
AP Biology
Review Packet 2020

Science Practices
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Chemistry of Life (8-11%)
Cell Structure & Function (10-13%)

Cellular Energetics (12-16%)
Cell Communication & Cell Cycle 

(10-15%)

Heredity (8-11%)
Gene Expression & Regulation (12-

16%)
Natural Selection (13-20%)

Ecology (10-15%)



Task Verbs (CED pg. 199)
• There are several key task verbs that CB will use to direct you in the free response questions.  You 

are expected to know what these verbs are telling you to do.  Interpret the expectations for the 
following selected task verbs:

• Calculate

• Construct

• Describe
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• Identify

• Evaluate

• Explain



Task Verbs (CED pg. 199)
• There are several key task verbs that CB will use to direct you in the free response questions.  You 

are expected to know what these verbs are telling you to do.  Interpret the expectations for the 
following selected task verbs:

• Justify

• Represent

• State
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• Make A Claim

• Make A Prediction

• Support A Claim



Basic Science Concepts
• What is a null hypothesis?

• What is an alternative hypothesis?

• What is an independent variable?

• What is a dependent variable?

• What is the difference between a controlled variable and a control group?
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Experimental Design
• Design an experiment to test the effect of fertilizer on plan growth.  Be sure to include all needed 

components of experimental design.
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FRQ Practice
• Complete 

the 
following 
short FRQ 
using 
complete 
sentences.  
Once 
completed 
look up the 
answer key 
and make 
corrections 
in a different 
color ink.
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FRQ Practice Answer
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FRQ Practice
• Complete the following short FRQ using complete sentences.  Once completed look up the 

answer key and make corrections in a different color ink.
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FRQ Practice -Answer
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Confidence Intervals & Error Bars
• What does the graph provided tell me?

• What is the relationship between confidence intervals and 
the standard error of the mean?
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• What level of confidence is typically used in science?  Why?

• What is the difference between standard error and standard deviation?



FRQ Practice
• Complete 

the 
following 
short FRQ 
using 
complete 
sentences.  
Once 
completed 
look up the 
answer key 
and make 
corrections 
in a 
different 
color ink
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FRQ Practice -Answer
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Graphing Basics
• In AP Biology you must be able to interpret and construct a graph, plot, or chart (XY; 

Log Y; Bar; Histogram; Line; Dual Y; Box & Whisker; Pie)
o When is a line graph appropriate?

o When is a bar graph appropriate?

o When is a pie graph appropriate?

o When is a scatter plot appropriate?
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Graphing Basics
• A mnemonic to remember the necessary components of the graph is SULTAN.  

Describe what is meant by each component:
o Scale

o Units

o Labels

o Title

o Accuracy

o Neatness
14



FRQ Practice
• Complete 

the 
following 
short FRQ 
using 
complete 
sentences.  
Once 
completed 
look up the 
answer key 
and make 
corrections 
in a 
different 
color ink
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FRQ Answer
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Graphing Basics – Log Y
• How does a log Y graph compare to a standard line graph?
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• How was the standard curve for this DNA ladder 
generated?

• How can this be used to extrapolate the size of an 
unknown fragment?

• If a fragment of DNA migrates 6 cm, what is its size 
in bp?



Graphing Basics - Histogram
• What is a histogram?

• What is the difference between a bar 
graph and a histogram?

• Create a histogram for the data set: 3, 
11, 12, 19, 22, 23, 24, 25, 27, 29, 35, 36, 
37, 45, 49 (hint: don’t forget bins)
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Graphing Basics – Box & Whisker Plot
• A simple box and whisker plot has been provided.

o What are quartiles?

o What is the median?  Circle where this can be found on the graph.

o What does the “box” component of this graph type represent?

o What does the “whisker” component of this graph type represent?

o New data emerges that there was an outlier of 12 eggs laid.  How would this be represented on the 
graph above?
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Graphing Basics – Dual Y

• Create a climatograph using the 
following information:
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• What is the purpose of a Dual Y 
graph?



Metric Conversions
• 1 meter = _______________ centimeters = _______________ millimeters
• 56.2 millimeters = _______________ meters = _______________ centimeters
• 13 kilometers = _______________ meters = _______________ decimeters
• 16 ml = _______________ µl 2. 7 g = _______________ mg
• 94.3 µl = _______________ L 2.3 µl = _______________ mL
• 32 mm = _______________ nm 19 m = _______________ km
• 2.4 kg = _______________ mg 82 cm = _______________ Gm

• Convert the density of gold, 19.3 g/cm3, to kg/L (Show work).
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Quantitative Skills (Show Work)
• A researcher has sections of two different types of skin cancers from human patients.  She stains 

them for the protein CD31, which is a marker of endothelial cells.  She then takes pictures of the 
immunofluorescent sections and counts the number of blood vessels present .  She takes five 
pictures of each slide.
• Slide A: 10, 8, 7, 8, 11
• Slide B: 3, 2, 4, 4, 4

• What is the mean, median, and mode for each dataset?

• What is the standard deviation for each data set?

• What is the standard error for each data set?

• What does the information tell you about the data? 22



FRQ Practice
• Complete 

the 
following 
short FRQ 
using 
complete 
sentences.  
Once 
completed 
look up the 
answer key 
and make 
corrections 
in a 
different 
color ink
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FRQ Answer
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Subatomic Particles
• Identify and describe the location and key properties of the subatomic particles in the 

atom below.

• Identify the atom.  How do you know?

• What is its atomic mass?

• What is the charge of the atom?  Why?
25



Subatomic Particles
• What would happen to the atom if I…

o added a proton?  What is this process called?

o added a neutron?  What did I produce?

o added an electron?  What kind of ion is it?

o removed an electron?  What kind of ion is it?
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Elements of Life
• What are the most common elements in the human body?  What percentage of the body do each 

represent?

• Micronutrient vs.. Macronutrient?

• What makes a nutrient essential to the body?

• What role do trace elements play in the body? Identify two trace elements & their biological 
function. 27



Chemical Bonding
• Define covalent bond:

o nonpolar vs.. polar covalent:

• Define ionic bond:

• Define hydrogen bond:
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Chemical Bonding
• What is electronegativity?

• What are the three most electronegative elements?

• How does electronegativity affect…
o ionic & covalent bonding?

o hydrogen bonding?
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Polarity of Water
• Why are water molecules polar?

• Indicate the charge on each part of the water molecule shown.  
Why is this important?

• Draw a second water molecule and show how it would hydrogen 
bond
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Properties of Water
• Define each and describe why it is important for life on Earth.

o Cohesion:

o Adhesion:

o Surface Tension:

o High Heat Capacity:

o Expansion on Freezing:
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Acids & Bases
• Define acidic:

• Define basic/alkaline:

• Define neutral:

• How is pH determined?

• What is the [H+] of a substance with a pH of 4?

• What is the pOH of a substance with a [H+] of 0.000001?

• How many times more alkaline is a substance that goes from a pH of 2 to 5?
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Organic vs.. Inorganic
• Organic vs.. Inorganic Compounds:

• What properties of carbon make it central to life on Earth?

• What are the four classes of organic macromolecules central to life on Earth?
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Functional Groups
• Identify and describe the properties of the seven key biological functional groups:
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Monomers & Polymers
• Monomer vs. Polymer:

• Diagram Dehydration Synthesis:

• Diagram Hydrolysis:
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Carbohydrates

36

• Highlight the components of the mnemonic that relate to this macromolecule: C H N 
O P S

• Identify two common monosaccharides and describe their use in the body.

• What is the name of the dehydration synthesis bond?

• Glucose, galactose, and fructose are all isomers.  What does this mean?



Carbohydrates
• Describe the structure and function of the 5 major polysaccharides.

• Why is starch/amylose digestible by humans but fiber/cellulose is not?
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Lipids

38

• Highlight the components of the mnemonic that relate to this macromolecule: C H N 
O P S

• Why are lipids not polymers?

• What is the name of the dehydration synthesis bond?

• Describe the structure and function of the 4 major types of lipid molecule.



Lipids
• Diagram and describe the difference between saturated and unsaturated fatty 

acids.

• What effect(s) do saturated fatty acids have on human health?
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Proteins
• Highlight the components of the mnemonic that relate to this macromolecule: C H N O P S

• Create a diagram of an amino acid and indicate the functional groups involved.

• What determines directionality in a protein?

• What does the R group represent?

• What is the name of the dehydration synthesis bond?
40



Proteins
• For each of the amino acids below indicate if it is polar/nonpolar and 

hydrophilic/hydrophobic
• Highlight where sulfhydryl bridges can form.
• Circle where dehydration synthesis bonds can form.
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Proteins
• Describe the four levels of protein structure.

• What are the role of chaperonins?

• What can lead to the denaturation of a protein?
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Nucleic Acids
• Highlight the components of the mnemonic that relate to this macromolecule: C H N 

O P S

• Diagram a nucleotide and identify its key components.

• What is the name of the dehydration synthesis bond?

• What determines directionality in a polynucleotide?  Indicate the carbon numbers 
on the nucleotide you diagramed above. 43



Nucleic Acids
• Label a nucleotide, 5’ ends, 3’ ends, make 

phosphodiester bonds bold, and circle hydrogen 
bonds.

• What are the major differences between RNA & DNA?
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Cell Size
• Explain the surface area-to-volume ratio and genome-to-volume ratio in relation to cell shape 

and size.

• What is the surface area-to-volume ratio of this cell?  Show your work. 

• How does SA/V ratio relate to the shape & function of specific cells such as root hair cells & gut 
epithelial cells?
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Microscopy
• What determines the smallest item that a microscope can visualize?

• Light Microscopy vs. Electron Microscopy

• Scanning Electron vs. Transmission Electron Microscope

• Magnification vs. Resolution
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Prokaryotic Cell
• Describe the function of the parts of the prokaryotic cell below:
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Eukaryotic Cell

48

• Describe the purpose of each of the labeled cell organelles in the diagram below in 
the space provided on this slide and the next two.



Eukaryotic Cell
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Eukaryotic Cell
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IE: Glycosylation & Signaling
• Describe how glycosylation and other chemical modifications of proteins that take 

place in the Golgi determine protein function & targeting as part of the 
endomembrane system.

• How do lysosomes and peroxisomes relate to the rest of the eukaryotic cell 
organelles?
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Plant vs. _______ Cells
• Identify the key differences between plant cells & animal cells.

• Plant cells are not the only cells with cell walls.  What other cells have cell walls and 
what makes them different?
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FRQ Practice
• Complete the following short FRQ using complete sentences.  Once completed look up the 

answer key and make corrections in a different color ink.
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FRQ Practice -Answer
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Plasma Membrane
• Identify the components of the plasma membrane labeled below and describe their 

function.
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External Cell Structures
• Describe the structure and function of the extracellular matrix.

• Identify and describe the 4 types of cellular junctions.
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FRQ Practice
• Complete the following short FRQ using complete sentences.  Once completed look up the 

answer key and make corrections in a different color ink.
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FRQ Practice -Answer
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Passive Transport
• Define simple diffusion.

• Define facilitated diffusion.

• Identify the two most common protein channel types.

• In the space on the right diagram both types of diffusion.
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Osmosis & Tonicity
• Define osmosis.

• Solute vs. solvent:

• Use the concepts you have learned to explain the provided image.
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Osmosis & Tonicity
• Create a diagram showing hypotonic, hypertonic, and isotonic.

• What tonicity is best for an animal cell? A plant cell?  Why?

• How does tonicity explain specialized organelles such as the contractile vacuole of 
protists?

61



Water Potential
• Define water potential:

• Relate the movement of water in osmosis to water potential.

• The molar concentration of a sugar solution in an open beaker has been determined 
to be 0.22M.  Calculate the solute potential at 27 ᵒC.  Show your work and round your 
answer to the nearest tenths.
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Quantitative Skills
• Answer the question and explain your reasoning.
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Active Transport
• How is active transport different than passive transport?

• Use the image to discuss the differences between primary and secondary active 
transport.
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FRQ Practice
• Complete the following short FRQ using complete sentences.  Once completed look 

up the answer key and make corrections in a different color ink.

(d) Indicate on the diagram where you will find phospholipid bilayers.
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FRQ Practice Answer
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Bulk/Vesicular Transport
• Vacuole vs. Vesicle:

• Identify & define the three types of endocytosis.

• Define exocytosis.

• In the space on the right diagram endocytosis & exocytosis.
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Origins of the Cell
• Describe the Oparin & Haldane Hypothesis:

• Describe the Miller & Urey Experiment:

• How does the work of the scientists above relate to the RNA-World Hypothesis?
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Endosymbiosis
• Define endosymbiosis and describe how it relates to the origin of the mitochondria 

and the plastids such as the chloroplast.

• What evidence do we have for this theory?
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Thermodynamics
• What is the First Law of Thermodynamics?  What does this mean for living 

organisms?

• What is the Second Law of Thermodynamics?  What does this mean for living 
organisms?
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Gibbs Free Energy
• What is Gibbs Free Energy?

• Identify the formula for Gibbs Free Energy and explain its components.
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Types of Reactions
• Define exergonic reactions:

• Define catabolic reactions:

• Create an energy diagram for this type of reaction using the 
space provided showing energy vs. reaction process.  Be sure 
to include G
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Types of Reactions
• Define endergonic reactions:

• Define anabolic reactions:

• Create an energy diagram for this type of reaction using the 
space provided showing energy vs. reaction process.  Be sure 
to include G
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Energy Coupling
• Explain the function of energy coupling and the role it plays in biology by diagraming 

the ADP-ATP cycle and explaining the components.

• How does ATP relate to the nucleotide?
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Enzymes & Energy
• Define activation energy (be sure to use the term transition state). Why is this 

necessary?  Diagram this in the space provided.

• How do enzymes effect activation energy?  Indicate this on the diagram.

• How do enzyme effect G?  Indicate this on the diagram.
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Enzymes
• Create a diagram of enzyme function that includes the following components:  

substrate, enzyme, active site, allosteric site, enzyme-substrate complex, 
product

• Describe the induced-fit model of enzyme function.
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Enzyme Activation & Inhibition
• What role do cofactors and coenzymes play in enzyme function?

• Describe & diagram the following types of enzyme inhibition:
• Competitive Inhibition

• Allosteric/Noncompetitive Inhibition
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Factors Affecting Reaction Rate
• Many things can alter the reaction rate when enzymes are involved. For each of the 

following describe the affect it would have on reaction rate:
o Altering temperature

o Altering pH

o Altering substrate concentration

o Altering enzyme concentration
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Redox Reactions
• Use the formula for cellular respiration to explain reduction and oxidation reactions 

and their role in cellular energetics.

• What mnemonic helps remember the movement of electrons in redox reactions?  
Explain.
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Electron Carriers
• What is the purpose of electron carriers in cellular energetics?

• Identify the three electron carriers used in cellular respiration & photosynthesis and 
indicate which process they function in.

• Which ones can be found in plant cells?  Why?
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Energy & Organisms
• What does it mean for an organism to be a photoautotroph?

• What does it mean for an organism to be a chemoautotroph?

• What does it mean for an organism to be a photoheterotroph?

• What does it mean for an organism to be a chemoheterotroph?
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Chloroplast vs. Mitochondria
• Create a diagram of both of these organelles being sure to label all of their internal structures. Be 

sure to include the following terms: inner/outer membrane, stroma, lumen, thylakoid, granum, 
ribosomes, DNA, intermembrane space, cristae, matrix (some terms will be in both diagrams).
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Cellular Respiration
• Describe the basics of the major stages of cellular respiration using the image 

below.
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Glycolysis & Pyruvate Oxidation
• Why is glycolysis considered to be one of the earliest metabolic pathways to 

evolve?

• Why does glycolysis need to input 2 ATP to gain 4 ATP?

• What is the purpose of pyruvate oxidation in cellular respiration?

84



Citric Acid Cycle/Krebs Cycle
• What are the inputs and outputs of the Krebs Cycle?

• The Citric Acid Cycle produces very little ATP.  Why is the process conserved 
evolutionarily?

• Both glycolysis and Krebs use substrate level phosphorylation to produce ATP.  
What does this mean?
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FRQ Practice
• Complete the following short FRQ using complete sentences.  Once completed look up the 

answer key and make corrections in a different color ink.
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FRQ Practice -Answer
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Electron Transport Chain
• Use the image provided to describe the process of the electron 

transport chain in cellular respiration.  Be sure to include the 
terms electronegativity, free energy, and oxidative 
phosphorylation.
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Chemiosmosis
• Use the diagram provided to discuss the process of 

chemiosmosis.  Be sure to include the concept of a proton 
motive force.
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Fermentation
• What is the role of anaerobic respiration/fermentation?

• Identify and describe the two most common types of fermentation.  Be sure to include 
the most common examples of organisms that use them.
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Photosynthetic Pigments
• What do the graphs to the right tell me about 

the role of the different pigment types in 
plants?

• Explain the role of these pigments in 
photoprotection.
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FRQ Practice
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• Complete the following short FRQ using complete sentences.  Once completed look 
up the answer key and make corrections in a different color ink.



FRQ Practice
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Photosynthesis
• Describe the basics of the major stages of photosynthesis using the image below.
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Light Reactions
• What is the role of chlorophyll in the light reactions?

• What is a photosystem?

• How does photosynthesis produce ATP?
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Calvin Cycle
• Identify and describe the three major stages of the Calvin Cycle.

• Why is the basic form of photosynthesis called C3 Photosynthesis?

• How is the G3P produces by the Calvin Cycle used?
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FRQ Practice
• Complete 

the 
following 
short FRQ 
using 
complete 
sentences.  
Once 
completed 
look up the 
answer key 
and make 
corrections 
in a different 
color ink
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FRQ Practice -Answer
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Evolution of Photosynthesis
• Explain the process of photorespiration.

• Describe three physical adaptations that plants have evolved to conserve water.

• Compare and contrast CAM and C4 Photosynthesis.
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Connecting Catabolism to Anabolism
• What is metabolism?

• Explain the image provided and its importance in maintaining your body and 
metabolism.
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Energy Shapes Evolution
• It can be said that energy shapes evolution.  Provide an example of this for…

• Prokaryotes

• Plants

• Animals
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IE: Fitness & Energetics
• The following are illustrative examples provided by CB.  Research and explain each of the following 

and how it connects concepts of energetics and evolution.
o Different types of phospholipids (& amounts of cholesterol) in cell membranes allow the organisms flexibility to 

adapt to different environmental temperatures.

o Different types of hemoglobin maximize oxygen absorption in organisms at different developmental stages.

o Different chlorophylls (& accessory pigments) give the plant greater flexibility to exploit/absorb incoming 
wavelengths of light for photosynthesis.
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Homeostasis & Feedback
• Define homeostasis.

• Provide an example of a positive and a negative feedback loop that helps maintain 
homeostasis.

103



IE: Feedback
• The following are illustrative examples provided by CB.  Research and explain each of the following 

and how it connects concepts of feedback in the human body.
o Blood sugar regulation by insulin/glucagon

o Lactation in mammals

o Onset of labor in childbirth
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FRQ Practice
• Complete the following short FRQ using complete sentences.  Once completed look up the 

answer key and make corrections in a different color ink.
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FRQ Practice - Answer
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Cell Signaling & Communication
• Define the following…

o Autocrine Signaling

o Juxtracrine Signaling

o Paracrine Signaling

o Endocrine Signaling

o Synaptic Signaling
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FRQ Practice
• Complete the following short FRQ using complete sentences.  Once completed look up the 

answer key and make corrections in a different color ink.
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FRQ Practice -Answer
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Stages of Cell Signaling
• Diagram and describe the three major stages of cell signaling.

• What does the receptor’s location tell you about the ligand?

110



Reception
• Describe the basic function of the following receptor types:

o Ligand/Voltage-Gated Ion Channel

o G Protein-Coupled Receptor

o Protein Kinase Receptor

o Intracellular Receptor
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FRQ Practice
• Complete the following short FRQ using complete sentences.  Once completed look up the 

answer key and make corrections in a different color ink.
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FRQ Practice -Answer
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Transduction
• Describe a phosphorylation cascade.

• What is the role of a secondary messenger?

• What are the key advantages to the complexity of many transduction pathways?
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IE: Cell Communication
• The following are illustrative examples provided by CB.  Research and explain each of the following 

and how it connects concepts of cell communication.
o Immune cells interact by cell-to-cell contact, antigen-presenting cells, helper T-cells, and killer T-cells.

o Cell communication often depends on cell communication using local regulators such as morphogens in 
embryonic development.
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IE: One Hormone, Different Effects
• Signals releases by one cell type can travel long distances to target 

cells of another type.  The diagram provided relates this to the 
epinephrine pathway.  Research the types of cells that another 
hormone effects such as insulin, human growth hormone, 
testosterone, or estrogen.
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IE: Cell Communication
• The following are illustrative examples provided by CB.  Research and explain each of the following 

and how it connects concepts of signal transduction & cell communication.
o Use of chemical messengers by microbes to communicate with other nearby cells and to regulate specific 

pathways in response to population density (quorum sensing).

o HOX genes and their role in development.
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FRQ Practice
• Complete the following short FRQ using complete sentences.  Once completed look up the 

answer key and make corrections in a different color ink.
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FRQ Practice -Answer
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Cell Cycle
• Describe the basic stages of the Cell Cycle using the diagram 

provided.

• What would be the result of a cell that completed the cell cycle 
but did not undergo cytokinesis?
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Mitosis
• Identify & describe the 5 major stages of mitosis.

• What is the role of motor proteins in mitosis?
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Cytokinesis
• How is cytokinesis different from mitosis?

• How is cytokinesis different in animals and plants?
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Cell Cycle Regulation
• What does the provided image demonstrate about cell cycle regulation?

• Identify and describe the three major checkpoints of the cell cycle.
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Cell Cycle Regulation
• Explain the role of CDK & Cyclin in cell cycle regulation.

• Explain the role of MPF in cell cycle regulation.

• Explain the role of APC/C in cell cycle regulation.
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Growth Factors
• Explain the role of growth factors in the control of the cell cycle.

• Define density-dependent inhibition.

• Define anchorage dependence.
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Cancer
• Why is cancer considered uncontrolled cellular growth?

• Define oncogenes.

• Define tumor suppressor genes.
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Cancer
• Diagram how mutations in the p53 and Ras pathways can lead to cancer.

127



Asexual Reproduction
• What are the advantages and disadvantages of asexual reproduction?

• Identify and describe three methods of asexual reproduction.
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Horizontal Gene Transfer
• Identify and describe the three major methods of horizontal gene transfer in 

bacteria.

• How does the lytic & lysogenic cycle of viruses relate to horizontal gene transfer?
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Sexual Reproduction
• What are the advantages and disadvantages of sexual reproduction?

• Define gamete:

• Haploid vs. Diploid:

• Define zygote:
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Meiosis
• Describe the basic processes of meiosis using the diagram provided.
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FRQ Practice
• Complete 

the 
following 
short FRQ 
using 
complete 
sentences.  
Once 
completed 
look up the 
answer key 
and make 
corrections 
in a 
different 
color ink

132



FRQ Practice Answer
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Sources of Variation
• Identify and describe the three sources of variation from sexual reproduction.
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FRQ Practice
• Complete the following short FRQ using complete sentences.  Once completed look up the 

answer key and make corrections in a different color ink.
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FRQ Practice -Answer
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Gametogenesis
• Diagram and describe the differences between spermatogenesis and oogenesis.
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Meiotic Errors
• Define nondisjunction:

• Define aneuploidy:

• Identify the one autosomal and one allosomal aneuploidy:

• Define polyploidy:
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Chromosomal Alterations
• Diagram and describe the four most common chromosomal alterations.

o Deletion

o Duplication

o Inversion

o Translocation
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Mitosis vs. Meiosis
• Diagram and describe the major similarities and differences between mitosis and 

meiosis.
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Mendelian Genetics
• Define the following terms:

o Gene

o Allele

o Locus

o Phenotype

o Genotype
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Mendelian Genetics
• Describe the three principles of Mendelian genetics:

o Dominance

o Segregation

o Independent Assortment
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Punnett Square
• Create a monohybrid and dihybrid heterozygous Punnett square in the space 

below and describe the results.
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Quantitative Skills (Show Work)
• Wisconsin Fast Plants have two very distinctive visible traits (stems and leaves). Each plant will 

either have a purple (P) or green (p) stem and also have either have green (G) or yellow (g) leaves. 
Suppose that we cross a dihybrid heterozygous plant with another plant that is homozygous purple 
stem and heterozygous for the leaf trait. Make a Punnett square to figure out the expected ratios for 
the phenotypes of the offspring.

• Suppose a class observed that there were 234 plants that were purple stem/green leaves and 42 
that were purple stem/yellow leaves. Does this provide good evidence against the predicted 
phenotype ratio?

144



Rules of Probability
• Explain how the rules of probability can be used to solve complex genetics 

calculations and create (and answer) an example problem in the space below.
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Pedigree Charts
• What do the symbols of a pedigree chart mean?

• State whether the trait is dominant or recessive, and explain your reasoning.

• State whether the trait is sex linked/allosomal or autosomal, and explain your 
reasoning.
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Pedigree 
Charts

• State whether the trait for each is dominant or recessive, and explain your 
reasoning.

• State whether the trait for each is allosomal or autosomal, and explain your 
reasoning.
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Non-Mendelian Genetics
• Describe and provide an example of each of the following:

o Incomplete Dominance

o Codominance

o Multiple Alleles
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Non-Mendelian Genetics
• Describe and provide an example of each of the following:

o Epistasis

o Polygenic Inheritance

o Pleiotropy
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IE: Non-Mendelian Genetics
• The following are illustrative examples provided by CB.  Research and explain each of the following 

and how it connects concepts of non-mendelian genetics.
o In mammals and flies, females are XX and males are XY; as such, X-linked recessive traits are much more likely to 

be expressed in males.

o In certain species, the chromosomal basis of sex determination is not based on X and Y chromosomes (ex. birds & 
bees)

150



Genetics Practice Problems
1. How many unique gametes could be produced through independent assortment of the genotype AaBbCCDdEEFf?  

Why?

2. Albinism is a recessive trait. A man and woman both show normal pigmentation, but both have one parent who has 
albinism. What is the probability that their first child will have albinism? Their second?  Why?

3. Gray seed color in peas is dominant to white. Assume that Mendel conducted a series of experiments where plants 
with gray seeds were crossed among themselves, and the following progeny were produced: 302 gray and 98 white. 
What is the most probable genotype of each parent?  Why?

4. Create a linear chromosome map using the data provided.
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Linked Genes & Recombination
• What does it mean to say that two genes are linked?

• How do you calculate recombination frequency?
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Non-nuclear Inheritance
• What other organelles can provide genetic material?

• Why do these organelles have their own genetic material?

• How does this type of inheritance show itself in a pedigree chart?
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Environmental Effect on Traits
• Define phenotypic plasticity:

• Identify three examples of how the environment can influence traits both directly and 
indirectly.
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IE: Chromosomal Inheritance
• The following are illustrative examples provided by CB.  Research and explain each of the following 

and how it connects concepts chromosomal inheritance and human genetic disorders.
o Sickle Cell Anemia

o Tay-Sachs Disease

o Huntington’s Disease

o X-linked Color Blindness

o Trisomy 21/Down Syndrome
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Epigenetics
• What is epigenetics?

• Describe the effects of the following epigenetic changes:
o Methylation

o Acetylation

o Phosphorylation
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Eukaryotic Chromosome
• Describe the major stages of the packaging of the eukaryotic chromosome.
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The Race for the Double Helix
• Describe the process and the conclusions of each of the following experiments:

o Griffith

o Avery, McCarthy, & MacLeod

o Chargaff
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The Race for the Double Helix
• Describe the process and the conclusions of each of the following experiments:

o Hershey & Chase

o Watson & Crick (+ Franklin & Wilkins)

o Meselson & Stahl
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DNA Replication
• Describe the role of the following proteins & enzymes in DNA Replication:

o Initiation Protein

o Helicase

o Topoisomerase

o Single-strand Binding Proteins

o Primase
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DNA Replication
• Describe the role of the following proteins & enzymes in DNA Replication:

o DNA polymerase III

o DNA polymerase I

o Endonuclease

o Ligase
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DNA Replication
• Describe the general process of DNA replication.  Be sure to include the terms leading strand, 

lagging strand, Okazaki fragments, and semiconservative.
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DNA Replication
• Compare and contrast DNA replication in prokaryotes & eukaryotes.
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Telomeres
• What is a telomere?

• Why does DNA replication of a linear chromosome have trouble replicating 
telomeres?

• What is the role of telomerase in the human body?
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Ribonucleic Acids
• Identify the major function of the following types of RNA:

o mRNA

o rRNA

o tRNA

o snRNA

o miRNA

o siRNA

o piRNA
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Transcription
• Describe the general process of transcription in eukaryotes.  Be sure to include the terms 

initiation, elongation, termination, downstream, promoter, transcription, RNA polymerase II, 
template strand, coding strand, pre-mRNA
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RNA Processing
• What are the three major steps of eukaryotic RNA processing?

• Describe the process of splicing.

• Why is RNA processing important for eukaryotes?
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Translation
• Describe the general process of translation in eukaryotes.  Be sure to use the terms ribosomal 

subunits, tRNA, amino acid, methionine, codon, anticodon, translation initiation complex, 
GTP, peptide bond, polypeptide, stop codon & release factor.
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Transcription & Translation in Prokaryotes
• Describe the major differences between prokaryotic and eukaryotic transcription & 

translation.
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Prokaryotic Gene Regulation - Trp Operon
• Diagram and describe the major components & processes involved in the operation of this operon.
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Prokaryotic Gene Regulation - Lac Operon
• Diagram and describe the major components & processes involved in the operation of this operon.  

Be sure to include the concept of upregulation.
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The Human Genome
• Describe the major groups within the human genome using the diagram provided.
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Eukaryotic Gene Regulation
• Eukaryotes rely upon many levels of gene regulation to control the genetic process 

of multicellular organisms.  Describe the method of regulation for each of the 
indicated levels of control provided.

o Chromatin Modification

o Transcription

o RNA Processing
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Eukaryotic Gene Regulation
• Eukaryotes rely upon many levels of gene regulation to control the genetic process 

of multicellular organisms.  Describe the method of regulation for each of the 
indicated levels of control provided.

o mRNA Degradation

o Translation

o Protein Processing & Degradation
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Gene Mutations
• Describe what happens in each of the following gene mutations:

o Substitution (Silent)

o Substitution (Missense)

o Substitution (Nonsense)

o Frameshift (Insertion/Deletion)
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IE: Mutations
• The following are illustrative examples provided by CB.  Research and explain each of the following 

and how it connects to the concepts of how changes in genotype can result in changes to 
phenotype and that mutations can be positive, negative, or neutral.

o Mutations in the CFTR gene disrupt ion transport and result in cystic fibrosis.

o Antibiotic resistance mutations in bacteria.

o Sickle Cell Disorder & Heterozygote Advantage
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FRQ Practice
• Complete the following short FRQ using complete sentences.  Once completed look up the 

answer key and make corrections in a different color ink.
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Biotechnology
• How is artificial selection (ex. selective breeding/hybridization) different from 

genetic modification?

• What is a recombinant organism?
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FRQ Practice
• Complete the following short FRQ using complete sentences.  Once completed look up the 

answer key and make corrections in a different color ink.
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Biotechnology - Transformation
• Describe the process of transformation in regards to its application to biotechnology.  

Be sure to include the terms plasmid, vector, restriction enzyme, sticky ends, 
ligase.

• Provide two examples of how this process could provide useful results in the real 
world.

188



Biotechnology - Cloning
• Describe the process behind the following types of cloning:

o Natural Cloning

o Gene Cloning

o Organismal Cloning

• Why is PCR considered a more efficient option than gene cloning in some situation?

189



Biotechnology – DNA Sequencing
• Describe the Sanger Method of DNA sequencing.  What are the pros/cons?

• Describe the “Shotgun” Method of DNA sequencing. What are the pros/cons?

• Why is sequencing of DNA an important tool of biotechnology?
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Biotechnology - Electrophoresis
• Explain the process of gel electrophoresis.

• What is the importance of DNA Fingerprinting of RFLPs & STRs in regards to the 
analysis of an electrophoresis gel.
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Biotechnology – Restriction Digest
• A restriction digest has been performed on the plasmid 

provided below.  What does this mean?

• Why does the provided plasmid interpretation have two 
possible results?  What could be done to discover which 
map is correct?

• Create a diagram of what the electrophoresis gel would look like if the DNA 
ladder cut at 25, 20, 15, 10, & 5 kb.  There should be a lane for the ladder, each 
single digest  and the double digest
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Biotechnology
• There are many advanced processes and applications of biotechnology.  Describe 

the basic process and utilization of each of the following:
o CRISPR

o cDNA

o iPS

o Retroviral Vectors
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Evolutionary Theory
• Describe the contributions of Thomas Malthus to evolutionary theory:

• Describe the contributions of Jean-Baptiste Lamarck to evolutionary theory:

• Describe the contributions of Charles Lyell to evolutionary theory:
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Observations & Inferences
• Summarize Charles Darwin’s theory of evolution in terms of his four key 

observations and the two inferences he made as discussed in our course notes.

• How did Darwin define evolution?

• Define evolution in the modern Neo-Darwinist/Modern Synthesis vernacular.
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Darwin’s Finches
• Darwin’s finches speciated due to pressures on the species in the Galapagos Islands.  Use the 

finches to describe the relationship between the following terms:  adaptive radiation, competition, 
competitive exclusion, character displacement.
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Fitness & Selection
• What does it mean for something to be evolutionarily fit?

• Identify and describe the three patterns of selection in evolution using the example of 
the peppered moth.  How do these patterns compare to the standard bell curve of 
polygenic traits?
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Evolutionary Forces
• Define Natural Selection

• Define Artificial Selection

• Define Sexual Selection

• Define Frequency-Dependent Selection
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Evolutionary Forces
• Define Genetic Drift

o Define Bottleneck Effect

o Define Founder Effect

• Define Gene Flow
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Hardy-Weinberg Equilibrium
• What is the purpose of the Hardy-Weinberg Equilibrium?

• Identify the five conditions of HW Equilibrium. Identify what evolutionary force(s) it 
counteracts.
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Quantitative Skills (Show Work)
• Complete the provided questions and explain your reasoning.
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Evidence for Evolution
• Summarize the evidence for evolution that comes from the following fields:

o Anatomy

o Embryology

o Biogeography
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Evidence for Evolution
• Summarize the evidence for evolution that comes from the following fields:

o Paleontology

o Biochemistry/Molecular Biology

o Continuing Evolution/Experimental Evidence
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• Complete the following short FRQ using complete sentences.  Once completed look 
up the answer key and make corrections in a different color ink.
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Common Ancestry
• What is LUCA and how does it relate to all life on Earth?

• What are the three domains in our current breakdown of the tree of life?

• What are the six kingdoms in our current breakdown of the tree of life?
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Phylogenetic Trees & Cladograms
• What is the difference between a phylogenetic tree and a cladogram?

• All phylogenetic trees are considered to be hypothesis.  There are several methods 
used to determine which tree is most likely correct.  Describe each of the following:

o Maximum Parsimony

o Maximum Likelihood

• What type of evidence is the best type of evidence to use to construct a tree?
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What is a species?
• What is the Biological Species Concept?

• Identify two other species concepts and describe their function.

• Why are there so many different species concepts?
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Speciation
• Define Speciation:

• Define Hybridization:

• What is the implication of the potential outcomes of hybridization to speciation?
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Speciation
• Describe the following four types of speciation:

o Allopatric

o Sympatric

o Parapatric

o Peripatric
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IE: Speciation & Variation
• The following are illustrative examples provided by CB.  Research and explain each of the following 

and how it connects concept that speciation results in diversity of life forms and the importance of 
variation for species survival.

o Pick One:  Hawaiian Drosophila, Caribbean Anolis, or Apple maggot Rhagoletis.

o Explain how the Potato Blight shows the importance of variation.
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FRQ Practice
• Complete the following short FRQ using complete sentences.  Once completed look up the 

answer key and make corrections in a different color ink.
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FRQ Practice
• Complete the following short FRQ using complete sentences.  Once completed look up the 

answer key and make corrections in a different color ink.
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Reproductive Barriers
• How do prezygotic barriers lead to speciation?  Be sure to identify the five types of 

prezygotic barriers.

• How do postzygotic barriers lead to speciation?  Be sure to identify the three types 
of postzygotic barriers.
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Evolutionary Patterns
• Microevolution vs. Macroevolution:

• Define and provide an example of divergent evolution:

• Define and provide an example of parallel evolution:

• Define and provide an example of convergent evolution:
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Extinction
• What does it mean for a species to become extinct?

• How is this different from a species being extirpated?

• Why are endemic species more vulnerable to extinction?

• How are humans altering extinction rates?
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Behavioral Ecology
• Behavioral ecology uses the idea of the ultimate causation and the proximate 

causation of behavior.  Define these terms and provide a real world example of their 
application.
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Basic Behavioral Terms
• Define taxis & kinesis:

• Provide two specific examples from the real world for both of the previous terms (i.e. 
positive phototaxis).

• Nocturnal vs. Diurnal

• Estivate vs. Hibernate
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Plant Behavior
• Define the following types of plant behavior and describe how the behavior is 

controlled in plants:
o Photoperiodism

o Phototropism

o Gravitropism

o Thigmotropism

233



Communication
• Provide an example of communication in the real world that is:

o Chemical

o Visual

o Electrical

o Tactile
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Innate Behavior
• Define innate behavior:

• How does this relate to the idea of instinct?  Provide an example.

• How does this relate to the idea of a fixed action pattern?  Provide an example.
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Learned Behavior
• Describe each of the following types of learned behavior:

o Imprinting

o Spatial Learning

o Habituation
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Learned Behavior
• Describe each of the following types of learned behavior:

o Associative Learning

o Social Learning

o Cognition
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Social Behavior
• Summarize the following social behavioral patterns:

o Agonistic Interactions

o Territoriality

o Parental Care

o Altruistic Behavior
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Levels of Ecological Interaction
• Describe the meaning of the following levels of ecological interaction:

o Population

o Community

o Ecosystem

o Biosphere
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Key Ecological Concepts
• Explain the following key concepts:

o Keystone Species

o Foundational Species

o 10% Rule

• What is the difference between bioaccumulation & biomagnification in a food 
chain?
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Roles of Organisms
• What is the role of producers/autotrophs in the ecosystem?

• What is the role of consumers/heterotrophs in the ecosystem?

• What is the role of decomposers in the ecosystem?

• What is the differences between a detritovore and a decomposer?
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Energy Flows, Matter Cycles
• Create a simple food web that demonstrates the statement of the title of this slide.  Be sure to 

include the concept of the loss of heat as well as the following terms:  primary producers, primary 
consumers, secondary consumers, tertiary consumers, detritus, decomposer.

• Why do food chains typically not go above the quaternary consumer level (if that)?

242



IE: Energy Flow
• The following are illustrative examples provided by CB.  Research and explain each of the following 

and how it connects concept of energy flow through ecosystems.
o Seasonal reproduction in animals & plants

o Life-history strategies such as biennial plants and reproductive diapause

o Trophic Pyramids
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Production
• What is net primary production?  How does this relate to biomass?

• How is this different from gross primary production?

• How does net primary production relate to the concept of production efficiency?
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Biogeochemical Cycle
• Diagram the Carbon Cycle and describe how humans are altering it on a global 

scale.
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Biogeochemical Cycle
• Explain the labeled sections of the provided nitrogen cycle diagram.
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Quantitative Skills (Show Work)
• Complete the question and explain your reasoning,
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Population Ecology
• Population ecology is the study of how populations change.  Describe the key factors 

of population ecology listed below:
o Population Growth

o Carrying Capacity

o Population Density
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Limiting Factors
• Describe each of the following limits on a population:

o Density-independent factors

o Density-dependent factors

o Biotic factors

o Abiotic factors
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Population Growth
• Describe exponential population growth.  In what situations is this type of growth 

likely?

• Describe logistic population growth.  In what situations is this type of growth likely?

• How do these concepts relate to the idea of K and r-selected species?  Explain.
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Quantitative Skills (Show Work)
• There are 300 falcons living in a certain forest at the beginning of 2019. Suppose that 

every year there are 50 falcons born and 30 falcons that die. What is the population 
growth rate (include units)? Interpret the value.

• What will the population size be after three years assuming exponential growth?

• What will the population size be after three years assuming a carrying capacity of 
1,000 falcons?

255



FRQ Practice
• Complete the 

following short 
FRQ using 
complete 
sentences.  
Once 
completed 
look up the 
answer key 
and make 
corrections in 
a different 
color ink.

256



FRQ Practice -Answer

257



Ecological Niches
• What is a niche?

• How is a niche different from an organism’s habitat?

• Describe the relationship between an organism’s fundamental niche and its realized 
niche.
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Species Interactions (Direct)
• Describe the relationship between two organisms if their relationship is:

o Mutualism

o Commensalism

o Competitive

o Predatory

o Ammensalism

o Parasitic

259



FRQ Practice
• Complete the following short FRQ using complete sentences.  Once completed look up the 

answer key and make corrections in a different color ink.
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Quantitative Skills
• Complete the question and explain your reasoning.  What does this tell me about the 

interactions between predators and their prey?
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Species Interactions (Indirect)
• Describe the concept of a trophic cascade.

• How can an understanding of trophic interactions like the trophic cascade and the 
role of keystone species allow for biomanipulation for purposes such as 
conservation?
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Species Diversity
• Define the following terms:

o Species Richness:

o Species Evenness:

o Relative Abundance:

• How do these terms relate to the broader concept of biodiversity?
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Quantitative Skills (Show Work)
• Calculate the Simpson’s Diversity Index for the following sample data and then 

interpret your results:
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Species Location A 
Quadrat

Location B 
Quadrat

Couch Grass 21 18
Twitch Grass 1 11
Sea Rocket 8 8

Saltwort 4 3
Lyme Grass 12 8



Disturbance & Succession
• What does it mean to disturb an ecosystem?

• What is the difference between primary succession & secondary succession?

• Why is an intermediate level of disturbance considered the best for maintaining 
biodiversity?  What does this mean for climax communities?
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Human Activities Threaten Biodiversity
• Break down the mnemonic HIPPCO and explain its relation to the loss of biodiversity.

o H

o I

o P
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Human Activities Threaten Biodiversity
• Break down the mnemonic HIPPCO and explain its relation to the loss of biodiversity.

o P

o C

o O
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IE: Disruption to Ecosystems
• The following are illustrative examples provided by CB.  Research and explain each of the following 

and how it connects concept of the disruption of ecosystems.
o Kudzu

o Zebra Mussels

o Dutch Elm Disease

o Urbanization

o Mono-cropping
269



IE: Disruption to Ecosystems
• The following are illustrative examples provided by CB.  Research and explain each of the following 

and how it connects concept that some disruptions to ecosystems come from geological and 
meteorological events.

o El Nino

o Continental Drift

o Meteor Impact (& Dinosaurs)
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Fixing the Damage
• Explain the concepts of minimum viable & effective population size in relation to 

the extinction vortex in our conservation efforts.

• How do the concepts above relate to the requirements for establishing protected 
areas such as nature preserves and national parks?
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Fixing the Damage
• Define the following processes:

o Reclamation

o Remediation

o Restoration

• Describe how plants can be utilized in bioremediation efforts (i.e. 
phytoremediation).

272


