Wednesday, January 6th Lecture #1
Chapter 1: Biology and the Tree of Life
Key Concepts in Chapter 1
· Key developments: 1) Cell theory, 2) the theory of evolution by natural selection
· Both of these developments are unified by the concepts of ancestry and descent. Evolutionary relationships among species and among cells can be represented by phylogenetic trees
· How does one “do biology” (ask questions, generate hypotheses and predictions, and conduct experiments to test them)

Biology is the study of life; but what is life?
· Living organisms share these 5 characteristics (among others):
1. They are made up of one or more membrane-bound units called cells
2. They store and process information that is heritable
3. They replicate (reproduce)
4. As populations, they evolve (change)
5. They use energy

The Cell Theory
· A cell is a highly organized compartment bounded by a plasma membrane that contains concentrated chemicals in an aqueous solution. All cells have a plasma membrane
· The cell theory states that all organisms are made of cells, and all cells come from pre-existing cells
· Within a multicellular individual, all cells are descended from a progenitor cell – the zygote
· A zygote is also derived from other cells (an egg and a sperm cell)

Examples of Cells

Essential features of cells
· In general, cells contain molecular information (DNA) that encodes their physical attributes (though some cells lose their DNA)
· Cells have a boundary (membrane) between them and the environment
· Cells have the ability to harness materials and/or energy

Is a virus a living organism?
· A virus is an agent that infects cells and uses the cellular machinery of a host to replicate
· Viruses have the ability to store and transmit information in DNA or RNA
· But because viruses cannot independently harness energy, they are not considered to be living organisms

Testing the cell theory: Are all cells really derived from other cells?
· A hypothesis is a proposed explanation (a theory also does this, but on a more general level)
· A prediction is something that can be measured and must be correct if a hypothesis is valid
· There are 2 experiments that tested the theory that life can arise spontaneously
· Observation: maggots appear in meat when it is left out
· Hypothesis: flies lay eggs on meat, which grow into maggots
· Alternative hypothesis: maggots arise spontaneously

Do maggots appear spontaneously? 
· In the open jar, maggots appeared
· In the closed jar, no maggots appeared

What about microorganisms? Are all cells really derived from other cells?
· About 200 years after Redi’s experiment, Louis Pasteur designed a similar experiment to test the cell theory: that all cells arise from other cells
· The null hypothesis of this experiment was that cells are not derived from other cells (also called spontaneous generation)
· First, Pasteur placed broth capable of supporting life in 2 types of flasks. He then boiled the broths to sterilize them. Lastly, he waited to see what would grow in each flask.
· What are the predictions associated with the cells from cells versus the spontaneous generation hypotheses?
· What would you conclude if both treatments filled with cells?
· Why was it important to perform Treatment 1?
· What if bacteria could climb?

Implications of the Cell Theory
· Because all cells come from pre-existing cells, all individuals in a population of single-celled organisms are related by common ancestry
· In a multicellular organism, all of the cells present descend from pre-existing cells and are also related by common ancestry. 
· What is an exception to the validity of the cell theory? “Us” 

For the nematode Caenorhabditis elegans, we now have a complete map of every cell division from zygote to adult

The Theory of Evolution by Natural Selection
· In 1858, Darwin and Wallace proposed that all species are related by common ancestry
· Darwin and Wallace also proposed that the characteristics of species can change from generation to generation

Key Terms
· Evolution claims that a) species are related to one another and b) species can change through time
· Natural selection is a process that explains how evolution occurs
· Fitness is the ability of an individual to produce offspring
· An adaptation is a characteristic that increases the fitness of an individual in a particular environment (not all characteristics are considered adaptations)
· Adaptation is also the process of a species acquiring fitness-improving traits over time

Natural Selection
· In order for natural selection to occur you need 1) variation, that is 2) heritable, and 3) influences fitness
· If certain heritable characteristics lead to increased success in producing offspring, then these traits become more common in the population over time

Natural Selection and Populations
· Natural selection acts on individuals, but evolutionary change affects only populations
· Evolution occurs when heritable variation leads to differential success in reproduction 

· Cells and species are derived from ancestors
· (7) What is life?
· (7) Through time, evolution is caused by changes in allele frequency
· (8) Cell – zygote formed from union between sperm and egg
· (12) Molecular info = DNA, only eukaryotes have nuclei
· [bookmark: _GoBack](13) Virus – has info, carry the info, which allows them to replicate using host cell machinery. Cannot independently replicate or independently harness resources; rely on proteins in host cells so they are not considered live 
· (15) Francesco Redi experiment
· (16) Control (isolated meat) and uncovered piece of meat – point of reference (when you have a control)
· (18) One of the first experiment to properly use a control
· (19) Louis Pasteur, (20) two treatments, one control other is experimental. Predictions: spontaneous origins hypothesis – there would be bacteria in both. 
· (21) Other hypothesis: bacteria would only be in treatment 1 – important to perform #1 because of the control.
· (22) All cells are related to one another due to common ancestry – build the tree of life. Origin of all life – exception to cell theory
· (23) Splitting events of cell in worm – from zygote to multicellular adult – mapped every single cell in the organism. Can figure out stage of cell division/cycle was messed up if there is a mutation. Hierarchy is fundamental part of origins
· (24) Darwin and Wallace – species change over time (evolve), changes in allele frequencies
· (25) Frog gives birth to tadpole – natural selection example I think
· (26) Process of change, process occurs over time
· (27) Requires variation, heritable (ex. height, not hair length), influences fitness (influence survival, amount of offspring)
· (28) Crucial aspect of evolution (Natural selection vs. Evolutionary change)
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