Biology Key Words – BIOLOGY, BIOLOGISTS, AND BIOSCIENCES

Ages of Sand: 
· The major innovation of time presented by Douglas Adams, which helped further our knowledge of biology through innovations created by silica.
· Telescopes – mankind forms lenses out of glass with which they are able to observe far off things
· Microscopes – we are able to use lenses to magnify microscopic organisms and in so doing expose ourselves to a whole new world of living organisms
· Computer Chips – we are able to use silicon computer chips to perform complex and quick operations
· Fiber Optics – we are now able to send signals through glass-like substances over long distances
Analogy: 
· Two structures that perform the same function.
· Contain a different underlying anatomy. 
· Usually as a result of convergent evolution.

Binomen: 
· The genus and species of an organism introduced within the naming system proposed by Linnaeus called binomial nomenclature.

Binomial Nomenclature: 
· A naming system used to classify all organisms on the planet into 7 categories.
· Composed mostly of two parts which are latin (genus and species)
· This system is credited to Linnaeus.

Biogeography: 
· Refers to how changes in the geography of the land led to the creation of new species.
· These new species also had new traits as they drifted away from each other.
· 

Catastrophe Theory: 
· Theory proposed by Cuvier. 
· States that the Earth in the past has been changed to what it is today by short, and quick extinctions and violent events that wiped out organisms.
· Eventually lost ground to uniformitarianism.
Cell Theory: 
· Theory proposed by Schwann and Schleiden.
· All life comes from life.
· The cell is the smallest unit of life.
· All living things are made of cells.

Chronological Prediction: 
· Not always reliable as it makes the assumption that events will always occur as they have in the past.
· Refers to how scientists predict outcomes based on how they played out in the past. 
· Ex: a coin was flipped 15 times and it was heads, therefore the next times it will also be head.

Cladogram: 
· A diagram used in cladistics.
· Shows a relationship among different organisms.
· Branching diagram in which the endpoints represent different species.
· Represent phylogenic relationships.
· Use of cladogram allows us to predict common ancestry, identify/predict missing transitional forms.
Common Ancestry: 
· All organisms alive today had to have a common ancestor from which they came from.
· An attempt at an explanation of where organisms came from.
· General public accepted theory right away.

Constancy of Species: 
· An old theory that says organisms and all of life was unchanging.
· Proved wrong by Darwin who said that organisms do change.
· Reminiscent of essentialism.

Control: 
· A factor in an experiment that determines the outcome of the observations.
· Ex: fertilizer is given to half of the plants; the other half with no fertilizer is the control group.
· Not subject to experimental manipulation.

Convergent Evolution: 
· Two organisms evolve structures that are similar, separately.
· Evolutionary ancestors were dissimilar or unrelated.
· Organisms that display convergent evolution often posses analogous structures.
Georges Cuvier: 
· Scientist that proposed the theory of catastrophism due to mass extinctions like “Noah’s flood”
· Studied fossils
· Realized most organisms he studied were extinct, challenged constancy of species.

Charles Darwin: 
· Scientist that proposed the theory of natural selection.
· Laid down the basis for today’s evolutionary biological study.
· Explained biology through a “narrative” in his book Origins of Species.

Erasmus Darwin: 
· Charles Darwin’s father.
· Provided a statement on evolution and how all species are related somehow.
· Wrote a poem that outlined most of his thoughts.

Deduction: 
· Starting with something very general and proving how it applies to everything else (general – specific)
· A form of logical reasoning opposite to induction.
· Ex: All flies have wings, species x has wings, therefore species x is a fly.

Decent with Modification: 
· All organisms started out from somewhere but over time they changed and evolved to what they are today.
· Heritable traits were passed on to each generation.






Divergent Evolution: 
· Interbreeding population/species diverges into two or more descendent species.
· Once similar species become increasingly dissimilar.
· Usually the result of two populations of a species being separated and becoming unable to interbreed.
Domain:
· Introduced recently by Carl Woesse
· Higher order of taxa than kingdom
· Contains three taxa, Archea, Bacteria, Eukarya
Empirical Observation: 
· Data achieved through the means of observation.
· A part of the scientific method
· The goal of an experiment is to support a hypothesis with empirical data.
Essentialism: 
· Old thought that believed that the underlying working of organisms was some sort of “essence.”
· Everything stayed the same, no change.
· An organism or species was determined by what kind of “essence” it has and it’s “essence” never changed.

Eukaryotes: 
· A type cell that contains membrane bound organelles.
· More complex than prokaryotes and as a result was thought to have evolved after prokaryotes.
· Have a true nucleus.

Evolutionary tree: 
· An organism’s evolutionary lineage and ancestry.
· A cladogram is a type of evolutionary tree.
· Darwin created one of the first evolutionary tree diagrams in “On the Origins of Species”



Extinction: 
· Total wipe out of many or possibly all organisms of a species.
· Challenged the idea of a constancy of species
· Cuvier did extensive work with extinct organisms.
Fact: 
· Proven 100% universally
· Scientists never state facts, only theories.
· Can be extrapolated via inductive or deductive reasoning.

Fossil record: 
· The preserved remains of traces of organisms.
· Transitional forms in the fossil record support evolution whereas a lack of them provides ammunition for skeptics.
· Totality of the fossil and their placement, usually in the rock or strata.

Fitness:
· An organism’s ability to survive in a given ecosystem.
· Simply because an organism is fitter than another in one ecosystem does not mean that organism is superior, if it were to migrate to another ecosystem or its ecosystem were subject to climate change it might become the less fit organism.
· An organism’s fitness is directly related to its success in an ecosystem, if it is fit it is more likely to live to reproductive age.
Germ Theory: 
· Theory proposed by Pasteur.
· Life was not generated spontaneously but had to come from OTHER life.
· Microorganisms were the underlying cause of disease.

Historical Narrative: 
· A way of explaining scientific details and theories.
· Something Darwin did in his book: Origin of Species. 
· Done often by people of the natural sciences, not like equations from the physical sciences.





Homology: 
· Biological traits that serve a different function but have a similar underlying anatomy.
· Similarities in species of the same ancestry.
· A good tool for evidence for common ancestry.

Homoplasy: 
· Similarities in species of different ancestry
· Usually indicative of convergent evolution
· Analogous structures are an example of homoplasy.
Julian Huxley: 
· Was instrumental in the development of the theory of synthetic evolution
· Pulled together Mendelian genetics and Darwinian natural selection to provide a mechanism for evolution
· Only after synthetic evolution was proposed did Darwinian theories become accepted.
Hypothesis: 
· A proposed experiment that tests an observation.
· A good way to predict an outcome. 
· If repeatedly successful, then it becomes good basis for a theory.

Induction: 
· Similar to deduction as it is a means of logical reasoning
· Differs from deduction as, rather than progressing from the general to the specific it attempts to make general claims using specific examples
· Is necessary in instances where there are no general facts known from which to progress deductively, but is not as reliable as deduction
Lamarck: 
· A scientist that talked about transmutation of species (through means of the environment and not essence like essentialist thought). 
· He described how an organism would acquire a trait through use or conversely loses a trait through disuse.
· Said these ACQUIRED traits were passed on to offspring.




Law: 
· A law is something that has been proven on a universal scale (very rare in biology)
· A means of explaining how things work in the physical/natural world and offers a means of predicting future outcomes.
· Biology contains very few laws as the majority of the natural sciences key concepts are only applicable on earth
Leclerc: 
· Known as the “Father of Biogeography.” 
· He travelled around a lot and noticed that different animals developed a different morphology based on where they lived. 
· Wondered about common ancestors.

Linnaean Taxonomy: 
· Provided the binomial nomenclature: kingdom, phylum, class, order, family, genus, and species.
· Revolutionized taxonomy by providing a globally useful method of classifying living organisms
· A product of Linnaeus.

Linnaeus: 
· Famous for providing a way to name all organisms (genus and species).
· As well as creating a nested hierarchy where you can make predictions based on the scale (binomial nomenclature, ex: all the organisms in the same family, must’ve come from the same order, class, phylum, and kingdom.)
· Known as the “Father of Taxonomy”

Logical Prediction: 
· A way of the scientific method where scientists tend to make predictions based on logical reasoning of the observations they have made.
· Much more reliable than chronological prediction
· Ex: all flies have wings, fly x’s offspring, being a fly, will also have wings.

Charles Lyell: 
· Scientist that proposed the theory of gradualism or uniformitarianism. 
· He said that the world was shaped to the way it is through slow and gradual changes, not quickly. 
· Stated that the world is in fact much older than previously thought. Greatly contrasts Cuvier’s theory of catastrophism.

Gregor Mendel: 
· Crossbred pea plants to establish the fact that all traits in an offspring MUST have come from the parents of that offspring.
· Stated that heritable traits are passed on from generation to generation.
· Established two key laws in biology: Law of Segregation and Law of Independent Assortment

Modern Biology:
· A natural science
· A science that started out very slowly and took time to develop
· A very young science

Natural Sciences: 
· Types of science where you deal with animate objects.
· Things are mainly genetic and the concepts aren’t universal (biology is a natural science). 
· No guaranteed uniformity. 
· Usually explained through a historical narrative or by “stories”, no math. 
· Induction is used often.

Natural Selection: 
· The mechanism by which evolution occurs
· As a result of the variation in a population there are many possible features in an organism that may or may not be beneficial
· Organisms with beneficial features are said to be more fit than those without and as a result of this fitness they are more prone to survive long enough to reproduce thereby passing on their genes
Null hypothesis: 
· The assertion that the things you were testing in the original hypothesis are unrelated and that everything was happening based on random chance.
· The exact opposite of a hypothesis.
· If there is no null hypothesis, then there is no way a hypothesis can be disproved. 


Organicists: 
· Do not believe in the vital spark, rather replace this with genetic programming
· Importance of emergence (when complex things are made to arise by simple processes)
· Became well accepted in the 20th century
Pasteur: 
· Proved that life came from life and could not arise via spontaneous generation
· Conducted an experiment in which one broth was accessible to microorganisms and another was not, the one that was not did not grow molds, bacteria, etc.
· Performed experiments which supported the germ theory of disease
Physical Science: 
· Science that deals with inanimate objects, governed by fixed laws and phenomena that hold true wherever you go (universally). 
· Such sciences are like chemistry and physics. 
· Guaranteed uniformity.
· All observations are based empirically (through raw data that is collected) and based on formulating equations to explain things. 
· Deduction is used often.

Physicalists: 
· Everything that exists is no more extensive than its physical properties
· With the exception of humans all living things are effectively machines, Descartes 17th  century
· Lost ground to organicists in the 1930s
Prokaryotes: 
· Type of cell that contains no membrane bound organelles.
· NO NUCLEUS. 
· Mainly bacteria and archea.
· Thought to have evolved before eukaryotes, name means “before the seed”





Proximate Cause: 
· An explanation of the working of a certain process (ex: a biochemical reaction catalyzed by an enzyme, and how it works.)
· Contrast to ultimate cause (you need the ultimate cause for the proximate)
· [bookmark: _GoBack]More useful than an ultimate cause in treating symptoms but an ultimate cause is good for treating the disease.

Ultimate Cause: 
· An explanation of the origination of a certain process and how it came to be (ex: same biochemical process, but what evolutionary past allowed for that catalyzing to occur.)
· The actual causational factor
· Generally comes before the proximate cause

Sampling Error: 
· A misinterpretation, which is caused by observing a sample, which doesn’t accommodate for the entire population of something.
· The more samples you take of something, the closer you are to reaching an average value of the real measurement of whatever you’re measuring.
· 

Scala Naturae: 
· Scale of the living world that says nothing can change, everything is the way it is and will remain that way. 
· All life is ranked, and no one can defy that rank (putting organisms from superior, top of scale, to weakest, lowest on scale.) 
· Constancy of species, essentialist thought.

Schleiden and Schwann:
· Two scientists who proposed the cell theory.
· Schwann studied animals while Schleiden studied plants
· Each came to the same conclusion separately

Scientific Revolution: 
· A period in history that marked the birth and discoveries of various new things related to the physical sciences. 
· Very little of it was natural science. 
· Occurred from the 16th – 18th centuries

Special Creation: 
· Doctrine that all life originated from spontaneous generation… “It just came to be.”
· Originally was the dominant theory for the origin of all species on Earth
· There was a “designer” of some sort at the beginning

Synthetic Theory of Evolution: 
· The union of idea’s of evolution of many biologists that come together to form the central theory of evolution.
· Proposed by Huxley
· Puts together Mendel’s understanding of genetics and Darwin’s evolutionary theories

Taxon (taxa): 
· A name that designates a group of organisms (taxa) within the Linnaeus taxonomic hierarchy.
· Single unit in taxonomy
· All organisms in the kingdom Animalia are in the same taxa

Taxonomy: 
· The science that classifies organisms into an ordered system based on their relationships.
· Divided into smaller single units called taxa
· Linnaeus is the father of taxonomy

Theory: 
· The best explanation possible for a phenomena being observed.
· Stems from many confirmed hypotheses
· Differs from a law in that theories can be challenged and disproved (as good scientists we leave ourselves open to interpretation)
Transitional Forms: 
· An organism that is in between the ancestor and the descendant in the evolutionary sequence.
· Example is archaeopteryx as the intermediary between birds and dinosaurs
· Lack of transitional forms leads to criticism of theory of evolution, missing link debate


Transmutation: 
· The act of modifying the “essence” in an organism into another form, making a new organism
· Is very different from Lamarck’s theory of acquired inheritance or transmutation of species, rather, is an essentialist response to change in species.
· Ex: you have a chipmunk, essence is modified and is now a whale

Transmutation of Species: 
· The act of an organism undergoing changes and evolving based on their environment. 
· Introduced by Lamark
· Opposes the scala naturae in that it tries to explain how a species can in fact change.

Uniformitarian Theory: 
· Theory that Earth has been changing gradually and slowly, not very quickly and rapidly.
· Introduced by Lyell
· The Earth is in fact much older than previously thought. 

Vestigial Structures: 
· Anatomical features in organisms that are no longer in use but were in use by the organism’s ancestor. 
· Ex: the nictating membrane of the eye or goose bumps.
· Adds evidence for evolution as the organism has evolved beyond the need for the structure, proof that it has changed.
Vitalists: 
· Group of people that believe that living organisms are fundamentally different from the non-living in that they have some sort of special “essence” to them.
· Believe that simple interactions of atoms could not result in something as complex as a human being.
· Overtaken eventually as vitalist thought became increasing unpopular.




Biology Keywords – THE HADEAN EON

Adhesion:
· Property of water that allows the molecule to stick to other surfaces
· Allows for the “capillary” effect which helps water climb tubes and other surfaces
· Water demonstrates this effect as a solvent; it is also the universal solvent.

Archeaon Eon:
· Second major geological eon
· Approximately 3.8 M years ago
· Origins of bacterial life and the beginning of the accumulation of oxygen

Biomonomers:
· The building blocks of biopolymers
· Used to form sugars, nucleic acids and polypeptides
· Creation of biomonomers in an experiment such as the miller experiment suggests that it would be possible for life to evolve from non-living matter
Biopolymers:
· Made up of biomonomers
· Make up most of the chemical composition of living things
· Include sugars, proteins, and nucleic acids

Carbon:
· Essential element of life
· Composes all organic molecules
· Can make 4 covalent bonds to satisfy the octet rule

Central Dogma:
· The basis of modern biology
· Proteins are responsible for the functional aspects of the living world
· DNA -> RNA -> protein
· Replication -> transcription -> translation 

Chemical Evolution:
· A theory as to how life evolved on earth
· Life evolved on earth from non-living matter via chemical reactions
· Attempts to account for both metabolism and replication
Cohesion:
· The interaction of identical molecules in which they are attracted to one another
· Water exhibits this property due to its polar nature
· Cohesion is the property of water that allows surface tension (ex: water striders walking on water)
Crystal Lattice of Water:
· Water forms a crystal lattice when it solidifies which results in it being less dense and expanding in size
· The crystal lattice is formed due to its ability to form hydrogen bonds
· As the water cools it loses the energy to resist the bonding, which because of its polar nature occurs in a crystal lattice structure
Emergence:
· The emergence of complex things from simple processes or a series of simple processes
· More than the sum of the parts
· Is fundamental to understanding the genesis of life
Evaporation:
· Bonds are broken
· Is the process by which a liquid becomes a gas
· Requires energy input
Geological Time Scale:
· Provides a scale by which scientists can classify the different periods in earth’s geological history
· Composed of many eons: hadean, archean, proterozoic, phanerozoic
· Eons punctuated by major events or changes, made up of time slots called eras
Green House Gasses:
· Gasses which trap radiation in the atmosphere causing an increase in energy on the planet, generally heat
· Prevents the planet from cooling rapidly every night
· An important part of our atmosphere

Hadean Eon:
· First major geological time period
· Occurred 4.6 M years ago
· Was the stabilizing phase, building phase of Earth
Hydrogen Bond:
· The bond between the positive and negative ends of two polar compounds
· The strongest of the intermolecular bonds
· Water forms hydrogen bonds which leads to many of its key properties
Hydrophilic:
· Soluble in water
· Hydrophilic compounds are generally polar
· In the molecules which make up a bilayer both a hydrophobic and hydrophilic end are necessary
Hydrophobic:
· Insoluble in water
· Compounds generally non-polar
· In the molecules which make up a bilayer both a hydrophobic and hydrophilic end are necessary
Hydrothermal vents:
· Generally characterized by fissures in the earth’s crust near volcanically active areas
· Geothermal heated water allowed for a brew of organic molecules
· Theory exists that life originated at these vents from other planets (if water existed elsewhere as it was found frozen meteorite cores) and organic molecules arrived to Earth that way
Interstellar organic compounds:
· Compounds discovered in areas extra-terrestrial locations which are also created on earth by living organisms
· Generally contain carbon, oxygen, and hydrogen, but can contain phosphorous, nitrogen and sulfur.
· The presence of these provides evidence for panspermia

Interstellar Space Dust:
· Carbon that is spewed out from a dying red sun
Micelles:
· Very small oil droplets which when agitated appear to dissolve in water
· Aqueous core and lipid layer
· Precursor to lipid bilayer

Miller experiment:
· Attempted to recreate conditions in “primordial soup” 
· Was able to create amino acids and building blocks necessary to life
· Experiment implied that it was possible for life to have formed from abiotic circumstances
Nonpolar compound:
· A compound which is not charged in different areas of the molecule
· Is likely not soluble in water
· Is repelled by polar compounds
Panspermia:
· Theory that life on earth has extraterrestrial origins
· Life evolved elsewhere and traveled here on a meteorite
· Primary candidate for origin is Mars
Phanerozoic eon:
· Multicellular organisms
· 543 M years ago to present
· Divided into:
1. Paleozoic (543-261Ma)
a. Marine invertebrates, algae, Cambrian explosion, first plants and insects
2. Mesozoic (251-65Ma)
a. Flowering plants, dinosaurs, more insects
3. Cenozoic (65Ma – present)
a. Dinosaurs disappear, age of mammals





Polar compound:
· A compound which is more charged in certain areas than others (one relatively positive end and one relatively negative end)
· Is likely soluble in water
· Water is an example of this

Prebiotic soup:
· The conditions present before the emergence of life
· Commonly referred to the primordial soup
· Contains building blocks of life, i.e: amino acids, acetate, pyruvate, etc.
Proteins first hypothesis:
· The hypothesis that proteins preceded both DNA and RNA
· Contradictory to the central dogma of biology
· Stems from the fact that a Nucleic acid is a very complex molecule and the odds that it arose on its own are astronomical
Proterozoic eon:
· Oxygen atmosphere, single celled aerobic organisms
· 2.5 billion years ago to 543 million years ago
· Eukaryotes develop
Protocells:
· The combination of the plasma membrane and macromolecules (i.e. proteins)
· Precursor to the cell
· Also referred to as protobionts
· Aqueous core trapped inside a lipid shell, micelle
Reducing atmosphere:
· An atmospheric condition in which oxidation is prevented by removal of oxygen and other gasses, atmosphere is saturated with reductants
· There is contention as to whether or not early Earth contained reductants or oxidants, this is a key point as an atmosphere full of oxidants does not allow organic chemistry to occur
· The miller experiment operates on the premise that earth had a reducing atmosphere as reductants were used as the gasses, if oxidants were present, the amino acids created would have denatured





RNA world
· RNA is the catalyst, begins making proteins
· Eventually DNA comes from somewhere
· Goes against central dogma of biology

Specific heat:
· The most energy required to raise a substance in temperature
· Water has a very high specific heat as it forms strong hydrogen bonds
· As a result of water’s high specific heat capacity, it is more difficult to cause water to change forms than other substances
Spontaneous origins:
· Also referred to as abiogenesis
· Was discounted by Louis Pasteur however is necessary for life to exist without special creation
· Most likely came about from protocells which then were able to start metabolism by some evolutionary mechanism

Surface tension:
· Made possible by water’s polar nature
· Water attempts to remain hydrogen bonded to other water molecules making a stretch difficult but forming a skin
· Works via cohesion

Surfactant:
· A substance that is amphiphilic, meaning that it has a hydrophobic end and a hydrophilic end
· This is necessary for the formation of micelles, the precursor to protocells
· Lower the surface tension of a liquid regardless of whether or not it is polar

Vesicles:
· Vesicles are liposomes which have the capacity to carry substances inside of themselves
· Because of this property vesicles are ideal as organelles in the cell as they can transport things
· Contained by a bilayer of two amphiphilic molecules, the hydrophilic end pointing towards the water and hydrophobic pointing away



Volcanic outgassing:
· The theory that oxygen gasses were trapped in the earth’s mantle and released during volcanic eruptions
· Attempts to account for the formation of earth’s atmosphere
· Accounts for the atmosphere being a secondary formation on planet earth
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