiosis. Depending on the sex of the individual, produce eggs or sperm. Must have some way to bring the two together to return to diploid state. Haploid state gametes are short lived.

	Ameboid (Amoeboid) movement
	· Used cytoplasmic movements
· System of actin fibres that are assembling and disassembling
· Still have cytoskeleton
· As soon as actin molecules start to polymerize, changes cytoplasm’s consistency to become stiffer
· As myosin motors move, change the shape of cell
· In amoeboid cell, movement of cytoplasm towards the front when in fluid states
· When it reaches this point, bends back on itself, actin molecules start to form 
· Stiffen cytoplasm (now ectoplasm because not fluid).
· Once fibres form, myosin motors crawl across and constrict (squeeze) cell

	Asexual reproduction
	· Process of self-reproduction
· No genetic variation occurs because offspring are clones of the parent
· Single organism produces an offspring without genetic input from another
· Present in both haploid and diploid life cycles

	Bacteria (Eubacteria)
	One of the domains.
· Single celled prokaryotes without a nucleus or membrane bound organelles
· DNA not enclosed in nucleus, but floating around in cytoplasm
· Do not undergo mitosis, but Binary fission. Reproduce quickly.
· Cell walls are made of peptidoglycan
· Among the first life forms on earth
Ex. E. Coli (even though genus species names cannot be applied to bacteria, this name was given before this fact was known.)

	Bacteriophage
	· Viruses to bacteria, attacks these bacteria (predators)
· Plays a role in transduction, which is horizontal gene transfer by a virus 
· When a bacteriophage lands ln a cell and injects its DNA: 
4) Piece of DNA embedded a protein coat. First message is to destroy the DNA in the cell it injected into
5) Take the DNA injected and make copies of it, as well as more protein
Viral DNA packaged into protein, cells burst. Goes on to attack another cell.

	Basal body
	· Triplet structure formed from centrioles
· At the base of eukaryotic cilium or flagellum
· Formed from centriole and other protein structures


	Bikont
	· Type of protist with 2 flagella. Came after unikonts
· One flagellum used to lift above substrate and move. Other one is used for obtaining food
· Every photosynthetic cell is bikont
· Endosymbiosis with chloroplast 

	Cellular division of labour
	Specialized functions of organelles which work together to play its own functional role, as well as keep the cell alive.

	Cellular gliding
	· Very first way of moving
· Centrioles push microtubules against wall of the cell to produce movement
· Moves toward some cytoplasmic extension with microtubules in it
· Moving by microtubules
· NOT AMEOBOID MOVEMENT
· Dyenin and Kinesin motors

	Centriole
	· Generic term for a structure found in eukaryote cells
· Made out of microtubules. Tubulin arranged in stacks 
· Always a triplet arrangement around centriole
· Creates spindle fibres in mitosis to pull chromosomes apart

	Centrosomes
	· Capable of organizing microtubules and forming cytoskeletal elements of cell
· Creates spindle fibres in mitosis to pull chromosomes apart
· During mitosis and meiosis, separates into two regions each containing one centriole

	Chloroplast
	· Double membrane bound organelle
· Contains pigment chlorophyll which gives plants their green colour
· Unique organelle in plants and plant-like protists. Only present in organisms that undergo photosynthesis
· Endosymbiosis with cyanobacteria

	Choanoflagellate
	· Single celled protists
· Most closely related to animal cells found today
· Gives clues to how animals evolved
· Similar cells found in sponges

	Cilia
	· Motile extension of cell
· Structurally identical to flagella in eukaryotes
· Short, found in 1000s
· Used for cell movement in cells and trapping food particles (and sweeping them up) through phagocytosis
· Basal structures are connected by microtubules
· Power stroke in one direction, recovery stroke in right angle
· Can create gliding smooth motion

	Cirrus (pl. cirri)
	When cilia are fused together to enable cells to “walk” instead of swimming across the substrate.

	Contractile vacuole
	· Water expulsion vesicle
· Solution to prevent swelling when you move into less salty water than in the cytoplasm. 
· When cell enters non-isotonic environment with a lower salinity, water diffuses into the cell
· On surface of endomembrane space, burn ATP
· Pump water pouring into cytoplasm to the endomembrane space
· Pump water into vacuole, fill vacuole. Cell swells. Endomembrane cell can make connection to outside of cell. Cell secretes material into Golgi apparatus, which makes vesicle and erupts something out of cell.

	Crossing over
	A process during meiosis when 2 chromosomes pair up and exchange segments of their genetic material.

	Cytoskeleton
	· Network of fibres that provides a structural living framework for the cell
· Anchors across plasma membrane and certain cell junctions
· Allows cellular movement
·  Provides a suitable surface for chemical reactions to occur
· Fibres made of microtubules, intermediate filaments, and microfilaments

	Diploid (2n)
	· Organism or cell with two copies of each chromosome (with twice the haploid number of chromosomes)
· One set of chromosomes is derived from the female parent, and the other one is derived from the male parent

	Diplontic
	· Organism that spends all of its time in a diploid state. Most cells in diploid state
· When reproducing, meiosis generates gametes.
· In haploid state for a short time, then fuse back into diploid state. Organism spends rest of its life in that state
· Many animal-like protists with genome are diploid

	Dyenin molecular motor
	· As it moves on the surface of the microtubules, it moves toward the cytoplasm
· Important in gliding movement
· Important and flagellar and ciliar movement because when they move between two microtubules, they bind them

	Ectoplasm
	· When the cytoplasm goes from fluid to more rigid
· In plant cells and some protozoa, the outer gel-like layer of the cytoplasm under the cell membrane
· Myosin responsible for changes between ectoplasm and endoplasm

	Endomembrane system
	· Set of passageways within a cell
· Subdivided cell into three functional zones: nuclear, cytoplasmic, and endoplasmic spaces
· Increases surface: volume ratio
· Allows to send proteins outside because of connection to outside cell

	Endoplasm
	· In plant cells and some protozoa, the inner layer of the cytoplasm beneath the endoplasm
· More fluid than the ectoplasm
· When endoplasm moves towards Hyaline cap, it bounces off it, moves back, and solidifies
· Myosin responsible for changes between endoplasm and ectoplasm

	Endosymbiosis
	· Large bacteria feeding on small bacteria
· Engulfing other things as a food source to get nutrients
· One bacterium swallowed, then engulfed. Doesn’t get digested. Creates symbiotic relation
· For little symbiont (one engulfed), floating in the cytoplasm with carbohydrates, pyruvates, glucose
· Must break these down to make ATP
· So efficient in making ATP That the ell that swallowed the bacterium had much more ATP
· Two cells benefit from each other: cell provides pyruvates, bacterium provides ATP

	Eukarya
	· Often multicellular, organism with membrane bound organelles
· Have nuclear material contained in a nuclear envelope

Organelles: components in cell divided into specialized functional zones

	Flagellum
	· In both eukaryotic and bacterial cells, but with different structures
· Made of microtubules arranged in a 9+2 formation
· Long. Single = heterotrophic (fungi, animal). Pairs = autotrophic (photosynthetic organisms)
· ATP burned in flagellum (driving force in structure). In bacterial flagellum, driving force in membrane.
· Flagellar spins: dynein arms move, spinning motions create helicoid beat. 
· Planar beat: Power stroke pushes one way. Recovery stroke stages and curls up on itself.

	Formylmethione
	· An altered methionine
· In eubacteria, unlike archaea and eukaryotes, this is the first amino acids that binds to the polypeptide chain during  translation

	Gametocyte
	· A cell that undergoes meiosis to form gametes
· A cell that gives rise to a male gamete is a spermatocyte. For females it is an oocyte
· Is diploid and is a part of the diplontic life cycle 

	Gametophyte
	· When cells don’t undergo meiosis to form gametes
· Spores (haploid cells that don’t form gametes, but complex multicellular structures) are released
· Mitosis produces 4 haploid cells. The cells are spores.
· Gametes are made by mitosis of spores.

	Haploid
	· An organism or cell with only one copy of chromosomes (with a single set of unpaired chromosomes)
· Reproductive cells formed by meiosis are haploid
· All bacteria are haploid

	Haplontic
	· An organism that spends its whole time in a haploid state
· When making gametes, meiosis doesn’t need to happen because cells are already haploid.
· Just need to transform into eggs and sperm. These will meet, will morphologically change into eggs or sperm.
· When released, they meet, fertilize, and form the zygote

	Heterotroph
	· Organisms that must consume other organisms in order to survive
· There are two types: Ingestive (they ingest their energy source) and Absorptive (secrete enzymes to digest, then absorb the nutrients)
· Animals and fungi

	Histone proteins
	· Small positively charge protein that complexes DNA in form of chromosomes
· DNA wraps around 8 histones (in a 2x2x2 arrangement) 
· Found in eukaryotes and archaea

	Host
	· A cell with its own functional genetic material, and invaded by another
· Attacked by viruses, and used for them to replicate their DNA and release it
· At the end of the attack, host cell bursts in most cases

	Kynesin molecular motor
	· Have structures (feet) at base of motor
· Move away from cytoplasm
· Interact with tubulin molecule, burn ATP, then swing next foot forward to burn more ATP
· Have arms and legs

	Macronucleus
	· Produces messages and materials essential for day to day function of organism
· Housekeeping nucleus in cell
· Have multiple copies for polyploidy so when transcription occurs, rather than one message, have 64 messages (for 64 copies of genome)

	Malaria
	· Example of a parasitic life cycle
· One of the major killers on the planet. Almost eradicated in 1970s, but returned again with 1 million deaths per year
· Affects children more
· Has since become resistant to insecticides
· Single celled protist that develops a life cycle. Central human host to ensure that the organism can get between mosquito and human
· Steps: 

1)  Mosquito takes blood meal. In that blood are cells which will become gametes
2) Gametocytes (one big, one small) get into stomach of mosquito. Turn into large egg-like structure and swimming male gamete
3) Zyogote in wall of stomach undergoes meiosis. 
4) 4 products which each undergo 100s of mitotic divisions. Leads to 1000s of haploid cells not becoming gametes (sporozoites)
5) Mosquito takes blood meal. Prevents blood from coagulating by salivary glands secreting anti-coagulant
6) Sporozoites enter liver walls, multiply through mitosis. Haploid cells don’t become gametes. (schizoints)
7) Live inside liver cell which burst and release into blood stream. Shcizonts chew on RBCs
8) RBCs burst.

· Merozoite: swimming schizont
· Trophozoite: schizoint that enters RBC
· Malaria: mosquito looks for moisture gradient
· CO2 gradientmoisture gradientheat gradient

Human infected with malaria has higher levels of CO2. Fevers + chills = moisture gradient. This causes heat gradient.


	Meiosis
	· Eukaryotes produce gametes this way
· Sperm and eggs meet
· Diploid cells, each containing copies of genetic information from both parents, become haploid cells.
· Two rounds of nuclear and cellular division
· In diploid life cycles, meiosis makes gametes

	Merozoite
	A schizont which in swimming in the blood stream.

	Metachronal wave
	· Synchronized wave motion of cilia and flagella
· On surface, always constant vector of forward and backward motion
· Creates a net motion

	Methionine
	The first amino acid that binds to the protein chain during translation in archaea and eukaryotes.

	Micronucleus
	· Set of DNA set aside for when haploid genomes needs to be created to undergo recombination associated with meiosis and eukaryote reproduction
· One set of nuclear material in constant use. Another is pristine, used only for reproduction

	Microtubules
	· Arranged in the centrioles in a 9+2 formation
· Made of proteins called tubulin
· Tubules composed of strands called protofilaments
· Key roles in cell division, secretion, transport, and movement
· Kinesin and dynein motors move across microtubule surface

	Mitochondria
	· The membrane bound organelle responsible for synthesizing ATP in eukaryote cells.
· Possible origin through endosymbiosis with ancestral bacterium

	Mitosis
	· The splitting of a cell to produce two identical daughter cells
· The daughter cells are exact genetic copies of the parent cells
· A nuclear division that results in each daughter cell having the same number and kind of chromosomes as the parent cell

	Molecular motors
	· The motors which allow movement within a cell
· There are three types: Kinesin, Dyenin, and Myosin
· Transport subcellular materials within cell. Motors are critical part of eukaryote cell
· Volume not adequate to move things by diffusion in cells
· Move objects faster within the cell. One of the eukaryote innovations allowing transport inside the cell
· Microtubules organize chromosomes, motors pull them apart

	Myosin molecular motor
	· Travels across actin fibres (walks along them)
· More versatile in different directions
· Found in muscles and amoeba 
· Motor protein in the amoeboid movement

	Nuclear envelope
	· The double membrane the separates the nucleus of the cell from the cytoplasm
· Consists of lipid bilayer
· Outer membrane consistent with rough ER
· Different from inner membrane

	Operon genes
	· Functional unit of genomic DNA which has a cluster of genes that are under the control of a regulatory signal/ promoter
· Promoters enable a gene to be transcribed. Recognized by RNA polymerase
· DNA regulator binds to operator

	Pandemic
	An epidemic that spreads over a larger area, crosses international boundaries, and affects many people worldwide.

	Parasite
	· An organism that feeds on its host, causing harm
· Malaria is an example of a parasitic lifestyle

	Peptidoglycan
	· A polymeric substance formed by a polysaccharide backbone tied by short polypeptides
· Primary structural molecules of cell walls 
· Makes a cell wall in bacteria that gives it shape and structure

	Pericentriolar material
	· Mass of proteins making up part of the animal centrosome surrounding 2 centrioles
· Contains proteins responsible for microtubule nucleation

	Phagocytosis
	· Process by which foreign particles invading the body or food particles are broken down by cells called phagocytes
· Consumes solid food particles

	Phytoplankton
	· Photosynthetic bacteria which are made up of microscopic algae
· Primary producers in aquatic ecosystem. Form the basis of the food chain in oceans

	Pinocytosis
	When dissolved sugars are engulfed by a living cell.

	Planar flagellar beat
	The movement that occurs in flagella. The power stroke pushes one way. The recovery stroke drags and curls up on itself.

	Plankton
	· Microscopic organisms which are often found floating in seas or lakes
· Includes many microscopic organisms like algae, protozoans, animal larvae, and some worms
· The bottom of food chain. Are an important food source for the aquatic organisms
· Divided into zooplankton and phytoplankton.

	Plasmodium
	· A genus of protozoans (it is italicized) that live as parasites within human red blood and liver cells
· Undergoes asexual development (schizogeny) in humans
· Completes sexual development (sporogeny) in stomach
· Cause malaria

	Plastid
	· Family of plant organelles
· Organelle found in cells of plants, algae, and other protists
· Have inner and outer membrane
· Contain own DNA and chromosomes
· Ex. Chloroplasts which contain pigments

	Polygenomic classification
	When organisms are classified according to ???

	Primary consumers
	· Heterotrophs that consume primary producers in order to produce energy
· Herbivores consume plants

	Primary endosymbiosis
	Endosymbiosis of one bacteria with another. Theory states that this made mitochondria and chloroplast.

	Primary producers
	· Use sunlight and inorganic means to produce food, autotrophic
· Plants, some bacteria, plankton

	Proterozoic
	· Oxygen is produced, oxygen levels rise and create oxygen atmosphere
· Toxic to anaerobic bacteria who retreat
· Very first protists and eukaryotes populate oceans
· Ozone creates protective layers above atmosphere. Protects from UV radiation
· Life forms begin moving out of oceans and onto land because of this protection
· Nothing multicellular appears

	Protista
	Unicellular (sometimes multicellular) eukaryotes which are likely ancestors of all multicellular life. Diverse kingdom with animal, plant, and fungal abilities.

	Pseudopod (Pseudopodium)
	· Temporary cytoplasmic extension of cell
· Used by amoebas for movement

	Reverse transcriptase
	An enzyme that can create DNA from RNA. It is used in RNA viruses.

	RNA polymerase (simple and complex)
	· Enzyme used in DNA replication
· Catalyzes assembly of nucleotides into RNA strand
· Bacteria contain simple (consisting of 4 polypeptides)
· Eukarya and archaea contain complex

	Saprophytic
	· Organisms that live on dead or decomposing matter
· Includes fungi, micro-organisms, and some plants
· Some act as parasites for fungi

	Secondary endosymbiosis
	· The product of primary endosymbiosis is engulfed by another eukaryote
·  An endosymbiotic relationship forms between the two organisms
· Engulfed cell becomes dependant on larger cell
· Forms a double membrane of the new cell

	Sexual reproduction
	· The form of reproduction when a sperm and an egg meet in order to produce offspring
· Once the eggs is fertilized, it becomes a zygote
· The zygote undergoes meiosis
· Allows for genetic variation

	Spiral flagellar beat
	· Motion of flagella on some protists
· Flagellum moves in corkscrew motion and propels cell through space
· Most effective method of individual locomotion

	Spore
	· Produced during a haplontic life cycle
· When these cells do not make gametes, they produce spores
· After released, spore undergoes meiosis to become a complex cellular structure
· Cells are haploid and are modified into sperm and egg to produce a gamete


	Sporophyte
	· The part of a plant life cycle that produces spores
· Sporophyte is diploid, but its spores are haploid
· This stage capsulates fertilized eggs inside a gametophyte, forming the flower

	Sporozoite
	Animal-like spores that form during a parasitic life cycle. The zygote exists in the wall of the stomach, then undergoes meiosis which produces 4 cells. These cells undergo mitosis and produces 1000s of non-gametic haploid cells. 

	Supergroup
	Two super groups of protists: bikont and unikont.

	Trophozoite
	During the parasitic life cycle, this is a schizont that enters a red blood cell and feeds on it.

	Tubulin (Tubulin dimers)
	The proteins that make up microtubules. Microtubules are made up of walls of 13 tubulin moecules.

	Unikont
	· A type of protist with only one flagellum
· Came before bikonts. Was the first organism with a flagellum
· Flagella is used for getting food through phagocytosis
· [bookmark: _GoBack]All ingestive, heterotrophic organisms are unikont

	Zooplankton
	· Small microscopic organisms which are autotrophic and produce their own food
· Float freely in aquatic habitats
· Are at the bottom of the food chain and are consumed by other aquatic organisms

	Zygote
	A fertilized egg which is diploid, meaning it has two sets of DNA (one from each parent).



