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Ages of Sand
Used to separate the ages of science
Created by Douglas Adams, decided that science can be divided into 4 major ages
First: Telescope – planetary movement
Second: Microscope – seeing smaller things
Third: Computer chip – carry out calculations and process data
Fourth: Fiber optics – instance communication around the world all the time, easier access to information
Determined by the creation of glass

Analogy
Aka homoplasy or convergent evolution
Does not show common ancestry but shows different organisms evolve to have the same features
Eg. flight

Binomen
Relating to or consisting of two names or terms
First is genus,
Second is species
Binomial nomenclature: each organism is given two names that apply only to it – first way to specifically give a name to organisms rather than describing physical features
Created by Linnaeus in 1735 at the same time as taxonomic hierarchy

Biogeography
The study of the geographic distributions of plants and animals
Compte du Buffon was the first to note it
Organisms inhabiting different zones are different, radiation depending on environment (around the world are still diff)
Eg a cow in NA and kangaroos in Australia





Catastrophe theory
The theory that Earth has been affected by sudden violent events that were sometimes world-wide in scope
Supported by Cuvier when he was looking at fossils
Helped on by extinction theories, noticed different animals no longer existed anywhere and this was one way to explain it
Contrasts against gradualism

Cell theory
3 postulates are:
All living material is made of cells
All cells come from preexisting cells
Cells are the simplest unit of life
Made by Schleidan and Schwann in 1860
Saw commonality in cells, no matter their function, for example they all had a nucleus and membrane around them

Chronological prediction:
A prediction for that future often based on experience or knowledge but not always
Opposite of logical predictions – often based on experience or knowledge but not always part of the scientific method
Part of the scientific method

Cladogram
Branching diagram in which the end points of the branches represent different specks of organisms
Used to illustrate phylogenetic relationships – distantly related organisms branch apart closer to the bottom
Darwin’s theory opposed Lamarck’s theory of linear progression







Common ancestry:
Evolutionary biology, organisms diverged from the same ancestors and are related in this sense
Proved by divergent evolution, compoarative anatomy, vestigial structure, molecules (DNA)
Shows on cladograms and Evolutionary trees – one of darwins 5 theorys that organisms can evolve

Consistency of species
Organisms are what they always will be – no variation or change
They all have an essence that places them on the  Scala natura
Opposed by Darwin, disproved by evolution and fossil evidence

Control:
A standard of comparison for checking or verifying results of an experiment
Ex: testing of drugs – one group gets the drugs the other doesn’t to compare the two sets of results
The more controls we can do, the better the results ex: same age, same sex, same education level, temp etc.

Convergent evolution
Is when similar structures develop through use, example the structure of wings on several different UNRELATED species
Used in determining whether or not there is a common ancestry
These similar structures are called, homoplasy or analogy
Eg.: insect wings and bird wings

Georges Cuvier
Worked with fossils to show extinction theory exists
Came up with Catastrophe theory – the idea that Earth has been affected by sudden, violent events that were sometimes world wide in scope
Did not support the consistency of species – that everything had its place and did not change (Lamark)
Charles Darwin
Collected species and fossils from all over the Americas on a 5 year trip on the Beagle to try and show evolution
Came up with 5 theories in the Origin of Species:
No consistency of species
Common ancestry
Gradual changes
Multiplication of species
Natural selection
Showed that artificial selection existed eg: the breeding of horses for racing purposes helping support natural selection
Believed in a branching pattern for evolution which provided more variation than a linear progression

Erasmus Darwin
Translated Linnaeus work to English  - coining many botanical terms 
Saw patterns between organisms, began to loosely theorize about evolution – one of the first to do this
Believed that the Scala natura changed over time due to some sort of evolution

Deduction:
An approach to prove a theory that attempts to provide a formal model of LOGICAL reasoning – through experimentation
Based on a hypothesis and some sets of data (math and laws)
Used in physical sciences

Descent with modification
Mechanism of evolution: biological evolution, passing on of traits from parents to offspring
Affected by natural selection, gene mutation, evolution and fitness
Eg: population of beetles (green and brown), half of the green beetles die by being crushes, so the population becomes mostly brown due to natural selection



Divergent evolution
Is when similar structure become less similar over time as they adapt to different environments and lifestyles, species get further apart
Important in determining common ancestry
Similar structures that diverged are called “homology”, you can still tell they come from the same place, ex forearms or many vertebrates and similar because they all have common ancestry

Domains of life
Separated into:
Eukaryotes: single and multi-celled organisms
Archae: ancient bacteria
Bacteria
Highest taxonomic category
Shows fundamental differences in genomes and RNA

Empirical observation:
Relying on or derived from observation and experiment
Can be applied to physical sciences and natural (experimentation and observation)
A way with coming up with a theory or a hypothesis

Essentialism:
Idea that there is no room for change, everything was put on the Earth by deity on October 23rd, 4004 BCE
Followed by the idea of the Scala natura – everything has its rightful place in the world
Began to believe that change had to be possible for two reasons:
Transmutation
Transformation (finalism or environmental)





Eukaryotes
One of the three domains of life
Cells that have a nucleus
Organisms are made up of eukaryotic cells working together to form tissues, organs, organ systems and finally the organisms themselves
Evolved from he prokaryotes

Evolutionary tree
Phylogenetic tree – branching diagram showing inferred evolutionary relationships among species
Based on physical and genetic characteristics of the species
Showing common ancestry and therefore showing evolution

Extinction:
Death of the last individual in a species or the last species of a lineage
Proved by Cuvier in the fossil records, species evolve and die off
Tied into the catastrophe theory, caused by multiple catastrophes on Earth

Fact:
Supported by lots of data and has been proved many times
Theory’s grow into facts which are developed by testing a hypothesis many times and having consistent results
Part of the scientific process

Fitness
Idea of evolutionary biology, defined in respect to a genotype and phenotype
Essentially the ability to reproduce and contribute to a gene pool of the next generation
Mechanism of evolution, allowing certain characteristics to be passed on or not to be, changing the contribution to the gene pool




Fossil Record
All remains or traces of organisms of the past geological age embedded and preserved in Earth’s crust
Proof of extinction or evolution, discovered by Cuvier
Transitional forms complete the fossil record and help show missing links in evolutionary history of certain organisms
Germ theory
Theory that microorganisms are the cause of many diseases
Controversial at fist, validated in the late 19th century, discovered by Pasteur 
He also discovered that spontaneous generation didn’t actually exist
Historical narrative:
A story of a historical event, factual historical writing using chronology as its framework
The main way of writing about Natural science as there is no data to communicate
Conveys different theories and facts

Homology
Characteristics shared with species due to a common ancestor
SEE Divergent evolution

Homoplasy:
Characteristics shared with species due to similar environments, not common ancestry 
See Convergent evolution

Huxley (Julian)
Came up with the synthetic theory of evolution
Into biogeography and helped to come up with the idea of continental drift – all used to be one big continent called Pangea
Describes population genetics based on Mendelian genetics and mathematics and helps to understand variation
Linked Mendel and Darwin


Hypothesis
Part of the scientific method
A working explanation of observed facts – testable idea
Considered false until proved true – becomes a theory over time until tested multiple times over and over again

Induction
Making multiple observations and seeing a pattern and coming up with a historical narrative
Used generally in natural sciences
Purely OBSERVATIONAL

Lamarck
Transmutation of species – species change into each other based on environmental influences
Basis of evolution, use it or lose it theory, ex: giraffes having long necks, they would grow longer to reach plants high up and then pass this trait onto their offspring so they could reach high to
Organisms gained complexity during their lifetime

Law:
System of rules or guidelines, sets of thinking
Universal like in physical sciences – Newton’s laws in physics
Natural sciences don’t have laws because they cant be tested universally

Georges-Louis Leclerc
Travels and observes the beginning of biogeography – animals are different in identical zones in different geographical locations
Structural changes of organisms would match the environment around them
Proposed that radiation and change = evolution
Linnean taxonomy
Separates organisms into Kingdom, Phyla, Class, Order, Genus, Species
Allows for the scientific naming of organisms
Builds on early classification by Aristotle, Theophrastrus
Organisms are more related have more of the same taxonomic categories
Carl Linnaeus
Linnaean taxonomy – Kingdom, phylum, class etc. Biological classification rank-based classification of organisms 
Taxonomic hierarchy – organized into contained sets – predictability – plants or animals
Binomial nomenclature and Binomen
Looking at commonality, naming system of 2 names per organism
Provides descriptions (genus and species) noun and adjective / modifier

Charles Lyell
Made geological time scale based on erosion marks saw changes of organisms over time (strata)
Believed uniformitarian theory – that the world evolved slowly and steadily and that the forces that shaped the world before are the forces that are still common in the world today
Showed the world was older than previously thought, not all created by a higher power on Oct 23rd 4004 BCE

Logical prediction:
Reasoning about outcomes based on logical thinking or deduction
Based on a hypothesis, and facts and some sort of data to provide a base 

Mendel (gregor)
Focused on peas, showing variation and mixture of traits and heritability – gave the birth to genetics
 variation comes from 2 not 1
Law of segregation of characters
Law of independent assortment
Modern Biology
Cells are basic unit of life
New species and inherited traits are evolution
Genes are basic unit of heredity
Organism regulates the internal environment to maintain a stable and constant condition
Living organisms consume and transform Energy
Natural Science
Branches of science that seek to elucidate the rules that govern the natural world by empirical and scientific methods, Based on historical narratives
Variability, animate objects, more than laws, no laws because it is NOT UNIVERSAL, cant be tested anywhere other than earth
Vitalists follow natural science laws
Theories come from induction

Natural selection
Evolutionary process by which alleles that increase the likelihood of survival and the reproductive output of the individuals that carry them become more common in subsequent generations
Proposed first by Darwin, not easily accepted as it had no basis
Basically it is “survival of the fittest” strongest traits of an organism are carried on to offspring to ensure their survival

Null hypothesis
A statement of what would be seen if the hypothesis being tested were wrong
Opposite of the alternate hypothesis , theory of what is really going to happen in an experiment 
Part of the scientific method

Organisists:
Believe that everything can be explained but it is all dependent on biology and genetics.
Combination of Physicalist and vitalist views
Philosophical orientation reality is best understood as an organic whole

Louis Pasteur
Idea that life does NOT come from spontaneous generation, it comes from previous life
Came up with the germ theory – that microorganisms are the causes of many diseases
Discovered pasteurization
Physical sciences
Branches of science that study non-living organisms, physics chem, math some earth sciences
Follow universal LAWS like Newton’s laws in physics
Predictability, empirical observations

Physicalists:
Believed in physical sciences (predictability, laws universality)
With the exception of humans all living things are machines
Opposite of vitalists, but later combined with them to form organicists

Prokaryotes
Organism in which DNA is suspended in the cell interior without separation from the other cellular components by a discrete membrane
The first type of cell that was existence on earth, because it was the simplest. Diverged into eukaryotic and more complicated cells
Bacteria are prokaryotes and archea

Proximate causes:
Immediate mechanical outcome or cause of something
Physical sciences like genetics and chem
Phenotype and morphology and behavior

Scala natura
Follows essentialism – natural scale of being that is used to classify the natural world
Highly religious, in the early times of biology, people thought organisms were placed here by divine intervention 
As we discovered more and invented microscopes, the scale grew and changed as we discovered that evolution existed and that all these organisms were apt to change





Schleidan and Schwann
Came up with the cell theory
All living things are made of cells
All cells come from preexisting cells
Cells are the simplest unit of life
Looked at cells in microscope and discovered that there is a commonality no matter their function
Helped us understand more about the world around us

Scientific revolution
16th-18th century. Revolutionized the way we see the world ex: Copernicus – Earth not center of universe, physical science laws and first microscope
better organization was put to the world – Linnaeus
theory of evolution was started, we began to notice changes, biogeography and radiation

Special creation:
Theological doctrine that states that the universe and all life originated by divined decree
Date was October 23th 4004 BCE
Followed the idea of essentialism

Synthetic theory of evolution
Presented by Huxley
Based on mathematics, genetics and mendelian genetics, population genetics
The mathematically theory of how we evolve, including our genes


Taxon:
A name designating a group of organisms included within a category in the Linnaean taxonomic hierarchy – taxonomy is a science
Created by Linnaeus
Along with binomial nomenclature


Theory:
A supposition or system of ideas intended to explain something. Esp one based on general principles independent of the thing to be explained.
Different than a hypothesis in the way that it has been tested and withheld the tests many times
Can have more than one theory as to why something is the way it is and can be disproved at any point

Transitional forms
Missing links in the fossil records
Show a complete evolutionary history and can help us understand how one species involved into the other and made a transition
Ex: Archaepteryx shows the transition from reptiles to birds

Transmutation
The idea that an organism’s essence changes to become another
Modified version of the essentialist view for change

Transmutation of species
Lamarck’s theory that said species change into one another based on environmental influenced
Basis of evolution because he introduced the idea that species change over time, although we know his theory wasn’t true because changes made in an individual’s lifetime don’t get passed down to offspring
Organisms acquire traits over time, use it or lose it idea


Ultimate causes
Changes over time and evolutionary history
Natural sciences like general biology
Genotypes, genes and history
Often presented as a historical narrative




Uniformitarianism:
Concept that the geological processes that sculpted Earth’s surface over long periods of time are exactly the same processes that are observed today
Ex: volcanic activity, earthquakes, erosion
Important because it links the old world with our world of today showing how the environment has adapted to become what it is

Vestigial structure:
An anatomical feature of living organisms that no longer retains its function
Ex: goose bumps, nictitating membrane in eye
Comes from divergent evolution

Vitalists:
Believed in natural sciences (Variability, no laws, non-universal)
Physical and chemical laws apply but living things have a vital essence
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Combined with physicalists to form the organicists

Adhesion, 
Refers to the binding between different polar molecules for example water binding to the mineral fragments in soil (adherence of molecules to the walls of conducting tubes like in plants)
Due to the hydrogen bond which is the strongest intermolecular force
Important in water because it allows for polarity, and for solubility of different materials – water is one of the chemicals of life
These bonds are possible due to covalent bonding within the molecules making for a slightly positive side and slightly negative side
Water is a polar molecule

Archaean eon
Stretched from 3800-2500 MA, starting with anaerobic bacterial life and ending when oxygen starts to accumulate
It was during this time period that the first life forms – prokaryotes – appeared on earth, Postulated to be the stromatolites that were the first organisms to live on Earth
During this era, cyanobacteria also appeared which are what allowed the atmosphere to create an ozone layer

Biomonomers
Identical or nearly identical subunits that link together to form polymers during polymerization
Basic units that appeared on early earth and were synthesized to create life. They are all abiotic, and were used to build more complex biotic compounds but are organic as they contain carbon
Ex: Different types of acids, nucleic acids which form DNA and proteins

Biopolymers
A more complex macromolecules that consists of multiple biomonomer linked together
Shortest polymers were probably present in early earth and were much smaller than those of today, but were enough to form the simplest prokaryote
Polymerization was more likely to occur in clay proven from the formation of short nucleic acid chains and polypeptides on the surface of clay
Clay would have been very abundant on earth
Layered structure readily absorbs ions and organic molecules and promotes their interactions like assembly reactions

Carbon
The most abundant element found in living things. Essentially, the chemistry of life is based on the element carbon
Any molecule containing carbon is defined as organic
The oxides of carbon are inorganic
Bonded to other elements with covalent bonding as it is a non-metal
Often forms macromolecules – long chains of repeating subunits – monomers

Central dogma
All living organisms contain DNA which is a double stranded helical molecule that contains a unique alphabet that provides the instructions for assembling many components of a cell organism
DNA is replicated and is copied onto molecules of RNA which directs the production of protein molecules ; Simplest cells contain thousands of proteins which are all coded uniquely
enzymes are required to catalyze the replication of DNA, the transcription of DNA into RNA and the translation of RNA into protein

Chemical evolution
In reference to Nucleosynthesis, the creation of chemical elements in the universe either through the Big Bang, or supernovae
Essentially the idea that everything was formed by heat and pressure in a giant molecular cloud consisting of hydrogen
The idea that other chemicals could develop from each other to from molecules and elements




Cohesion: 
The high resistance of water molecules to separation
Basically their ability to stick together and remain grouped together
Important for providing structural support for insects and other water users to rest upon, important in the transpiration pull theory of plants – basically how plants get their hydration
Cohesion is possible because of hydrogen bonds and the strength of these bonds between the molecules. – spheres of hydration, forming around ions etc.
These bonds are possible due to covalent bonding within the molecules making for a slightly positive side and slightly negative side
Water is a polar molecule

Crystal lattice of water
Due to hydrogen bonding, molecules of water tend to form a lattice shape when multiple molecules are put together
Gives water strength, yet less density because holes are formed between the molecules which is why ice floats
The lattice pattern is less condensed in ice
The lattice pattern is more condensed in water because it needs to stick closely together to be more fluid

Emergence:
The idea that the whole is greater than the sum of its parts. The way complex systems and patterns arise out of a multiplicity of relatively simple interactions.
Came up by Organicists – vital force replaced by genetic program and the importance of emergence
Humans show emergence






Evaporation
process by which water is converted from its liquid form to its vapor form
Important in the water cycle, which is a part of the natural cycle of our environment on earth
Property of water which allows it to keep our ecosystem as an interactive environment that is constantly in motion and alive – important in condensation, because water has to evaporate first then condensate to rain in places that are in need of water
System by which geographic locations with little water can survive as it is essential for life

Geological time scale
A way of showing the different significant events that have happened on earth in comparison to one another in the history of the earth
Divided into 3 major eons
Phanerozoic – Aerobic and multicellular organisms
Achaean – Anaerobic bacterial life
Hadean – formation of solar system and planet
Can be divided in a calendar year or using a building height – essentially it’s a set scale of comparison to show event relative to one another when they happened

Hadean Eon
Began with the formation of the solar system and planet and ends with the origin of life (4600 – 3800 MA)
During this time the early atmosphere of the earth formed with some water vapor, hydrogen sulphide, carbon dioxide, ammonia and methane – no ozone layer yet as there wasn’t enough oxygen in the air
These molecules along with high amounts of UV light are what produced the molecules necessary for life and were produced from abiotic molecules
Protobionts formed during this time – compartmentalizing its insides (molecule)




Green house gases:
is a gas in an atmosphere that absorbs and emits radiation within the thermal infrared range.
Ex: Carbon dioxide, water vapour, methane, ozone, nitrous oxide
Important in early earth because these are what helped keep the surface warm – no ozone layer to trap the gases, so the gas clouds themselves trapped the heat
Helped to develop a standard heat that was common all around the world

Hydrogen bond
attractive interaction of a hydrogen atom with an electronegative atom, such as nitrogen, oxygen or fluorine, that comes from another molecule or chemical group
the hydrogen must be covalently bonded to another electronegative atom to create the bond. Ex: water
These bonds can occur between molecules (intermolecularly), or within different parts of a single molecule (intramolecularly).

Hydrophilic:
Polar molecules that associate readily with water
Important in the phospholipid bilayer
Hydrophilic phosphate heads on the components that make up the layer
Ex: Ionic substances such as sodium chloride and other polar molecules

Hydrophobic:
Nonpolar substances that are excluded by water and other polar molecules
Important in the phospholipid bilayer
Hydrophobic phosphate tails on the components that make up the layer
Ex: Non polar substances like lipids and oils




Hydrothermal vents
One of the origins of organic monomers due to its high pressure and temperature
Highly reducing conditions were found here and released methane and ammonia which could have led to the formation of the building blocks of life on primitive earth
Potentially one of the sources of the origins of life
Where extremophiles – archea tended to live because of the extreme conditions, they were born there and tend to reside there

Interstellar space dust and interstellar organic compounds
Fueled the idea of Panspermia
The idea that life on Earth was seeded by microbes from space
Dust in interstellar space and in comets is largely organic which is a theory that has been confirmed
Throughout the early formation of earth, it was bombarded by particles and comets and meteorites from space, and it is possible that one of these bombardments brought organic materials to earths surface that allowed for the synthesis of life

Micelles
A sphere composed of a single layer of lipid molecules
Like a lipid bilayer yet it is formed in a sphere
Hydrophilic and hydrophobic component 
Formed when soaps or detergents are added to water
micelles have an internal pocket of water surrounded by a single layer of lipid. 
Phospholipids are too complex to have appeared in the primordial soup but there are less complex molecules with polar heads and hydrophobic tails and when these are mixed in the right ratio with water they form large bilayer membranes that surround a central core of water! Sound unusual, it gets even more interesting – you can extract lipids from carboniferous meteorites and these will no the same thing


Miller-Urey experiment
Created a laboratory simulation of the reducing atmosphere believed to have existed on early earth
They placed hydrogen methane, ammonia and water vapor in a closed apparatus
Exposed the gases to an energy source in the form of sparking electrodes
Water vapor was added and condensed back into water to simulate precipitation
CONCLUSION After running the experiment they found organic compounds in the water – urea, amino acids and lactic formic and acetic acids 
Essentially showed that biotic forming compounds could be produced from abiotic compounds
When hydrogen cyanide and formaldehyde (earliest substances formed in the primitive atmosphere) were added, all the building blocks of complex biological molecules were produces
Error is that we didn’t know the exact amount on early earth

Nonpolar compound
Hydrophobic compounds like oils and fats
dipole–dipole intermolecular forces and hydrogen bonds

Paspermia
The idea that life on Earth was seeded by microbes from space
Proof:
Life arose quickly on Earth – nary window for development
Life is very resilient – extremophiles – and could have lived in a harsher condition elsewhere

Phanerozoic eon:
543 Ma to present time
Emergence of multicellular organisms in an environment like that of today



Polar compound
Hydrophilic compounds like water and other ions, sodium chloride
Hydrogen bonding and covalent bonding

Prebiotic soup
Mixture of all the supposed compounds that were found on early earth
Water vapor, hydrogen sulphide, carbon dioxide, ammonia and methane
Used during the Miller-Urey experiment (see miller-eurey experiment)

Proteins first hypothesis - ?

Proterozoic eon
2500-543 Ma Oxygen atmosphere, single celled aerobic organisms
Dominated by cyanobacteria which could harness electrons from water and oxidize them creating oxygen
This allowed oxygen to accumulate in the atmosphere and form the ozone layer which later allowed the development of eukaryotic cells and more complex organisms

Protocells
The term given to a group of abiotically produced organic molecules that are surrounded by a membrane or membrane-like structure
they have been host to a variety of complex biochemical interactions including biosynthesis of DNA and RNA and RNA has even been translated into protein in artificial protocells. 
To be true cell though the protocell must be able to do three things: 
self-maintenance through metabolism and internal biochemical reactions, 
self reproduce 
have to be able to change or evolve.  





,Reducing atmosphere
Atmosphere of the early earth as it contained large concentrations of molecules like hydrogen methane and ammonia
Have the maximum number of electrons and hydrogen and are said to be fully reduced
This is important because they were a rich source of electrons that can be easily donated to make reactions possible that lead up to the building of large and complex organic molecules
Different from our atmosphere of today as it is oxidizing
Large presence of O2 so it prevents electron-rich molecules from being formed because oxygen is a strong oxidizing molecule

Specific heat
is the amount of heat per unit mass required to raise the temperature by one degree Celsius
To raise the planet temperature to what it is today, large amounts of energy needed to be dispensed and we got that from the sun
Water has a 

Spontaneous origins
Has four conditions
non-living synthesis of non-organic molecules, 
assembly of molecules into polymers,
 origin of self replicating molecules that made inheritance possible 
packaging of these molecules into membranes with an internal chemistry different than their surroundings.

Surface tension
The force that places surface water molecules under tension, making them more resistant to separation than the underlying water molecules
Due to the cohesion of water molecules
Allows for support of animals like bugs that walk on water and for plants like water lilies



Surfactant
are compounds that lower the surface tension of a liquid, the interfacial tension between two liquids, or that between a liquid and a solid. Surfactants may act as detergents, wetting agents, emulsifiers, foaming agents, and dispersants.

Vesicles
A small membrane-bound compartment that transfers substances between parts of the endomembrane system
First seen in protobionts – protocells
Part of the phospholipid bilayer, with hydrophobic and hydrophilic interactions

Volcanic outgassing
the release of gases into the atmosphere during volcanic eruptions. A lot of of our atmosphere (including water vapor, nitrogen, and argon) came from outgassing.
Contributed to the prebiotic soup and helped contribute to the synthesis of organic molecules
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Aerobic
An organism that requires oxygen for cellular respiration
Oxygen is used as the terminal electron acceptor in cellular respiration
Perform oxidative phosphorolation, glycolosis and the Krebs cycle
Almost all animals, fungi and some bacteria are obligate aerobes

Anaerobic
An organism that does not require oxygen to live – only prokaryotes are capable of this type of respiration
Prokaryotes have electron transport chains accept sulphate, nitrate or ferric ions in the place of O2 as a terminal electron acceptor meaning they are “anaerobic”
Obligate anaerobes are poised by oxygen and they use fermentation as their main way of getting energy (or anaerobic respiration)
Faculative anaerobes use oxygen when present, but can survive by fermentation or anaerobic respiration in the absence of oxygen

Antibiotic resistance
type of drug resistance where a microorganism is able to survive exposure to an antibiotic
Many antibiotic resistance genes reside on plasmids (which facilitates their transfer). 
This resistance is then passed on through conjugation, transduction or transformation (horizontal gene transfer)

Archaea
One of two domains of prokaryotes; archaeans have some unique molecular and biochemical traits, but they also share some traits with Bacteria and other traits with Eukarya
Also called extremophiles because they thrive in “extreme” environments like hydrothermal vents, salt lakes, volcanoes but they can also be found in less extreme environments
Have different lipid molecules in their plasma membranes, there is a different linkage between glycerol and the hydrophobic tails and the tails are isoprenes and not fatty acids. Also some lipids have polar head groups at both ends
3 major groups based on rRNA sequences; Euryarchaeota, Crenarchaeota, Korarchaeota

ATP sythetase (synthase)
A membrane-spanning protein complex that couples the energetically favorable transport of protons across a membrane to the synthesis of ATP
Consists of a basal unit embedded in the inner mitochondrial membrane, connected to a headpiece, which extends into the mitochondrial matrix, by a stalk
Important in oxidative phosphorylation
It is a small molecular rotary motor that is formed by ATP being phosphorylated into ADP and P

Autotroph
An organism that produces its own food using CO2 and other simple inorganic compounds from its environment and energy from the sun or from oxidation of inorganic substances
First trophic level, providing a basic of receiving energy for all other higher trophic levels
Have a higher biomass than other trophic levels, are found in higher quantities because they feed everyone else
Phototrophs, chemoorganotrophs, chemolithotrophs

Bacillus bacteria
Shape of any rod-shaped bacterium
Bacillus is also a genus of bacteria
Bacilli can refer to a more specific taxonomic class of bacteria that includes two orders 
 
Bacteria (Eubacteria)
One of the two domains of prokaryotes; collectively bacteria are the most metabolically diverse organisms
More than 12 distinct evolutionary branches distinguished by rRNA sequencing; most important six are: proteobacteria, green bacteria, cyanobacteria, Gram-positive bacteria, spirochetes and chlamydias
Can be cocci, bacilli, spirallai or square shaped
Fairly simple structure, nuclear material in the middle, suspended in the cytoplasm is the nuclear material, ribosomes, plasma membrane, cell wall, flagellum and maybe pilli
Has plasmid (a circular additional piece of DNA important in allowing for exchange of genetic material
Cell wall composed of peptidoglycans
Reproduce asexually: binary fission, conjugation, transformation and transduction

Bacterial flagellum
Tail-like projection that protrude from the cell body and plays a role in locomotion of that bacteria and also sensing, it beats and it propels the bacteria
Powered using the first biological motor known. The bacteria pumps protons into the region outside the membrane creating a proton gradient. The protons fall back through the membrane and into the motor of the flagellum. As they fall, proteins change their configuration and shape and cause rotation to occur in the bearing of the flagellum
Made up of the protein flagellin

Bacteriophage
A virus that infects bacteria. Also referred to as a phage
This is why bacteria do not completely overrun the planet – they are destroyed in incredibly huge numbers by bacteriophages
Produced by transduction


Binary fission
Prokaryotic cell division – splitting or dividing into two parts
Mode of asexual reproduction
The genome replicates, anchors to 2 different parts of the cell, it then divides into 2 separate cells with genetically identical material – no genetic variation 
Variation occurs only from mutations during replication

Capsule
Layer that lies outside the cell wall of bacteria
Consists of polysaccharides but can contain other materials as well. 
Enhances the ability of the bacteria to cause disease by preventing a phagocyte from performing phagocytosis.
Found on Gram-negative bacteria generally

Cellular respiration
The process by which energy-rich molecules are broken down to produce energy in the form of ATP
Performed by heterotrophs which cannot make their own food from sunlight or inorganic compounds
3 part process: glycolysis, citric acid cycle (Krebs), electron transport and chemiosmosis
Involves protons passing through the membrane, and a concentration gradient for protons is important
Photons of light energy are used to excite electrons
This is how cells build their organic molecules

Cellulose
Organic compound that is a polysaccharide consisting of a linear chain of several hundred to over ten thousand linked glucose units
Structural component of the primary cell was in green plants, some form of algae and some oomycetes
Some species of bacteria secrete it to form biofilms
Aggregate of microorganisms in which cells adhere to each other on a surface

Chemolithoheterotrophs
Heterotrophs
Use inorganic energy substrates (consume it)
Bacteria that get their energy from iron and other charged particles like ammonia and different minerals
Oxidation reactions

Chemolithotrophs
Autotrophic bacteria that use oxidation reactions to form energy
Use Co2 to produce their own organic compounds
Gets high energy electrons from particles

Chemoorganoheterotrophs
Heterotrophs
Consume carbon in its organic form
Harness energy (high energy electrons) by breaking carbon bonds – break chemical bonds to generate energy
Glycolosis, Krebs cycle
In animalia and fungi kingdoms

Chemoorganotrophs
Autotrophs
Break carbon-carbon bonds to get energy
Pull CO2 together to make their own organic compounds

Chitin
Long chain polymer of acetylglucosamine
Main component of the cell walls of fungi, the exoskeletons of arthropods and insects, the rdulas of mollusks and the beaks of cephalopods
Chiting has proven useful for several medical and industrial purposes such as defence mechanisms for plans, thickening and stabilizing foods and surgical thread

Circular genome
SEE PLASMID

Coccal bacteria
Used to describe any bacterium that has a spherical shape

Conjugation
In bacteria - The process by which a copy of part of the DNA of a donor cell moves through the cytoplasmic bridge into the recipient cell where genetic recombination can occur (prokaryotic cell division)
Can be through: 
Plasmid transfer: the plasmid itself is moved between two different bacteria
gene transfer: parts of the plasmid can incorporate itself into the new bacteria, pieces in each, allowing for different combinations
Allows for genetic variability
Called horizontal gene transfer using the pilli of bacteria

Cyanobacteria
First photoautotrophs
Small and disperse easily – first photoautotrophs (carbon dioxide and light, combine with water and use it to stich carbon together)
Initially lived in water, created a lot of oxygen in water, and it degassed into the air
Form films called stromatolites which are fossilized remains of cynobacterial mats
Reproduce asexually to increase massively in numbers
Responsible for converting the early reducing atmosphere into an oxidizing one and creating our oxygen rich atmosphere

Daughter cell
What the two resulting cells from mitosis are called
Identical to one another – same DNA sequence
Formed during the M phase in the cell cycle
Diploid cells

Electron donor
Chemical entity that donates electrons to another compound
It is a reducing agent – meaning it gets oxidized
Important in REDOX reactions
Release electrons during cellular respiration, transported using the electron transport chane

Electron receptor
Chemical entity that accepts electrons transferred to it from another compound
It is an oxidizing agent – meaning it gets reduced
Important in REDOX reactions
Receives an electron during cellular respiration or photosynthesis

Electron transport chain
Found in the mitochondrion and chloroplasts – is the site of oxidative phosphorylation in eukaryotes
Couples electron transfer between an electron donor and an electron accepter with the transfer of H+ ions across a membrane
Causes an electrochemical proton gradient that is then used to generate chemical energy in the form of ATP
Used for extracting energy from sunlight in photosynthesis (in chloroplasts) and for generating proton gradients in mitochondria

Eukaryota
Domain of life containing all eukaryotic organisms
Contain complex structures enclosed within membranes – nucleus and nuclear envelope

Extremophiles
Belonging to the archaea domain
An organism that thrives in physically or geochemically extreme conditions that are detrimental to most life on earth E.G. hydrothermal vents salt lakes etc.
Are some that live in more moderate environments too
There are acidophiles, alkaliphiles, halophiles, thermophiles and many more
Used in industrial purposes to catalyze reactions under extreme conditions
Give support to the idea of Panspermia


Fermentation
Process in which electrons carried by NADH are transferred to an organic acceptor molecule rather than to the electron transfer system
Process following glycolysis if oxygen is absent or in short supply
The pyruvate then remains in the cytosol where it is reduced
There is lactate fermentation and alcohol fermentation
Lactate : pyruvate is converted into lactate, occurs in the cytosol of muscle cells in animals whenever strenuous activity resuils in a demand for ATP that exceeds the rate at which O2 can be supplied to the electron transport chain for oxidative phosphorylation
Alcohol: Occurs in microorganisms like yeasts. Pyruvate is oxidized into Co2 and ethyl alcohol
Important whenever oxidative phosphorylation cannot occur
Allows glycolysis to continue to produce ATP

Flagellar hook
Molecular universal joint that transmits torque from the motor (anchored in the bacterial cell wall ) to the flagellar filament
Flexible, allowing the filament to adopt wide range of angles relative to the motor axis and cell wall, yet continue to be rotated by the motor at all these angles
Important in the mouvement and transmission of energy to flagellum of a bacteria

Flagellar motor
Used to fuild a tail-like projection that protrude from the cell body and plays a role in locomotion of that bacteria and also sensing, it beats and it propels the bacteria (flagellum)
First biological motor known. The bacteria pumps protons into the region outside the membrane creating a proton gradient. The protons fall back through the membrane and into the motor of the flagellum. As they fall, proteins change their configuration and shape and cause rotation to occur in the bearing of the flagellum
Made up of the protein flagellin
Anchored in the cytoplasm, plasma membrane, peptidoglycan layer and the outer membrane of the bacteria


F-negative and F-positive bacteria
Bacteria have a typical conjugative plasmid called the F-plasmid  - a form of fertility factor found in bacteria
The F-plasmid can integrate itself into the bacterial chromosome by homologous recombination
Passed on during conjugation in bacteria
An F-positive bacteria is a bacteria that posses an F-plasmid
An F-negative bacteria is a bacteria that does not posses an F plasmid (such as recipient cells)

Gram-negative bacteria
Describing bacteria that do not retain the stain used in the Gram stain procedure
Has capsule, outer membrane, peptidoglycan layer, plasma membrane and cytoplasm
Pathogenic ability that is associated with the lipopolysaccharide layer (more toxic)

Gram-positive bacteria
Describing bacteria that appear purple when stained using the Gram stain technique
Has capsule, peptidoglycan layer, plasma membrane, cytoplasm (no outer membrane)
Less toxic

Halophiles
Extremophile organism that thrives in environments with very high concentrations of salt
Some species give off a red color from carotenoid compounds
Can be found anywayere with a concentration of salf five times greater than that of the ocean, like the dead sea

Heterotroph
An organism that acquires energy and nutrients by eating other organisms or their remains
Is not capable of fixing carbon on its own so it needs to consume it 
Photoheterotrophs, chemoheterotrophs, chemoorganoheterotrophs, chemolithotrophic heterotrophs

Horizontal gene transfer
Any process in which an organism incorporates genetic material rom another organism without being the offspring of that organism
Used by prokaryotes, viruses, unicellular prokaryotes
Ex: transformation, transduction, bacterial conjugation, gene transfer agents

Lithotrophs
An organism that uses an inorganic substrate to obtain reducing equivalents for use in biosynthesis or energy conservation via aerobic or anaerobic respiration
Chemolithotrohs [autotrophic], lithoheterotrophs [heterotrophic]

Methanogens
Microorganisms that produce methane as a metabolic byproduct in anoxic conditions
Classified as archaea – common in wetlands
Some are extremophiles tat are found in environments such as hot spring and submarine hydrothermal vents

Monera
One of the five taxonomic groups in the 5 kingdom classification system
Contains unicellular organisms without a nucleus such as bacteria
Divided into the Archaea and Bacteria (Eykarya) domain

Nitrogen fixation
A metabolic process in which certain bacteria and cyanobacteria convert molecular nitrogen into ammonia and ammonium ions, forms usable by plants
Important because it is required to biosynthesize the basic building blocks of life – nucleotides for DNA and RNA and amino acids for proteins
Also refers to the biological conversions of nitrogen such as its conversion to nitrogen dioxide
Nitrogen fixing bacteria live in the soil or in mutualistic  association with plant roots are essential in this process

Nucleoid
The central region of a prokaryotic cell with no boundary membrane separating it from the cytoplasm, where DNA replication and RNA transcription occur
Found in prokaryotes because they don’t have bound nucleus’ (no nuclear membrane)
Contains a circular genome that is a double-stranded piece of DNA that is generally about a few million base pairs
Lacks chromatin

Oxidized
Substance from which the electrons are removed during oxidation (electron donor)
Becomes more positive
The substance that is oxidized is the reducing agent (REDOX)
E.X. NADH
Part of the electron transport chain

Pathogen
Microbe or microorganism such as a virus, bacterium, prion or fungus that causes disease
An immune system is the bodies defense against pathogens
In the case of bacteria, they can be transmitted by: air, arthropod, direct contact, or food or water 
Develop resistance to antibiotics and vaccination due to evolution
Gram negative bacteria

Penicillin
Group of antibiotic derived from Penicillium fungi
First drugs that were effective agains many previously serious diseases such as syphilis and other infections
Still widely used today however many types of bacteria have gained resistance
Used mainly in the treatment of Gram-positive bacteria

Peptidoglycan
A polymeric substance formed from a polysaccharide backbone tied together by short polypeptides 
primary structural molecule of bacterial cell walls
gives structural strength, counteracts osmotic pressure of the cytoplasm, involved in binary fission during bacterial cell reproduction

Periplasm
Space between the cell wall and inner membrane in a bacteria
Contains a loose network of murein chains as well as a gel containing hydrolytic and degradative enzymes
Can also contain an enzyme responsible for degrading penicillin (can be of importance for antibiotic resistance)

Photoheterotrophs
An organism that uses light as the ultimate energy source but obtains carbon in organic form rather than as carbon dioxide
Break carbon bonds, but use photonic energy to generate the electrons to do so. They consume these carbons.

Photosynthesis
The conversion of light energy to chemical energy in the form of sugar and other organic molecules
Has two distinct stages: light-dependent reaction and the light-independent reactions (Calvin cycle)
Used by photoautotrophs which are classified as the primary producers of Earth – the autotrophs. They provide energy for consumers, bacteria, fungi and decomposers

Phototrophs
An organism that obtains energy from light
Produce their own CO2 from photosynthesis and they then use this CO2 to create their own energy
Autotrophs – belong to the kingdom PLANTAE

Pilli
Hairlike appendage found on the surface of many bacteria
Used during bacterial conjugation
Dozens can exist on the bacteria
Some bacterial viruses or bacteriophages attach to receptors on pilli at the start of their reproductive cycle

Plasmid
A DNA molecule in the cytoplasm of certain prokaryotes which often contains genes with functions that supplement those in the nucleoid and which can replicate independently of the nucleoid DNA and be passed along during cell division
Important in conjugation because it can be fully transferred over or partially transferred over allowing for GENETIC VARIATION (conjugation)
Can be found in Archea, Bacteria and Eukarya
Can carry resistance to antibiotics or the proteins to act as toxins, can enable bacteria to fix nitrogen or degrade recalcitrant organic compounds

Prokaryote
Group of organism that lack a cell nucleus or any other membrane bound organelles
Unicellular belonging to the two domains – bacteria and archaea

Proton gradients
Used to generate chemiosmotic potential that is energy used for the synthesis of ATP by oxidative phosphorylation
Used in  the flagellar motor 

Redox pair
Oxidized agent and a reduced agent

Reduced
Substance that receives electrons during reduction (electron receptor)
Substance that is reduced is the oxidizing agent
Becomes more negative
E.X. O2
Part of the electron transport chain

Ribosome
Component of cells that assembles the twenty specific amino acid molecules to form the particular protein molecule determined by the nucleotide sequence of an RNA molecule
Part of the central dogma of biology
Origins in the endosymbiosis theory

Spirochete bacteria
Belong to a phylum of distinctive gram negative bacteria that have long, helically coiled cells
Chemoheterotrophic
Flagella run lengthwise between the bacterial inner membrane and outer membrane in periplasmic space (causes a twisting motion)

Stromatolites
Layered accretionary structures formed in shallow water by the trapping, binding and cementation of sedimentary grains by biofilms of microorganisms, esp cyanobacteria
Provide some of the most ancient records of life on earth
Occur widely in the fossil record of the Precambrian – few contain fossilized microbes

Thermophiles
A type of extremophile that thrives at relatively high temperatures
Part of archaea – suggest to be among the earliest bacteria
Found in various geothermally heated regions of the Earth such as hot springs and deep sea hydrothermal vents
Contain enzymes that can function at high temperature – these enzymes are used in industrial purpouses such as washing agents

Transduction
The process in which DNA is transferred from donor to recipient bacterial cells by and infecting bacteriophage
Begins when a new phage assembles in an infected bacterial cell, sometimes they incorporate fragments of the host DNA along with or instead of the viral DNA. When the host cell is killed, the new phages are released and attach to another cell and inject the bacterial and viral DNA
This makes the recipient cell a partial diploid and allows for recombination to take place
Phages assemble inside the host cell and then carry the new DNA to other cells

Transformation
The conversion of the hereditary type of a cell by the uptake of DNA released by the breakdown of another cell
Can take intact DNA from the medium around them aka dead cells and incorporate it into their own genome – using materials from the environment
Good way of creating genetic variations
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 9+2 organization
Seen in the flagellum, in reference to the microtubule arrangement
9 sets of 2 microtubules arranged in a circular patter around 2 central microtubules (like spokes in a wheel) – the spokes are what hold the system together (connected by dynein arms)
Seen in Celia and flagellum, the organs of movement 
 
Alternation of generations
The regular alternation of mode of reproduction in the life cycle of an organism such as the alternation between diploid (sporophyte) and haploid (gametophyte) phases in plants
Life cycle found generally in plants due to the fact that they don’t have eggs or sperm – they have spores that can give rise to new haploid individuals asexually
Diploid generation produces spores  (produced by meiosis )and the haploid generation produces gametes (produced by mitosis)
Example is in Brown algae – Laminaria solidungula

Amoeboid (Amoeboid) movement
Method of protist locomotion seen in animal like protsts and leukocytes in animals
Caused by microfilaments
Requires the cytoplasm to shift between 2 forms (the fluid endoplasm – inside, the rigid ectoplasm – outside)
Based on ACTIN that polymerizes and depolymerizes, fluid inside hits hyaline cap and this is what triggers the polymerization, rebuilding outer casing of the amoeba – the pseudopod is the false foot of the amoeba

Antibody
A highly specific soluble protein molecule that circulates in the blood and lymph, recognizing and binding to antigens and clearing them from the body
Protecting against subsequent infections by any of those specific strains
Highly specific protein molecules that will recognize and bind to the specific proteins of a pathogen, like a proteins in a virus’ coat – belongs to a class of proteins called immunoglobulins and contains four polypeptide chains

Antigen
A foreign molecule that triggers an adaptive immunity response – antibody generator
Can be exogenous or endogenous – entering from outside or produced from inside
Are macromolecules, large proteins or polysaccharides. Some nucleic aicds and artificially synthesized molecules can be considered antigens

Archea
One of two domains of prokaryotes; archaeans have some unique molecular and biochemical traits, but they also share some traits with Bacteria and other traits with Eukarya
No peptidoglycans in cell wall
Branched chained fatty acids (plasma membrane)
Flagella that spins
Complex RNA polymerase
No nuclear envelope
has circular chromosomes and DNA and histones

Asexual reproduction
Any mode of reproduction in which a single individual gives rise to offspring without fusion of gametes, that is, without genetic input from another individual
Favorable in perfect conditions, where there are lots of different materials available, and no need for variation or adaptation
Mainly using mitosis not meiosis
Parents don’t have to expend energy to produce gametes or find mates
Good in sparsely settled environments
Fission, budding or fragmentation




Bacteria
One of the two domains of prokaryotes; collectively bacteria are the most metabolically diverse organisms
3 shapes – cocci, bacilli or spirilla with a simpeler structure, cell wall and plasma membrane surrounding a cytoplasm with DNA concentrated in one region and ribosomes scattered throughout
Has a flagellum with a motor using protons to make it spin and rotate
Reproduse asexually by binary fission, conjugation, transformation or transduction

Bacteriophage
A virus that infects bacteria. Also referred to as a phage
This is why bacteria do not completely overrun the planet – they are destroyed in incredibly huge numbers by bacteriophages
Produced by transduction

Bovine spongiform encephalopathy
Neurodegenerative disease in cattle that causes a spongy degeneration in the brain and spinal cord
Transmitted to human beings by eating food contaminated with the brain, spinal cord or digestive tract of infected carcasses
In humans it is known as Creutzfeldt-Jakob disease
Caused by a malformed prion entering the system (abberant form)

 Capsid protein
The protective layer of protein that surrounds one or more nucleic acid molecules to form a virus
Can be enclosed within a membrane or envelope derived from their host cell’s membrane “viral envelope”
Can be helical, icosahedral or more complex of a structure / shape

 Chloroplast
The site of photosynthesis in plant cells – organelle
Photosynthetic bacteria are what created our oxygen rich atmosphere
Chloroplast is the basis of where all primary producers get their energy thus feeding the rest of the ecosystems – fundamental base
By engulfing photosynthetic organisms, eukaryotic cells would be able to become more diverse because they no longer had to search for food to get their energy
Endosymbiosis states that chloroplasts originated from a single cell that engulfed photosynthetic bacteria, which is supported by the double layer and separate DNA in chloroplasts


Cilia
Motile structure, extending from a cell surface, that moves a cell through fluid or fluid over a cell
Can be in a helical or planar motion
Usually in large numbers that work together, coordinate the beating on one part of the body then use a “metachronal wave” a group of them are called a Cirrus
Allows for movement because they are in different stages of the beat
Smooth and finely controlled, used for oxygen searching, food and light
Found in eukaryotic cells
Used to characterize the ciliates – large group of protozoans (single-celled eukaryotes)

 Contractile vacuole
A specialized cytoplasmic organelle that pumps fluid in a cyclical manner from within the cell to the outside by alternately filling and then contracting to release its contents at various points on the surface of the cell
Involved mainly in osmoregulation, found predominantly in protists and unicellular algae
Allows cells to live in salty environments and regulate the concentration of water inside
Not needed in plant cells because they have the cell wall that surrounds them and prevents them from bursting solving the issue of osmoregulation

Creutzfeldt-Jakob disease
Degenerative neurological disorder (incurable and invariably fatal) – human form of mad cow disease
Due to an infection protein called a prion. A Prion is a mis-folded protein which replicates by converting their properly folded counterparts

Diploid
An organism or cell with two copies of each type of chromosome in its nucleus
Homologous copies of each chromosome, one from the mother one from the father
All humans, most mammals and some retroviruses such as HIV




Diplontic
Type of life cycle where the zygote divides mitotically to produce a multicellular diploid individual or a group of more unicellular diploid cells. These cells then undergo meiosis to produce haploid cells or gametes. Haploid cells may then reproduce again by mitosis
Mitosis only occurs in diploid phase, and the diploid phase is the predominant life cycle phase (in favourable conditions)
All animals, some brown algae, some fungi

Ectoplasm
Rigid type of cytoplasm found in amoebas (found on the outside)
Caused from the polymerization of the actin in the cytoplasm, making it become rigid when it hits the hyaline cap to rebuild the outer casing of the amoeba
The cycling between ectoplasm and endoplasm is what allows the amoeba to move around and to perform phagocytosis and pinocytosis

Endomembrane system
In eukaryotes, a collection of interrelated internal membranous sacs that divide a cell into functional and structural compartments
In eukaryotes they are the membranes of the nuclear envelope, endoplasmic reticulum, golgi apparatus, lysosomes, vacuoles, vesicle and the cell membrane
Uses vesicle transport to carry substances around inside the cell
Derived from endosymbiosis, where a new organism was formed by engulfing another, bringing the membranes along with it
Engulphing other cells would allow for more diversity and create membrane systems

 Endoplasm
Fluid type of cytoplasm found in amoebas (found on the inside)
Caused from the de-polymerization of actin in the cytoplasm to make it less rigid and allow for more fluidity
This is what allows the amoeba to move around and to perform phagocytosis and pinocytosis

Endosymbiosis
The proposal that the membranous organelles of eukaryotic cells (mitochondria and chloroplasts) may have originated from symbiotic relationships between two prokaryotic cells
Mitochondria and chloroplasts would allow the cell to become more complex because the cell would no longer have to go and look for energy and could now focus on other tasks
Eukaryotic cell or bacterium that engulfed the Mitochondria or chloroplast and this was phenomenally successful change
SUPPORT : Morphology – shape and double membrane similar to prokaryotes, reproduction (binary fission) – mitochondria and chloroplasts can only come from preexisting ones and divide by binary fission (like prokaryotic cells), the genetic information – Both organelles contain their won DNA which codes for proteins vital for the cell’s function, transcription and translation – Both organelles contain transcription and translation machinery including enzymes and ribosomes that are similar to those found in prokaryotes and electron transport  - both can generate energy in the form of ATP through their own ETCs 

Enveloped virus
A virus that has a surface membrane derived from its host cell
The virus will produce proteins that attach to the host organisms membrane
As the virus exists the host, the membrane from the host envelopes it and it now is protected by an envelope with its own proteins surrounding it (exocytosis)

Epidemic
Occurring suddenly in numbers clearly in excess of normal expectancy, said especially of infectious diseases but applied also to any disease, injury or other health related event occurring in such outbreaks.
Example is the AIDS virus
Hard to make antigens against, so it is harder to treat and therefore it spreads more readily

 
Eukarya
The domain that includes all eukaryotes, organisms that contain a membrane bound nucleus within each of their cells; all protists, plants, fungi and animals
Cell wall composed of cellulose, chitin or none
Un-branched chains of fatty acids (plasma membrane)
Has a flagella that DOESN’T spin
Has a complex RNA polymerase sequence
Has a nuclear envelope and DNA and histones
Does not have circular chromosomes

Flagellum
A long, threadlike, cellular appendage responsible for movement, found in both prokaryotes and eukaryotes, but with different structures and modes of locomotion
Helical or planar motions (helical is used to push through water, planar is used to push forward)
Composed of microtubules arranged in a 9:2 organization. Have “Dyenin arms” and “Dyenin motors” which, using ATP and hydrolyzation allow it to WALK along a surface

Gametocyte
A haploid cell, and egg or sperm. Haploid cells fuse during sexual reproduction to form a diploid zygote
Produced during meiosis, with a mix of genetic material from each parents, therefore allowing for VARIABILITY
Eukaryotic germ cell that can also divide by mitosis into other gametocytes
Develop during the parasitic life cycle of protists as seen in Malaria Plasmodium
Gametocytes develop in the process of gametogony as a Trophozoite develops into a microgametocyte and finally a microgametocyte
The microgametocyte is injected by a carrier such as a mosquite, and then transmitted into another host


Haploid
An organism or cell with only one copy of each type of chromosome in its nuclei
In the gamete of an individual – combine to form zygotes
Used in meiosis and allows for variability because they combine together, differ genetically

Haplontic
Type of life cyle found in zygotic meiosis
An organism ends it diploid phase and produces several haploid cells. These cells then divide mitotically to form either larger, multicellular individuals, or more haploid cells. Two opposite types of these gametes the fuse to become a zygote (male and female)
Zygotes are the only diploid cell, and mitosis occurs only in the haploid phase. 
Most fungi, some green algae and many protozoa divide this way

Histone proteins
A small positively charged (basic) protein that is complexed with DNA in the chromosomes of eukaryotes
Links DNA by an attraction between their positive charges and the negatively charged phosphate groups
Function is to pack DNA molecules into the narrow confines of the cell nucleus. Also regulates DNA activity

Host
A species that is fed upon by a parasite
Viruses are dependent on host cells because they lack a metabolic system to provide energy for their life cycles and cannot reproduce on their own
Reproduce using some of the host cells DNA in the Lytic cycle or the Lysogenic cycle
Exit the host by BUDDING taking some of the membrane with it creating an “envelope”



Immune system
The combined defenses, innate and acquired, a body uses to eliminate infections
Protects the body against pathogens such as viruses, bacteria, protists, fungi and parasites
Physical barriers that prevent the entry of pathogens, innate immune system, adaptive immune system

Latent viral phase
The time during which a virus remains in the cell in an inactive form
Like the herpes viruses in humans, it remains in the latent phase in the cytoplasm of some body cells for the life of the individual
Stress can cause the virus to become active in some cells, directing viral replication and causing ulcers (herpes virus) to form as cells break down during viral release
Similar to the lysogenic cycle in bacteriophages

Lysogenic replication
Cycle in which the DNA of the bacteriophage is integrated into the DNA of the host bacterial cell and may remain for many generations
May occur for an indefinite amount of time before transitioning to the lytic cycle, to infect other cells
More common path
the virus binds to the wall of the host cell and linear viral DNA enters the cell’s cytoplasm
The viral DNA forms a circle. 
The viral DNA is integrated into the bacterial chromosome
During cell divison the bacterial DNA, with the integrated viral DNA is replicated
Following cell division each daughter cell has viral DNA incorporated
At some point, viral DNA may be excised from the bacterial chromosome. It becomes active and enters the lytic cycle
Viral enzymes break down the bacterial chromosome and host cell machinery to produce viral proteins and linear copies of viral DNA
Viral particles are assembled with DNA packed inside
Viral encoded enzymes breaks down the host cell wall, releasing infective viral particles

Lytic replication
The series of events from infection of one bacterial cell by a phage through the release of progeny phages from lysed cells
This type of viral replication is destructive and kills the host cell
Simpler cycle 
the virus binds to the wall of the host cell and linear viral DNA enters the cell’s cytoplasm
The viral DNA forms a circle. 
Viral enzymes break down the bacterial chromosome and host cell machinery to produce viral proteins and linear copies of viral DNA
Viral particles are assembled with DNA packed inside
Viral encoded enzymes breaks down the host cell wall, releasing infective viral particles

Mad cow disease
SEE BOVINE SPONGIFORM ENCEPHALOPATHY

Malaria
	Malaria is a parasitic disease that involves high fevers, shaking chills, flu-like symptoms, and anemia
500 million people are infected with malaria in tropical regions and kills about 2 million people each year


Follows the parasitic life cycle -  controls 2 separate organisms to ensure that it completes its life cycle. It must increase rapidly in numbers once it arrives in the host cell – asexual reproduction
When blood is taken, it ingests the gametocytes into the mosquito, transports into the egg and male gamete which fuse into a zygote
The zygote then increases massively in numbers and migrates to salivary glands of mosquito to inject the disease

Meiosis
The division of diploid cells to haploid progeny, consisting of two sequential rounds of nuclear and cellular division
Involved in sexual reproduction, where gametes combine together to form zygotes (egg and sperm)
Allows for genetic variation as one set of genetic information comes from the mother and one comes from the father, and when it combines it creates new variations

Merozoite
A merozoite is a "daughter cell" of a protozoan.
Part of the life cycle of parasites – like malaria
Circulate in blood and invade red blood cells, cause the blood cells to burst and are the released to find new cells to eat. This is what causes the fever and chills of malaria
Trophozoites in RBCs can either eventually develop into gametocytes or form a cycle to form merozoites which would infect other RBCs

Metachronal wave
Type of movement that Ciliate’s use to move around their environments
Synchronized beating of many cilia working in coordination of each other in rows but they are all in different stages of the beat which is what allows the organism to be propelled forward
Allow for fine highly controlled movements
Cilia movement is individual and is coordinated by having a recovery stroke perpendicular to the power stroke to avoid entanglement

Mitochondria
Membrane-bound organelle responsible for synthesis of most of the ATP in eukaryotic cells
Came from a bacterium, it was engulfed by a eukaryotic cell or another bacterium locking it inside the new cell producing ATP for the cell
Became double membrane because it was engulfed, replicates itself – has its own genome
Part of the symbiosis theory
Mitochondrial DNA only comes from one parent – the maternal line





Mitosis
Nuclear division that produces daughter nuclei that are exact genetic copies of the parental nucleus
Interphase, prophase, metaphase, anaphase, telophase, interphase followed immediately by cytokinesis (which divides the nuclei, cytoplasm, organelles and cell membrane)
Used in asexual reproduction or to make a lot of the same type of cell to ensure survival
In prokaryotic cell this is called “binary fission”

Non-enveloped virus
Virus that does not have the envelope of its host cell surrounding it
The capsids are solely responsible for attachment of the virus to the to-be-infected cell
Virus are non-enveloped when they are inside of the host cell

Nuclear envelope
In eukaryotes, membranes separating the nucleus from the cytoplasm
Double lipid bilayer that encases the genetic material and serves as a physical barrier separating the contents of the nucleus from the cytosol
Contains nuclear pores that allow the exchange of materials between the nucleus and the cytoplasm
One of the main differneces between prokaryotes and eukaryotes is having a membrane bound nucleus
Part of the endomembrane system – the outer membrane is continuous with the RER and the inner membrane has many inner nuclear membrane proteins imbedded
Also has ribosomes

Parasite
An organism that feeds on the tissues of or otherwise exploits its host – Symbiotic relationship (parasitoid) where the parasite profits but the host does not
Example is like the malaria disease, that eats the red blood cells of humans
Can be viruses, bacteria, fungi, worms etc
Follow a life cycle that takes advantage of the host cell its living in *see malaria*

Peptidoglycan
A polymeric substance formed from a polysaccharide backbone tied together by short polypeptides (polymer of sugars and amino acids that form linear chains)
Is the primary structural molecule of bacterial cell walls 
Peptide cross-linkages between the chains give the cell wall great strength and rigidity

Phage
See bacteriophage

Phytoplankton
Microscopic, free-flowing aquatic plants and protists
Small photosynthetic protists that capture the energy of sunlight in nearly all aquatic habitats
Provide organic substances and oxygen for heterotrophic bacteria, other protists and small crustaceans and animal larvae.
1st trophic level

Planar flagellar beat
Type of flagellar movement that allows the organism to propel its self forwards (power stroke)
When it moves backwards its crushes down so there is a net forward movement like a breaststroke in swimming
Uses the Flagellar motor to power the beating 
Created by the movement of dyenin arms along the tubulin strands that makes up the flagellum

Plankton
Any drifting organisms, plants, Achaea or bacteria that inhabit the pelagic zone of oceans, seas or bodies of fresh water. Defined by their ecological niche rather than phylogenetic or taxonomic classification
Compose the main food source for all marine environments
Phytoplankton – photosynthetic protists and zooplankton which are also protists but do not photosynthesize

Plasmodium
Genus of parasitic protists  
Are responsible for the spreading of malaria
A type of Apicomplexans which are non-motile parasites of animals that absorb nutrients through their plasma membranes (rather than by engulfing food particle) and lack food vacuoles
Mosquitos spread the disease and are all form the genus Anopheles

Plastid
A family of organelles found in plants and algae
The site of manufacture and storage of important chemical compounds used by the cell, also responsibly for photosynthesis. May have different forms such as chloroplasts, chromoplasts, gerontoplasts, and leucoplasts
Plastids often contain pigments used in photosynthesis and the types of pigments present can change or determine the cell’s colour
Unlike mitochondria, the endosymbiotic event with photoautotrophs to become chloroplasts occurred more than once, leading to a wide range of photosynthetic eukaryotes such as red and green algae, euglenoids, dinoflagellates, and land plants
The primary endosymbiotic even, which produced the first eukaryotic photoautotrophs, was followed by at least 3 secondary ones involving different heterotrophic eukaryotes engulfing a photosynthetic eukaryote

Primary consumers
A herbivore, a member of the second trophic level, the second level on the food chain
Is not able to perform photosynthesis meaning CAN NOT produce its own energy and must obtain this energy through consummation = heterotroph
feed on primary producers/ autotrophs




Primary producers
An autotroph, usually a photosynthetic organism, a member of the first trophic level
Produces energy through photosynthesis – produce biomass from inorganic compounds or in some cases of the archea through the oxidation of inorganic chemical compounds
In the largest quantity in the food chain, and are used to feed the successive levels

Prion
Infection agent composed of a protein in a mis-folded form (aberrant form)
Responsible for the transmissible spongiform encephalogpathies in a variety of mammals – including mad cow disease, and Creutzfeldt-Jakob disease in humans
All prion diseases affect the structure of the brain or other neural tissue and all are currently untreatable and universally fatal
When a prion enters a healthy organism, it causes healthy proteins to convert to their aberrant form causing a chain-reaction.

Proterozoic
Major eon placed between Achaean and Phanerozoic
Spans from 2500 – 550 Ma
Start of eukaryotes – the appearance of the first animals
Where the first stable continents appeared and began to accrete
First abundant fossils of living organisms, bacteria Achaeans and later on the eukaryotic cells
Oxygen build-up In the atmosphere
Allowed for many eukaryotic forms to appear such as multicellular algae and towards the end of the period the first animals

Protist
Organism currently classified in the kingdom Protista but more accurately regarded as a loose grouping of 30 or 40 disparate phyla with divers combinations of trophic modes, mechanisms of motility, cell coverings and life cycles
Diverse group of eukaryotic microorganisms  - either unicellular or multicellular without specialized tissues
Can be considered to be primary producers such as phytoplankton
Are not related to one anther meaning they do not have a common ancestor
Almost all are aquatic





Pseudopod (Pseudopodium)
A temporary cytoplasmic extension of the cell
Seen in amoeboid movement from the polymerization and depolymerization of actin in the cytoskeleton to form endoplasm and ectoplasm
Allows movement and allows for engulfing of food and liquids (phagocytosis and pinocytosis)

Retrovirus
RNA virus that is duplicated in a host cell using the reverse transcriptase enzyme to produce DNA from its RNA genome. 
The DNA is then incorporated into the host’s genome by an integrase enzyme for the production of new RNA retroviruses
The AIDS virus functions this way and it makes it more difficult to make an antigen against
Retrovirus are enveloped viruses

Reverse transcriptase
An enzyme that uses RNA as a template to make a DNA copy of the retro transposon Reverse transcriptase is used to make DNA copies of RNA in test tube reactions
Method used by the HIV virus RNA into DNA to make copies for the viral genome making it hard to make antigens against
Contradicts the central dogma of biology
Used by viruses like retroviruses allowing it to be incorporated into the host cells genome. Allows RNA to serve as a template in assembling and making DNA strands with the virus

RNA polymerase (simple and complex)
An enzyme that catalyzes the assembly of nucleotides into an RNA strand; needed during transcription
Produces a complementary antiparallel RNA strand
Found in all organisms and many viruses
Important in the completion of the central dogma of biology because it allows DNA to become RNA which allows for proteins to be formed

Secondary endosymbiosis
In the model for the origin of plastids in eukaryotes, the second event, in which a non photosynthetic eukaryote engulfed a photosynthetic eukaryote
Primary endosymbiosis produced the first eukaryotic photoautotrophs. Secondary endosymbiosis produced new evolutionary lineages by a heterotrophic eukaryote engulfing a photosynthetic eukaryote
Organisms formed by this have chloroplasts surrounded by additional membranes acquired from the new host.

Sexual reproduction
The mode of reproduction in which male and female parents produce offspring through the union of egg and sperm generated by meiosis
Allows for variation of genetic material as one set of it comes from the mom and one set comes from the dad – each chromosome pair cross over to achieve homologous recombination during meiosis
Primary method of reproduction for the vast majority of macroscopic organisms
Favorable in harsher environments because the need for new variations to ensure survival is needed

Spiral flagellar beat
Type of movement that a flagella will use to propel itself in a spiraling motion, to push through water – like skulling
Uses the Flagellar motor to power the beating in response to dyenin along one side of each microtubule
Created by the movement of dyenin arms along the tubulin strands that makes up the flagellum

Sporozoite
Any of the minute undeveloped sporozoans produced by multiple fission of a zygote or spore, especially at the stage just before it infects a new host cell.
Found in the viral life cycle, like in the spreading of malaria. Cells are called sporozoites before entering the liver cell where they undergo a massive amount of mitosis
It is then released into the blood and is called a merozoite

Trophozoite
Motile, feeding stage of Giardia and other single-celled protists
In the malaria virus, it is the stage where the virus is inside the blood cell and eats it.
It then increases heavily in numbers
It then changes back into a merozoite and the blood cell bursts, allowing the virus to move elsewhere

Vaccine
A vaccine is a biological preparation that improves immunity to a particular disease. A vaccine typically contains an agent that resembles a disease-causing microorganism, and is often made from weakened or killed forms of the microbe or its toxins.
Can contained a killed virus, an attenuated virus, a toxoid, a subunit, or a conjugate
Aim is to develop immunity against the desease by allowing the immune system to create a response to the weakened from, so if the actual form were to present itself, the body could respond effectively
Allows for adaptive immunity

Virion
A complete virus particle
SEE VIRUS

Viroid
Plant pathogens that consists of a short stretch of highly complementary, circular, single-stranded RNA without the protein coat that is typical for viruses
Simplified structure
Only human disease known to be caused by a viroid is hepatitis D

Virus
An infectious agent that contains either DNA or RNA surrounded by a protein coat
An infectious agent that contains either DNA or RNA surrounded by a protein coat
Consist of three parts: the genetic material, a protein coat that protects these genes, and in some cases and envelope of lipids that surrounds th protein coat
Shapes range from helical, polyhedral, enveloped or complex
Have a lytic and lysogenic life cycle
Use a host cell because they are not able to reproduce on their own or preform metabolic functions

Zooplankton
Heterotrophic plankton, Small protozoans to large metazoans
They are protists that live in aqueous habitats
One of the first links on the food chain after the phytoplankton (they cannot photosynthesize)

Zygote.
A fertilized egg
A combination of two gametes – a male and a female – that are formed together during sexual reproduction (meiosis)
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Formed from two haploid cells and combines two sets of DNA together allowing for genetic variation

Acoelomate
A body plan of bilaterally symmetrical animals that lack a body cavity (coelom) between the gut and the body wall
Found primarily in Platyhelminthesis (planaria, flatworms)
Alows for a larger surface area to volume ration (small and flat)
Doesn’t need a coelem, because outer parts use gas exchange and the gut supplies the rest of the body with the nutrients it needs

Algal mats
Layer of filamentous algae on marine or fresh water soft bottoms – microbial mats
Stromatolites can form from algal mats (shallow water)
In deeper water, algae and cyanobacteria form within the water column and settle to the bottom forming an algal mat

Amebocyte
Mobile cell in the body of invertebrates 
Play a role in the defense of the organism against pathogens
May also digest and distribute food, dispose of wastes, form skeletal fibers, fight infections and change into other cell types
Found in the mesohyl along with the archaeocytes

Archeocyte
Amoeboid cells found inside sponges
Located in the mesophyll performing essential functions including cell differentiation – all cells have its origins with the archaeocyte
Able to become oocytes when needed for sexual reproduction of the sponge

Assymetric body plan
A body plan characterized by a lack of proportion in the spatial arrangement or placement of parts
Found in sponges (phylum profera)

Bilateral symmetry body plan
The body plan of animals in which the body can be divided into mirror image right and left halves by a plane passing through the midline of the body
Have cephalization – meaning they aren’t passive, have directed movement, a sense of direction
Always triploblastic – have muscle tissue allowing them to move around

Bivalve
Taxonomic class of marine and freshwater mollucs – clams, oysters, mussels and scallops
Closest ancestor to squids and Cephalopods
Experts at processing and collecting particulate matter – no longer have a radula because they pump water through their body and gill to get the nutrients they need
No cephalization because they have no need for mouvement, modified shell to surround its body for protection

Blastopore
The opening at one end of the archenteron in the gastrula that gives rise to the mouth in protostomes and the anus in deuterostomes
Used in embryology to determine whether the organism is a protostome (blastopore becomes mouth), or a deuterostome (blastopore becomes anus)
Blastopore develops to become the gastrula (the gut) and will form the endoderm layer

Blastula
The hollow ball of cells that is the result of cleavage divisions in an early embryo
After the zygote undergoes cleavage 
Proceeded by the morula and the gastrula

Bryozoa aka ectoprocta
Lophophorate that lives inside a casing and forms reefs by forming colonies with others of its type
Has a set of tentacles that is surrounding a central mouth of the organism. Is able to retract into its casing for protection
Tentacles can be moved and manipulated, take them in and out of the casing, move to capture nutrients and orient themselves inside the water column (filter feeders)
Tentacles are covered with cilia that beet to attract food particles that pass the food down the tentacles towards the organism’s mouth

Burgess Shale fossils
Layer of stone, when over time, sediments were deposited and pressed together 
Can see soft bodied organisms- not just shelled organisms (can even take the skin off the organisms and dissect it to see the organs and what the organism ate
Found in Yoho National Park
Our concept of evolution goes from simple to complicated, however they show that there was more diversity then than there is now

Cambrian
First geological period of the Paleozoic Era spanning from 543-490 Ma
Starts with the appearance of multicellular organisms and ends with the formation of Gondwana
Atmosphere is now what it is today
Cambrian explosion (photosynthetic life, and new life forms)

Cambrian burrowers
New way of surviving on the substrate that also provides them protection (cover by burrowing underground)
Trochozoa such as Annelida, and priapulids
Also swallow the soil that they dig into, moves through their digestive system and comes out the other end. This is what allows them to displace through the substrate and gain all the nutrient they need

Cambrian explosion
The quick appearance of many new organisms in a short period of time – major diversification of animals, phytoplankton and calcimicrobes
Contradicts Darwin’s theory because he stated that evolution happened gradually over time, yet all the organisms appeared under a brief amount of time
Photosynthetic life explosion
Development of triploblastic organisms

Cambrian swimmers
Cnidaria, Cephalopods, any organism that developed cephalization and is able to move around their liquid environment

Carnivores
An animal that primarily eats other animals
Heterotrophic, meaning can not produce its own energy
Sits on the top of the food chain – top predator



Cephalization
The development of an anterior head where sensory organs and nervous system tissue are concentrated
Allows the organism to be active, have a sense of direction and move around their surroundings
Cephalized organisms are organized with Bilateral symmetry

Cephalopod
Belonging to the class Mollusca
Bilateral symmetry, cephalized with a set of arms or tentacles modified from the primitive Molluscan foot
Previously they would pump water in and out of their shell to aerate their gills and propel the organism using jet propulsion. Currently, they have lost their shell – mantle became a layer of muscle that is used to expand and contract to make jet-propulsion
They have a complex nervous system, with a brain and visual systems making them the ultimate predators of the marine environment

Choanocyte
One of the inner layer of flagellated cells lining the body cavity of a sponge
Contain a central flagellum surrounded by a collar of microvilli which are connected by a thin membrane – used to filter nutrients and other food from the water that is flowing in and out of the sponge
Can turn into spermatocytes when needed for sexual reproduction
Founding cell of all animals and all of the fungi (ancestral cell)

Choanoderm
Composed of flagellated collar cells (choanocytes)
Flagella on the choanoderm are responsible for feeding, reproduction and gas exchange
Outer cell layer of a choanocyte

Choanoflagellate
A group of minute, single-celled protists found in water, 
the flask-shaped body has a collar of closely packed microvilli that surrounds the single flagellum by which it moves and takes in food
Considered to be the closest living relatives of the animals


Cnidaria
Phylum of mainly aquatic and marine organisms
Have a specialized cell call a Cnidocyte that is used to capture prey
Predators
Bodies consist of mesoglea (compressible and elastic that allows the cnidarian to spring back into original shape)
Have radial symmetry

Cnidocyte
A pretty-capturing and defensive cell in the epidermis of cnidarians
Composed of a Barb. As the nematocysts develops, the barb also develops under pressure (like a loaded spring)
Once a cell comes in contact with food, it fires out the barb with force, which then penetrates the body wall of organisms and the toxins inside immobilize prey and stick them to the tentacles
Tentacles are then used to pull the food into the organism’s mouth

Coelom formation
A coelem is a fluid-filled body cavity in bilaterally symmetrical animals that is completely lined with derivatives of mesoderm
Formed from the Mesoderm layer appearing between the endoderm and the ectoderm and proliferating – this is called a schizocoel coelom
Can also be formed from  cells that are already on the endoderm gut and proliferate to form a hollow ball that breaks away from the gut (enterocoel coelom)

Coelomate
A body plan of bilaterally symmetrical animals that have a coelom
Essential as use for a skeleton, transport medium, location for extra organs, reproduction, thermoregulation
Can process food sequentially without having to move the whole body because it is lined with mesoderm

Colonial choanoflagellate
Group of free-living unicellular, flagellate eukaryotes
Said to be the closest living animals of animals
Apical flagellum surrounded by microvilli
Mouvements of the flagellum creates water currents that can propel the choanoflagellate and trap bacteria and detritus against the microvilli where it is then engulfed

Corals
A structure made from the hard skeletons of coral animals or polyps; found largely in tropical and subtropical marine environments
Most productive and biodiverse part of the ocean
Polyps are surrounded by a skelton that allows them to join together and form large colonies – forming coral reefs
Cnidarias, meaning they are predators that capture and sting their prey

Deposit (Substrate) feeders
An animal that consumes particles of organic matter from the solid substrate on which it lives
Ex the fiddler crab
Sifts through edible materials from detritus
Must have cephalization and be able to seek out their food

Detritivores
An organism that extracts energy from the organic detritus (refuse) produced at other trophic levels (heterotroph)
Contribute to the decomposition and nutrient cycle
Can live on any soil with an organic component and in a marine ecosystem they are interchangeable with a bottom feeder
Ex: earthworm, slug, woodlice, millipede

Deuterostome
A division of the Bilateria in which blastopore forms the anus during development and the mouth appears later (includes Echinodermata and Chordata)
Have radial cleavage  (embryology)
Coelem develops as enterocoel

Diploblastic
An animal body plan in which adult structures arise from only two cell layers
the ectoderm and the endoderm
Organisms that are diploblastic are either radially symmetrical or asymmetrical – not bilateral
Passive sedentary organisms, that sense and react to the world around them constantly
Not able to perform mouvement because it does not have any muscle

Doushantuo fossils
Discovered to have lived 590-565 Ma (pre-Cambrian)
Look like focalized cells, or blastopores inside embryos
Look as if they are multicellular organisms, could prove that multicellular life existed before the Cambrian era

Ectoderm
The outermost of the three primary germ layers of an embryo
develops into epidermis and nervous tissue


Ectoparasites
A parasite that lives on the exterior of its host organism

Ediacaran fossils
Discovered to date from (580-532 Ma) – Pre-cambrian
Show imprints of some organisms walking through the sand, and baseplates of organism sitting on the ground
Show the oldest multicellular organisms “proto-animals”
Show that multicellular life likely existed before the Cambrian era

Ediacaran period
Immediately preceding the Cambrian Period, end of Proterozoic eon
Begins at the end of Snowball earth
During it, the first multicellular life-forms were proposed to have appeared  (proved by fossils found “pre-cambrian”)
Evolution is trigged by the unfreezing of earth from the snowball period

End Ordovician extinction






Endoderm
The innermost of the three primay germ layers of an embryo
Develops into the gastrointestinal tract and, in some animals, the respiratory organs

Endoparasites
A parasite that lives in the internal organs of its host organism

Enterocoel
In deuterostomes, the body cavity pinched off by outpocketigs of the archenteron
Begins in the gastrula stage
Formation of coelem, cells from inside of the mesoderm proliferate and form a hollow ball that leaves the gut
This ball of cells then sits in between the endoderm and ectoderm forming a cavity
Another method is Schizocoel
Also indicates the organism is a deuterostome and has radial cleavage


Epidermis
A complex tissue that covers an organism’s body in a single continuous layer of sometimes in multiple layers of tightly packed cells
Acts as the principle barrier between an organism and an inhospitable environment
Arrises from the ectoderm
Together with the dermis forms the cutis
Containes stratified squamous epithelium


Filter feeder
Organisms that feed by straining suspended matter and food particles from water, typically by passing the water over a specialized filtering structure
Ex: Krill, clams, sponges, fish and sharks
Can play an important role in clarifying water

Gastrodermis
The derivative of endoderm that lines the gastrovascular cavity of radially symmetrical animals and forms the epithelial lining of the midgut in bilaterally symmetrical animals
Has fibers arranged in rings that make up part of the organisms skeleton (working together with fibers in the epidermis)
Contains nutritive cells, gland cells some muscle fibers

Gastropod
In the phylum Mollusca (snails and slugs)
Contains original mulluscan body plan, Mantle and shell, mantle cavity, gill, foot, radula and stomach and digestive gland, and modified it by expanding the organism upwards to make room for more elaborate systems. Their shell allows them to live on land and not dry out.
Feed by scraping their radula against their substrate to release organic debree and feed off of that
Is able to completely  withdraw into its shell for protection

Gastrozooid
A nutritive polyp of colonial coelenterates, characterized by having tentacles and a mouth
In the life cycle of cnidarian 

Gastrula
The developmental stage resulting when the cells of the blastula migrate and divide once cleavage is complete
Composed of an ectoderm, endoderm and gut 
Has a Blastopore
If the blastopore becomes the mouth of the organism then it is called a protosome
If the blastopore becomes the anus of the organism it is called a deuterostome
Is then able to develop into a coelem through schizocoel or entercoel

Gonozooid
A sexual zooid, or medusoid bud of a hydroid; a gonophore.
In the life cycle of a cnidario (right before medusinal form)

Herbivores
An animal that obtains energy and nutrients primarily by eating plants
heterotrophic

Hermaphrodite
The mechanism in which both mature egg-producing and mature spern-producing tissue are present in the same individual
Important for organisms that live in widespread areas and not close to one another, because if organisms meet they are each able to produce their own offspring (using the other’s sperm)
Do not self-fertilize because haploid gametes need to fuse to form variation and this wouldn’t not provide for any variation
Have systems to ensure that self-fertilization does not happen – both mates transfer sperm at the same time which is then stored in a seminal receptacle. They do not fertilize their eggs until they are separated

Homeotic genes
Any of the family of genes that determines the structure of body parts during embryonic development
An example are Hox genes
Involved in developmental patterns and sequences and influenced by a set of transcription factors that are produced along the embryo in different degrees
Universal gene system

Homeotic mutants
An individual carrying an altered (mutant) version of a homeotic gene
Incorrect expression of Hox genes which can lead to changes in the morphology of the individual causing rearrangements of body parts
If the genes are displaced, what they code for still grows where they are replaced

Hox genes
Group of related genes that determine the basic structure and orientation of an organism
Important for the proper placement of segment structures of animals during early embryonic development
Transcription factors that are produced along the embryo in differnet degrees that tell the body what each section is responsible for
Universal gene system

Hydrostatic skeleton
A structure consisting of muscles and fluid that, by themselves, provide support for the animal or part of the animal; no rigid support, such as a bone, is involved (coelom surrounded by muscles)
Ex: Found in organisms of the phylum cnidarian like jellyfish
This structure allows for mouvement because they can move around and keep their shape afterwards


Lophophore
The circular or U-shaped fold with one or two rows of hollow, ciliated tentacles that surrounds the mouth of brachiopods, bryozoans and phoronids and is used to gather food
Found in aquatic organisms such as Bryozoa
Used for suspension feeding
Tentacles are hollow with extensions of a coelomic space thought to be a mesocoel

Mass feeders
Organisms that use any parts of their body to cut or kill their prey
Most carnivorous animals and insects are mass feeders

Medusa
The tentacle, usually  bell-shaped, free swimming sexual stage in the life cycle of a coelenterate (jellyfish)
Mobile stage, allowing the organism to reproduce and find a mate
From the phylum cnidarian, so they contain the specialized cell “cnidocytes”
Predator that has a hydrostatic skeleton

Mesoderm
The middle layer of the three primary germ layers of an animal embryo, from which the muscular, skeletal, vascular and connective tissues develop
Allows for organisms to move around and have cephalization (heads)

Mesoderm formation
Leads to the development of a coelem
Forms the schizocoel or the entercoel
Found in triploblastic organisms only

Mesoglea
Translucent, inert, jelly-like substance that makes up most of the bodies of certain primitive sea created in the phylum Cnidaria and Ctenophora
Acts as the primary structural support (no bones, cartilage or skeleton)
Cells in mesoglea allow for a slower metabolism
Allows for mouvement, and pulling of water in and out to capture prey


Mollusc
Large phylum of invertebrate animals – largest marine phylum but also able to live on land ( ex: clams, muscles, amenites )
Two most universal features are a mantle with a significant cavity used for breathing and excretion and the structure of the nervous system
Most likely appeared during the Cambrian period
Creeping muscular foot used to move
Radula that is a giant abrasive surface with teeth on it that is used to scrape against the substrate and collect organic debris as nutrients

Omnivores
An animal that feeds at several trophic levels, consuming plants, animals, and other sources of organic matter
Opportunist feeders, meaning they eat whatever is available to them in their environment
Often have claws, fanges and a short digestive tract adapted to digesting all sorts of nutrients
heterotrophic

Onycophora
Small phylum of Ecdysozoas
Have cuticles that are slightly elastic and still able to be used as their hyrostatic skeleton
They have fleshy legs used for mouvement and big jaws with huge lips surrounding their mouths. To feed, they lock their mouth on their prey and then their jawas tear it apart
Molting cuticle, but is also segmented

Ordovician period
Geologic period and system following the Cambrian period
The area north of the tropics was almost entirely ocean, and the lands mass was collected in a supercontinent called Gondwana
Marine invertebrates – graptolites, trilobites, brachiopods and early vertebrates
Primitive land plants

Pinacoderm
In sponges, an unstratified outer layer of cells
Epithelial layer of flattened cells
Used to ensure that food is transported to all parts of the organism
Capable of contraction

Platyhelminthes
Phylum of simple bilateria, unsegmented, soft-bodied invertebrate animals
Acoelomate body structure (mesoderm without a body cavity)
Has a large surface area to volume ratio allowing it to perform gas exchange and supply all tissues with nutrients (taking away the need of a coelom)
Hermaphrodite, meaning it contains both female and male sex organs

Polychaete
class of annelid worms, generally marine.
Each body segment has a pair of fleshy protrusions called parapodia that bear many bristles, called chaetae, which are made of chitin.
Live in the coldest ocean temperatures to the hottest
Are cephalized
Have separate sexes – are not hermaphroditic

Polyp
The tentacles, usually sessile stage in the life cycle of a coelenterate (life cycle of cnidarian)
Composed of a gastrodermis and epidermis forming one of the first skeletons seen in organisms
Contain contractile elements (fibers in the dermis) which allow it to keep its shape
Contains mesoglia which is a jelly-like matrix that holds everything together
Ex: sea annenomy

Porifera
Phylum containing sponges
Mesohyl between two thin layers of cells – specialized cells
Sessile aquatic animals
Assymetrical body plan
Choanocytes and archeocytes are the two types of reproductive cells

Predators
Organism that feeds on prey - absorption of the prey’s tissue through consumption – kills and eats another organism
High trophic level, and high level on the food chain
Ex: cnidarian, that immobilize and feed on prey using cnidocytes

Protostome
A division of the Bilateria in which the blastopore forms the mouth during development of the embryo and the anus appears later
Spiral cleavage (embryology)
Coelom forms from Schizocoel

Pseudocoelomate
A body plan of bilaterally symmetrical animals with a body cavity that lacks a complete lining derived from mesoderm

Radial cleavage
A cleavage pattern in deuterostomes in which newly formed cells lie directly above and below other cells of the embryo
Found in some vertebrates and echinoderms
From this cleavage pattern we can also infer that the organism is a deuterostome (blastopore becomes the anus) and that the coelom develops from an entercoel

Radial symmetry body plan
A body plan of organisms in which structures are arranged regularly around a central axis, like spokes radiating out from the center of a wheel
Organisms with this body plan are sedentary (passive) and do not have cephalization
Not necessarily triploblastic – don’t need muscle tissue because they don’t have a head to guide them with directed mouvement

Radula
The tooth-lined “tongue” of molluscs that scrapes food into small particles or drills through the shells of prey (chitinous ribbon)
Used to collect organic debris from the organisms substrate
Found in every class of mollusk except the bivalves
Can be used by both herbivorous and carnivorous organisms

Reefs
SEE CORAL REEF



Schizocoel
In protostomes, the body cavity that develops as inner and outer layers of mesoderm separate
At the junction of the lip of the blastopore, the cells undergo a differentiation to become mesoderm where they then proliferate and fill the space (solid mass)
The mass then splits down the middle to for a space inside called the schizocoel
Anotehr method of formation is the enterocoel
Schizocoel indicates that the organism is a protostome, and has spiral cleavage

Seminal receptacle
In a hermaphrodite, this is the organ that collects and stores the sperm of the mate
 This is used to ensure that the sperm doesn’t cause self-fertilization and is used to compartmentalize the different reproductive structures and functions

 Seminal vesicle
A vesicle that secretes seminal fluid

Slushball earth
Idea that the earth did not completely freeze, yet become covered in “slush”

Snowball earth
Theory that the period before Cambrian – late proterozoa, was completely frozen over. All land masses were covered in ice (even though they are at the equator)
Bare rock absorbs little heat, water is absorbing most of the heat
The ice reflects the heat
Erosion pushes minerals into the water, and forms precipitates that pull CO2 out of the environment, lowering greenhouse gases, lowering over temperature
Prevented the occurrence for multicellular life
Once it unfroze, their was an “explosion” – Cambrian explosion because so much was able to developed

Spiral cleavage
The cleavage pattern in many protostomes in which newly produced cells lie in the space beween the two cells immediately below them
Found in annelids, molluscs and sipuncula
From this cleavage pattern we can also infer that the organism is a protostome (blastopore becomes the mouth) and that the coelom develops from an schizocoel

Sponges
From the phylum porifera
Bodies consist of jelly-like meshyl sandwiched between two layers of cells
Have some specialized cells, but also cells that can transform due to needs and migrate between the main cell layers and the mesohyl
No nervous, digestive or circulatory system – rely on water flow through their bodies to obtain food and oxygen.
Sessile aquatic animals
Asymmetrical body plan
Use sexual reproduction, releasing sperm cells (choanocytes) into the water to fertilize eggs (archeocytes) in other organisms. Sponges that are pumping water will receive the sperm which will be passed into an archoecyte to be fertilized

Spongocoel
The central cavity in a sponge
Water enters the spongocoel through tiny pores (ostia) and exits through the larger opening (osculum)
Can be a simple or complexly branched space
Lined with choanocytes that create a current that allows water to flow in and out of the sponge providing oxygen and nutrients and spreading sperm when it is time for reproduction

Suspension feeders
An animal that ingests small food items suspended in water
Ex: animals in the phylum cnidarian


Transcription factors
Proteins that recognize and bind to the TATA box and then recruit the polymerase

Triploblastic
An animal body plan in which adult structures arise from three primary germ layers: endoderm, mesoderm, and ectoderm
Found in bilaterally symmetrical organisms because it is needed for cephalization and their mouvement

Tube feet
Placed all down the skeleton of echinoderms
Each foot is an independent hydrostatic skeleton with suction, and can move independently, lever, release, extend and suction to move
Slow mouvement
Characteristic of the water vascular system
Used to pass food to the oral mouth and used to attach to surfaces

Water vascular system
Hydraulic system used by echinoderms for locomotion, food and waste transportation and respiration
Composed of canals connecting numerous tube feed
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Move by alternately contraction muscles that force water into the tube feet, causing them to extend and push against the ground then relaxing to allow the feet to retract

Biological species
Concept that defines a species as a group of organisms that can successfully interbreed and produce fertile offspring
Is an isolated gene pool
It does not deal with species that reproduce asexually, bacteria, viruses. Also fossils are an issue because they are not alive
The domain of prokaryotes and archaeans don’t fit into this category
As long as a a population stays separate, they are a species, but if two combine they may no longer be 2 separate species

Phylogenetic species
A concept that seeks to delineate species as the smallest aggregate population that can be united by shared derived characters
Works well for evolutionary sequences from traits and molecular traits, also allowing bacteria and archaeans to be included
Can also incorporate fossils
However the branching technique goes on forever and doesn’t stop at a species so it gets very complex

Morphospecies
A species distinguished from others only by its morphology

Ecological species
The niche that an organism occupies is unique to a species; where it sits in the food web can define it
Essentially we can define an organism by its ecology : what it feed on, what it interacts with
Problems : not using phylogenetics, not using isolation

Allele
One of two or more versions of a gene
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
The process by which alleles are transmitted was discovered by Gregor Mendel and formulated in what is known as Mendel's law of segregation.
Can be heterozygous or homozygous for a certain trait

Allele frequencies
The abundance of one allele relative to others at the same gene locus in individuals of a population
Changing in allele frequencies means microevolution has occurred. Stability in allele frequencies means no evolution has occurred
used to depict the amount of genetic diversity at the individual, population, and species level.
Used in the hardy-Weinberg principle to predict future generations

Dominant allele
The allele expressed when more than one allele is present
Expressed whether it is heterozygous or homozygous

Allopatric speciation
The evolution of reproductive isolating mechanisms between two populations that are geographically separated
The isolated populations then undergo genotypic and/or phenotypic divergence as: they become subjected to different selective pressures, they independently undergo genetic drift, and different mutations arise in the populations' gene pools (this isolates the reproductively)
Ex: population of oceanic islands
Species may reestablish contact – secondary contact. Some may be able to interbreed and merge, however some may have differentiated enough to have become separate species
Parapatric speciation
Speciation between populations with adjacent geographic distributions
Because there is a minimal zone of contact, natural selection favours different allels on either side, limiting the gene flow
This occurs when the hybrid offspring have low relative fitness
Ex: strains of bent grass  and copper-tolerant strains grow within meters of another, but since the copper-tolerant plants flower a week earlier they do not tend to mix keeping them as two different species
Hybrid zones


Sympatric speciation
Speciation that occurs without the geographic isolation of populations
Use reproductive isolation mechanisms to ensure that the two species stay separate
Have postzygotic isolation mechanisms and prezygotic isolation mechanisms

Speciation
The process of species formation
Have 8.7 million species in the world
Four geographic modes of speciation: allopatric, peripatric, parapatric and sympatric

Peripatric speciation
Peripatric and peripatry are terms from biogeography, referring to organisms whose ranges are closely adjacent but do not overlap, being separated where these organisms do not occur – for example a wide river or a mountain range. Such organisms are usually closely related (e.g. sister species), their distribution being the result of peripatric speciation.

Allopolyploidy
Type of polyploidy
The genetic condition of having two or more complete sets of chromosomes from different parent species
If two parents have diverged, their offspring will be sterile. However if the chromosome numbers double then the chromosome complement of the gametes is also double. This produces homologous chromosomes that can perform meiosis
Used often in plants
Allows self-fertilization or fertilization with other doubled hybrids
Important in agriculture, because they are often robust and grow to a larger size than either parent

Autopolypoloidy
Type of polypoidy
The genetic condition of having more than two sets of chromosomes from the same parent species
Where a diploid (2n) individual may produce a tetraploid (4n) offspring
Occurs through an error in mitosis or meiosis, so the gametes receive the same number of chromosomes as the somatic cell
Found when a plant self-fertilizes
Polyploidy
The condition of having one or more extra copies of the entire haploid complement of chromosomes
Occurs when mitosis fails and the last division doesn’t occur
Diploid gametes could fuse with each other creating a tetraploid
Animals don’t tolerate it, plants do – also tolerant of self-fertilization
Advantage in plants to create genetic variability because they cant move around

Tetrapolid
Contain 4n genetic information
Type of polyploid
Results form the compination of two diploid gametes
Seen commonly in plants to allow for more genetic variation

Triploid
Contains 3n genetic information
Type of polyploi
Diploid
An organism or cell with two copies of each type of chromosome in its nucleus
Occurs form mitosis and meiosis when two gametes combine
Humans are diploid, most mammals are also diploid
Haploid
An organism or cell with only one copy of each type of chromosome in its nuclei
During sexual reproduction the gametes are haploid 
Two haploid cells combine to form a diploid cell, or a zygote (fertilized egg)

Postzygotic isolation mechanisms
A reproductive isolation mechanism hat acts after zygote formation
When sperm from one species sometimes fertilizes and egg of another species creating hybrids
Important in maintaining the biological species concept: that a species are defined by reproductive isolation
Hybrid inviability, hybrid sterility and hybrid breakdown reduce the fitness of hybrid individuals

Prezygotic isolation mechanism
A reproductive isolation mechanism that acts prior to the production of a zygote, or fertilized egg
Prevent interspecific mating or fertilizations and the production of hybrid offspring
Important in maintaining the biological species concept: that a species are defined by reproductive isolation
There are ecological, temporal, behavioral, mechanical and gametic isolation that are the mechanisms

Behavioural isolation
A prezygotic reproductive isolation mechanism in which two species do not mate because of differences in courtship behavior; also known as ethological isolation
When the signals used by one species are not recognized by another
Ex: female song birds rely on the song, colour and displays of males to identify the members of their own species
Has to do with female choice, they chose their mates based on what they deem the most fit
Prevents two different species from breeding with each other

Ecological isolation
A prezygotic reproductive isolation mechanism in which species that live in the same geographic region occupy different habitats
Living in different habitats
Ex: when lions and tigers lived in india, they lived in grasslands (lions) and forests (tigers) so they did not encounter one another and did not interbreed
Individuals only mate in their preferred habitat and will not mate with other individuals with different ecological preferences

Gametic isolation
A prezygotic reproductive isolation mechanism caused by incompatibility between the sperm of one species and the eggs of another; may prevent fertilization
Seen in the marine environment: many invertebrates release gametes into the environment for external fertilization and different species may receive them, however they are not able to be fertilized
Internally, the female tract may produce antibodies to kill the foreign body to not allow the eggs to be fertilized

Habitat isolation (temporal isolation)
Species living in the same habitat that mate at different times of the day or different times of the year
Do not interbreed because of when they breed,
Ex: two species of pine that are in the same area do not interbreed because one releases pollen in February, the other in April.

Mechanical isolation
A prezygotic reproductive isolation mechanism caused by differences in the structure of reproductive organs or other body parts
Only allow males and females of the same species to reproduce
Ex: plants only allow certain pollinators to collect and distribute their pollen. Related to adaptation and coevolution of each species in the attraction of a certain type of pollinator

Reproductive isolation
A biological characteristic that prevents the gene pools of two species from mixing – used when two species are sympatric (occupying the same spaces at the same time)
Keeps the idea of the biological species concept to disallow hybrids 
Use prezygotic isolation mechanisms (ecological, temporal, behavioural, mechanical and gametic isolation ) to  prevent the production of a zygote 
use postzygotic isolation mechanisms (hybrid inviability, hybrid sterility and hybrid breakdown) after zygote formation

Temporal isolation
A prezygotic reproductive isolating mechanism in which species living in the same habitat but breed at different times of day or different time of year
Have the capability of fertilizing one another but don’t because of their timing
Ex: pine tress in california


Hybrid breakdown
A postzygotic reproductive isolation mechanism in which hybrids are capable of reproducing, but their offspring have either reduced fertility or reduced viability
When the F2 generation is produced between F1 hybrids, it may exhibit a high rate of chromosomal abnormalities and harmful types of genetic recombination
Reproductive isolation is maintained between the species because there is little long-term mixing of their gene pools

Hybrid sterility
A postzygotic reproductive isolation mechanism in which hybrid offspring cannot form functional gametes
Even though the hybrids are healthy adults, they may not be able to produce functional gametes impairing their ability to reproduce
They have zero fitness because they leave no descendants
Ex: is a female horse and a male donkey mating

Hybrid inviability
A postzygotic reproductive isolation mechanism in which a hybrid individual has a low probability of survival to reproductive age
Having two sets of developmental instructions may not interact properly for the successful completion of the embryonic development, therefore the organism dies before reaching reproductive age
Ex: sheep and goats can fertilize each other but the embryos will die before reaching term

Hybrid zone
A geographic area where the hybrid offspring of two divergent population or species are common
Often narraw and ecological or geographic factors maintain the separation of the gene pools for the majority of individuals in both species
Seen during secondary contact, where two subspecies may mate producing fertile offspring
Offspring d=produced have to be less fit than the membrers of the parent species for the hybrid zones to be stable

Hybridization
When two species interbreed and produce fertile offspring
Interspecific hybrids : between different species within the same genus (lions and tiger)
Intraspecific hybrids: between different subspecies
Intergeneric: between different genera (sheep and goats)
Interfamilial, interordinal
Crosses between population, breeds or cultivars within a single species. Used in plant and animal breeding to get desirable characteristics not consistently present in the parent individuals or population


Mutation
A spontaneous and heritable change in DNA
Can be point mutations
Can be chromosomal mutations (inversions, translocation, duplication, deletion, crossing over, polyploidy, genome duplication)
Can be neutral, harmful or beneficial


Beneficial mutation
A mutation that confers some benefit on an individual that carries it
Natural selection may preserve the new allele and even increase its frequency over time
Once it has been passed onto a new generation, agents of microevolution will determine whether or not it will be carried later on

Neutral mutation
Mutation that has no effect on the fitness of an individual
Neutral with respect to natural selection
Ex: some mutations in a DNA triplet or codon that do not change which amino acid is introduced – synonymous substitution

Deleterious mutation
A type of mutation that has a negative effect on the phenotype
Will thus decrease the fitness of the organism
Will not lead to microevolution because it will most likely be eliminated by natural selection
Important in founder effects, may be amplified and dangerous for a population 
Ex: hemophilia, sickle-cell anemia

Chromosomal Inversion
Type of genetic mutation, may lead to microevolution
a chromosome rearrangement in which a segment of a chromosome is reversed end to end
An inversion occurs when a single chromosome undergoes breakage and rearrangement within itself. 
Inversions are of two types: paracentric and pericentric.
Inversions usually do not cause any abnormalities in carriers as long as the rearrangement is balanced with no extra or missing genetic information.
in individuals which are heterozygous for an inversion, there is an increased production of abnormal chromatids which leads to lowered fertility due to production of unbalanced gametes.




Chromosomal translocation
Type of genetic mutation, may lead to microevolution
chromosome abnormality caused by rearrangement of parts between non-homologous chromosomes
A gene fusion may be created when the translocation joins two otherwise separated genes, the occurrence of which is common in cancer.

Frame shift mutation
Mutation in a protein-coding gene that causes the reading frame of an mRNA transcribed from the gene to be altered, resulting in the production of a different, and nonfunctional, amino acid sequence in the polypeptide
When an added single nucleotide is added, which causes the whole strand to be read differently : ex: the one big fly had  the one rbi gfl yha dno
Most disastrous to an organism

Gene duplication
any duplication of a region of DNA that contains a gene
may occur as an error in homologous recombination, a retrotransposition event, or duplication of an entire chromosome.
he second copy of the gene is often free from selective pressure — that is, mutations of it have no deleterious effects to its host organism. Thus it accumulates mutations faster than a functional single-copy gene, over generations of organisms.
Duplication is the opposite of a deletion
arises from an event called unequal crossing – over during meiosis between misaligned homologous chromosomes

Missense mutation
where a single nucleotide is changed, resulting in a codon that codes for a different amino acid
A base-pair substitution mutation in a protein-coding gene that results in a different amino acid in the encoded polypeptide than the normal one
Can render to protein to be nonfunctional
An example is sickle cell anemia disease
Sometimes the protein is still functional because the replacing amino acid may have similar chemical properties, called a conservation mutation

Nonsense mutation
Point mutation
Changes STOP codon
A base-pair substitution mutation in a gene in which the base-pair change results in a change from a sense codon to a nonsense codon in the mRNA. The polypeptide translated from the mRNA is shorter than the normal polypeptide because of the mutation
Premature stop codor, nonsense codon

Point mutation
Type of mutation that causes the replacement of a single base nucleotide with another nucleotide of the genetic material
Mutation allows for genetic variation
nonsense mutations  (code for as stop) and missense mutations (code for a different amino acids) and silent mutations (code for the same amino acids)
Sickle-cell anemia is an example

Silent mutation
A base-pair substitution mutation in a protein-coding gene that does not alter the amino acid specified by the gene
Type of point mutation
Evolutionarily neutral and has no effect on the individual or the individual’s fitness or contribution to the gene pool

Female choice
Type of sexual selection that allows the female to choose their mate
Use male competition to determine who to choose
They are more limited in their reproduction, it needs to be protected and it requires work, so they chose carefully
Look for signals by the males ex: tail length, pigment, behavior
Male appearance and courtship displays are important in the female’s choice

Male competition
Males with compete with another to win the female to mate with
Combat : fighting physically to win the females
Sperm competition: ex: in damselflies latching on, clearing the female of other’s sperm and trying to make her fertilize her eggs with it
Infanticide: ex: in lions if a new male wins and dominates, the population with the old male’s gene will be killed off so he can mate will all the females and put his own genes into the pride

Sperm competition
The competitive process between two different males to fertilize the egg of a single female
Evolutionary pressure on males to pass on their genes, and increase their fitness
Mate-guarding and mate plugging are used by males to insure their sperm is used
Ex: damselflies will latch onto female, fertilize them with own sperm (eliminate others sperm if already there) and hold on as long as possible to ensure the female fertilized with their sperm

Non random mating
Sexual selection: female selection and male competition; trying to find the best possible mates to carry on the line
Also bases on sexual dimorphism – very distinct dimorphic characters between males and females
Inbreeding and self-fertilization in plants are examples 
This tends to lead to fewer heterozygous offspring because individuals with similar genetically based phenotypes mate with each other


Sexual selection
A form of natural selection established by male competition for access to females and by the females’ choice of mates
Used to maximize the reproductive success to improve their fitness
Intersexual selection – female choice, and intrasexual selection – male to male competition
Ex: peacocks, birds with long tails

Sexual dimorphism
Differences in the size or appearance of males and females
Important in nonrandom mating, plays a role in male competition and in female choice
Develop this way because the males need to “impress” to pass on their genes, so they need a more elaborate body
Size maybe also be different due to who protects the offspring 



Directional selection
A type of selection in which individuals near one end of the phenotypic spectrum have the highest relative fitness
In population genetics, directional selection is a mode of natural selection in which a single phenotype is favored, causing the allele frequency to continuously shift in one direction.
If the advantageous allele increases enough in frequency, it will become fixed
Same as purifying selection which removes deleterious mutations from a population
A normal curve will shift in one direction of the trait or another, making an extreme more desirable
Ex: tail length in birds, longer is more desirable, so selection has eliminated more organisms with shorter tails

Stabilizing selection
A type of natural selection in which individuals expressing intermediate phenotypes have the highest relative fitness
Genetic diversity decreases as the population stabilizes on a particular trait, extreme alleles becomes less frequent
Favors intermediate variants
Reduces phenotypic variation, resulting in the reproductive success of the normal and average phenotypes
Ex: human birth weight

Disruptive selection
A type of natural selection in which extreme phenotypes have higher relative fitness than intermediate phenotypes
Selection against middle alleles which causes the populations to diverge from one another and results in two separate species sometimes
This is the driving force behind sympatric speciation



Founder effect
When certain individuals are removed from a population and used to create a new one
Provides less genetic variability, limits the subset of traits. Both genetic and phenotypic genes are deprived
In extreme cases, can lead to speciation and the evolution of new species
Case of genetic drift, increased inbreeding which causes undesirable traits to be passed on
Ex: finches on Galapagos islands, many human populations

Bottleneck effect
When a population crashes, there are a limited number of survivors who will continue on the population (usually after an extinction, ice age, etc)
This allows for less sampling of the genetic variation that once was inside of the population
Promotes genetic drift over natural selection
Severely decrease population fitness and can also accumulate deleterious alleles
Ex: northern elephant seal’s population fell to about 30 and is now back up

Fitness
An individual’s ability to both survive and reproduce, and pass genes onto the next generation
Average contribution to the gene pool of the next generation made by an average individual of the specified genotype or phenotype
Alleles and genes can affect fitness, and over time these alleles will change due to natural selection
Fitness is manifested through phenotype
Gene pool
The sum of all alleles at all gene loci in all individuals in a population
Large gene pool indicates an extensive genetic diversity, whereas low genetic diversity can cause reduced biological fitness and increased change of extinction
Influenced by genetic drift and gene flow, also by natural selection

Genetic drift
Random fluctuation in allele frequencies as a result of chance events; usually reduces genetic variation in a population
May cause gene variants to disappear completely and this reduces the overall genetic variation
Larger for alleles present in a smaller number of copies
Neutral process unlike natural selection because it is a totally random type of selection


Gene flow
The transfer of genes from one population to another through the movement of individuals or their gametes
Migration into or out of a population is responsible for gene flow
Immigration can result in the addiction of new genetic variants into the gene pool
Mobility is a big factor in gene flow – animals are more capable of moving around and spreading their genes
Gene flow acts against speciation by recombining gene pools that eliminate the creation of different species


Genetic equilibrium
The point at which neither the allele frequencies nor the genotype frequencies in a population change in succeeding generations
This means that there is no evolution
Evolutionary forces acting on the allele must be equal and opposite, the population must be large enough for the genetic drift effect to be minimized
There must be:
No gene mutations
Large population size
Limited to no immigration, emigration or migration OR equal but opposite
Gene of interest has no effect on survival/ reproduction (no natural selection)
Mating occurs randomly

Genotype frequencies
The percentage of individuals in a population possessing a particular genotype
The hardy-weinberg law predicts genotype frequencies from allele frequencies
Can be used to predict future generations



Hardy-Weinberg principle
An evolutionary rule of thumb that specifies the conditions under which a population of diploid organisms achieves genetic equilibrium
How we measure if there is change or not in a population
No change means that there is not natural selection, no mutations, no genetic drift, no gene flow, and random mating. This means that there is also no evolution

Crossing over
The recombination during meiosis. Also referred to as a chiasmata
Allows non-sister chromatids of homologous chromosomes to randomly exchange segments
This allows an exchange of information which results in a recombination of information, and therefore more genetic variability

Fixation
change in a gene pool from a situation where there exist at least two variants of a particular gene (allele) to a situation where only one of the alleles remains.
Where one allele will dominate and the other will disappear
Occurs a lot more frequently in smaller populations with a smaller gene pool
Accounts for agricultural practices in the world and how certain vegetables have lost their alleles - tomatoes

Heterozygote advantage
An evolutionary circumstance in which individuals that are heterozygous at a particular locus have higher relative fitness than either homozygote
An example of this is sickle cell anemia and malaria, heterozygous for sickle cell anemia is good in areas with malaria because the anemia gives th body a way to fight off malaria
This causes this trait to passed on, because it is an advantage, known as over dominance
Polymorphism can be maintained this way

Heterozygous
The state of possessing two different alleles of a gene
Dominant trait’s allele will be expressed, the recessive will be suppressed


Homozygous
An individual with two copies of the same allele
The allele present will be expressed whether dominant of recessive

Inbreeding
A special form of nonrandom mating in which genetically related individuals mate with each other
A small population that breeds within itself will lead to homozygocity and drif away from heterozygocity
Decreases fitness of a population
In plants occurs in the form of self-pollination
Ex: hemophilia within royalty lineages

Microevolution
Small-scale genetic changes within populations, often in response to shifting environmental circumstances or chance events
Due to four processes : mutation, natural selection, gene flow and genetic drift
Due to the change in alleles of an organism or a population

Migration
The predictable seasonal movement of animals from the area where they are born to a distant and initially unfamiliar destination, returning to their birth site later
Affects the gene pool of a population; Can add or remove genetic variation
Doesn’t allow for genetic equilibrium

Natural selection
The evolutionary process by which alleles that increase the likelihood of survival and the reproductive output of the individuals that carry tem become more common in subsequent generations
Non random process that is a key mechanism that allows for evolution
Caused by the genetic variation within a population – acts on the phenotype of an organism
Can lead to adaptations and eventually the emergence of a new species



Null hypothesis
A statement of what would be seen if the hypothesis being tested were wrong


Phenotype
The outward appearance of an organism
Morphology, development, biochemical, physiological properties, behavior
Expression of genes as well as environmental factors
Coded for by the genotype

Population
All individuals of a single species that live together in the same place and time
Organisms within the same population can breed together meaning that they belong to the same species
Affected by immigration, emigration, death and birth

Population genetics
The branch of science that studies the prevalence and variation in genes among populations of individuals – studies the allele frequency distribution and its change
Studies the change under the influence of the four main evolutionary processes: natural selection, genetic drift, mutation and gene flow
Hardy-Weinberg is important for studying population genetics and for prediction population equilibrium and evolution

Recessive allele
An allele that is masked by a dominant allele
Dominant allele masks it when the organism is heterozygous
Recessive allele acts on the organisms when it is homozygous

Reinforcement
The enhancement of reproductive isolation that had begun to develop while populations were geographically separated
When they come into secondary contact, the hybrid offspring will have lower fitness and natural selection will favor individuals that only mate with their own population
Natural selection may promote the evolution of prezygotic isolation mechanisms


Ring species
A species with a geographic distribution that forms a ring around uninhabitable terrain
Can exchange genetic material directly, but gene flow between distant populations occurs only through intermediary populations
Start to become specialized for certain regions, at boundaries there is interbreeding however fitness is low because they don’t have the capacity to survive in that area
Extremities may no longer be able to interbreed have become subspecies and may become entirely separate species

Sickle cell anaemia
Caused by a point mutation of HbS to HbSS. Need to be homozygous for the mutation to occur
Recessive genetic blood disorder where red blood cells become abnormal, rigid and sickle shaped. This may cause them to clump together blocking blood flow
It is actually a heterozygous advantage in places that are common with malaria because it allows the body to fight off malaria, so natural selection allows it to be passed on

Subspecies
A taxonomic subdivision of a species
Capable of interbreeding and producing fertile offspring however they often do not due to geographical isolation
They are on their way to developing into separate species altogether

Vicariance
The fragmentation of a continuous geographic distribution by non biological factors
Produces allopatric speciation but removal might cause a hybrid zone and secondary contact
Important in the production of speciation
The separation or division of a group of organisms by a geographic barrier, such as a mountain or a body of water, resulting in differentiation of the original group into new varieties or species
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Apomorphy
Method of classifying species of organisms into groups called clades
This means there is a set of derived characters within a group
Consisting of an ancestor organism and all its descendants (monophyletic)
Ex: molting the cuticle in ecdysozoa

Autoapomorphy
A distinctive anatomical feature, known as a derived trait, that is unique to a given terminal group
Only found in one member of a clade, but not others or in outgrouping taxa
Apomorphy in relation to a single taxa

Plesiomorphy
Primitive characters within a group
Present at the base of the tree
May not appear anywhere else on the tree so it provides no evidence of relationships
Ex: being triploblastic is plesiomorphic whereas being apomorphic is diploblastic

Symplesiomorph
Shared primitive characters that are shared between groups
They are not an indication that the taxa are closely related
Ex: is the bony and cartilaginous fishes

Synapomorphy
Derived characters shared between groups
Apomorphy that is visible in multiple taxa where the trait in question originates in their last common ancestor
Uniquely characterize a set of terminal groups
Ex: insects with hind wings

Monophyletic
A group of organisms that include a single ancestral species and all of tis descendants
What we seek when looking at classification because it allows us to properly identify and place all organisms and better understand their phylogenetic relationships


Polyphyletic
A group of organisms that belong to different evolutionary lineages and do not share a recent common ancestor
Ex: mammals and birds are warm-blooded but they do not share a recent ommon ancestor that is warm blooded.
We want to avoid polyphyletic groups because they do not give us a proper idea of the common history and ancestry

Paraphyletic
A group of organisms that includes an ancestral species and some, but not all, of its descendants
Try to avoid this because it does not give us the whole idea, the bigger picture
Ex: reptiles and birds are sometimes misplaced and identified as paraphyletic when in reality they are monophyletic

Adaptive radiation
A cluster of closely related species that are each adaptively specialized to a specific habitat or food source
starting in speciation and phenotypic adaptation of an array of species exhibiting different morphological and physiological traits that they can exploit in different environments
Represented as a clade of coexisting species
ex: Darwin’s finches

Advanced characters
Traits that have diverged from the ancestral ones
More suited to survive in the environment, evolution and natural selection
Advanced characters are seen further up on phylogenetic trees

Analogous
Trait that appears similar in two unrelated organisms
Also known as a Homoplasy
Result of convergent evolution
Ex: wings of insects and birds


Artificial taxonomy
Taking spoken word and putting it into written word
Classifying based on resemblance and dissemblance
Making a massive lists that is available to most people, better educates the population
Ex: Aristotle did this

Binomen
Relating to or consisting of two names or terms
First is genus, Second is species
Binomial nomenclature: each organism is given two names that apply only to it – first way to specifically give a name to organisms rather than describing physical features
Created by Linnaeus in 1735 at the same time as taxonomic hierarchy

Camera eye
Example of the KISS principle – deciding whether it was a trait that was lost, or simply gained by 2 groups of organisms
Example of a Homoplasy
Developed by vertebrate and mollusks for providing them with no blind spot
Also an example of an autoapomorphy

Character convergence
Characters that are not directly inherited by a common ancestor, they are derived on their own separate from one another. Ex: wings on birds and insects
Can involve structure, form and function
Seen in the appearance of Homoplasy, analogous characteristics

Character polarity
Deciding which character is the advanced state and which is the ancestral state
Order of evolution of the characters
Seen using phylogenetic trees to classify which came first

Character reversal
Character that reverses from an advanced to a more ancestral state
Through the loss of an evolutionary novelty (an Apomorphy)
Ex: winged insects evolved from singles ancestors, but some pterygote lineages have lost their wings (fleas, live, some grasshoppers and beetles)

Clade
A monophlytetic group of organisms that share homologous features derived from a common ancestor
Species and all its descendants
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Cladistics
An approach to systematics that uses shared derived characters to infer the phylogenetic relationships and evolutionary history of groups of organisms
Grouping organisms into clades that consist of a common ancestor organism and all of its descendants
Uses homologous features, not homoplasies – divergent evolution
Can be used to include nonliving organisms such as fossils and prokaryotes, so most accurate way of organizing the world

Cladogram
A branching diagram in which the end points of the branches represent different species of organisms, used to illustrate phylogenetic relationships
Shows a clade, a monophyletic group
Shows divergent evolution

Classical taxonomy
The study of classification of organisms, accrding to their differences and similarities
The description, naming and classification of orgnaisms based on their morphological characteristics, and molecular and biochemical characteristics
Several types : folk, artificial, mechanical, natural (evolutionary), and phylogenetic (cladistics)

Classification
An arrangement of organisms into hierarchical groups that reflect their relatedness
Uses taxonomy, systematics and hierarchy
Using domain, kingdom, phylum, class, order, family, genus or species, part of scientific taxonomy
Modern classification was developed in the work of Linnaeus

Common ancestor
The most recent organisms from which a group of organisms have descended and evolved
Basis of a monophyletic group
Allows us to compare advanced and ancestral traits and also to classify organisms with one another
Divergent evolution share a common ancestor
Tells us whether or not two organism are related to one another

Convergent evolution
The evolution of similar adaptations in distantly related organisms that occupy similar environments
Do not share a common ancestor but have developed analogous, homoplastic traits
Ex: wings of birds and bats
Important to not relate these organisms together in cladistics, which is why we do not solely base our classification on exterior traits

Dendrogram
Tree diagram frequently used to illustrate the arrangement of the clusters produced by hierarchical clustering
Often used to illustrate the clustering of genes or samples
Consists of nodes and clusters pointing to a common “ancestor”

Derived characters
A new version of a trait found in the most recent common ancestor of a group
Cladistics uses derived characters to separate organisms from one another
Ancestral form devlopping into a more advanced state
Show homologous traits between organisms

Dichotomy
Any splitting of a whole into exactly two non-overlapping parts. They are jointly exhaustive and mutually exclusive
Used to show a character in one group that is not in another group such as vertebrate and invertebrate – one having a back bone and the other not
Used to form dichotomous key which is a method of categorizing species using logical choices

Divergent evolution
Accumulation of differences between groups which can lead to the formation of new species
They all share a common ancestor, however traits evolve into differnet forms that we see
Is when similar structure become less similar over time as they adapt to different environments and lifestyles, species get further apart
Important in determining common ancestry
Similar structures that diverged are called “homology”, you can still tell they come from the same place, ex forearms or many vertebrates and similar because they all have common ancestry

Evolutionary taxonomy
Branch of biological classification that seeks to classify organisms using a combination of phylogenetic relationships and overall similarity
Developed by Darwin
Considers taxa rather than single species, also offers a biological classification
Allows for paraphyletic taxa

Folk taxonomy
Oldest form of taxonomy
Verbal passing of information from one generation to the next
The “keeper” of taxonomy is responsible for recognizing plants, animals, living and non-living things – also generally the smartest and brightest individual amongst his peers
About 500 objects nested into 3 or 4 major categories

Fungi
Member of a large group of eukaryotic organisms
Kingdom fungi : separate from plants, animals and bacteria
Cell wall contains chitin
Share a common ancestor and are part of a monophyletic group

Hierarchical
Arrangement of items in wich the items are represented as being above, below or at thse same level as one another
Kingdom, phylum, class, order, family, genus, species are an example of hierarchical organization
Taxonomy is hierarchial

Henning
Developed the system of phylogenetic taxonomy
Didn’t weight characters meaning there is no bias
Took ancestral and derived traits 
Entomologist, so he developed this system to classify all the organisms that he was working with since there were so many

Homologous
Characteristics shared with species due to a common ancestor
SEE Divergent evolution and homology

Homology
Characteristics that are similar in two species because they inherited the genetic basis of the trait from their common ancestor
SEE homologous

Homoplasy
Characteristics shared by a set of species , often because they live in similar environments, but not present in their common ancestor; often the product of convergent evolution
Important in classification of organisms, this means they are not related so we cant classify them as related
Ex: wings developed for flight were developed independent of one another

KISS principle
States that we will use the simplest form of organization
Keep it simple stupid
Used during parsimony to choose the most likely explanation for development and to keep the cladograms more simple
Ex: seen in the evolution of the camera eye to decide whether it is a homologous trait or a homoplastic trait

Linnaeus
Developed the method for mechanical taxonomies - Kingdom, phylum, class etc. Biological classification rank-based classification of organisms
Known as the father of nomenclature
Taxonomic hierarchy – organized into contained sets – predictability – plants or animals
Binomial nomenclature and Binomen
Looking at commonality, naming system of 2 names per organism
Provides descriptions (genus and species) noun and adjective / modifier


Mechanical taxonomy
Linnaeus develops a mechanical system that sorts all of the names of species into appropriate categories
This gives a nested system that we still use today
Used resemblance and dissemblance
Not using biological features


Natural taxonomy
Darwin says that everything is related to one another and this idea is used to classify and organize the world
We put things on a common tree that have a common ancestor
Group based on biology and evolution, not just ressemblance

Node
The point on a stem where one or more leaves are attached
Branching point in a cladogram
May or may not correspond to an actual ancestor, but it shows how organisms are thought to be related to one another
Shows which characteristics a group of organisms have

Out group
A monophyletic group of organisms that serves as a reference group for determination of the evolutionary relationship among three or more monophyletic groups of organisms
Thought to be rather closely related to the other groups, but is less closely than any single one of the other groups is to each other
Conclusion is that the out-group branched from the parent group before the other two groups branched rom each other
Ex humans and chimpanzees – gorillas (out-group)

Parsimony

Phenetic (Numeric) Taxonomy
Using measurements (quantitative data), and carrying out an analysis on those numbers to decide which organisms were related
Doing comparisons, correlations – ex: the number of branches on a twig, the number of branches on a tree – using cluster analysis
Biased depending on which program you used, lots of competition to be the best program

Phylogenetic taxonomy
A grouping of organisms that includes a shared derived character
Developed by Henning
Taking a set of characters, and deciding whether or not it is ancestral or derived – scoring the individual in accordance to their traits
No bias – no weighting of the characters
Develops the idea of outgrouping
Used the terms : Apomorphy, plesiomorphy, synapomorphy, symplesiomorphy

Phylogenetic tree
A branching diagram depicting the evolutionary relationships of groups of organisms
Taxa joined together are descended from a common ancestor
Each node with descendants represents the inferred most recent common ancestor of the descendants
Each node is a taxonomic unit
Used to show similarities and differenced in the physical and or genetic characteristics of groups of organisms. 
Shows divergent evolution

Phylogeny
The evolutionary history of a group of organisms
SEE phylogenetic tree


Polytomy
Many temporal based branches that are a section of the phylogeny in which the evolutionary relationships can not be fully resolved to dichotomies
When a node has more than two immediate descending blanches
Seen as adaptive radiation

Primitive characters
Ancestral state of a character
Seen as the first trait to appear within an organism and this trait later will evolve to a advanced character
Reversals occur when an organism reverts to the primitive characters

Sister group
A monophyletic group more closely related to the group under examination than any other group
Share a more common ancestor with each other, two separate nodes on a cladogram that are parallel to one another
May share some of the same derived or ancestral character traits, but may also have some that are differnet


Systematics
The branch of biology that studies the diversity of life and its evolutionary relationships
Relationships are visualized as evolutionary trees – cladogram, phylogenetic tress
Have a branching order and length to show the group relationships and amount of evolution
Showing higher or lower taxonomy and hierarchy
Used to understand the evolutionary history of life on earth

Taxon
A name designating a group of organisms included within a category in the Linnaean taxonomic hierarchy
Created by Linnaeus
Along with binomial nomenclature

Taxonomy
Practice and science of classification or the result of it
Uses taxon to divide organisms into groups
Hierarchical structure
Created by Linnaeus

Weighted characters
Create bias when forming a phylogenetic tree
Weigh which trait is ancestral and which is not and form a tree this way
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Used in phenetic taxonomy where we would use correlations and cluster analysis

Agnatha
Jawless fish, earliest vertebrates that used a muscular pharynx to suck water containing food particles into the mouth and used gills both to acquire dissolved oxygen and to filter food from the water
Lampreys and hagfishes are the two living groups of agnathans
Teeth all around the edge of the opening, tongues that class teeth on it, latches onto other fish, tongue chews the fish alive after being clamped on, and moves to other fish
Normal life cycle, coming up the river to spawn

Bony fish
Osteichthyes – taxonomic group of fish that have a bony as opposed to cartilaginous skeleton
Instead of having the pectoral and pelvic fins tied to body and unmenuverable, they are now connected to the body and given muscles allowing them to provide the organism with specific mouvements
Scales are small, smooth and lightweight and their bodies are covered with a protective coat of mucus that retards bacterial growth and minimizes drag as  water flows past the body
First appeared in the Silurian period

Cartilaginous fish - Chondricthyes
Class Chondricythyes
Skeletons are entirely cartilaginous
The absence of bone is a derived trait because all earlier fishes had bony armor or bony endoskeletons
Good support system for fins, but they aren’t anchored into the axial skeleton meaning they aren’t very flexible
Tail is used to propel but not a very graceful specific motion

Gill arches
One of the series of curbed supporting structures between the slits in the pharynx of a chordate
Found in cartilaginous fish, slits are separated by a cartilaginous gill arch
Found also in humans formed from the pharyngeal arches and can become either bronchial arches or gill arches
Formed bones in the upper and lower jaws, eventually they are what developed into the jaws of the fish

Gill slits
One of the openings in the pharynx of a chordate through which water passes out of the pharynx
Allow for chordates to gather food by filtration and to collect oxygen and release carbon dioxide
Are supported by gill arches
In air-breathing vertebrates they are only present during embryonic development

Gnathostomes
The group of vertebrates with movable jaws
First were jawed fish. This meant they could eat more than just filtered food particles and take larger food items with higher energy content
Used for food and some for defense, grooming, constructing nests and transporting young
Jaws evolved from paired gill arches in the pharynx of jawless fish, formed bones for the jaws and a second pair become hyomandibular bones that braced the jaws against the cranium
Also had fins, folds of skin and movable spines that stabilized locomotion and deterred predators
Most fish by the Devonian had unpaired dorsal anal caudal and pectoral and pelvic fins

Jaws

Each of the upper and lower bony structures in vertebrates forming the framework of the mouth and containing the teeth
Developed from the pharynx of jawless ancestors
Jaws evolved from paired gill arches in the pharynx of jawless fish, formed bones for the jaws and a second pair become hyomandibular bones that braced the jaws against the cranium

Neutral buoyancy
Condition in which a physical body’s mass equals the mass it displaces in a surrounding medium
In fish the swim bladder provided this
Swim bladder that is hooked into the circulatory system takes oxygen dissolved in the blood and puts it into the bladder. Also takes oxygen out of the bladder and put it back into blood
This allows it to inflate and deflate, causing different pressure if needed
Also a tissue inside fish that can extract oxygen from air and move it around – like a lung. Some will develop the ability to gulp air

Opercular gill
A lid or flap of the bone serving as the gill cover in some fishes
Allows water to be pulled out of the mouth cavity through the gills, then sqeeze the mouth cavity and pump water out
Allows fish to hover in one location and pump water in and out to breathe


Ostracoderm
One of an assortment of extinct, jawless fishes that were covered with bony armor – the front was covered allowing for a bit more mouvement
Also a type of jawless fish that lived from the Ordovician through the Devonian
Used their pharynx to draw water with food particles into their mouths and used gills to filter food from water – greater flow rates allowed them to collect food more rapidly and achieve larger body sizes – used gills for breathing
Could not move them in the way living fishes move paired fins so their movement wasn’t specific
Brain had three regions (forebrain, midbrain and hindbrain that is typical of all later vertebrates

Pectoral fin
Fins that are paired and located on each side of the fish usually behind the operculum
Homologous to the forelimbs of tetrapods
Creates a dynamic lifting force that assists some fish such as sharks maintain depth
Aid in walking, when a fish needs to leave the water to find a new location to live, 
Important in the tetrapod stance 

Pectoral girdle
A bony or cartilaginous structure in vertebrates that supports and is attached to the forelimbs
In fish this helps to support the two pectoral fins

Pelvic fin
Paired fins located below the pectoral fins
Homologous to the hindlimbs of tetrapods
Assist the fish in going up or down through the water, turning sharply and stopping quickly

Pelvic girdle
A bony or cartilaginous structure in vertebrates that supports and is attached to the hindlimbs
In fish this helps to support the two pelvic fins

Placoderm
First lived from the late Silurian to the end of the Devonian
Head and thorax were covered by articulate Armoured plates and the rest of the body was scaled or naked
One of the first jawed fish
Not very motile because of the armor that covered their body

Placoid scale
Found on cartilaginous fish
Also called denticles and are similar in structure to teeth – have one median spine and two lateral spines (a central pulp imbedded into the epidermis)
Improves the efficiency of swimming in water because of a layer of turbulence it creates around the fish

Swim bladder
A gas-filled internal organ that helps fish maintain buoyancy
SEE NEUTRAL BUOYANCY

Tetrapod
A monophyletic lineage of vertebrates that includes animals with four feet, legs or leglike appendages
Evolved in the late Devonian from a group of fleshy-finned fish, the osteolepiformes
Were able to move overland to different bodies of water if theirs dried out
Strong stout fins that allowed them to crawl in mud
Amphibians, reptiles, birds and mammals are all tetrapods


Alternation of generations
The regular alternation of mode of reproduction in the life cycle of an organism such as the alternation between diploid (sporophyte) and haploid (gametophyte) phases in plants
Life cycle found generally in plants due to the fact that they don’t have eggs or sperm – they have spores that can give rise to new haploid individuals asexually
Diploid generation produces spores  (produced by meiosis )and the haploid generation produces gametes (produced by mitosis)
Example is in Brown algae – Laminaria solidungula

Antheridia
In plants, a structure in which sperm are produced
Haploid structure containing male gametes – present in the gametophyte phase of lower plants like mosses and ferns and also in the primitive vascular plants (like algae and fungi)
Uses splash fertilization to fertilize the eggs because it doesn’t have a vascular system

Archegonia
The flask-shaped structure in which bryophyte eggs form
Haploid structure containing female gametes – present in the gametophyte phase of lower plants like mosses and ferns and also in the primitive vascular plants (like algae and fungi)
Uses splash fertilization to get fertilized by the sperm because it doesn’t have a vascular system

Gametangia
A cell or organ in which gametes are produced – haploid structure
In plants, the two structures are the archegonia – egg producing site, and also the site of fertilization and antheridia – produces sperm for release for fertilization
Isogamy – when the gametes look alike and cannot be classified into male or female – such as gametophytes

Gametophyte
An individual of the haploid generation 
produced when a spore germinates and grows directly by mitotic divisions in organisms that undergo alternation of generations
Produces male and female gametes through mitosis – these gametes will fuse to form a diploid zygote

Gemma and gemma cups
Small cell mass that forms in cuplike growths on a thallus
Used in asexual reproduction of gametocytes
Useful for splash reproduction


Lignin
A tough, rather inert polymer that strengthens the secondary walls of various plant cells and thus helps vascular plants grow taller and stay erect on land
Important in the formation of vascular tissues because it lines the tubes forming the veins
Provides extensive rigidity and provides strength and allows the plant to conduct water throughout
Important in water conservation – is what helped plants move from the aqueous environment to the terrestrial environment

Primary plant cell wall
Helps to withstand osmotic pressure and maintain moisture inside of plants
Made of cellulose
Thin, flexible and extensible layer formed whi,e the cell is growing. Water is able to pass through this layer. 
It is what is found between the tubes of lignin that have not yet been connected to be continuous in plants

Rhizoids
A modified hypha that anchors a fungus to its substrate 
Does not take any water or nutrients out of the substrate
Found in nonvascular land plants -  bryophytes
Are not considered to be true roots because it lacks vascular tissue

Secondary plant cell wall
Thick layer formed inside the primary cell wall after the cell is fully grown
Not found in all cell types 
Contains a layer of lignin which strengthens and waterproofs the walls
Important in the vascular system

Sporangia
A single-celled or multicellular structure in fungi and plants in which spores are produced
Produce spores by mitosis but are also the site of meiosis and produce genetically distinct haploid spores
Found inside a sporophyte
Alternation of generations in plants

Spores
A haploid reproductive structure, usually a single cell, that can develop into a new individual without fusing with another cell; found in plants, fugi and certain protists
Produced by the sporangia found in sporophytes
Alternation of generations of plants

Sporophyte
An individual of the diploid generation produced through fertilization in organisms that undergo alternation of generations; it produces haploid spores
Contains the sporangia which is what produces the spores
Releases the spores for fertilization into zygotes
Alternation of generations of plants

Stomata
The opening between a pair of guard cells in the epidermis of a plant leaf or stem, through which gases and water vapor pass
Guard cells are what don’t allow too much water to escape from the  pores, this allows for waterproofing
Guard cells around stomata are an important aspect of movement to land plants

Thallus
A plant body not differentiated into stems, roots or leaves
Is the gametophyte generation
In algae, fungus, liverworts and lichens
No organization of the tissues into organs
No vascular tissue

Tracheids.
A conducting cell of xylem, usually elongated and tapered
Serve in the transport of water and mineral salts
Part of the transport system and also form structural support
They have strong secondary walls that keep them from collapsing if water becomes scares
Wave can pove from cell to cell through pits
Puts are generally opposite the pit of an adjacent cell so water seeps laterally from tracheid to tracheid

Devonian period
Part of the Paleozoic period
From 416-359 Ma
Further development on organisms up onto land
Appearance of vertebrates and seed bearing plants
The first bony fish also appeared

Mesozoic
Era that preceded the Paleozoic
Stretched from 245-64 Ma
Age of reptiles, where the dinosaurs were the dominant terrestrial and marine vertebrate
Began after the largest mass extinction – the Permian Triassic event
Ended with the cretaceous-paleogene event that killed off non-avian dinosaurs as well as other plants and animals


Silurian period
Following the Ordovician and proceeded by the Devonian
From 443-416 Ma
Base is a major extinction event
Appearance of jawed and bony fish
Vascular plants and land plants also appeared

Arthropoda - Crustacean
Invertebrate animal having an exoskeleton – a segmented body and jointed appendages, phylum Arthropoda, cuticles
Bio mineralized with calcium carbonate
Practice molting
During the Silurian, some crustacea survive
Previously filter feeders that diversify to form larger scavengers – large morphology starts to make its appearance at this time

Gastropod
In the phylum Mollusca (snails and slugs)
Contains original mulluscan body plan, Mantle and shell, mantle cavity, gill, foot, radula and stomach and digestive gland, and modified it by expanding the organism upwards to make room for more elaborate systems. Their shell allows them to live on land and not dry out.
Feed by scraping their radula against their substrate to release organic debris and feed off of that
Is able to completely  withdraw into its shell for protection

External fertilization
Form of fertilization in which a sperm cell is united with an egg cell external to the bodies of the reproducing individuals. 
Used often by aquatic animals such as coral or hydra, where sperm is released into the water and swims through to find an egg to mate with
Also used by bony fishes and amphibians
Process is helped by synchronization of the release of eggs and sperm and by the enormous numbers of gametes released
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Temporal fenestrae
Anatomical features of the skulls of several types of amniotes characterized by bilaterally symmetrical holes in the temporal bone
Divided into the Anapsids, diapsids, and synapsids
Allows for strong jaw muscles so we can bite through flesh

Anapsid
A member of the group of amniote vertebrates that no temporal arches and no spaces on the sides of the skull (includes turtles)
actually a diversion from the diapsids, the holes closed over
closed over and solid body plan meaning to breather, they cant expand and contract ribs. Turtles retract inside the shell their legs, and pump them in and out to ventilate
Diapsids
A member of a group within the amniote vertebrates with a skull with two temporal arches. Their living descendants include lizards and snakes, crocodilians and birds
Most successful of all the groups because of their added jaw
Early diapsids were slit into the extinct (dinosaurs and pterosaurs) and extant (snakes and crocodiles and lizards)
Synapsids
One of a group of amniotes with one temporal arch on each side of the head, which includes living mammals
Dominant terrestrial animls in the late Permian and then again after the K-T extinction event

Bird hipped dinosaurs (ornithischians)
Duck-billed (beaked) dinausaurs, with hips similar to those of the birds
Vegetarians and included plated, armored, and horned dinosaurs.
Often lived in heards and were prey animals for theropods
Had a predentary bone in the lower jaw that they use for clip off plant material

Plesiosaurs
Marine reptiles during the Mesozoic era, thrived until the K-T extinction at the end of the cretaceous period
Top predators in aquatic environment
Pterosaurs
Flying reptiles of the clade or order pterosauria
Earliest vetebrates known to have evolved powered flight. Their wings were formed by a membrane of skin, muscle and other tissues stretching from the legs to a dramatically lengthened fourth finger
Able to walk on the ground on four legs and their knuckles

Saurischia (lizard-hiped dinausaurs)
Had hips similar to those of lizards – were the ancestors of birds
Carnivorous and predatory

Sauropods
Order of sauriscian dinosaurs
Long necks, long tails and small heads
Some of the largest animals to ever live to on land
herbivores

Theropods
Clade of the suborder of bipedal saurischian dinosaurs and its descendants (modern birds)
Carnivorous, although some evolved to be herbivory, omnivory and insectivory
Birds evolved during the Jurassic

Extant
Species that are still in existence and are surviving
Ex: the extant organisms of the major diapsids groups are the snakes, crocodiles and lizards

Extinct
The death of the last individual in a species or the last species in a lineage
Ex: the dinosaurs, and pterosaurs are the extinct organisms of the diapsids group


Angiosperm
A flowering plant. Its egg-containing ovules mature into seeds within protected chambers called ovaries
Have flowers and fruit which are structures that help protect and disperse seeds
They can grow on dry land (are waterproofed) or can grow in wet land
They practice double fertilization
Use wind for seed dispersal, other animals or water. They also use pollinators

Anther
The pollen-bearing part of a stamen
Anthers contain pollen sacs, which is where the male gametetophyte – pollen is produced


Carpel
The reproductive organ of a flower that houses an ovule and its associated structures
Derived from ovule-earing leaves which evolved to form a closed structure containing the ovules

Double fertilization
The characteristic feature of sexual reproduction in flowering plants. In the embryo sac, one sperm nucleus units with the egg to form a diploid zygote from which the embryo develops, and another unites with two polar nuclei to form the primary endosperm nucleus
Produces a polyploidy, which is advantageous and tolerable in plants
Endosperm
Nutritive tissue inside the seeds of flowering plants
Surrounds the embryo and provides nutrition in the form of sperm
Produced through double fertilization, so it has a triple nucleus (most are polyploidy, but can also be diploid)
Fruit
 A mature ovary, often with accessory parts, from a flower
contains the seeds
used to disperse the seeds, being consumed by animals and placed somewhere else
Megasporangium
A structure in certain spore-bearing plants in which megaspores are formed : corresponds to the ovule in seed plants
This produces the megaspore which will later germinate into the female producing gametophyte in which sperm fertilizes the egg

Megaspore
 A plant spore that develops into a female gametophyte, usually larger than a microspore
present in Heterosporous plants
germinates into the female producing gametophyte
produced inside the megasporangeum

Microsporangium
Sporangium that produces spores that give rise to male gametophytes
Contained within the anther

Microspore
A plant spore from which a male gametophyte develops; usually smaller than a megaspore
Produced within the microsporangium

Nectar
Sugar solution produced by flowering plants that is used solely to lure in pollinators
Different nectars attract different pollinators, so only a few types will pollinate the same plant – no crosspollination
Plant has no use for it other than to attract pollinators


Ovule
In plants, the structure in a carpel in which a female gametophyte develops and fertilization takes place
Contains the megasporangium and is where the egg cell develops.
After fertilization the ovule will develop into a seed
Pollen
The male gametophyte of a seed plant
Contains the microgametophytes of seed plants which will produce the male gametes
Use pollinators to spread the genetic information around

Pollen tube
 A tube that grows from a germinating pollen grain through the tissues of a carpel and carries the sperm cells to the ovary
after pollination the pollen tube germinates from the pollen grain and grows the entire length through the stigma, style, ovary and ovules to reach the egg cell

Pollination
 The transfer of pollen to a flower’s reproductive parts by air currents or on the bodies of animal pollinators
Stamen
A male reproductive organ in flowers, consisting of an anther (pollen producer) and a slender filament
Where the microsporangia is contained
Male part of the plant


Cretaceous
Stretches from 144-65 Ma
Time period in the geologic timescale following the Jurassic period and followed by the paleogene period
Defines the boundary between the Mesozoic and Cenozoic eras
Warm climate and high eustatic sea level, full of marine animals, and also when mammals, birds and flowering plants appeared
Ended with one of the largest mass extinctions in earth histories when many species including all the dinosaurs disappeared

End Triassic extinction
Marks the boundary between the Triassic and Jurassic periods
Gradual climate changers, massive volcanic eruptions and flood basalts would account for this extinction
Jurassic
Geologic time period that extends from 206-144 Ma
Pangea starts to break apart, and birds appear

K/T (K/P) boundary
Geological signature marking the end of the Mesozoic era and the beginning of the Cenozoic era
Associated with the cretaceous-tertiary extinction event (also called cretaceous-paleogene event)
Meteorite hit and sets off explosions of gas
Only the overly specialized organisms die off, however we can see they were already dying off because they were so successful they were running out of resources
Plants and insects all survived without being affected

Mesozoic
Consists of the Triassic, Jurassic and cretaceous period
Stretches from 248-65 Ma
Saw the appearance of mammals, dinosaurs, crocodiles, birds and flowering plants
At the end we have the end cretaceous extinction
Pangea
A supercontinent that existed during the Paleozoic and Mesozoic eras before the component continents were separated into their current configuration “super continent”


Amniote animals
The monophyletic group of vertebrates that have an amnion during embryonic development
Allows for animals to have their young on dry land, waterproofed system
Less predation – no organisms have preyed on eggs at this point
The reptiles do this first and also some mammals
Amniote egg has: 
Waterproof skin
Own gas exchange system and waste removal system
Nutrition and fluid environment within the egg

Cartilagenous fish
The body plan survives the mass extinction (end Permian) bu moving up stream to freshwater and river systems and later moving back

Cephalopods
Marine animals of the mulluscan class cephalopoda with bilateral body symmetry prominent head and a set of arms or tentacles modified from the primitive molluscan foot
Dominant in the Ordovician period but during the Mesozoic they lose their shells and become more agile, making them a better predator
Also successful on land because they can lay amniote eggs that will hatch and return to the sea
Co-evolution
The evolution of genetically based, reciprocal adaptations on two or more species that interact closely in the same ecological setting
Ex: insects and plants, pollinators and plant, dependent on one another for survival

Keratin
Family of fibrous structural proteins that make up human skin, hair and nails
Formed of intermediate filaments which are tough and insoluble and form strong unmineralized tissues found in reptiles, birds, amphibians and mammals
Important in waterproofing of the skin, allowing organisms to move up onto land but also extremely flexible allowing for non-constricted mouvement
In many layers forms scales, feathers, hoofs, antlers nails etc.
In reptiles the skin needs to be molted and replaced

Mollusc
Survive into the Mesozoic because they are not highly specialized
Successful group are the cephalopods

Ray-finned fishes
Actinopterygii
Posses fin rays, their fins being webs of skin supported by bony or horny spines 
Extremely highly diverse group of aquatic vertebrates, over half of all living vertebrate species aquatic and terrestrial are ray-finned fish
During late Triassic the teleosts first appeared
Bony skeleton, upper jaw of two bones
Fins with bony spines

Vertebrate
A member of the monophyletic group of tetrapod animals that possess a vertebral column
Largest group of chordates
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Jawless fishes, bony fishes, sharks and rays, amphibians, reptiles, mammals and birds

Neogene
Stretched from 24 Ma – the present
Started with the inland seas drying out, and this is when modern humans developed

Paleogene
Stretches from 65-54 Ma
Starting with the appearance of primates and ended with short-term warming and drying just after the ape/human line evolves

Australopithecus
Genus of hominids that is now extinct
Evolved in eastern Africa around 4 million years ago before spreading throughout the continent and eventually becoming extinct 2 million years ago

Bipedal
Form of terrestrial locomotion where an organism moves by means of its two rear limbs, or legs
Moves in a bipedal manner
During Triassic period some groups of archosaurs were bipedal

Cro-magnons
First early modern humans of the European upper Paleolithic
35 000 years before present
heavy and solid body with strong musculature, tall forehead that was straight, had a prominent chin. The brain capacity was larger than average for the modern humans

Great apes
Hominidae are also known as the great apes 
Include chimpanzees, gorillas, humans and orangutans

Hominids
See great apes

Neanderthal
Extinct member of the homo genus found in Europe and parts of western and central asia
Subspecies of homosapiens or a separate human species

Out-of-Africa hypothesis
Idea that humans have a single origin which is from Africa 

Paranthropus
Extinct hominin genus that were bipedal hominids

Primates
Mammal or the order primate, placental animals such as gorillas, monkeys and chimpanzees
Humans are thought to have evolved from primates


Glandular skin
Skin containing glands that are able to release different substances out of the body and onto the surface
Mammals have sweat glands, mammary glands, and produce oil that keeps keratin of their hair from becoming brittle
Glands on amphibians keep their skin moist

Mammary gland
Specialized organs of female mammals that produce energy-rich milk, a watery mixture of fats, sugars, proteins, vitamins, and minerals
Part of glandular skin – apocrine gland
Can be in udders, breasts or dugs
Part of parental care, more investment into young
Sebaceous gland
Microscopic glands in the skin that secrete an oily/waxy matter called sebum to lubricate and waterproof the skin and hair of mammals
Used to make sure the hair doesn’t get too brittle (the keratin) and break apart
Part of glandular skin
Seen in mammals
Sweat gland
Small tubular structures of the skin that produce sweat
Allows mammals to evaporate heat out of their body if they get too hot
Allows them to stay thermoregulated

Oviparous
Referring to animals in which fertilized eggs are retained within the body and the embryo develops using nutrients provided by the egg; eggs hatch inside the mother
Animals that lay eggs, with little or no other embryonic development within the mother
Monotremes are the only living mammals that are oviparous ex: the platypus and they still provide parental care
This is the method fish, amphibians, reptiles, birds, monotremes, insects and some molluscs and arachnids use
Viviparous
The development of the embryo inside the body of the mother, eventually leading to live birth
The marsupials and the eutherians practice this type of reproduction
Requires parental care and investment of ressources

Endothermy
Ability of some animal species to maintain thermal homeostasis primarily through internal metabolic processes
Mammals and the birds are able to do this
Able to thermoregulate

Parental care
When a female invests a large amount of resources into few eggs
Few eggs are produced by their chance of survival is greatly increased. Leads to increasing female selection
Placental mammals allow for even more parental care because of the gestational period

Placenta
A specialized temporary organ that connects the embryo and fetus with the uterus in mammals, mediating the delivery of oxygen and nutrients. Analagous structures occur in other animals
Protects the fetus from the mother, so the immune system doesn’t reject it
Causes a gestational period allowing for more parental care
Seen in eutherians



Sternal keel
Extension in the sternum that extends outward, perpendicular to the plane of the ribs
Provides an anchor to which a bird’s wing muscles attach providing adequate leverage for flight
Makes sure their center of mass is below their wings allowing them to fly
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