SCIENCE AS A PROCESS- Science is a way of knowing. It can involve a discovery process using inductive reasoning, or it can be a process of hypothesis testing.

Example: The theory of evolution was developed based on observation and experimentation.
ENDOSYMBIOTIC THEORY-was developed through experimentation and inductive reasoning

Development of our understanding of DNA structure and function resulted from variety of experiments that built of previous knowledge (Griffith, Hershey & Chase, Avery, Franklin, Watson & Crick)

Scientific theories (Evolution, Cell, Atomic, Gravitational) have been built on a huge volume of scientific data collected over hundreds of years.

Peer review, experimentation and discovery of new evidence all combine to modify, reevaluate, and perfect hypotheses and theories as they change over time.

Use of controls and scientific method to carry out labs in class/experiments

EVOLUTION- Evolution is the biological change of organisms that occurs over time and is driven by the process of natural selection.

Evolution accounts for the diversity of life on Earth.
Example: Widespread use of antibiotics has selected for antibiotic resistance in disease-causing bacteria.

ENDOSYMBIOTIC THEORY- idea that the incorporation of photosynthesizing and respiring bacteria by other early bacteria resulted in the evolution of eukaryotic cells 

Darwin’s finches and tortoises- selection for organisms best suited to their environments leads to changes in population characteristics (beaks, necks, etc)

Evolution of new viruses/bacteria cause new diseases in humans (Bird flu, SARS, Ebola)

Conservation of HOMEOTIC/HOX genes in variety of organisms suggest their importance to survival and relatedness between organisms
Universal genetic code, ribosomes, homologous structures, transitional fossils, DNA and protein similarities, pseudogenes, etc. show relatedness of all living things

Coevolution of symbiotic organisms results in their change and continued interaction over time (If flower structure changes, bird population changes to have longer beaks)
ENERGY TRANSFER- Energy is the capacity to do work. All living organisms are active (living) because of  their ability to link energy reactions to the biochemical reactions that take place within their cells.
Example: The energy of sunlight, along with carbon dioxide and water, allows plant cells to make organic materials, synthesize chemical energy molecules, and ultimately release oxygen to the environment.

ENDOSYMBIOTIC THEORY- Incorporation of early photosynthesizing and respiring prokaryotes as mitochondria and chloroplasts allowed eukaryotic cells to be able to carry out the functions of energy transfer.

This energy stored by plants during photosynthesis is then passed along and released when organisms burn glucose during cellular respiration
Energy is passed between trophic levels in food webs/chains as organisms eat each other in an ecosystem.  
The energy released in exothermic chemical reactions is used to provide energy for endothermic chemical reactions in cells.
CONTINUITY and CHANGE- All species tend to maintain themselves from generation to generation using the same genetic code.  However, there are genetic mechanisms that lead to change over time, or evolution.
Example: Mitosis consistently replicates cells in an organism; meiosis (and hence sexual reproduction) results in genetic variability

ENDOSYMBIOTIC THEORY- Bacteria that were incorporated as mitochondria and chloroplasts in early eukaryotic cells kept their own DNA and mode of replication.

The conservation of homeotic genes relates to differential gene expression in different organisms.
RELATIONSHIP of STRUCTURE to FUNCTION – The structural levels from molecules to organisms ensure successful functioning in all living organisms and living systems.
Example: Aerodynamics of a bird’s wing permits flight
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Endosymbiotic theory explains why mitochondria have the structure they have which allows them to carry out respiration

Folding of cristae in mitochondria results in greater surface area and increased electron transport function

Structure of mitochondria and chloroplasts allow them to separate and compartmentalize chemical reactions during photosynthesis and respiration. 

Anatomy (mesophyll and bundle sheath cells) in C4 plants allows them to carry out photosynthesis in dry, desert conditions (lower carbon dioxide)

The presence of organelles in eukaryotic cells allows separation, compartmentalization, and regulation of cell activities.

Biochemical structure of phospholipids results in their hydrophobic/hydrophilic properties and in the function of cell membrane in separating cell contents from environment.

3D folding of proteins results in their ability to function as enzymes in chemical reactions, cell recognition, membrane transport, etc.
Shape of a hummingbird’s beak allows it to feed on certain flowers and not others.

Shape of flowers allow certain organisms to feed there and pollinate it. (see coevolution)
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 Shape of active site in enzyme allows it to fit substrate and function as a catalyst

Shape of a duck’s feet or seal flipper help it swim
Different shape of bird beaks allows them to function in obtaining different kinds of food 
REGULATION- Everything from cells to organisms to ecosystems is in a state of dynamic balance that must be controlled by positive or negative feedback mechanisms.
Example: Body temperature is regulated by the brain via feedback mechanisms.

Role of insulin and glucagon in an organism’s regulatory mechanisms for controlling blood sugar
Addition of lactose turns on lac operon

Build up tryptophan in cell shuts trp operon off

HOMEOTIC/HOX genes control embryonic development

INTERDEPENDENCE in NATURE- Living organisms rarely exist alone in nature.

Example: Microscopic organisms can live in a symbiotic relationship in the intestinal tract of another organism; the host provides shelter and nutrients, and the microorganisms digest the food.

ENDOSYMBIOTIC THEORY- photosynthesizing and respiring prokaryotes formed a symbiotic relationship in an ancestor eukaryotic cell
Loss of biodiversity impacts the health and stability of life in an ecosystem

Global warming, dead zones, ozone depletion, deforestation, and urban development show the effect of humans on the ecosystem.

SCIENCE, TECHNOLOGY, and SOCIETY- Scientific research often leads to technological advances that can have positive and/or negative impacts upon society as a whole.  
Example: Biotechnology has allowed the development of genetically modified plants.

Knowledge of genetics, breeding techniques, and animal husbandry, and artificial selection has lead to the production of plants and animals useful to humans. (Broccoli, Butterball turkeys)

Our understanding of  the growth and differentiation of cells and embryo development has lead to advances in stem cell research for repair of spinal cord injuries, diseases, and genetic disorders.
Application of our knowledge about DNA, genetics, and microbiology have been applied in the a variety of areas:  


Restriction enzymes, PCR, gel electrophoresis, & RFLP analysis of crime evidence, 


paternity testing, and disease diagnosis


Restriction enzymes, plasmids, recombinant DNA, and transgenic organisms- 
               production of drugs/medicines for humans (ex: insulin), 

     gene therapy (inserting working genes into people with disorders), 

     environmental clean up (engineered bacteria that break down toxins)

