	Energy source
	Reducing equivalent source
	Carbon source
	Name

	Light
Photo-
	Organic
-organo-
	Organic
-heterotroph
	Photoorganoheterotroph

	
	
	Carbon dioxide
-autotroph
	Photoorganoautotroph

	
	Inorganic
-litho-
	Organic
-heterotroph
	Photolithoheterotroph

	
	
	Carbon dioxide
-autotroph
	Photolithoautotroph

	Chemical compounds
Chemo-
	Organic
-organo-
	Organic
-heterotroph
	Chemoorganoheterotroph

	
	
	Carbon dioxide
-autotroph
	Chemoorganoautotroph

	
	Inorganic
-litho-
	Organic
-heterotroph
	Chemolithoheterotroph

	
	
	Carbon dioxide
-autotroph
	Chemolithoautotroph







Rest of Hadean and Achaean Eons
Hadean Eon
Achaean Eon
Proterozoic Eon
Phanerozoic 
	-Palaeozoic Era
	.Cambrian, Ordovician, Silurian, Devonian, Carboniferous, Permian Periods
	-Mesozoic Era
	.Triassic, Jurassic, and Cretaceous
	-Cenozoic Era
	.Paleogene and Neogene periods

Eons – Happy Alberta Provincial Police
Eras – Pre-menstrual cycle
Paleo – Canadian or Syrian dogs can play

Now we start with life forms- Archean. Achaeans start with prokaryotes (Eubacteria and Archaea) and bacteria and Archaea. 

Prokaryotes – Domains - 
Bacteria and Archaea – 

Morphological Diversity – huge numbers of these organisms out there. Even the total number of types that that are there. Morphology was used to describe the bacteria at first when the first Microsoft was created. Bacilli – Rod, Cocci – Spirilla, Spirrilai – spiral, Squares – Squares. There are too many bacteria for the morphological names, so now they have strain names. 

Molecular techniques are used to sequences the dna and identify the unique regions that are there. 

-Size
-Shape
-Mobility

Bacterial cells:

Nuclear material is one large circular piece of DNA, wound up on itself and condensed and in the cytoplasm. No membrane holding it. 

Cytoplasm – has ribosomes (transcription and translation), nuclear material, no compartments and subdivision
Nucleolid
Pili – Extensions, legs and arms, extending from the surface, nonliving produced by the capsule
Plasmid – Extra addition small circular piece of DNA, important for exchange of genetic material between bacteria
Ribosomes
Capsule – a nonliving “cell wall” surrounding the plasma membrane
Plasma membrane – Cytoplasm is surrounded by plasma membrane
Peptidoglycan layer
Outer membrane
Flagellum – locomotory structure anchor into the plasma membrane, it is important to movement and can beat in a specific way to propel the bacteria

Unspecialised cell surrounded by a casing with a motile device, the type of organization arises in the very beginning of the Achaean. They have remained unchanged for 3.8 billion years. They became diversified internally, not morphologically. Diversity in metabolism, and reproduction. 

Bacterial cell walls:
GRAM POSITIVE:

Capsule:
Peptidoglycan layer – Sugar molecules that are cross linked with small peptides. This cell wall is a meshwork of sugar molecules and peptide chains linked together, in plants cellulose, fungi linkage of the chains of chitin, bacteria: sugar and peptides. Sits right outside the plasma membrane.

Staining procedure had bacteria that stained with the procedure, they were called positive. Peptidoglycan layer picked up the stains. 

Gram negative:
Outer membrane on top of Peptidoglycan layer: You hit another plasma membrane after the pepti layer. 

In the staining technique, the extra outer layer of lipids prevents the stains from getting to the pepti layer. Morphologically large amount of work was done to identify bacteria being gram negative and gram positive. Negative is most toxic and often the ones that are going to transmit diseases. They can produce toxic elements. They use the outer plasma membrane to imbed toxics and poisons. It enables the bacteria to be virulent. 

Flagellum
Gram Neg: Two regions where the flagellum is embedded into the membrane, while gram positive only has the motor only embedded in one of the membranes. 

Motor – biochemical motor, to drive the motor the bacterium pumps protons into the region outside the membrane. We pump protons across the membrane to create the proton gradient; the motor of the flagellum is the opening for the gradient to go away. As the protons fall through the op in the motor rand then proteins change in shape which causes the flagellum move. Changing their shape hits it against the motor and the whole flagellum starts to spin and rotate. Smallest molecular motor. All bacteria use it. Eukaryotes don’t. 

Bacteria reproduction: Reproduces asexually. The variation comes from exclusively from asexual reproduction. Where does the variation come from?

Binary fission: Variation comes from mutation. There is always a level of background mutations happening, which may be advantages or deleterious or neutral. They reproduce so fast and quick. You divide the cell in two; the genome replicates the DNA replicates, anchors itself to opposite parts of the membrane and divides through binary fission. If there had been a mutation we might have one new substation in one of them which may be retained and lost. 

Conjugation: If we have a plasmid present, you can end up with the plasmid being moved between bacteria. F – Reference of the fertility factor of the plasmid. F+ has plasmid, F- has no plasmid. F+ can transform F- cells into F+. Two bacteria can fuse with each other where the Pilli are and share cytoplasm. The bacteria with the plasmid send the plasmids to the other one without a plasmid. The new bacteria have a plasmid. If the plasmid had a resistance factor, the new bacteria has resistance too. 

This can happen between two different ‘ecoli strains’. Doesn’t have to be the same strain. How antibiotic resistance moves through different types of bacteria. 

Plasmids don’t always remain separate. They can incorporate themselves into the main reproduction of the genome. Plasmid crosslinks itself into the circular genome. When this happens, this bacteria cell can live a long period time w/o any implications. Everything is the same, but the plasmid still contains the F factor to be able to cause two bacteria to fuse together. It can do it if it’s individual or not, the plasmid. 

Pilli fuse and you get a cytoplasmic bridge. You fuse with a genetically dissimilar organism. You bring across apiece of the genome of the organism. This is how bacteria can mix and match genomes to have variation. Plasmids can replicate and become a mechanism for genes to jump from one bacterial cell to another. Plasmids carry chunks of DNA to another cell. 

Plasmid grabs host DNA from one to another individual; it doesn’t have to be the same species. It can be a metabolic process or resistance, inserted anywhere.

Variations: Point Mutations, Plasmids moving across, Plasmids snipping out DNA and transferring to another

Transformation: Bacteria can take floating DNA fragments outside, inside its body. You don’t even need perfect sterile conditions; the bacteria can absorb them and add them to their own genome. There are two transformations; stable or unsuccessful transformation where it is not used. Bacteria test drive pieces of DNA, new metabolism, new production, and new proteins. This is another method of variation. Bacteria take genomes and build them. Acquire genomes from each other and from the environment and if it is beneficial, then that strain survives. That`s why different ecoli have different strains. Isolated diseases that come intact with each other could start jumping genes. Something can be neutral, deleterious, or advantageous depending on where it ends up in the genome. They can pick up DNA from anything (other bacteria). You lose genomes from one to another also; some have large and small genomes. All have varying genomes.

Transduction: A virus is involved, bacteriophages, phage means eat. Viruses are a piece of DNA in a protein coat. Incapable of replicating and need a host to replicate. They need to synthesize the casing and the DNA by stealing the transcription and translation processes of cells. 1. Virus injects DNA into the host cell. Genome of bacteria may be destroyed or already have some of the virus sequencing. 2. That genome is going to be replicated like crazy. 3. The protein cases are sequenced and made. 3. When the cell is filled with copies of the genome and copies of the casing, self-assembly occurs when the DNA enters the protein casing. 5. If there is any DNA from the bacteria that was inserted into the protein casing of the Virus after lysis then that Virus will go on and insert the bacteria`s original genome into another bacteria. More variation. 

The viral genome is replicated and bacterial genome is digested. A mistake is when it doesn`t digest all of the bacteria genome and packages it. 

Read what is in the website. 

Conjugation, Transformation, and Transduction are called HORISZONTAL GENE TRANSFER. You are taking an individual and changing them within a generation. These are characteristics of the prokaryotes, which gives them their variation. 

Metabolic diversity in ATP production and carbon soruces: How organisms get carbon.

Autogrophic – You can get carbon in inorganic form and stich those carbons together to make large molecules. (Co2)
-Prototrophs – With light energy we are trapping electrons. Electrons that are in an elevated state of activity that falls to a lower state of activity where energy is given off. Every single process has this. They take a photon, excite molecule pigments, energizes them, then high energy è gets passed to make ATM which make organic molecules. (Plants, Protozoans, Bacteria)
-Chemoorganotrophs – They break carbon carbon bonds to get energy but use it to pull together CO2 to make organic compounds.
-Chemolithotrophs – Litho (rock) is that we are going to get those high energy electrons from minerals, charged particles, things (rust). Ammonia will switch between Ammonium ions so it is a potential source. They can get excited electrons from just about anything that lose electrons. Bacteria have tremendous metabolic diversity. So they can live in deep sea vents or become a major life form on the planet in the past.

Heterotrophs – Needs to consume carbon already in an organic form. It needs some carbon-carbon bonds in the food that it consumes. C-C.
-Photoheterotrophs – Bacteria that break carbon carbon bonds as a source of carbon but use photonic energy from light to generate the electrons to do that. 
-Chemoorganoheterotrophs – Consume carbon already in organic form. But they get their energy from breaking chemical bonds to generate energy. (Glycolysis, Crebs cycle). You can build at the same time you trap energy. (Animals, Fungi)
-Chemolithotyrophic heterotrophs

Massive amounts of antibiotics were inserted into people before we knew how bacteria develop a resistance and a few survive, and they spread. And the process occurs. We preceded an artificial selection procedure to generate resistance strains. To avoid this we use antibacterial cocktails. For about 30 years we ensured the success of bacteria. 


Redox pair:

Oxidized (NAD+) – Loses an electron
Reduced (NADH) – Gains an electron

Cellular respiration: 

A. Direct burning of sugar
B. Stepwise oxidation of sugar in cells

Bacterial importance:

-Disease – Pasteur figures out pasteurization and germ theory and we realize their role in disease. Different types of ways they pass on. 
-Nitrogen fixation - The ability to turn free nitrogen into nitrate (elemental nitrogen) that can be used to build and make things 

N2 + 8H+ + 8e- + 16 ATP
2NH3 + H2 + 16 ADP + 16Pi

80% of elemental nitrogen is in N2 form. The bacteria are the ones that do the most of the nitrogen fixation and incorporate nitrogen into organic molecules. We need to get it into ammonia, and then you have your building block. Plants have root nodules that have bacteria that create nitrogen that is used by the plants. Plants transfer it into carbons and then organisms eat the plants.

Lightening gets it out of the air but in essence it all comes in from nitrogen fixation from bacteria. Nitrogen is limiting, acidic environment in the bog limits nitrogen and that limits plant growth. Nitrogen from fertilizers is given to agriculture. The nitrogen is washed off into water systems and algal blooms happen, and the blooms deoxygenate the water and everything in the water dies. 

After going through us when the nitrogen hits the plants again, bacteria decompose it and use it again. Up until fertilizers the world was completely dependent on bacteria to generate nitrogen. 

-Decomposition – Major source of decomposition in the world

-Unique biochemical pathways – Bacteria that can eat oil or be transformed so they can create medicine, alcohol production. Bacteria can absorb heavy toxic metals, manganese and incorporate them as electron and energy sources that help them with life`s processes.

-Extremophiles (Achaea) – Unusually with the extreme environments they can live in. 

..Halophiles – Bacteria that are capable of living in extremely salty environments. Salt concentrations are extremely high. Bacteria have special membranes that aren`t destroyed by the salt concentrations.

..Thermophiles - Bacteria can live in 98 degree heats. They are able to function in the normal temperatures that normal organisms die because of protein denaturation. They can live in extreme coldness also; no ice crystals puncture their cell membranes. If these bacteria are warmed up they can come back to life. 

These bacteria live through many of the environmental disasters on the earth in the past, magma overflow, ice earth. 

The fossils from living Archea and fossils from 1.5 billion years ago are generally the same. There have been a set of bacteria that are members closely related to the archea that have been here for 2. Something billion years. They can still be found today called cyanobacteria and what they do is they tend to form biofilms where bacterial films adhere to each other. They grow, they die, and another film forms on top. Stromatolites happen and each of those layers is a generation of cyanobacteria.

Cyanobacteria are the first photoautotrophs.

They take carbon dioxide and light, and combine it with water as part of the electron system and use it to stitch carbon together. 

Cyanobacteria do this all over the world. Nothing is oxidized in terms of minerals. Oxygen rusts the mineral content of the planet, and kept making it to the point the ocean was saturated and then the water released oxygen into the atmospheres. Up to about 32 percent of the air was oxygen. A chemical reaction on the outer edge of the atmosphere was converted into ozone. That is critical because it is the UV filter the prevents ultra violet light from the planet`s surface. 

The stage is set for life to be able to move up on land. Every single piece of oxygen we have on the planet now was generated by these cyanobacteria. The ozone layer came to us  by the cyanobacteria by the end of the Achaean period. It produces a new type of metabolism oxidative phosphorilization. 

Bacterial evolution:
Bacteria are small, can hide. They can move on water currents or spores. They can create massive numbers through asexual reproduction. You get a fairly uniform mix of bacteria, they aren`t regional forms. Everybody distributes to everyplace on the planet. If life is wiped out in one area, we can still have an inventory of the original forms because they were everywhere. The ones today are direct descendants from the ones in the Achaean period. 

Cyanobacteria
Asexual reproduction
``Living fossils`` 

They are closely related to the blue-green algae. It sets the stage for what is going to come.

Proterozoic (2,500 – 550 Ma, 33rd – 63rd)

We have another two billion years of single celled life. Eukaryotes appear. A major innovation of more complex cells called the Eukarya domain. 

*look at table 21. 1 in text book*

Cell walls:

Eubacteria: Peptidoglycan is an alternation of sugar dimer with four amino acids coming off the sugars. It happens all the way down the chain and they interact with two more amino acids from another chain below it heading off in the opposite direction. Gives the rigidity of Eubacteria cell wall, this ensures the cell maintains its integrity when the tonicity changes around it. 

Archaea is missing peptidoglycan completely.

Eukarya has cellulose (glucose formed into chains), chitin (modified glucose unit formed into chains). 

Plasma membranes:

Tails of Eubacteria and Eukarya have unbranched fatty acids. Archaea have branched fatty acids.

Flagella: 

Eubacteria has one and it spins. 

Eukarya has one and it doesn`t spin it bends and flexes. 

Archaea has spinning flagella, but it is made of different proteins. 

Translation:

Eubacteria: Simple RNA polymerase

Archaea: Complex RNA polymerase 

Eukarya: Complex RNA polymerase

This says that Eubacteria was at the bottom and Archea and Eukarya comes along later. 

Nuclear envelope:

Only Eukarya have a nuclear envelope.

Circular Chromosome:

Archaea and Eubacteria have it but Eukarya don’t.

DNA Histones:

Stabilizes DNA and packages DNA so it protects it from fragmenting. Archaea and Eukarya use the same packaging but Eubacteria don’t.

OVERALL:

Most evidence points at a group that had characteristics of Archaea and Eubacteria and from there became the Eukarya. A membrane system was placed inside the cells and then that differentiates from the organisms to come. 

*In Proterozoic we see the first unicellular eukaryote organisms arrive*

Origin of the nuclear envelopes: One of the first major innovations are the packaged nucleus. Invaginated membrane surrounds the nucleous and it comes from the two sides. There are two layers and the surroundings of the nucleous have two layers. We have replication and transcription in a specialized environment for optimal DNA replication and RNA replication. It is a site for building nucleic acid chains. Now the message is sent OUT of the nucleous through the pores in the nuclear envelope and is processed on its way out. Once it leaves, there`s clippings done to the message strand before it translates into a protein. End up with an efficient use of the central dogma. One part in the nucleus, and one part in the cytoplasm. 

Membrane invagination makes internal membrane systems. Surface area is increased inside the cell and more compartments are made (ex. Golgi complex and endoplasmic reticulum). Now we have an assembly line work environment to make proteins. The cell ends up becoming much more efficient at life`s processes. The bacteria failed this and have to stay small. With compartmentalization, we end up with a lot more functionality. 

Endosymbiosis of bacterial cells: Mitochondria is a bacterium that specialized in electron transport and phosphorilizatoin which ended up being absorbed by another cell (eukaryote or bacterium) (consumed) which held the bacterium hostage and benefitted off the bacterium’s ATP.

Mitochondria has circular genome and the pairings are typical of a bacteria and they replicate by itself. If you engulf something that already has a cell membrane by phagocytosis, it ends up with two membranes around it. One from the host and one from the bacterium. Eukaryote makes 2 pyruvate to feed to the bacterium inside. The mitochondrion DNA is similar across all organisms, and is a rare event that this endosymbiosis happened and it only happened once. 

Mitochondrial DNA comes only from one parent, the mother. Chloroplasts may have the same endosymbiotic origin with the same evidence valid for it.

Secondary endosymbiosis of EUKARYOTE CELLS:

Eukaryote cells swallowed eukaryote cells. Here there is a eukaryote cell that phagocytized red algae. Same way green algae have been consumed and there are two different plastids. This is all found out with the membranes still there, plastids have four membranes surrounding them. Plants have engulfed photosynthetic organisms in multiple ways over time. 

Eukaryote taxa are huge because of consumption of photosynthetic bacteria or eukaryotes. 

Only animals and fungi share one ancestor and only Land plants become multicellular organism.

Protista as primary producers: All the primary productivity is carried on by unicellular organisms. Phytoplankton (primary producers) – Zooplankton (primary consumer). Protista are key in the ocean systems, they are the fundamental base of the whole marine ecosystem. 

Types of life cycles:

-Haplontic: Spend half their time with half the set of chromosomes. Dinoflagellate uses binary fission to increase its numbers quickly if it finds itself in the ocean in a favourable environment. If the season changes or resources deplete, two of the haploid cells within all of the algae that is swimming will fuse and you get a large diploid nucleus inside a zygote. Undergo meiosis, create characteristic four products and you get a lot of genetic mixing and crossing over. You have genetically different individuals than when we started to. 
When the environment becomes unpredictable and variable, the organisms mix genes to have a better set of chromosomes to survive whatever conditions may happen. (FOR FUNGI LATER)(PROTISTS)
-Diplontic: Diatom sends its asexual divisions in a diploid state in its ideal environment. If the environment changes; one of the cells will undergo meiosis.  You get four products which are released as a motile product (sperm and an egg). Sperm and egg meet up with each other, a zygote is created, and a brand new cell is made to go back to its asexual cycle (mitosis). (FOR ANIMALS LATER)(PROTISTS)
-Alternations of generations: Both are involved. Brown algae kelp is actually algae, the cells adhere to each other to become a larger structure. They are single celled because there is no communication between the cells. Free algal cells enter into a sexual cycle. Giant kelp is a groups of cells who can anchor in the water and orientate toward the sun. Some cells on this ‘plant’ undergo meiosis and produce spores. Four products, not gametes, but spores. Sporophyte state creates it. They are motile and settle to the ground and the spore undergo mitotic divisions and the cells stick together to create a small plant like structure that is male or female depending on the sexuality of the spore. You have a female and a male plant, and that plant makes the gametes (gametophytes). Some cells specialize into eggs and sperm. Sperm fertilizes the egg and there is a zygote, which settles to the ground and undergoes mitosis to become kelp. (FOR PLANTS LATER)(PLANT LIKE PROTISTS)
-Parasitic: Malaria. Every parasite goes through a state where numbers need to increase through asexual reproduction. Involves a mosquito and a human. Mosquitoes have gametocytes inside them which create an egg and a sperm and create a zygote in the mosquito. Diploid state of the organism. The zygote insists in the wall of the mosquito and increases massively in numbers after meiosis and four variations, and then mitosis happens. Sporozoites migrate into the salivary glands of the mosquito and when it bites someone, it injects the disease. The sporozoite enters the liver cells of the human and now undergoes massive amounts of mitosis and release into the blood called a merozoite which invades the red blood cells. Undergoes a transformation trophozoite which undergoes mitosis. Merozoites are released and the same thing happens again. Plasmodium synchronizes everything. All red blood cells burst at the same time ensuring any mosquitoes flying around will get at the person who has moisture radiating off them. Some merozoites become macro and micro gametocytes to get into the mosquitoes. Gin and Tonic because tonic water helped stave off malaria. 

New way of having variation through sexual reproduction.

Key terms: 
Diploid (2n): full chromosome set is there
Haploid (n): one of the paired chromosomes by meiosis
Mitosis: The splitting of a cell, growth and creating clones of the same cells
Meiosis: The biggest way to increase variability within a group by combining two chromosomes back together into a diploid state
Zygote: The combination of haploid gametes that become a zygote. 

Locomotion isn’t universal with protists.
Some move with cilia, flagella. 
Ameboid movement (pseudopods) – requires cytoplasm to flow and the organism should be able to change its shape. It is restricted to animal like protists. The presence of a chitin or cell wall restricts the ability to flow. They cytoplasm inside the amoeba shifts between two things: endoplasm - > fluid cytoplasm, and ectoplasm – solid. Fluid to liquid involves cytoskeleton elements and when they are polymerize into long fibres, this gives the rigidity to the cytoplasm which is the ectoplasm. Actin molecules that polymerize into long chains and depolymerize when we go from solid to liquid endoplasm. 

A contraction occurs, we end up with forward movement after. Ex. Toothpaste tube comes out the other end when squished. If the toothpaste tube was an organism, it became longer. As the endoplasm flows out, it hits the front edge Hyaline cap and turns into ectoplasm after polymerizing. 

This creates the pseudopod or the false foot of an amoeba. The backend has the opposite reaction occurring, ectoplasm turns into endoplasm. 

Important in higher organisms that use this movement for cells that do certain things. Ex. Amoeboid movement occurs with the macrophages (white blood cells). 

Molecular motors are now present:

Myosin motor: Biochemical identified protein capable of interacting with the actin fiber and when it interacts, it burns at causes the myosin filament to walk around the actin filaments. Amoeba eats by extending pseudopods and engulfs and surrounds a piece of food which is called phagocytosis. Pinocytosis takes in liquids. 
Flageller and cilliary movement AND DYENIN MOTOR: We have a series of microtubules arranged as doublets and there are 9 of them around a central pair. 9 + 2 arrangement. There are two dynein arms that are attached to the doublets and it uses ATP to crawl up the microtubules to bend the cilia or flageller. This is called the dynein motor. In a eukaryote flagellum, THE BURNING OF THE ATM OCCURS IN THE FLAGELLUM. Make a spinning movement called a HELICAL BEAT which is a spiralling movement which helps it push its way through stuff. It is digging its way through the fluid. Flagella are used by plants and animals. In plants now flagella are always paired, and in animal like protists you only find one. PLANER BEAT: The flagellum is extended the power stroke you push against the water and you create forward movement. POWER STROKE where we put as much stroke as possible in the water. You drag the flagellum back so you don`t move backwards that much. 

Difference between cilia and flagella. Cillia are shorter and they come in bigger numbers. Ciliate is an organism with multiple cilia on the surface. Cilia are only on animal-like protists. All cilia beat at once. Cilliates modify the beating across the surface. Metacronal wave is the cilia doing the power stroke in a sequence. The power stroke and the recovery stroke are both in right angles with each other. 
Kinesin motor: 

Now we have an organism with different locomotors structures. At the base of the cilia, there is a reinforcing cytoskeleton that anchors the cilia as they pull again the water. No more phagocytosis and flexibility. We end up with specialized regions that allow phagocytosis to occur; there is an infolding on paramecium where there is a gullet. Cytostome is the cell mouth. The cell takes phagocytosis in one region only so it doesn`t disrupt all the cilia.

Kinesin motor takes the food vacuole and carries it down the cytoplasm inside the cell and creates a cytoplasmic flow so nutrients are dispersed through the cell. Food vacuoles follow a route inside the cell. EXCOCYTOSIS removes wastes at the `cell anus` called CYTOPROCT. 

The cell in the fresh water is in a hypotonic so it may burst with water. Plant cells had cell walls surrounding them and it prevents them from bursting. Protozoans with animal like characteristics had to deal with it. Now there is a whole organelle that deals with ionic balance.

MULTIPLIE CLILIA: ciris are clustered cilia. Solid structures of multiple cilia are called ciris. They can be used for locomotion. They can become modified structures into little legs and arms. Inside the cell there are the actin myosin movements, osmoregulartory systems, all of the organelle transport systems, the nucleic acids for reproduction. The fundamental biochemistry of multi cellular organisms functions are all in places. They become skeletal cells nad muscle cells. You end up with the multi cellularity.

Contractile vacuole filled: Burns energy to fill itself up with the excess water that is inundating the cell and pumps it outside the cell. The fresh water becomes available to this group of organisms after this. 

Nutritional stages

Ingestive – anaimal like protists
Absorptive – fungal like protists
Photosynthetic – plant like protists

Kinesin motors run along microtubules.

SET UP KEYWORDS FOR THE HOMEWORK ASSIGNMENT:

DNA replication:
Polymerase
Complimentary strand
Nucleotide
Purine
Okasaki Fragments
Ligase
Helicase
Lag and leading strand
RNA primer and primase
CTGA and U
Replication fork
Pyrimadine
Deoxy ribose and ribose sugars

Viruses:

Viruses are not complete living things. They are incapable of replicating themselves, so they need to invade other organisms’ cells, shut down the nuclear material of the cell that invades, and take over the replication, translation, and transcription systems.

Virus Morphology:

Common: Encased in a protein coat and inside there is the genetic information. Sometimes it is a single DNA strand, single stranded RNA, double stranded RNA, can vary. 

Helical
Polyhedral (capsid): Non enveloped virus
Enveloped: There is a plasma membrane surrounding the virus, envelope of plasma membrane was provided by the host cell the the virus erupted after multiplying in the host cell. It has the proteins of the virus and remains of the host cell. H antigens and N antigens are used by viruses to invade the cell. H antigen disrupts the plasma membrane to enter the host cell and N antigens are the exiting protein. Inside we still have a capsid-like case with the genetic information inside it.

-Head with capsid protein, and viral DNA inside
-Sheath
-Tail with Baseplate Recognition fibres

Viruses – Replication (Lytic Cycle) (Unenvoloped Virus)

-Virus injects its genome, destroys and inactivates the host cell genome and takes advantage of all the ribosomes that tare there and produce some viral enzymes to compliment the ones form the hosts. Capsid proteins and genome copies assemble and cell lysis occurs where the cell bursts and the virus does it all again.

Lysogenic cycle: Virus incorporates it`s DNA into the host cell`s genome and lets the cell replicate it all until the lytic cycle happens. It may be dormant till then.

Enveloped Virus: Exist host - Budding When the virus is making its proteins, it`ll make proteins that encase the virus and makes proteins that get inserted into the host cell membrane. When the virus exists from the host cell, it does so by exocytosis. As it moves out, it is surrounded by plasma membrane and it is enveloped. Not destructive. 

Cell doesn’t die with enveloped viruses. Virus has a camouflage and it can invade other cells with H-antigen proteins put into the membrane.

Regardless of the virus being enveloped or unenveloped and the stages are all the same:

Virus phases in replication:

Entry: Entry proteins are the same for both, For enveloped they are part of the capsid case. 
Transcription and viral protein production: First proteins are enzymes to augment the ones in the cell to take control of the cell, shuts down the replication system of the cell
Replication of viral genome: Makes copies of its genome and cell membrane components
Assembly of virions: Moves 
Exit: Enveloped has a diff exit but normal viruses exit via lysis
Transmission to new host: Air Bourne, water, contact

Viral replication: The protein that coasts for the entry of the cell is scares. H1N1 has RNA which makes DNA genome via the host cell. 

Viruses are sub-cellular:
No cell membrane
No ribosomes
No mitochondria
DNA (RNA) wrapped in a protein coat

Are viruses living?
Not self-replicating
No Metabolizing
Self-regulating after they get into the host, dormant when it’s outside the host
Can’t reproduce on its own
Capable of evolving: Influenza virus, genomes of viruses slowly change over time, horizontal gene transfer can apply
No responding to environment
No growth
Sub Cellular Particles:
Prions: -Bovine spongiform encephalopathy
Proteins, if they are malformed (aberrant) it aggregates it causes damage to cells associated with the nervous system the most (Schwann cells that wrap around the axon). Brain gets vacuoles and it makes the brain look spongy. Mad cow. Infection protein is a prion. The Aberrant protein coming in contact to a normal protein, it transforms it into the aberrant form. Exponential growth of all bad prions. The prions are very abundant, found in the surface of all cells. It may be one of the early adhesion proteins that put cells together where they work together. If one malformed prion can initiate a cascade of prion misshapes. Can’t get rid of aberrant prion easily, can’t denature and sterilize. 

When prions transform to the misshapen ones, they stick together and create fibres and grow. It happens when cows were fed to each other when agriculture failed. 

A partially replicating protein system where it can transform other proteins into itself.

Viroids: Pathogenic RNA strands. Originally found in plants where certain pathogenic sequences of RNA were isolated they were able to make copy itself and it can snip itself into toxic viroid. The toxic viroids block the important process that makes important enzymes in Plants.

Now it’s in humans, Hepatitis B provides the envelope for Hepatitis D, so the two are transmitted together. It is the most deadly of all the hepatitis’s because nothing can be done to control the RNA viroid. Survival percentage is less than 20%.

Cambrian and Ordovician periods in Phanerozoic

We see multicellular life arise after two billion years of eukaryote single cells, sometimes sticking together w/o communication with each other. In the oceans there are no major land masses and as we go into the Cambrian the first of the continents start emerging out of the water. 

We see eukaryote cells that become multicellular with cell to cell comm. It all starts with feeding on the photosynthetic primary products from the oceans. Explosion of multicellular life happens. 

All multicellular animals started to diversify at once, but Cambrian explosion was far too rapid to be a gradual process. Explanation? Architectures of all the types of animals that appear to be here today are the decedents of the organisms that appeared then. 

Gondwana: Off to the side, Laurencin: in the middle of the ocean -> Late Cambrian 512 Ma. Highest solar input is close to the equator. There is a huge continental shelf around the Laurencin continent. 

The stone near the Canadian Rockies you find impressions of the animals that were appearing at the start of the Cambrian, there are fossils because they fell off the cliff. There are soft bodied animals in the shale’s too. 

Students found that the Cambrian had even more diversity back then than there is now. Only 30 animal types make it through today. This explosion of what has occurred and we have faced the issue of why it has happened then with in a 100 million years. Burgess Shale’s is the origins of all organisms alive now.
Animal architecture:
Tissues:
No tissues: Collagen holds together tissues even though he tissues have no communication with each other. SPONGES ARE AT THIS STAGE. Sponges are animals. 
.Diploblastic germ layers: Two tissue layers, no mesoderm, no muscle tissue
-Endoderm: Forms the digestive tract
-Ectoderm
.Triploblastic germ layers:  Mesoderm is added to the layers.
-Ectoderm
-Mesoderm: Creates muscles
-Endoderm

Symmetry and cephalization
-Asymmetric: 
-Radial symmetry: If the oral to the aboral surface have the same pieces around it, for animals that are passive with no direction, tries to interact with all directions
-Bilateral symmetry and cephalization: Only two pieces are symmetric, not passive, they have a head, moving in one direction, better to look where you’re going, occurs very early on and is very successful, triploblastic animals are always bilaterally symmetric, they have MUSCLE TISSUE
Corals: Little radially symmetric organisms live in colonies and are connected to each other building coral reefs. Polyp’s are little carnivores feeding on small organisms. As they feed they lay down a calcareous case and they turn into coral reefs. Coral reefs are the most productive marine environment.
Polyp: Body wall-hydrostatic skeleton (Cnidaria) CHECK OUT SLIDE. They have some nerve cells, and an epidermis and gastro dermis. They have contractile muscle fibres to contract. In the gastro dermis the fibres are arranged as rings and in the epidermis they run in the opposite direction. ONE OF THE FIRST SKELETONS. Skeleton returns muscles back to their length after they are stretched. If long muscles contract, the circular muscles stretch and diameter stretches. Contract circular, balloon lengthens. HYDROSTATI SKELETON: Uses fluid to return muscles into the original length. They have diffused brain associated to the sensory nerves.
Cnidocytes: These are all predators. Has stings or barbs inside it as the cell develops, as the nematocyst forms under compression. A coil that develops inside the cell which is compressed and loaded with force and generates potential energy when it is released. The Cnidocil is triggered when food comes out, the barbs is shot out and penetrate body wall and toxins immobilize the prey and stuff it into the digestive cavity. Jellyfish fires nidocytes. 
Polyp: Cecile, Can be a hydra, makes coral
Swimmer/ floating stage: If we turn the hydra around, it can open and close its umbrella and it pulls water in and out and it`s like jellyfish. The circular elements are there but no longitudinal elements. Mesoglea is like rubber. When it is contracted in, the elasticity of the mesoglea springs back into the original shape.

Jellyfish Life cycle: Medusa send out sperm and eggs, which creates zygote and then you get an planula larva after multiplying and undergo metamorphosis and become a Polyp. The first polyp is a feeding polyp. It collects food for everybody, colonial polyp. Gonozooids created gametes.

Embryology:
[bookmark: _GoBack]Cleaveage: Goes from four cell stage, 8 cell stage. 
Body cavities

Colonial coenocyte ancestor:
2.5 billion years ago… consists of a cell body, and around the rim of the cell body are microvilli. One flagella sticking out. The flagella make water current through microvilli and out. The space between the microvilli is small enough to trap algal cells. Now we phagocytize food particles, collar cells are called coenocytes. They form a stock or sometimes they’re in sheets. 

As a group they can pump more water than some of them per minute. Working as a group you can get more food and it is advantageous to be colonial. This cell has been identified as the founding cell of all animals and fungi. 

Colonial coanoflagellates: Has a division of labour. We create an organism that is vase-shaped. Linking the inner surface are the coanocytes. Their flagella point into the center of the cavity and as the flagellum beat they propel water up and out the opening at the top and it is replaced by water that comes in through pores on the side. Collar is trapping food particles. On the very outside the special cells have an outer skin later called the Pinacoderm. If coenocytes don’t need the food vacuole and its send to the ameocytes and then the pinacocytes get nourishment later. 

Inside we have spicules which are skeletal elements. The cells precipicate calcuium out of solution to make needles and stufctures that support the sponge. Biochemistry of secretion out of water. Skeletons are made of calcium and glass. In the deepest part of ocean, there are glass skeletons. All sponges follow this. 

NO CELL TO CELL COMMUNICATION BETWEEN SPONGES




Sponge sex:
Choanocytes become sperm: Huge numbers of coanocytes modify themselves into sperms and start swimming around. It will spew out sperm in a giant cloud. When another sponge passes on the pumped water sperm passes it into the amebocyte which has turned itself into an eff. 
Archaeocytes (sponge stem cells) form eggs: 





































Readings

Chapter 2.5e The Flagella and Eukaryotes and Prokaryotes are not evolutionarily related:
-prokaryote flagella are made of flagellin and spins to propel the cell
-eukaryote flagella are made of 9 + 2 microtubules
-operate by dynein proteins crawling up and down the vertical microtubules which cause it to bend one way or another
-prokaryote and eukaryote flagella are similar in structure and are analogous structures, they both appear to be the same and create cell motility but they are constructed differently
Chapter 21:
1.1 The Full extent of prokaryote diversity is unknown
1.2 Prokaryote structure and function
-prokaryotes make up archaea and bacteria, and eukaryotes make up eukarya
-added mass of all prokaryotes are more than eukaryotes, they had 3 billion more years to live 
-eukaryote organelle functions prokaryotes do with their cytoplasm and cell membrane
-plasmids are beneficial for antibiotic resistance
-gram negative bacteria have two distinct layers, a think peptidoglycan layers just outside the plasma membrane and an outer membrane external to the peptidoglycan layer
-outer membrane of gram negative has lipopolysaccharides
-prokaryotes have a capsule
1.3 The Domain Bacteria
-Proteobacteria: The Purple Bacteria and Their Relatives. This highly diverse group of Gram-negative bacteria likely evolved from a purple, photosynthetic ancestor. Their purple colour comes from their photosynthetic pigment, a type of chlorophyll distinct from that of plants
-Green bacteria: This diverse grop of photosynthetic Gram-negative bacteria is named for the chlorophyll pigments that give the cells their green colour (a different form of chlorophyll than that found in plants).
-Cyanobacteria: These gram-negative photoautotrophs are blue-green in colour and carry out photosynthesis by the same pathways and using the same chlorophyll as eukaryotic algae and plants. Oxygen is a byproduct.
-Gram-Positive Bacteria: This large group contains many species that live primarily as chemo heterotrophs. Some cause human diseases, including Bacillus anihracis, the causal agent of anthrax, Staphylococcus and streptococcus.
-Spirochetes: These organisms have helically spiralled flagella embedded in their cytoplasm, causing the cells to move in a twisting, corkscrew pattern.
-Chlamydias: These bacteria are unusual because although they are gram-negative and have cell walsl with an outer membrane, they lack peptidoglycan. All the known chlamydias are intracellular parasites that cause various diseases in animals. 
1.4 The Domain Archea
-Euryarchaeota. These organisms are found in various extreme environments. They include methanogens, extreme halophiles, and some extreme thermophiles.
-Crenarchaeota. This group includes most of the extreme thermophiles, which have a higher optimal temperature range than those belonging to the Euryarchaeota. For example, the most thermophilic member of this group, Pyrobolus, dies below 90°C, grows optimally at 106°C, and can survive an hour of autoclaving at 121°C! Pyrobolus lives in ocean floor hydrothermal vents, where the pressure creates water temperatures greater than the boiling point of water on Earth's surface.
Korarchaeota. This group has been recognized solely on the basis of DNA samples obtained from marine and terrestrial hydrothermal environments. To date, no members of this group have been isolated and cultivated in the lab, and nothing is known about their physiology. Molecular data indicate that they are the oldest archaeal lineage.
Also in this group are psychrophiles(“cold loving”), organisms that grow optimally in cold temperatures in the range from -10 to -20°C.
Chapter 6:
6.1 The chemical basis of respiration
-Oxygen gets reduced
-Glucose gets oxidized
-There is a stepwise combustion of oxygen in the body that have dehydrogenases that facilitate the transfer of electrons from food to a molecule that acts as an energy carrier or shuttle (NAD+ which becomes NADH)

Keywords

Aerobic: is a word that means "requiring air", where "air" usually means oxygen.

Anaerobic: Doesn’t require oxygen.

Archaea: Archean period (3800 - 2500 Ma)
3700 Ma - Photosynthesizing bacteria
3500 Ma - Oldest fossils
3400 Ma - Small continents form
3100 Ma - Continents begin shifting
2700 Ma - First eukaryotes
2600 Ma - Bacteria on land
2500 Ma - Banded iron formations

ATP sythetase (synthase): is an important enzyme that provides energy for the cell to use through the synthesis of adenosine triphosphate (ATP). ATP is the most commonly used "energy currency" of cells from most organisms. It is formed from adenosine diphosphate (ADP) and inorganic phosphate (Pi) which releases energy.

 Autotroph: or producer is an organism that produces complex organic compounds (such as carbohydrates, fats, and proteins) from simple inorganic molecules using energy from light (by photosynthesis) or inorganic chemical reactions (chemosynthesis). They are the producers in a food chain, such as plants on land or algae in water.

Bacteria (Eubacteria): Are a large domain of prokaryotic microorganisms. Typically a few micrometres in length, bacteria have a wide range of shapes, ranging from spheres to rods and spirals. Bacteria are present in most habitats on Earth, growing in soil, acidic hot springs, radioactive waste, water, and deep in the Earth's crust, as well as in organic matter and the live bodies of plants and animals.

Binary fission: In biology, fission is the subdivision of a cell (or body, population, or species) into two or more parts and the regeneration of those parts into separate cells (bodies, populations, or species). Binary fission produces two separate cells, populations, species, etc., whereas multiple fission produces more than two cells, populations, species, etc. Segregation and Cytokinesis happens. 

Cellular respiration: is the set of the metabolic reactions and processes that take place in the cells of organisms to convert biochemical energy from nutrients into adenosine triphosphate (ATP), and then release waste products. The reactions involved in respiration are catabolic reactions that involve the redox reaction (oxidation of one molecule and the reduction of another). Respiration is one of the key ways a cell gains useful energy to fuel cellular reformations. Oxygen is reduced and glucose is oxidized having water and carbon dioxide as waste. 

Electron donor: is a chemical entity that donates electrons to another compound. It is a reducing agent that, by virtue of its donating electrons, is itself oxidized in the process.

Electron receptor: is a chemical entity that accepts electrons transferred to it from another compound. It is an oxidizing agent that, by virtue of its accepting electrons, is itself reduced in the process. 

Electron transport chain: couples electron transfer between an electron donor (such as NADH) and an electron acceptor (such as O2) with the transfer of H+ ions (protons) across a membrane. The resulting electrochemical proton gradient is used to generate chemical energy in the form of adenosine triphosphate (ATP). Electron transport chains are the cellular mechanisms used for extracting energy from sunlight in photosynthesis and also from redox reactions, such as the oxidation of sugars (respiration).

 Extremophiles: is an organism that thrives in physically or geochemically extreme conditions that are detrimental to most life on Earth. The domain Archaea contains renowned examples, but extremophiles are present in numerous and diverse genetic lineages of both bacteria and Archaeans. 

Fermentation: is the process of extracting energy from the oxidation of organic compounds, such as carbohydrates, using an endogenous electron acceptor, which is usually an organic compound. Fermentation is important in anaerobic conditions when there is no oxidative phosphorylation to maintain the production of ATP (Adenosine triphosphate) by glycolysis. During fermentation, pyruvate is metabolised to various different compounds. Homolactic fermentation is the production of lactic acid from pyruvate; alcoholic fermentation is the conversion of pyruvate into ethanol and carbon dioxide; and heterolactic fermentation is the production of lactic acid as well as other acids and alcohols.

Nitrogen fixation: is the natural process, either biological or abiotic, by which nitrogen (N2) in the atmosphere is converted into ammonia (NH3. This process is essential for life because fixed nitrogen is required to biosynthesize the basic building blocks of life, e.g., nucleotides for DNA and RNA and amino acids for proteins. Nitrogen fixation also refers to other biological conversions of nitrogen, such as its conversion to nitrogen dioxide.

Pathogen: or infectious agent — colloquially, a germ — is a microbe or microorganism such as a virus, bacterium, prion, or fungus that causes disease in its animal or plant host.[1][2] There are several substrates including pathways whereby pathogens can invade a host; the principal pathways have different episodic time frames, but soil contamination has the longest or most persistent potential for harbouring a pathogen.

Antibiotic resistance: is a type of drug resistance where a microorganism is able to survive exposure to an antibiotic. While a spontaneous or induced genetic mutation in bacteria may confer resistance to antimicrobial drugs, genes that confer resistance can be transferred between bacteria in a horizontal fashion byconjugation, transduction, or transformation. Thus a gene for antibiotic resistance which had evolved via natural selection may be shared.

Bacillus bacteria: Bacillus is a genus of Gram-positive, rod-shaped bacteria and a member of the division Firmicutes. Bacillus species can be obligate aerobes or facultative anaerobes, and test positive for the enzyme catalase.[1] Ubiquitous in nature, Bacillus includes both free-living and pathogenic species. 

Bacterial flagellum: A flagellum: is a tail-like projection that protrudes from the cell body of certain prokaryotic and eukaryotic cells, and plays the dual role of locomotion and sense organ, being sensitive to chemicals and temperatures outside the cell. There are some notable differences between prokaryotic and eukaryotic flagella, such as protein composition, structure, and mechanism of propulsion.
Bacteriophage: is any one of a number of viruses that infect bacteria. Bacteriophages are among the most common biological entities on Earth.[1] The term is commonly used in its shortened form, phage.
Typically, bacteriophages consist of an outer protein capsid enclosing genetic material. 

Capsule: The cell capsule is a very large structure of some prokaryotic cells, such as bacterial cells. It is a layer that lies outside the cell wall of bacteria. It is a well organized layer, not easily washed off, and it can be the cause of various diseases. It usually consists of polysaccharides,[1] but could be composed of other materials (e.g., polypeptide in B. anthracis). Because most capsules are water soluble, they are difficult to stain using standard stains because most stains do not adhere to the capsule.
Cellulose: Cellulose is the structural component of the primary cell wall of green plants, many forms of algae and theoomycetes. Some species of bacteria secrete it to form biofilms. Cellulose is the most common organic compound on Earth. About 33% of all plant matter is cellulose (the cellulose content of cotton is 90% and that ofwood is 40–50%).[4][5]
Chitin: a derivative of glucose, and is found in many places throughout the natural world. It is the main component of the cell walls of fungi, the exoskeletons of arthropods such ascrustaceans (e.g., crabs, lobsters and shrimps) and insects, the radulas of mollusks, and the beaks of cephalopods, including squidand octopuses. In terms of structure, chitin may be compared to the polysaccharide cellulose and, in terms of function, to the protein keratin. Chitin has also proven useful for several medical and industrial purposes.
Circular genome: Mitochondrial DNA can be regarded as the smallest chromosome, and was the first significant part of the human genometo be sequenced. In most species, including humans, mtDNA is inherited solely from the mother.
Coccal bacteria: Coccus (plural cocci) can be used to describe any bacterium that has a spherical shape. Coccus is an English loanword of a Neolatin noun, which in turn stems from the Greek masculine noun kokkos (κόκκος) meaning "berry".[1] Like all bacteria, each single coccus bacterium is an entire living organism. However, some species exist in groups of cells. If they do group together, the patterns they arrange themselves in are given certain names based on the shape. Diplococci are arranged in two-cell pairs; these may represent several different genera. 
Cyanobacteria: also known as blue-green algae, blue-green bacteria, and Cyanophyta) is a phylum of bacteria that obtain their energy through photosynthesis. The ability of cyanobacteria to perform oxygenic photosynthesis is thought to have converted the early reducing atmosphere into an oxidizing one, which dramatically changed the composition of life forms on Earth by stimulating biodiversity and leading to the near-extinction of oxygen-intolerant organisms. According to endosymbiotic theory, chloroplasts in plants and eukaryotic algae have evolved from cyanobacterial ancestors via endosymbiosis.

Daughter cell: The genetically identical cell created from mitosis, identical to the parent cell.
Electron donor: An electron donor is a chemical entity that donates electrons to another compound. It is a reducing agent that, by virtue of its donating electrons, is itself oxidized in the process.
Electron transport chain: An electron transport chain (ETC) couples electron transfer between an electron donor (such as NADH) and an electron acceptor (such as O2) with the transfer of H+ ions (protons) across a membrane. The resulting electrochemical proton gradient is used to generate chemical energy in the form of adenosine triphosphate (ATP). Electron transport chains are the cellular mechanisms used for extracting energy from sunlight in photosynthesis and also from redox reactions, such as the oxidation of sugars (respiration).
 Eukaryota: Eukaryotes may more formally be referred to as the taxon Eukarya or Eukaryota. The defining membrane-bound structure that sets eukaryotic cells apart from prokaryotic cells is the nucleus, or nuclear envelope, within which the genetic material is carried.
Flagellar hook: The relatively stiff flagellar filaments are connected to the motor by a flexible segment called the "flagellar hook". This hook needs to transmit rotational torque (definition) from the motor while bending to allow the angle between the flagellar filament and the motor axis to change. The rotation of the bent hook has been likened to that of a smoke ring. Mechanically, the flagellar hook is analogous to a universal joint (definition and images).
Flagellar motor: FIND IN BOOK
F-negative and F-postive bacteria: F- bacterium serves as the recipient cell of F factor from a bacterium that has it. A copy ofF factor is transferred to the F- bacterium through conjugation. The result followingconjugation becomes F+ and thereby acquires the ability to form sex pilus essential in initiating conjugation with other bacteria. The now F+ cell becomes a potential donor of F factor to other bacteria.
Gram-negative bacteria The pathogenic capability of Gram-negative bacteria is often associated with certain components of Gram-negative cell walls, in particular, the lipopolysaccharide layer (also known as LPS or endotoxin layer).[1] In humans, LPS triggers an innate immune response characterized by cytokine production and immune system activation. Inflammation is a common result of cytokine (from the Greek cyto, cell and kinesis, movement) production, which can also produce host toxicity. It has another outer cell membrane layer compared to gram positive.
1.  Gram-Positive bacteria cytoplasmic lipid membrane
2. thick peptidoglycan layer
· teichoic acids and lipoids are present, forming lipoteichoic acids, which serve to act as chelating agents, and also for certain types of adherence.
3. capsule polysaccharides (only in some species)
4. flagellum (only in some species)
· if present, it contains two rings for support as opposed to four in Gram-negative bacteria because Gram-positive bacteria have only one membrane layer.

Halophiles Halophiles are extremophile organisms that thrive in environments with very high concentrations of salt. The name comes from the Greek for "salt-loving". While the term is perhaps most often applied to some halophiles classified into the Archaea domain, there are also bacterial halophiles and some eukaryota, such as the algaDunaliella salina. 
Horizontal gene transfer Horizontal gene transfer (HGT), also lateral gene transfer (LGT), is any process in which an organism incorporates genetic material from another organism without being the offspring of that organism. By contrast, vertical transfer occurs when an organism receives genetic material from its ancestor, e.g., its parent or a species from which it has evolved.
 Methanogens are microorganisms that produce methane as a metabolic byproduct in anoxic conditions. They are classified asarchaea, a group quite distinct from bacteria. They are common in wetlands, where they are responsible for marsh gas, and in the guts of animals such as ruminants and humans, where they are responsible for the methane content of belching in ruminants andflatulence in humans.[1] In marine sediments biomethanation is generally confined to where sulfates are depleted, below the top layers.[2] Others are extremophiles, found in environments such as hot springs and submarine hydrothermal vents as well as in the "solid" rock of the Earth's crust, kilometers below the surface. Not to be confused with methanotrophs which rather consume methane for its carbon and energy requirements.
Monera Despite most bacteria being classified under Monera, the bacterial phylum Cyanobacteria (the blue-green algae) was not classified under Monera, but under Plantae given the ability of its members to photosynthesise.
Penicillin  is a group of antibiotics derived from Penicillium fungi.[1] They include penicillin G, procaine penicillin, benzathine penicillin, and penicillin V. Penicillin antibiotics are historically significant because they are the first drugs that were effective against many previously serious diseases such as syphilis and infections caused by staphylococciand streptococci. Penicillins are still widely used today, though many types of bacteria are now resistant. All penicillins are beta-lactam antibiotics and are used in the treatment of bacterial infections caused by susceptible, usually Gram-positive, organisms.
Periplasm periplasmic space or periplasm is a space between the peptidoglycan cell wall and inner membrane of Gram-negative bacteria or the equivalent space outside the inner membrane of Gram-positive bacteria. It may constitute up to 40% of the total cell volume in Gram-negative species, and is drastically smaller in Gram-positive species.[1] The space contains a loose network of murein (peptidoglycan) chains, as well as a gel containing hydrolytic and degradative enzymes
Pilli is a hairlike appendage found on the surface of many bacteria. Dozens of these structures can exist on the bacteria. Some bacterial viruses or bacteriophages attach to receptorson pili at the start of their reproductive cycle.
Pili are antigenic. They are also fragile and constantly replaced, sometimes with pili of different composition, resulting in altered antigenicity. Specific host responses to old pili structure are not effective on the new structure. 

Prokaryote are a group of organisms that lack a cell nucleus (= karyon), or any other membrane-bound organelles. The organisms that have a cell nucleus are called eukaryotes. Most prokaryotes are unicellular, but a few such as myxobacteria have multicellular stages in their life cycles.[1] Prokaryotes do not have a nucleus, mitochondria, or any other membrane-bound organelles. In other words, neither their DNA nor any of their other sites of metabolic activity are collected together in a discrete membrane-enclosed area. Instead, everything is openly accessible within the cell, some of which is free-floating.[3]
Redox pair: An electron donor and its corresponding oxidized form; for example, NADH and NAD+.
Ribosome: is a component of cells that assembles the twenty specific amino acid molecules to form the particularprotein molecule determined by the nucleotide sequence of an RNA molecule.[1]
One of the central tenets of biology, often referred to as the central dogma of molecular biology, is that DNA is used to make RNA, which is used to make proteins. The DNA sequence in genes is copied into a messenger RNA(mRNA). Ribosomes then read the information in this mRNA and use it to create proteins. This process is known as translation; the ribosome translates the genetic information from the RNA into proteins. 

Spirochete bacteria belong to a phylum of distinctive Gram-negative bacteria, which have long, helically coiled (spiral-shaped) cells.[1] Spirochaetes are chemoheterotrophic in nature, with lengths between 5 and 250 µm and diameters around 0.1-0.6 µm.[citation needed]
Spirochaetes are distinguished from other bacterial phyla by the location of their flagella, sometimes called axial filaments, which run lengthwise between the bacterial inner membrane and outer membrane in periplasmic space. These cause a twisting motion which allows the spirochaete to move about. When reproducing, a spirochaete will undergo asexual transverse binary fission.
Most spirochaetes are free-living and anaerobic, but there are numerous exceptions.

Stromatolites: stromatoliths: lithos, rock) are layered accretionary structures formed in shallow water by the trapping, binding and cementation of sedimentary grains by biofilms of microorganisms, especially cyanobacteria (commonly known as blue-green algae).[1]Stromatolites provide some of the most ancient records of life on Earth.
9+2 organization: Each of the outer 9 doublet microtubules extends a pair of dynein arms (an "inner" and an "outer" arm) to the adjacent microtubule; these dynein arms are responsible for flagellar beating, as the force produced by the arms causes the microtubule doublets to slide against each other and the flagellum as a whole to bend. These dynein arms produce force through ATP hydrolysis. The flagellar axoneme also contains radial spokes, polypeptide complexes extending from each of the outer 9 microtubule doublets towards the central pair, with the "head" of the spoke facing inwards. The radial spoke is thought to be involved in the regulation of flagellar motion, although its exact function and method of action are not yet understood.
Alternation of generations:  is a term primarily used in describing the life cycle of plants (taken here to mean the Archaeplastida). A multicellular sporophyte, which is diploid with 2N paired chromosomes (i.e. N pairs), alternates with a multicellular gametophyte, which is haploid with N unpaired chromosomes. A mature sporophyte produces spores by meiosis, a process which results in a reduction of the number of chromosomes by a half. Spores germinate and grow into a gametophyte. At maturity, the gametophyte produces gametes by mitosis, which does not alter the number of chromosomes. Two gametes (originating from different organisms of the same species or from the same organism) fuse to produce a zygote, which develops into a diploid sporophyte. This cycle, from sporophyte to sporophyte (or equally from gametophyte to gametophyte), is the way in which all land plants and many algaeundergo sexual reproduction.
Ameboid (Amoeboid) movement: Amoeboid movement is a crawling-like type of movement accomplished by protrusion of cytoplasm of the cell involving the formation of pseudopodia. The cytoplasm slides and forms a pseudopodium in front to move the cell forward. This type of movement has been linked to changes in action potential; the exact mechanism is still unknown. This type of movement is observed in amoeboids, slime molds and some protozoans, as well as some cells in humans such asleukocytes.
Antibody: An antibody, also known as an immunoglobulin, is a large Y-shaped protein used by the immune system to identify and neutralize foreign objects such as bacteria and viruses. The antibody recognizes a unique part of the foreign target, termed an antigen.
Antigen: An antigen is a foreign molecule that, when introduced into the body, triggers the production of an antibody by the immune system. The immune system will then kill or neutralize the antigen that is recognized as a foreign and potentially harmful invader. These invaders can be molecules such as pollen or cells such as bacteria.
Archea: are a group of single-celled microorganisms. A single individual or species from this domainis called an archaeon (sometimes spelled "archeon"). They have no cell nucleus or any other membrane-bound organelles within their cells.
Asexual reproduction: Asexual reproduction is a mode of reproduction by which offspring arise from a single parent, and inherit the genes of that parent only, it is reproduction which does not involve meiosis, ploidy reduction, orfertilization. A more stringent definition is agamogenesis which is reproduction without the fusion ofgametes.
Bacteria: are a large domain of prokaryotic microorganisms. Typically a few micrometres in length, bacteria have a wide range of shapes, ranging from spheres to rods and spirals. Bacteria are present in most habitats on Earth, growing in soil, acidic hot springs, radioactive waste,[2] water, and deep in the Earth's crust, as well as in organic matter and the live bodies of plants and animals.
Bovine spongiform encephalopathy commonly known as mad-cow disease is a fatal neurodegenerative disease incattle that causes a spongy degeneration in the brain and spinal cord. The disease may be most easily transmitted to human beings by eating food contaminated with the brain, spinal cord or digestive tract of infected carcasses.[3] However, it should also be noted that the infectious agent, although most highly concentrated in nervous tissue, can be found in virtually all tissues throughout the body, including blood.
 Chloroplast: are organelles found in plant cells and other eukaryotic organisms that conduct photosynthesis. Chloroplasts capture light energy to conserve free energy in the form of ATP and reduce NADP to NADPH through a complex set of processes called photosynthesis.
Cilia: is an organelle found in eukaryotic cells. Cilia are slender protuberances that project from the much larger cell body.[2]
There are two types of cilia: motile cilia and non-motile, or primary cilia, which typically serve as sensory organelles
Contractile vacuole: The CV pumps excess water out of the cell. In freshwater environments the concentration of solutes inside the cell is higher than outside the cell (i.e., the environment is hypotonic or hypo osmotic). Under these conditions water flows from the environment into the cell by osmosis.
Creutzfeldt–Jakob disease  is a degenerative neurological disorder (brain disease) that is incurable and invariably fatal.[2] CJD is at times called a human form of mad cow disease, given that bovine spongiform encephalopathy is believed to be the cause of variant Creutzfeldt–Jakob disease in humans. CJD is the most common among the types of transmissible spongiform encephalopathy found in humans.[4] In CJD, the brain tissue develops holes and takes on a sponge-like texture. This is due to a type of infectious protein called a prion. Prions are misfolded proteins which replicate by converting their properly folded counterparts.
Diploid: 2N, the organism has a full set of chromosomes from both parents.
Diplontic: An organism having somatic cells with the diploid number of chromosomes.
Histone proteins: are highly alkaline proteins found in eukaryotic cell nuclei that package and order the DNA into structural units called nucleosomes.[1][2] They are the chief protein components of chromatin, acting as spools around which DNA winds, and play a role in gene regulation. Without histones, the unwound DNA in chromosomes would be very long (a length to width ratio of more than 10 million to one in human DNA). 
Latent viral phase:  is the ability of a pathogenic virus to lie dormant (latent) within a cell, denoted as the lysogenic part of the viral life cycle. A latent viral infection is a type of persistent viral infection which is distinguished from a chronic viral infection. A latent infection is a phase in certain viruses' life cycles in which after initial infection, virus production ceases.
Merozoite: an organism produced from segmentation of a schizont during the asexual reproductive phase of the life cycle of a sporozoon, specifically the malarial parasite Plasmodium. Merozoites can either continue the asexual phase of the life cycle by developing into trophozoites and repeating the process of schizogony or differentiate into male and female gametes and enter the sexual stage. See also Plasmodium.
Metachronal wave: refers to wavy movements produced by the sequential action (as opposed to synchronized) of structures such as cilia, segments of worms or legs. These movements produce the appearance of a travelling wave. A Mexican wave is a large scale example of a metachronal wave. This pattern is found widely in nature such as on the cilia of many aquatic organisms such as ctenophores, molluscs, ciliates as well as on the epithelial surfaces of many body organs. Individual cilia, when part of a metachronal wave being used for protist locomotion, individually beat in a pattern similar to the planar stroke of a flagellum. The difference is that the recovery stroke is at 90 degrees to the power stroke, so that the cilia avoid hitting each other. 
Phage: Phages are estimated to be the most widely distributed and diverse entities in the biosphere.[2] Phages are ubiquitous and can be found in all reservoirs populated by bacterial hosts, such as soil or the intestines of animals.
Plasmodium: is a genus of parasitic protists. Infection by these organisms is known as malaria. The genus Plasmodium was described in 1885 by Ettore Marchiafava and Angelo Celli. Currently over 200 species of this genus are recognized and new species continue to be described.[1][2]
Plastid: are major organelles found in the cells of plants and algae. Plastids are the site of manufacture and storage of important chemical compounds used by the cell. Plastids often contain pigments used in photosynthesis, and the types of pigments present can change or determine the cell's color.
Prion: is an infectious agent composed of protein in a misfolded form.[2] This is in contrast to all other known infectious agents (virus/bacteria/fungus/parasite) which must contain nucleic acids (either DNA,RNA, or both). Prions propagate by transmitting a misfolded protein state. When a prion enters a healthy organism, it induces existing, properly folded proteins to convert into the disease-associated, prion form; the prion acts as a template to guide the misfolding of more protein into prion form. These newly formed prions can then go on to convert more proteins themselves; this triggers a chain reaction that produces large amounts of the prion form.
Proterozoic:  is a geological eon representing a period before the first abundant complex life on Earth. The name Proterozoic comes from the Greek "earlier life". The Proterozoic Eon extended from 2,500 Ma to 542.0±1.0 Ma(million years ago), and is the most recent part of the old, informally named ‘Precambrian’ time.
The Proterozoic consists of 3 geologic eras, from oldest to youngest: OXYGEN HAPPENED.

RNA polymerase (simple and complex): is an enzyme that produces RNA. In cells, RNAP is needed for constructing RNA chains from DNA genes as templates, a process called transcription. RNA polymerase enzymes are essential to life and are found in all organisms and many viruses. In chemical terms, RNAP is a nucleotidyl transferase that polymerizes ribonucleotides at the 3' end of an RNA transcript.
Viroid: are plant pathogens that consist of a short stretch (a few hundred nucleobases) of highly complementary, circular, single-stranded RNA without the protein coat that is typical for viruses Viroid RNA does not code for any protein.[7] The replication mechanism involves RNA polymerase II, an enzyme normally associated with synthesis of messenger RNA from DNA, which instead catalyzes "rolling circle" synthesis of new RNA using the viroid's RNA as template. Some viroids are ribozymes, having catalytic properties which allow self-cleavage and ligation of unit-size genomes from larger replication intermediates.









































Allele:  is one of two or more forms of a gene or a genetic locus (generally a group of genes).[1][2] "Allel" is an abbreviation of allelomorph. Sometimes, different alleles can result in different observable phenotypic traits, such as different pigmentation. However, many variations at the genetic level result in little or no observable variation.
Allopatric speciation: or geographic speciation isspeciation that occurs when biological populations of the same species become isolated due to geographical changes such as mountain building or social changes such as emigration. The isolated populations then undergo genotypic and/orphenotypic divergence as: (a) they become subjected to different selective pressures, (b) they independently undergo genetic drift, and (c) different mutations arise in the populations' gene pools.[1] The separate populations over time may evolve distinctly different characteristics. If the geographical barriers are later removed, members of the two populations may be unable to successfully mate with each other, at which point, the genetically isolated groups have emerged as different species. Allopatric isolation is a key factor in speciation and a common process by which new species arise.

Allopolyploidy: Allopolyploids are polyploids with chromosomes derived from different species. Precisely it is the result of doubling of chromosome number in an F1 hybrid. Triticaleis an example of an allopolyploid, having six chromosome sets, allohexaploid, four from wheat (Triticum turgidum) and two from rye (Secale cereale). Amphidiploid is another word for an allopolyploid. Some of the best examples of allopolyploids come from the Brassicas, and the Triangle of U describes the relationships among the three common diploid Brassicas (B. oleracea, B. rapa, and B. nigra) and three allotetraploids (B. napus, B. juncea, and B. carinata) derived from hybridization among the diploids.

Autopolypoloidy: Autopolyploids are polyploids with multiple chromosome sets derived from a single species. Autopolyploids can arise from a spontaneous, naturally occurringgenome doubling, like the potato.[citation needed] Others might form following fusion of 2n gametes (unreduced gametes). Bananas and apples can be found as autotriploids. Autopolyploid plants typically display polysomic inheritance, and are therefore often infertile and propagated clonally perfect.

Behavioural isolation: An isolating mechanism in which two allopatric species do not mate because of differences in courtship behavior. Also known as ethological isolation.

Biological species: The biological species concept is the most widely accepted species concept. It defines species in terms of interbreeding. For instance, Ernst Mayr defined a species as follows:
"species are groups of interbreeding natural populations that are reproductively isolated from other such groups.”The biological species concept explains why the members of a species resemble one another, i.e. form phenetic clusters, and differ from other species. When two organisms breed within a species, their genes pass into their combined offspring. As this process is repeated, the genes of different organisms are constantly shuffled around the species gene pool. The shared gene pool gives the species its identity. By contrast, genes are not (by definition) transferred to other species, and different species therefore take on a different appearance.
Dominant allele: An allele that expresses its phenotypic effect even when heterozygous with a recessive allele; thus if A is dominant over a, then AA and Aa have the same phenotype.

Ecological isolation: The isolation of competing species of organisms made possible by differences in each species food resources, habitat use, activity period, or geographical range.
Ecological species: A set of organisms adapted to a particular set of resources, called a niche, in the environment. According to this concept, populations form the discrete phenetic clusters that we recognize as species because the ecological and evolutionary processes controlling how resources are divided up tend to produce those clusters

Fitness: is a central idea in evolutionary theory. It can be defined either with respect to a genotype or to a phenotype. In either case, it describes the ability to both survive and reproduce, and is equal to the average contribution to the gene pool of the next generation that is made by an average individual of the specified genotype or phenotype. If differences between alleles at a given gene affect fitness, then the frequencies of the alleles will change over generations; the alleles with higher fitness become more common. This process is called natural selection.

[bookmark: ref311689][bookmark: ref311690]Gametic isolation: Marine animals often discharge their eggs and sperm into the surrounding water, where fertilization takes place. Gametes of different species may fail to attract one another. For example, the sea urchins Strongylocentrotus purpuratus and S. franciscanus can be induced to release their eggs and sperm simultaneously, but most of the fertilizations that result are between eggs and sperm of the same species. In animals with internal fertilization, sperm cells may be unable to function in the sexual ducts of females of different species. In plants, pollen grains of one species typically fail to germinate on the stigma of another species, so that the pollen tubes never reach the ovary where fertilization would occur.

Genetic equilibrium: is at hand for an allele in a gene pool when the frequency of that allele is not changing (i.e. when it is not evolving). For this to be the case, evolutionary forces acting upon the allele must be equal and opposite. The only basic requirement is that the population be large enough that the effects of genetic drift are minimized. For more see heterozygote advantage, fixation, mutation-selection balance, negative frequency-dependent selection. There may be inbreeding as this reduces heterozygosity but does not cause evolution.

Genotype frequencies: Genotypic frequency is the frequency of a genotype — homozygous recessive, homozygous dominant, or heterozygous — in a population. If you don't know the frequency of the recessive allele, you can calculate it if you know the frequency of individuals with the recessive phenotype (their genotype must be homozygous recessive)

Habitat isolation: Habitat isolation refers to situations where two species may live in the same general area but live or reproduce in different habitats. This difference in living space keeps the two species separated. There are many ways in which a habitat can be partitioned.
Cheetahs share the same general area with leopards and lions. What makes them separate from these other felids is that cheetahs are primarily diurnal, that is they are active during the day. Lions on the other hand are more active at night.
Haploid: For instance, a human germ cell (a sperm or an egg cell) is haploid, which means it contains only one of each of the 23 chromosomes of the human genome, or it only has half the diploid (2n) number of a human somatic cell (which is 46). Gametes being haploid are essential particularly during fertilization. The union of two sex cells, each with only haploid number of chromosomes, results in a diploid zygote. The integrity of chromosomal number throughout generations is eventually preserved.

Heterozygous: A diploid organism is heterozygous at a gene locus when its cells contain two different alleles of a gene.[3] Heterozygous genotypes are represented by a capital letter (representing the dominant allele) and a lowercase letter (representing the recessive allele), such as "Rr" or "Ss". The capital letter is usually written first. If the trait in question is determined by simple (complete) dominance, a heterozygote will express only the trait coded by the dominant allele and the trait coded by the recessive allele will not be present. In more complex dominance schemes the results of heterozygosity can be more complex.

Homozygous: A cell is said to be homozygous for a particular gene when identical alleles of the gene are present on both homologous chromosomes.[2] The cell or organism in question is called a homozygote. True breeding organisms are always homozygous for the traits that are to be held constant. An individual that is homozygous dominant for a particular trait carries two copies of the allele that codes for the dominant trait. This allele, often called the "dominant allele", is normally represented by a capital letter (such as "P" for the dominant allele producing purple flowers in pea plants). When an organism is homozygous dominant for a particular trait, the genotype is represented by a doubling of the symbol for that trait, such as "PP". An individual that is homozygous recessive for a particular trait carries two copies of the allele that codes for the recessive trait. This allele, often called the "recessive allele", is usually represented by the lowercase form of the letter used for the corresponding dominant trait (such as, with reference to the example above, "p" for the recessive allele producing white flowers in pea plants). The genotype of an organism that is homozygous recessive for a particular trait is represented by a doubling of the appropriate letter, such as "pp".

[bookmark: ref311695][bookmark: ref311696][bookmark: ref311697]Hybrid breakdown: In plants more than in animals, hybrids between closely related species are sometimes partially fertile. Gene exchange may nevertheless be inhibited because the offspring are poorly viable or sterile. Hybrids between the cotton species Gossypium barbadense, G. hirsutum, and G. tomentosum appear vigorous and fertile, but their progenies die in seed or early in development, or they develop into sparse, weak plants.

Hybrid sterility: (genetics) It refers to the offspring of a successful primary cross, however the secondarycross would fail. It could be due to the resulting condition wherein the offspring of theprimary cross contains multiple sets of chromosomes, which in turn could be due tofailure of chromosome separation (disjunction) during meiosis. For instance, a mule, which is a hybrid between female horse and male donkey, could develop into adult but fails to develop functional gametes, therefore, is sterile.

Hybrid viability: WHAT?
Hybrid inviability:  is a post-zygotic barrier, which reduces a hybrid's capacity to mature into a healthy, fit adult.[1] The relatively low health of these hybrids relative topure-breed individuals prevents gene flow between species. Thus, hybrid inviability acts as an isolating mechanism, limiting hybridization and allowing for the differentiation of species. The barrier of hybrid inviability occurs after mating species overcome pre-zygotic barriers (behavioral, mechanical, etc.) to produce a zygote. The barrier emerges from the cumulative effect of parental genes; these conflicting genes interfere with the embryo's development and prevents its maturation. Most often, the hybrid embryo dies before birth. However, sometimes, the offspring develops fully with mixed traits, forming a frail, often infertile adult.[2] This hybrid displays reduced fitness, marked by decreased rates of survival and reproduction relative to the parent species. The offspring fails to compete with purebred individuals, limiting genes flow between species.[3]

Hybrid zone: exists where the ranges of two interbreeding species meet. For a hybrid zone to be stable, the offspring produced by the cross (the hybrids) have to be less fit than members of the parent species, although this condition does not need to be met in the very first hybrid generation (F1 hybrid which can exhibit hybrid vigour). Some hybrid zones move, typically at a rate of 0.1-10 metres per year. Hybrid zones are relatively rare, although a surprising number are now known to science. They present a problem to the taxonomy of the species involved, and thedefinition of species more generally. They are also important study systems for understanding how new species form (Hybrid speciation), as they are believed to be in transition to reproductive isolation.

Hybridization: When two populations of distinct but closely related birds come into contact, members of those populations may mate with each other and successfully reproduce. That process of "hybridization" creates problems for taxonomists, but is one sign of the continuous nature of the process of speciation -- the evolutionary formation of new kinds of organisms. If hybrids are formed between two populations that are barely differentiated, they may remain undetected, since their features may fall within the range of variability of one or both of the populations. One would expect, if those populations were to remain in contact, that they would blend together and lose their distinctness. On the other hand, two populations may each have diverged so far from their common ancestor that their individuals no longer recognize each other as potential mates. In that case, biologists are agreed that the two populations should be considered separate species. They will not fuse back into a single species.

[bookmark: ref311685][bookmark: ref311686][bookmark: ref311687]Mechanical isolation: Copulation is often impossible between different animal species because of the incompatible shape and size of the genitalia. In plants, variations in flower structure may impede pollination. Two species of sage from California provide an example: The two-lipped flowers of Salvia mellifera have stamens and style (respectively, the male structure that produces the pollen and the female structure that bears the pollen-receptive surface, the stigma) in the upper lip, whereas S. apiana has long stamens and style and a specialized floral configuration. S. mellifera is pollinated by small or medium-sized bees that carry pollen on their backs from flower to flower. S. apiana, however, is pollinated by large carpenter bees and bumblebees that carry the pollen on their wings and other body parts. Even if the pollinators of one species visit flowers of the other, pollination cannot occur because the pollen does not come into contact with the style of the alternative species.

Morphospecies: A typological species distinguished solely on the basis of morphology. 

Non random mating: Mating that has not occurred due to chance, and therefore has had human interference.
ex. people who look alike mate more often then they would under totally random conditions.
1. arranged marriages
2. people who look alike mate together

Null hypothesis: The practice of science involves formulating and testing hypotheses, assertions that are capable of being proven false using a test of observed data. The null hypothesis typically corresponds to a general or default position. For example, the null hypothesis might be that there is no relationship between two measured phenomena[1] or that a potential treatment has no effect.[2]

Parapatric speciation: Parapatric speciation is a form of speciation that occurs due to apparition of dimorphism between populations of a species, and simultaneous variation in the mating habits, within a continuous geographical area. In this model, the parent species lives in a continuous habitat, in contrast with allopatric speciation & peripatric speciation where subpopulations become geographically isolated, and sympatric speciation inside the same area (and still contested).

Phenotype: A phenotype is an organism's observable characteristics or traits: such as its morphology, development, biochemical or physiological properties, behavior, and products of behavior (such as a bird's nest). Phenotypes result from the expression of an organism's genes as well as the influence of environmental factors and the interactions between the two. The genotype of an organism is the inherited instructions it carries within its genetic code. Not all organisms with the same genotype look or act the same way because appearance and behavior are modified by environmental and developmental conditions. Similarly, not all organisms that look alike necessarily have the same genotype.

Phylogenetic species: The concept of a species as an irreducible group whose members are descended from a common ancestor and who all possess a combination of certain defining, or derived, traits (see apomorphy). Hence, this concept defines a species as a group having a shared and unique evolutionary history. It is less restrictive than the biological species concept, in that breeding between members of different species does not pose a problem. Also, it permits successive species to be defined even if they have evolved in an unbroken line of descent, with continuity of sexual fertility. However, because slight differences can be found among virtually any group of organisms, the concept tends to encourage extreme division of species into ever-smaller groups.

Population genetics: is the study of allele frequency distribution and change under the influence of the four main evolutionary processes: natural selection, genetic drift, mutation and gene flow. It also takes into account the factors of recombination, population subdivision and population structure. It attempts to explain such phenomena as adaptation and speciation.

Postzygotic isolation mechanisms: are features of behavior, morphology, or genetics which serve to prevent breeding between species. Reproductive isolation of populations is established. It is particularly important to the biological species concept, as species are defined by reproductive isolation.

Isolating mechanisms can be divided into two groups, Prezygotic isolating mechanisms and Postzygotic isolating mechanisms

Prezygotic isolation mechanisms: FIND IN NOTES

Recessive allele: A recessive Allele results in expression of the recessive characteristic if there is nodominant allele present. Trait in organism wont appear in the presence of a dominantallele.

Reinforcement:  is a term in operant conditioning and behavior analysis for the process of increasing the rate or probability of a behavior (e.g., pulling a lever more frequently) in the form of a "response" by the delivery or emergence of a stimulus (e.g. a candy) immediately or shortly after performing the behavior. The response strength is assessed by measuring frequency, duration, latency, accuracy, and/or persistence of the response after reinforcement stops. Experimental behavior analysts measured the rate of responses as a primary demonstration of learning and performance in non-humans (e.g., the number of times a pigeon pecks a key in a 10-minute session). A reinforcer is the stimulus, event, or situation that is presented or otherwise emerges when the response behavior is performed.

Reproductive isolation: are a collection of mechanisms, behaviors and physiological processes that prevent the members of two different species that cross or mate from producing offspring, or which ensure that any offspring that may be produced is not fertile. These barriers maintain the integrity of a species over time, reducing or directly impeding gene flow between individuals of different species, allowing the conservation of each species’ characteristics

Ring species: is a connected series of neighboring populations, each of which can interbreed with closely sited related populations, but for which there exist at least two "end" populations in the series, which are too distantly related to interbreed, though there is a potential gene flow between each "linked" species. Such non-breeding, though genetically connected, "end" populations may co-exist in the same region thus closing a "ring". Ring species provide important evidence of evolution in that they illustrate what happens over time as populations genetically diverge, and are special because they represent in living populations what normally happens over time between long deceased ancestor populations and living populations, in which the intermediates have become extinct.Richard Dawkins observes that ring species "are only showing us in the spatial dimension something that must always happen in the time dimension."

Stabilizing selection: is a type of natural selection in which genetic diversity decreases as the population stabilizes on a particular trait value. This is probably the most common mechanism of action for natural selection. Stabilizing selection commonly uses negative selection (a.k.a. purifying selection) to select against extreme values of the character.

Subspecies: is either a taxonomic rank subordinate to species, or a taxonomic unit in that rank (plural: subspecies). A subspecies cannot be recognized in isolation: a species will either be recognized as having no subspecies at all or two or more, never just one. (However, all but one subspecies may be extinct, as in Homo sapiens sapiens.) Organisms that belong to different subspecies of the same species are capable of interbreeding and producing fertile offspring, but they often do not interbreed in nature due to geographic isolation or other factors. The differences between subspecies are usually less distinct than the differences between species, but more distinct than the differences between breeds or races (races can be assigned to different subspecies if taxonomically different). The characteristics attributed to subspecies generally have evolved as a result of geographical distribution or isolation.

Sympatric speciation: s the process through which new species evolve from a single ancestral species while inhabiting the same geographic region. In evolutionary biology and biogeography, sympatric and sympatry are terms referring to organisms whose ranges overlap or are even identical, so that they occur together at least in some places. If these organisms are closely related (e.g. sister species), such a distribution may be the result of sympatric speciation. 

Temporal isolation	: Temporal isolation is genetic isolation achieved due to temporal differences in breeding. For example, one population would be temporally isolated from another if it's breeding season was in the fall while the other's was in the spring.

Tetraploid: An organism containing four sets of chromosomes. Common in plants but also occurs in the insects and amphibians groups, and reptiles.

Triploid: Three sets of chromosomes.

Vicariance: is a process by which the geographical range of an individual taxon, or a whole biota, is split into discontinuous parts by the formation of a physical barrier to gene flow or dispersal[1]. Vicariance of whole biotas occurs following large-scale geophysical events such as the uplift of a mountain chain, or the separation of continents. A well documented example of vicariance in the marine realm was the formation of the Isthmus of Panama about 3 million years ago, which resulted in the evolution of related (geminate) species pairs on the Atlantic and Pacific sides. An well known example of vicariance in continental ecosystems was the separation of South America from Africa about 100 million years ago, which isolated many taxa on either side of the newly forming South Atlantic.









