3330 Exam 1 Review Spring 2011
 SEQ CHAPTER \h \r 1WHAT IS THE NATURE OF SCIENCE?
Dr. T.

SCIENTIFIC WORLD VIEW:

The Universe Is Understandable.

The Universe Is a Vast Single System In Which the Basic Rules Are Everywhere the Same. 

Scientific Ideas Are Subject To Change.

Scientific Knowledge Is Durable.

Science Cannot Provide Complete Answers to All Questions.

DIFFERENT SCIENTIFIC DISCIPLINES SHARE FUNDAMENTAL PRINCIPLES:

the reliance on observation and the use of evidence

the use of hypothesis testing to formulate laws and theories

the use of  logic, mathematics and statistics

Observe and describe a phenomenon or group of phenomena. 

Formulate hypotheses to explain the phenomena; hypotheses often take the form of a proposed causal mechanism or mathematical relationship.

Use the hypotheses to predict the existence or actions of other phenomena, or to predict quantitatively the results of new observations. 

Perform additional data collection or experimental tests of the predictions by several independent experimenters using properly performed techniques or experiments.

Observations/Data  ➔ Hypotheses ➔ Hypothesis Testing  ➔ Models ➔ Laws ➔ Theories

Scientific Theory is an explanation of a set or system of related observations or events based upon proven hypotheses and verified multiple times by detached groups of unbiased researchers. 

The biggest difference between a law and a theory is that a theory is much more complex and dynamic. 

A law governs a single action or situation, whereas a theory explains an entire group of related phenomena.  

Genuine scientific theories must be falsifiable by means of additional application of the scientific method (data collection and hypothesis testing).  

COMMON MISTAKES IN APPLYING THE SCIENTIFIC METHOD

Failure to collect appropriate data or perform appropriate experiments

Personal, institutional or cultural bias – interpreting or manipulating data to produce a desired outcome or ignoring or dismissing evidence which disagrees with a preferred hypothesis

Failure to recognize or account for errors in description, measurement or analysis

Failure to review relevant prior scientific evidence

Failure to communicate the results of research honestly or completely

Theories should have predictive power. 

Science is not authoritarian
Science is self correcting and progressive
Which are the independent lines of evidence which support the Theory of Evolution?
Chapter One: People

Meghan Garrett & Jordan Hansard
Anaximander (610-547 B.C.E.) imagined a transition from fish to reptiles to 

mammals and birds.
Heraclitus (5th century B.C.E.) A pre-Socratic Greek philosopher who imagined change as a fundamental principle of the universe.
Empedocles (490-430 B.C.E.) imagined spontaneous generation where creatures formed from “parts.” Only certain combinations survived.
Aristotle (384 – 322 B.C.E.) a Greek philosopher and student of Plato. His writings cover many subjects, including physics, metaphysics, poetry, theater, music, logic, rhetoric, linguistics, politics, government, ethics, biology, and zoology. He was a great mind of the time, but his legacy as an unquestioned authority held back scientific progress for centuries.  Made collections of creatures, did dissections of animals, recognized different kinds of organisms. Notes sequence of organ development by observing chicken eggs.
Claudius Ptolemy (90-168) proposed a geocentric (earth centered) universe.
Ibn al-Haytham (“Alhacen”) (965 -~1040) Father of Islamic science. He made contributions to many scientific fields with the application of the scientific method.
St. Thomas Aquinas (1225-1274) Italian Dominican priest of the Catholic Church, and an influential philosopher and theologian in the tradition of scholasticism.  You can have religious beliefs, but still be rational. Foremost classical proponent of Natural Theology. 
Christopher Columbus (1451-1506) Italian explorer, colonizer, and whose voyages across the Atlantic Ocean led to general European awareness of the American continents in the Western Hemisphere.
Nicolaus Copernicus (1473-1543) proposed a heliocentric (sun centered) universe. 
Ferdinand Magellan (1480-1521) Portuguese explorer who was the first to sail from the Atlantic Ocean into the Pacific Ocean and the first to cross the Pacific.  Ship was the first to circumnavigate the globe. 
Gaspard Bauhin (1560-1624) Swiss botanist who first used binomial nomenclature used in 1623, in his Pinax Theatri Botanici. 
Sir Francis Bacon (1561 – 1626) English philosopher, statesman, scientist, lawyer, jurist, author and father of the scientific method. He outlined a new system of logic to improve on the old philosophical process of syllogism [deductive reasoning] in his work Novum Organum (1620) — a reference to Aristotle's Organon. He believed a philosopher should proceed through inductive reasoning from fact to axiom to physical law.
René Descartes (1596-1650) A natural philosopher, rationalist and mathematician who was one of the key figures in the Scientific Revolution.  Descartes is remembered for “Cogito ergo sum” – [“I think, therefore I am.”]  Established the framework for a scientific method's guiding principles in his treatise, Discourse on Method (1637).  He studied animal physiology through vivisection, believing animals could not feel pain.
Carolus Linnaeus (1707—1778) Swedish biologist who established and popularized the binominal system for naming and organizing organisms.
Georges-Louis Leclerc, Comte deBuffon (1707-1788) a French naturalist, mathematician, cosmologist, and encyclopedic author. Buffon published thirty-six quarto volumes of his Histoire naturelle; this included everything known about the natural world up to that time. Noted that similar environments have distinct flora and fauna (Buffon’s Law or the first principle of Biogeography). Made the conclusion that climate change caused species to move away from the center or creation and that after that dispersal they “improved” or “degenerated” (evolved).
Albrecht von Haller (1708-1777) Swiss botanist, physiologist, lawyer, and poet who helped solidify evolution with his theory of encapsulation. Used the term evolution to describe the development of the individual in the egg.
Charles Bonnet (1720-1793) Swiss Lawyer who helped solidify evolution with his theory of encapsulation.  He believed that all future generations are preformed within the egg.
James Hutton (1726-1797) a Scottish geologist, physician, naturalist, chemist and experimental farmer. He is considered the father of modern geology. His theories of geology and geologic time, also called deep time, came to be included in theories which were called plutonism and uniformitarianism.
Captain James Cook (1728-1779) a British explorer, navigator and cartographer. Cook made detailed maps of Newfoundland prior to making three voyages to the Pacific Ocean during which he achieved the first European contact with the eastern coastline of Australia and the Hawaiian Islands as well as the first recorded circumnavigation of New Zealand. 
William Paley (1743-1805) Wrote Natural Theology; or, Evidences of the Existence and Attributes of the Deity in 1802. The book was a major influence on Charles Darwin.
Jean-Baptiste de Lamarck (1744—1829) Lamarck worked most of his life at the Muséum d’Histoire Naturelle in Paris. Accepted the idea of a scale or ladder of nature, scala naturae, which derives from Aristotle. Believed organisms arose by abiogenesis. Also, organisms tend to progress toward more complex and perfect forms and adapt their characteristics in response to changes in the environment. Lamarckian evolution, inheritance of acquired characteristics.
Robert Edmond Grant (1793-1874) The first Professor of Comparative Anatomy at University College London. Used the term evolution in 1826 for the gradual origin of invertebrate groups.
Charles Lyell (1797-1875) a British lawyer and the foremost geologist of his day. He is best known as the author of Principles of Geology, which popularized James Hutton's concepts of uniformitarianism – the idea that the earth was shaped by slow-moving forces still in operation today. Lyell was a close and influential friend of Charles Darwin.
Baron George Cuvier (1798) Species are re-created after catastrophes; fossils represent extinctions.
Friedrich Wöhler (1800-1882) synthesizes urea by the reaction of potassium cyanate with ammonium sulfate, which discredits the theory of Vitalism.
Charles Darwin (1809-1882) an English naturalist. He established that all species of life have descended over time from common ancestry, and proposed the scientific theory that this branching pattern of evolution resulted from a process that he called natural selection. The author of the ground breaking book Origin of Species.
Gregor Mendel (1822-1884) provided the essential basis for understanding the material basis of biological inheritance in his genetic experiments using pea plants.
Wilhelm Weinberg (1863-1937) Independently derived a formula for calculating gene frequencies in populations under natural selection; Hardy-Weinberg Principle. 
Geoffrey Hardy (1877-1947) Independently derived a formula for calculating gene frequencies in populations under natural selection; Hardy-Weinberg Principle.
R.A. Fisher (1890-1962) Mathematician; Fused Mendelian inheritance with population genetics.
Stephen J. Gould (1941-2002) An evolutionary biologist who was a prominent figure in promoting the view that past events condition present and future change.
 Jeffery Barrick (2009) Demonstrated evolution experimentally using Escherichia coli bacteria in the laboratory and recording the mutations over 40,000 generations.
Chapter 1 Study Guide Concepts and Vocabulary
Nickolaus Willis
· Concepts
-The Scientific Method

-Produce a Hypothesis; Design and perform controlled experiments, making detailed observations; Analyze the data in an objective way against the background of existing knowledge; and, Draw a conclusion that supports or refutes the hypothesis.

-Evolution as only a Theory


-Evolution that occurred in the past can be observed, documented, studied and tested. Evidence to test evolutionary hypothesis exists in the fossil record, and evolution can be tested and demonstrated experimentally.

-The facts of Evolution come from

· Anatomical Similarities and differences.

· Habitats of Organisms

· Metabolic Pathways

· Embryological Stages

· Fossil Forms

· Genetic, Chromosomal, Molecular features

-The four levels upon which Evolution operates.

· The Genetic level, through mutations, changes in gene number and regulation, and changes in gene networks.

· The Organismal level, seen as individual variation and differential survival through adaption and the evolution of new structures, functions and/or behaviors.

· The Population level, changes in the populations of organisms, operating through mechanisms that limit gene flow between populations.

· The Species level, the subsequent origin, radiation, and adaption of species.

-The Twelve (12) Points of Evolution

1. Organisms exist as Individuals.

2. Natural Selection acts on individuals but individuals do not evolve.

3. Individuals exist in Populations that inhabit discrete ecological Niches. 

4. Populations of sexually reproducing organisms consist of individuals that are not identical, they are not clones.

5. Resources are often limited with the consequence that not all individuals in a population will survive to reproduce.
6. Populations do not reproduce, individuals reproduce.

7. Variation is an essential prerequisite for evolution to act.
8.  Because resources are limited, natural selection results in survival to the next generation through reproduction of the individuals (variants) that are best suited to the conditions of their existence.

9. Because the genetic background of individual sexually reproducing organisms differs, those that are selected on the basis of their fit to the environment will preferentially pass their genes on to the next generation.

10.  Because of differential reproduction the genetic composition of a population can drift and/or spontaneous mutations occur. 

11. Populations may subdivide into smaller groups. Differences that emerge in the subgroups can provide the basis for speciation.

12. Populations or subsets of populations may “crash” or become extinct because of environmental catastrophes. 

-Natural Selection

 
-Reflects the differential survival and reproduction of individual organisms with particular features.


-Differential survival and reproduction are mechanisms of evolution, Natural Selection is the outcome.


-Individuals respond to Natural Selection but Populations Evolve.
· Vocabulary
-Character.

-A.K.A. Feature

-Used interchangeably for any distinguishing attribute of an organism, whether morphological (blue eyes), behavioral (burrows), functional (breaths oxygen), or molecular (has gene for hemoglobin).

-Mosaic Evolution

-Characters in the same specie evolve at different rates.

-Fitness

-The adjustment of an organism to its environment (including adjustments to other organisms in that environment) is measured by the biological attribute Fitness.
-Evolution (as a term)


-First meaning

· Evolution as the development of an Organism ( 17th Century Definition )

-19th Century Definition

· Transformation of a species or transformation of the features of organisms.

-from 1859-1900 Evolution was studied as

· The origination and transformation of species

· The transformation of major groups/lineages of organisms and the search for ancestors.

· The transformation of features (; such as jaws, limbs, kidneys, nervous systems) within lineages of organisms.

-Darwin’s Phrase


-Descent with modification.

-in the 1940s, the synthesis of population genetics, systematics, and the adaptive change forged what we know as the Modern Synthesis or the Modern Evolutionary Synthesis. 
-Modern Definition of Evolution


-Evolution is now recognized as hierarchical; genes, structures, populations, species and ecosystems all evolve.
-Niche or Ecological Niche

-is not defined as a place, but by a set of interactions.

Ch 2 Study Guide Vocabulary, Concepts and People
Dani Joslin and Kameron McCullough & Nanci Macias
	COSMOGENSIS

	Cosmology- the study of the universe

	Origin of the Universe- Big Bang 13.73 bya

	Origin of the solar system 

1. Supernova disturbs supernova

2. Gravity causes matter to coalesce into planets, sun, etc.

3. Requires more than 100 million years

	Origin of the moon

1. Big Whack- when a mars sized object strikes the earth and ejects matter

2. 1st atmosphere- reducing atmosphere and then heavy gases were retained

3. Second atmosphere- no free O2 and was made by volcanic gas

4. Water vapor condensed to form oceans

	Radiocarbon Dating-

1. When an organism dies C12 stays but C14 decays at a constant rate

2. To measure- burn the item into carbon dioxide gas and radiation counters detect the electrons given off when it turns into hydrogen

	Radiometric Dating-

1. Igneous rocks- molten magma cools

2. Sedimentary rocks- form from weathering

3. Metamorphic rocks- rocks that undergo heat and pressure

4. Half life- radioactive decay of original material

	BRIEF HISTORY OF GEOLOGY

	Ibn Sina- a Persian, known to later Europeans as “Avicenna,” early geology concepts relating to earthquakes, mountain building, rock strata formation (an early understanding of theories of Catastrophism and Uniformitarianism)

	Isaac Newton- said the earth required 50,000 years to cool, but as a Christian he was forced to reject this notion

	Bishop Usher- proposed Earth ~6000 years old

	Georges-Louis Leclarc, Comte de Buffon - believed Earth 75,000 yrs old based on cooling rate of iron, but was forced to reject it

	James Hutton- MD. Scot, Father of modern Geology, “uniformitarian” proposed Plutonism which credits volcanic activity for most strata formation with sedimentation as a secondary process. He recognized both sedimentation and vulcanism as sources for rock strata.

	Aristotle- a slow rate for geological change, undetectable in the lifetime of a human being

	Xenophanes of Colophon- said seas had raised over time based on fossils

	Neptunist- Noachian flood belief

	Plutonism (or Vulcanism) - volcanic activity made rock strata; Plutonism is the geologic theory that the rocks forming the Earth were formed in fire by volcanic activity, with a continuing gradual process of weathering and erosion wearing away rocks, which were then deposited on the sea bed, re-formed into layers of sedimentary rock by heat and pressure, and raised again. It proposed that basalt was solidified molten magma.  [The theory was first proposed before 1750, by Abbé Anton Moro who had studied volcanic islands], and was subsequently developed by James Hutton as part of his Theory of the Earth published in 1788.

	Abraham Werner-German- founder of 18th century Neptunists which credited the Noachian Flood for all rock strata formation.

	William Smith- Faunal succession, based on fossilized flora and fauna, believed rock strata has predictable patterns that succeed each other in specific and predictable order.

	Baron Georges Cuvier- Accepted some fossils as evidence of extinctions, used terms of rock layers, uplift, subsidency, recognized rock layers (stratification) could be assigned geologic time periods. He used his Principle of Faunal Succession and Theory of Catastrophism to explain extinction, criticized evolution. Wrote The Animal Kingdom, Distributed According to Its Organization (1817) and  made major improvements to the Linnean system

	William Whewell -coined the terms Catastrophism and Uniformitarianism

	Sir Charles Lyell- Uniformatarianism: processes today explain strata formation of years ago; mentor to Darwin, wrote 3 Vols: Principles of Geology-“the present is the key to the past".

	Best Estimates of the Age of the Earth-

Lord Kelvin- believed Earth 15-20 mybp max, based on his calculations of size and temperature of sun and the earth; disproved when the core of the earth was named as a heat source

Charles Darwin- geologic training- focused on fossils and coral reefs, liked geologic distribution of organisms to geology; The Origin of Species- relied little on fossils, uniformitarianism, gives time for gradual changes.  Father of Evolution-geologic training, study of fossils (limited during his lifetime). Studied coral reefs-formation by incremental growth. Wrote The Origin of Species documenting the fact that evolution has occurred, and mechanisms of evolution are artificial and natural selection.

	IMPORTANT PRINCIPLES OF GEOLOGY

	Uniformitarianism- central principle

	Original Horizontality- any tipping or bending of strata layers had to occur later

	Superposition- young rocks and fossils are on top of older ones

	Intrusive relationships- when volcanic materials penetrate sedimentary strata it is younger

	Inclusions- new strata may surround older material

	Cross-Cutting Relationships- strata breaks up and faults form which re younger than others

	Fauna Succession- fossils change through time and give relative ages to strata

	Stratigraphy- fossils deeper into crust are older

	Correspondence in age can be from radiometric or geometric dating

	CONTINENTAL DRIFT- Alfred Wegener a German meteorologist, proposed Plate Tectonics and continental drift in 1912 based on fossil and mineral distributions and continental coast lines, and proposed that all the continents were once joined in a single landmass, which he called Pangea.  Evidence: fits of margins, seafloor spreading, plate tectonics; Earthquakes, volcanoes, mountains, ad trenches are made on these ridges.  He was ridiculed for this concept.

	Leon Croizat- Italian biologist- proposed continental drift based on distribution of communities of living organisms. Believed "life and earth evolve together" ― that geographic barriers and biotas co-evolve, and developed a new biogeographic methodology, which he named Panbiogeography which links similar taxa or communities of taxa along the panbiogeographic tracks. Instead of using dispersal events to explain distributions, he believed Vicariance was the answer.

	Dispersal- animals swam or flew great distances to get to other land masses

	Vicariance- the two landmasses were connected and then broke apart carrying organisms with it



 
Chapter 3 Study Guide on Famous Figures

Patrick Arevalo & Isabel Torres
1. The “Origin of Life”, published in 1936 in Russia, is written by whom?

Answer: Aleksandr Ivanovich Oparin
2. What two scientists in 1953 performed the experiments that proposed the “primordial organic soup” of the Earth’s early oceans?

Answer: Harold Urey and Stanley Miller
3. Who produced the protobionts, proteinoids, and microspheres from 1824 to 1929?

Answer: Oparin and Fox
4. Who performed the experiments in 1953 using the earth’s early atmosphere that result in producing amino acids?

Answer: Harold Urey and Stanley Miller
5. What two scientists proposed the “sub-ice organic gazpacho” theory?

Answer: Bada and Miller
6. What biologist used the term “biopoesis” and suggested the stages of the origin of life from the origin of biological monomers to the polymers and to the evolution from molecules to cell?

Answer: John Desmond Bernal
7. Who coined the phrase “The RNA World” in 1986 due to observations of the catalytic properties of the RNA?

Answer: Walter Gilbert

8. Who wrote The Genetic Code in 1967?

Answer: Carl Woese
9. Who used X-ray crystallography in 1952 that eventually led to the discovery of DNA’s double-helix structure?

Answer: Rosalind Franklin
10. What two scientists revealed to the public on the structure of DNA in 1953?

Answer: James Watson and Francis Crick
11. What three scientists proposed the hypothesis around 1982 that the first chemical world was an RNA World (RNA can catalyze like enzymes and replicate like DNA)?

Answer: Leslie Orgel, Francis Crick, and Carl Woese
12.
Who in 1928, proposed a hypothesis about the primitive earth and the synthesis of organic compound from inorganic precursors aka Biopoesis? J.B.S Haldane 
13.
Aside from Woese and Gilbert, which Molecular Biologist also proposed the idea of RNA and its independent life in a journal article? Alexander Rich
14.
In 1958, which two scientists reported that heating of amino acids produced polymers into proteins? S.W. Fox and Kaoru Harada
Chapter 3: Concepts and Vocabulary 

Kelly Anderson

Key Concepts

· Early earth contained the necessary reconditions for carbon-based organic molecules to arise.

· Sun provides steady radiant energy 

· Water early in Earth’s history provided the necessary solvent for molecules to arise.

· Universal solvent

· Hydrothermal vents and volcanoes are possible sites for the origin of molecules.

· The origin of molecules can be replicated in the laboratory

· Molecules in meteorites could have contributed to molecules on Earth

· DNA, RNA, proteins, lipids and sugars are molecules of life

· All have maintained stable structures but shown remarkable evolutionary change in their interactions and functions

· The first molecular world was an RNA world 

· Proteins originated after RNA; DNA originated after proteins

· The genetic code arose after molecules already existed

· Elements such as iron can act as catalysts to speed up chemical reactions

· Enzymes co-opted iron: therefore, these organic molecules have a nonbiological component

· The same molecules produced by organisms (organic molecules) can be formed abiotically in the absence of life and arose before the origin of organismal life. We therefore can identify a continuum between the abiotic production of molecules and first life.

· Possible sites for the origin of the first molecules on Earth

· Hydrothermal vents

· Thermophilic (heat-loving) organisms

· Volcanoes

· Sponge-like minerals (zeolites) that can retain and catalyze organic compounds

· Clays

· Layered clays served as polymerizing templates

· The Genetic code
· Universal because it specifies the some 20 amino acids in all organisms with only few exceptions

· Redundant because there are multiple codons which code for the same AA

· Unambiguous because any one codon codes for only one amino acid

· Triplet code because 3 bases represent a single AA in a codon

· What are the properties of life?

· Organization: Composed of one or more cells, the basic unit of life

· Metabolism: Transform energy by converting chemicals and energy into cellular components (anabolism) and decomposing organic matter (catabolism) to generate useful energy

· Homeostasis: Regulation of the internal environment to maintain a relatively constant state.

· Growth: Maintain a higher rate of anabolism than catabolism to increase size and complexity and repair damage to the cell or organism. 

· Adaptation: The ability to change over time in response to the environment. Individuals develop and populations evolve.

· Response to stimuli: A change in activity (metabolism, behavior, etc.) appropriate to the change in the environment which was the stimulus

· Reproduction: The ability to produce new individual organisms, either asexually, or sexually. 

 Vocabulary

· Replication: the process of duplication by which DNA makes another copy of itself, a process we can represent as DNA→DNA

· Transcription: The process by which the message coded in DNA is transferred to RNA, a process we can represent as DNA→RNA

· Translation: The process by which the RNA message is translated into the peptides from which proteins are made, a process we can represent as RNA→ protein

· Enzymes: are protein catalysts. 

· The key products of the genetic blueprints for living systems

· Thanks to enzymes living systems can achieve the seven fundamental properties of life. 

The People of Chapter 4 Test Review

Megan Tyler & Trent Gaasch
Alexander I. Oparin (1894-1980) Alexander Ivanovich Oparin was a Russian scientist. He was a Soviet biochemist notable for his contributions to the theory of the origin of life, and for his authorship of the book The Origin of Life.  His theory provided a completely a new way of thinking in regards to the origin of life.  He stated “There is no fundamental difference between a living organism and lifeless matter.  The complex combination of manifestations and properties so characteristic of life must have arisen in the process of the evolution of matter.”  Oparin produced first coacervates and through more research showed that these tiny organic molecules had the ability to grow.  Later he showed that if enzymes were added to the droplets it enabled them to perform metabolic functions (synthesis and hydrolysis of starch).  This was important because previously the functions shown by these enzymes were held to be the properties of proteins produced in organisms. 
Oparin also studied the biochemistry of material processing by plants, and enzyme reactions in plant cells. He showed that many food-production processes are based on biocatalysis and developed the foundations for industrial biochemistry in the USSR. 

Sidney Fox (1912-1998) An American Los Angeles-born biochemist responsible for unique discoveries in the auto synthesis of protocells.  He showed that when a gram of organic polymers is heated and then cooled it will produce hundreds-millions of tiny membrane-bound microspheres in the laboratory.  Fission and budding occurred in some of the microspheres.  The microspheres could absorb chemicals selectively from the medium.  The microspheres also grew in size, which set a foundation for further research.

Robert A. Wilson concluded in 2005 that living systems:

a) have parts that are heterogeneous and specialized

b) include a variety of internal mechanisms

c) contain diverse organic molecules, including nucleic acids and proteins

d) grow and develop

e) reproduce

f) repair themselves when damaged

g) have a metabolism

h) exhibit environmental adaptation

i) construct the niches that they occupy

It is important to note that the capacity to evolve is another important criterion of life.  Later, Wilson added two criteria to these nine:

1. Belonging to a reproductive lineage

2. Having minimal functional autonomy
Chapter 4 Concepts and Vocabulary
Maranda Stokes

Vocabulary:

Abiogenesis: 
The study of how life originally arose on the planet, encompasses the ancient belief in the spontaneous generation of life from non living matter. 

Abiotic organic molecules:
carbon based molecules such as amino acids, fatty acids, and small peptides

Phospholipid:
a lipid (fat) phosphorous-containing polar group at one end and nonpolar fatty acid group at the other; form a monolayer on water

Cell membrane: 
phospholipid bilayer; in water phospholipid molecules self-assemble with hydrophilic phosphate heads facing the water solvent and hydrophobic hydrocrabon tails facing each other

Membranous droplet:
important step in the evolution of cells; lipid vesicles that can grow by adding more fatty acids; grow large enough for concentration gradients to be established across the membrane which allowed differences to be developed between the inside and outside of vesicles

Protocells:
a membranous droplet; life forms that can maintain their internal environments in the face of a different external environment

Methanogens:
early organisms that only survive in absence of oxygen; molecular fossils provide the evidence of presence; produced high levels of methane to atmosphere beginning ~3.8 Bya

Methane:
greenhouse gas; helped warm the Earth by reducing the loss of heat from Earth's surface

Photosynthesis:
synthesis and production of organic compounds from carbon sources and water; oxygen is produced when hydrogen ions are removed from water

Cyanobacteria:

first organisms preserved as fossils in stromatolite reefs 3.5 Bya; photosynthetic and single-celled prokaryotic organisms; produced oxygen into Earth's atmosphere and it began to accumulate 2.3 Bya

Coacervate:
spherical aggregation of colloidal particles in liquid suspension

Microspheres:
formed by heating then cooling polymers in the lab; tiny and has a double bounding membrane; absorb chemicals selectively from medium

Molecular selection:
competition among catalytic systems
Protocell selection:
competition among vesicle populations
Malthusian selection:
when energy or raw materials are in limited supply

Living systems:
have parts that are heterogeneous and specialized, include a variety of internal mechanisms, contain diverse organic molecules (including nucleic acids and proteins), grow and develop, reproduce, repair themselves when damaged, have a metabolism, exhibit environmental adaptation, construct the niches that they occupy

First Living System: 
protocells that had some sort of catalyzed metabolism with a functional inheritance system (RNA or DNA) to code for the catalysts, whether RNA or protein

Prokaryotes:
unicellular, single circular DNA and plasmids, no cytoplasmic membrane-bound organelles, prokaryotic cytoskeleton and ribosomes, rigid external cell wall, asexual reproduction and forms of gene recombination

Fermentative Anaerobes:
bacteria and archaebacteria that cosumed simple organic nutrient compounds from the "organic soup" of the early oceans


Selection:
the sum of the survival and fertility mechanisms that affect the reproductive success of genotypes

Population:
basic ecological and reproductive unit of a species

Artificial selection:
process of variation and selection occurring in the lab or as a consequence of artificial breeding of animals or plants, or exposure to drugs or insecticides

Chromosomes:
nuclear structures that replicate with each cell division

Binary fission:
process of division in prokaryotes

Mitosis:

the division of cells other than germ cells in eukaryotic cells

Meiosis:
type of division found in cell lineages that produce germ cells

Cleavage:
type of cell division that characterizes the earliest stages of the development of animal embryos

Prions:

proteinaceous infectious particle and can induce disease

Viruses:

acellular entity that can only replicate inside cells of a host organism; DNA and RNA viruses exist and may infect prokaryotes and eukaryotes

Key Concepts:

· First Atmosphere (4.6-4.2 Bya) was a reducing atmosphere that lacked oxygen and hydrogen and helium was lost to space because Earth's gravity is not strong enough to hold lighter gases.

· Second Atmosphere (4.2-2.3 Bya) was a reducing atmosphere that had no oxygen and produced by volcanic out gassing. The gases produced were probably similar to those created by modern volcanoes.

· Third Atmosphere (current) is an oxidizing atmosphere where nitrogen and oxygen predominate. Free oxygen slowly accumulated from photosynthetic cyanobacteria. Most of the oxygen combined with metal ions, especially iron, from 3.3 to 1.8 Bya. Ozone layer formed gradually which blocks UV radiation which reduces mutation rates in DNA. Photosynthetic autotrophs consume carbon dioxide therefore carbon dioxide levels decline and oxygen levels increase.

· The first molecules were short chains and linear. Linear molecules formed membrane-bound vesicles by wave action and surf at shores. These vesicles were able to maintain their internal environments in the face of a different external environment, the first protocells. 

· Laboratory studies were conducted to determine whether membrane-bound vesicles could be produced and whether or not they would grow. Membranous structures (vesicles and protocells) can be formed under laboratory conditions thought to mimic early conditions on Earth. Dehydrating solutions of molecules produced droplets named coacervates. Droplet and coacervate increased in size over time in the experiments.

· Variation arose as soon as different types of vesicles formed in a population.

· Selection originated once different types vesicles formed in a population. Molecular selection, Protocell selection, and Malthusian selection existed. Selection at a molecular and protocellular level does not involve a system of genetic inheritance.

· The first cells, which originated 3.5 to 3.8 Bya, lacked a nuclear membrane or organelles. Cell division originated in these cells. Early organisms' were successful in anoxic/anaerobic conditions. They were probably chemosynthetic, such as sulfate-reducing archaebacteria and methanogenic archaebacteria. They were heterotrophs, fermentative anaerobes for example.

Chapter 5 Study Guide: People

Lyddia Wilson - Katheryn White
Plato: Idealism – His idealistic concept that all natural phenomena are imperfect representations of the true essence of an ideal unseen world was the prevailing philosophy in western Europe for almost 2 millennia. Philosopher & mathematician.
Aristotle:  proclaimed that species were immutable and that there was a hierarchical order of species from most imperfect to most perfect, a concept refined over the centuries as the "Great Chain of Being."  Scala Naturae (Scale of Nature) – ranked things from the inorganic to humans to Gods. 
Gottfried Wilhelm Leibniz: 17th century – thought the universe & living world were progressing towards a state of perfection – species may not be fixed.  Leibniz’s mathematical notation. Developed infinitesimal calculus.
Charles Bonnet: 18th century – preformation, teleology, unfolding of preconceived plan. Chain of Being: process suggesting possibility of change. Swiss naturalist and philosophical writer.
James Hutton (1726-1797)- Scottish geologist. Responsible for the concept of deep geological time.  Calculated the earth to be millions of years old.
Lamarck: La Marche de la Nature (Nature’s Parade) – thought the lowest forms of life (bacteria) formed by spontaneous generation from lifeless matter. Each species would slowly change or evolve into the next higher species without leaving any gaps. Proposed the continuity of species by gradual modification through time. Laws of Nature: Principle of Use and Disuse, Inheritance of Acquired Characters. Proposed materialistic explanation for evolution. Coined the term “invertebrates”.
Johann Wolfgang von Goethe: 18th century – Similarities among forms, more philosophical than biological. Botanist. German writer.
Erasmus Darwin- Incorporated the two Laws of Nature (principle of use and disuses, Inheritance of acquired characters) in Zoonomia. Was the grandfather of Charles Darwin.  One of the first proponents of evolution.
Gregor Mendel (1822-1884) Austrian Augustinian monk who provided the essential basis for understanding the material basis of biological inheritance in his genetic experiments using pea plants. Although Mendel's work was published soon after the Origin of Species, a mechanism of inheritance was not widely known until the beginning of the 20th century. 
Sir Richard Owen: 19th century – philosopher, paleontologist, anatomist. Recognized ideal forms in the morphologies of particular species (vertebrate homologies). Never accepted evolution by natural selection.
Robert FitzRoy (1805-1865)- Captain of the H.M.S. Beagle. Darwin's primary role on the voyage was to serve as the dining companion for FitzRoy. 

Robert McCormick (1800-1890)- Navy appointed naturalist on board the Beagle.  Was also the ship's surgeon. 
John Henslow (1796-1861)- Regius professor of botany at Cambridge University that recommended Darwin to travel on the H.M.S. Beagle.

Charles Darwin: 19th century – travelled with the HMS Beagle. Collected specimens. Unearthed fossils. Provided theory for organismal change that transformed natural history into the science of life based on evolutionary biology. Concept of branching descent. Theory of evolution by natural selection. Wrote On the Origin of Species.

Ernst Haeckel: 19th century – Phylogenetic Tree of Life.
 
Chapter 6 Important Figures

Emily Towery

Charles Darwin (1809-1882)

· Darwin extrapolated from artificial selection

· Darwin accepted Lamarck’s theory of use and disuse

· Darwin assumed differential survival and disproportionate numbers of offspring for organisms better suited to environment

· Darwin deduced an evolutionary mechanism — natural selection — but was not the first person to think about transmutation of species

· viewed evolution as descent with modification

· when developing his theory, Darwin gave examples of artificial and natural selection to explain the mechanism of evolution; included considerable evidence from comparative anatomy and comparative embryology, and relied very little on the meager fossil record of the time

· Did not emphasize discontinuous variations in his initial understanding or outlining of natural selection

· May have contracted Chagas Disease during the Beagle voyage

Alfred Russell Wallace (1823—1913)

· Wallace independently conceived of a similar evolutionary mechanism

· spent 5 years in South America, 1848-1852; the ship he was on, Helen, burned on homeward voyage along with all of his work collected over the 5 years

· Wallace wrote letters to Darwin outlining his independent conception of the theory of Natural selection (though Wallace did not use that term)

· Had Malaria, a protozoan disease

· The Father of Biogeography

· Wallace proposed six biogeographic realms for the earth, based primarily on animal distributions

Empedocles (~490–430 BC)

· saw life arising from the random combination of parts

· thought life forms that adapted to “some purpose” survived while those that did not adapt would perish

Aristotle (384 – 322 B.C.E.)

· Aristotle saw life as progressive and goal-oriented

· Therefore, Aristotle thought there was no need for adaptation, since there were no random or arbitrary influences on the progression of life

· Favored spontaneous generation

· Preformation, Epigenesis, Pangenesis

Francesco Redi (1626-1697)

· demonstrated that maggots did not arise spontaneously from rotting meat

Buffon (18th century) 

· recognized a form of selection as the agent of extinction

Lamarck (18th century) 

· proposed that organisms adapted to their environment through inheritance of acquired characteristics – no extinction

· envisioned the passage of acquired characteristics of one generation to succeeding generations

Cuvier (late 18th century) 

· accepted extinction but not evolution – later species were specially created after the latest catastrophe

Johann van Helmont (1577-1644)

· offered a classic expression of spontaneous generation

Anton van Leeuwenhoek (1632-1723)

· claimed that microscopic “beasties” growing in broth could be explained as originating from previously existing particles

Abbé Spallanzani (1729-1799) 

· demonstrated the bacteria would not spoil broth unless it was exposed to particles in the air

Louis Pasteur (1822-1895) 

· had the final word in 1859 on spontaneous generation with his special glass vessels, “swan-necked flasks”

William Wells (1757 - 1817) 

· was born to Scottish colonists in South Carolina and was educated in Scotland

· In 1813 wrote a paper about a white woman with patches of black skin; in this paper, Wells reflected on racial differences among humans and discussed variation (and local adaptation) in disease resistance between different human races; this led Wells to postulate a basic mechanism of natural selection (he did not use this term) for the divergence of the human races

· Darwin was unaware of this essay until it was brought to his attention in 1865

Patrick Matthews (1790 – 1874) 

· Scottish landowner and fruit farmer; published the principle of natural selection as a mechanism of evolution over a quarter-century earlier than Charles Darwin and Alfred Russell Wallace 

· failed to develop or publicize his ideas, and both Darwin and Wallace were unaware of Matthew's work when they published their ideas in 1858

Jacques Monod  (20th century)
· claimed that mutation provides the random noise from which selection draws out the nonrandom music

St. George Mivart (1827-1900)

· English biologist who questioned Darwin’s work in part when he questioned the adaptive value of intermediate forms by asking “What is the use of half a wing?”

Thomas Henry Huxley (1825-1895)

· was a key initial supporter of Darwin’s Theory

· recognized the importance of variation

· Published Evidence as to Man's Place in Nature (1863) which compared the skeletons of various apes to that of man

Rev. Thomas Malthus (1766 – 1834)

· Political economist and demographer

· Published An Essay on the Principle of Population
·  Darwin and Wallace were struck by the reproductive potential of human beings when they read this

Robert Chambers (1802–1871)

· Published Vestiges of the Natural History of Creation in 1884
· Debate and ridicule of Vestiges dissuaded Darwin from publishing his ideas on speciation

Henry Walter Bates (1825-1892)

· Discoverer of Batesian mimicry

· Went to Brazil with Alfred Russell Wallace in 1848

Joseph Dalton Hooker (1817-1911)

· was a key initial supporter of Darwin’s Theory

Asa Gray (1810-1888)

· was a key initial supporter of Darwin’s Theory

Edward Tyson (1650–1708)

· is regarded as the founder of comparative anatomy

· In 1680, he demonstrated that porpoises are mammals

· In 1698, he dissected a chimpanzee and the result was the book, Orang-Outang, sive Homo Sylvestris: or, the Anatomy of a Pygmie Compared with that of a Monkey, an Ape, and a Man
· He concluded that the chimpanzee has more in common with man than with monkeys, particularly with respect to the brain

Christian Pander (1794-1865)

· One of the founders of modern embryology from the 1820s in Germany

· discovered the three primary germ layers: ectoderm, endoderm, and mesoderm
· also discovered the reciprocal regulatory tissue interactions among embryonic cells we now call Induction
Heinrich Rathke (1793-1860)

· One of the founders of modern embryology from the 1820s in Germany

· described for the first time the vertebrate pharyngeal/branchial pouches/arches, which become the gill apparatus of fish but become the mammalian jaws and ears, and contribute to the formation of the vertebrate skull, and the origin of the vertebrate reproductive, excretory, and respiratory systems

Karl Ernst von Baer (1792-1876) 

· One of the founders of modern embryology from the 1820s in Germany

· extended Pander's studies of the chick embryo

· discovered the notochord, the rod of dorsal most mesoderm that separates the embryo into right and left halves and which instructs the ectoderm above it to become the nervous system

· also discovered the mammalian egg

· Established von Baer’s Laws

Ernst Haeckel (1834-1919)

· promoted and popularized Charles Darwin's work in Germany

· developed the controversial recapitulation theory ("ontogeny recapitulates phylogeny") claiming that an individual organism's biological development, or ontogeny, parallels and summarizes its species' entire evolutionary development, or phylogeny

· Coined the term “Ecology”

Willi Hennig (1913-1976)

· originally advocated cladistics in 1950

· argued that life should be classified not by overall similarities among organisms, but rather by "homologies," or similarities among specific structures

Rev. John Gulick (1832-1923)

· “the first author to develop a theory of evolution based on random variation” -Ernst Mayr

· Recognized that each Hawaiian valley or even region in a valley had its own snail species due to the founder effect

· The Father of “Geographical Isolation”

Ernst Mayr (1904-2005)

· revered as the greatest evolutionary biologist of the 20th Century, proposed the Biological Species Concept in 1942

· His last version, from 2001 states:  "Species are groups of interbreeding natural populations that are reproductively isolated from other such groups."

Moritz Wagner (1813-1887)

· naturalist and geographer who traveled widely in North Africa, the Middle East and South America

· among the first to emphasize the benefit of isolation to species formation

· like many of Darwin’s contemporaries, Wagner’s good ideas were scattered among poor ideas, and he did not convince his contemporaries of geographical isolation’s importance for evolutionary change in general

Chapter 6

Darwin and Wallace’s Evolution by Natural Selection

Amy Stone

Vocabulary:
Natural Selection:  Differential reproduction or survival of replication organisms caused by agencies other than humans. 
Artificial Selection:  The process of selection of organisms by humans to change one or more characters.
Preadaptation:  A character that was adaptive under a prior set of conditions and later provides the initial stage for the evolution of a new adaptation under a different set of conditions.
Principle of Divergence:  Hypothesis developed by Charles Darwin that competition between sub-populations favors specialization and separation of the populations to the point of separation.
Zoogeography:  
The science of the study of the distribution of animals in a particular region
Phylogeny:  The evolutionary history of a species or group of species in terms of their deviations and connections
Classification:  The grouping of organisms into a hierarchy of categories commonly ranging from species through genera, families, orders, classes, phyla and kingdom, each category reflecting one or more significant characters
Taxon (taxa):  A taxonomic unit at any level of classification

Monophyletic:  A taxonomic group united by having arisen from a single ancestral lineage.

Polyphyletic:   The presumed derivation of a single taxonomic group from two or more different ancestral lineages through convergent or parallel evolution

Cladistics:   A mode of classification in which taxa are principally grouped on the basis of their shared possession of similar characters that differ from the ancestral condition

Pleisomorphy:  Instances when a species character is similar to that character in an ancestral species

Apomorphic:  
A feature recently derived in evolution in contrast to an ancestral character

Synapomorphy:  The possession by two or more related lineages of the same phenotypic character derived from a different by homologous character in the ancestral lineage

Sister Taxon:  A group (taxon) that is the closest relative of another group (taxon); derives from the concept that each significant evolutionary step marks a dichotomous split that produces two sister taxa equal to each other in rank.

Paraphyletic:  A taxonomic grouping which includes some descendants of a single common ancestor, but not all

Adaptive radiation:  The diversification of a single species or group of related species into new ecological of geographical zones to produce a larger number of species

Phyletic evolution:  Evolutionary changes producing two or more lineages that diverged from a single ancestral lineage

Founder Effect:  The effect caused when a few individuals derived from a large population begin a new colony. Since these founders carry only a small fraction of the parental population’s genetic variability, different gene frequencies can become established in the new colony.

Key Concepts

· Charles Darwin purposed a theory of evolution by natural selection

· Alfred Russel Wallace proposed a very similar theory. The two theories were communicated to a meeting of the Linnean Society on July 1 1858.

· Ideas of artificial selection were in the air centuries before Darwin’s time.

· Darwin made enormous use of artificial selection in his theory.

· Darwin was the first to see the significance of small, continuous variations in Nature.

· Darwin grappled with how selection could get started, invoking the concept of Preadaptation.

· The writings of the Rev. Thomas Malthus showed Darwin and Wallace how limited resources could lead to competition for these resources.

· Competition would result in come individuals leaving more offspring than other individuals.

· Slowly, natural selection would increase the numbers of individuals best adapted to the resources and to the environment: survival of the fittest.

· Darwin saw that such slow change could lead to the origin of new species.

· Darwin placed his emphasis mechanisms other than geographical isolation (season, habitat, behavior, sexual selection) as necessary for speciation.

· Darwin lacked a mechanism by which changes could be inherited.

· Publication of the On the Origin of Species in 1859 revolutionized understanding of the relationships between organisms and how organisms arise and change.

· On the Origin of Species initiated widespread public discussion concerning science and the place and role of science in society. 
· Darwin elaborated an evolutionary mechanism – natural selection – but was not the first think about selection in relation to living organisms.

· Darwin continuously referred to natural selection and artificial selection through combinations of:

· The ease of effecting change via artificial selection,

· The vastness of geological time,

· The application of the principle of uniformitarianism by which present day processes could be extrapolated back in time,

· Identification of a natural selector – the pressure of continuously limited resources – and with brilliant intuition

· Many more individuals of each species are born than can possibly survive. Consequently, there is a recurring struggle for existence.

· Any individual that varies however slightly in any way that is advantageous will have a better chance of surviving, of being selected, and of leaving offspring.

· 1844-1855 Darwin documented variation in nature; during this time Darwin did not publish a single word on his theory of evolution. 

· The evolutionary principle can be summarized

· Excess reproduction + limited resources →competition, which, because of natural variation and natural selection allows those best adapted to pass their existing characters to the next generation.

· Changing environments + hereditary variation + natural selection results in the modification of existing characters or the origin of new characters that become established and spread throughout a population/species.

· Phylogeny happened; Classification did not happen but is a way to arrange or order the results of evolution.

· Taxonomists call each unit of classification, whether it be a particular species, genus, order or whatever a taxon and five it a distinctive name.

· Darwin’s approach accounted for the evolution of a particular species in time, critics argued that it did not easily account for the multiplication of species in geographical space. 

Chapter 7: Vocabulary and Concepts

C.J. Parchman

Vocabulary:

Principle of segregation - alleles of a single gene, discrete entities that segregate from each other into gametes

Principle of independent assortment - the independent segregation of genes on different chromosomes within the gametes that form from germ cells

Saltations – jumps; large discontinuous changes in organisms or parts of organisms
Pangenesis – theory that small particulates known as gemmules or pangenes were produced by all the tissues of a parent and incorporated into the developing eggs or sperm

Germ plasm theory – only the reproductive tissues transmit the heredity factors of the entire organism; changes that occur in nonreproductive tissues are not transmitted

Extranuclear inheritance – traits that do not follow a nuclear pattern of inheritance but rather transmit through the cytoplasm of the egg
Use and disuse – Individuals lose characteristics they do not require (or use) and develop characteristics that are useful
Inheritance of acquired traits – Individuals inherit the traits of their ancestors
Sex-linked genes – genes that are localized to the X or Y (sex) chromosomes or to Z and W (sex) in the ZW system

Gemmules – Darwin’s idea of particles shed by the organs of the body and carried in the bloodstream to the reproductive organs where they accumulated into germ cells or gametes.     

Concepts:
Gene linkage can be appreciated in several contexts, perhaps the most relevant being the evolution and possession of two sexes in a population, and the sexual reproduction that accompanies the evolution of male and female sexes.  
As nucleotide sequences constitute genes, recombination can produce different combinations of genes along a chromosome.

For many organisms, especially mammals, sex determination is associated with chromosomal differences between the two sexes, typically XX females and XY males, with the Y chromosome often smaller and mostly inactive, except for male determining and male-fertility genes.
Chromosomal sex determination can transform into environmental sex determination when the sex of one or both of the XY and XX individuals reverses because of sensitivity to agents such as temperature or hormones.

Both Darwin and Lamarck believed in evolution.  To explain why some features disappeared, Lamarck invoked use and disuse and the inheritance of acquired characters as opposed to Darwin’s natural selection.

Blending inheritance sets variation and inheritance in opposition.  
Organismal evolution relies on two fundamental aspects of genetics or biological inheritance: constancy and variation.  Constancy resides in the observation that like produces like.  Constancy has the evolutionary significance that all life processes depend on the transmission of information from previous generations.  In contrast, variation resides in the observation that like can produce unlike.

Mendelian factors and the distribution of chromosomes during meiosis formed the foundation for the new science of genetics.  
Mendel developed two fundamental principles of heredity: the principle of segregation, and the principle of independent assortment.

The two members of a particular gene pair are known as alleles.

Genes for different characters segregate independently of one another. 
By suggesting that changes can arise in the frequencies of particular gemmules while their structure remained constant, pangenesis helped account for the presumed effects of use and disuse and for the observation that not all traits become blended.

Lamarck incorporated two ideas into his theory of evolution, in his day considered to be generally true: (1) Use and Disuse, (2) Inheritance of acquired traits

Mendel’s exceptional contribution to science was to demonstrate that organisms have a distinct hereditary system (now known as the genotype), which transmits biological characteristics through discrete units (now known as genes) that remain undiluted in the presence of other genes. 
The pangenesis theory states that small particulates known as gemmules or pangenes were produced by all the tissues of a parent and incorporated into the developing eggs or sperm.  When fertilization occurred and parental gametes united, gemmules disperse to form the tissues of the offspring.

