Science of Curiosity

Big Idea 1 Teacher’s Guide
What do AP Biology students need to know to be ready for the AP Biology Exam? The Enduring
Understandings and Essential Knowledge standards!
My AP Biology students benefited tremendously from having quick access to the Essential
Knowledge standards and these guiding questions. After going through each set, they feel
confident they are ready for the Test!
These open ended questions can be used…
● While going through a Unit as a working document, to add to as they learn
● Before a Unit test as a study guide
● At the end of the semester to prepare for the AP Biology Exam
It is helpful to have them begin by going through the Essential Knowledge itself, highlighting key
vocabulary. This gives them a good foundation to grow from, they know what to look for and
what is important as they learn about or review for the Unit.
When my students use these as review, I put them into small groups of three or four. They work
together to each complete the questions. Then students get into new groups and review their
answers. I help guide them and help with questions that they can not come to an agreement on.
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Here is a link to a digital copy of this document. Open it in Google
Docs and then make a copy for your own Google Drive to edit as
needed!

Explore the list of extra resources - arranged and organized for
each Essential Standard. These are resources I use myself, so if
you have questions about any of them, just ask!
Contact me a ScienceOfCuriosity@gmail.com

Looking for more Focused Study Questions for AP Biology?
Get all of Big Idea 2 Study Guides for Enduring Understandings 2A, 2B, 2C, 2D and 2E

BUNDLE and SAVE Big Idea 2
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Natural Selection 1.A.1
Essential knowledge 1.A.1: Natural
selection is a major mechanism of
evolution.
a. According to Darwin’s theory of
natural selection, competition for limited
resources results in differential survival.
Individuals with more favorable
phenotypes are more likely to survive
and produce more offspring, thus
passing traits to subsequent
generations.

Highlight any important words on the left!
What phenotype would of each pair would be most favorable in each environment?
●
●
●

Shady forest: large leaves or deep roots?
Island with swampy marshes: webbed feet or thick fur?
Snowy tundra: fast metabolism or slow metabolism

Consider two lizards. One lizard lived 5 years and had 25 surviving offspring and died of old age.
The other lizard was eaten by a bird at 3 years old, and had 30 offspring. Which lizard was more
fit? Why?

b. Evolutionary fitness is measured by
reproductive success.
c. Genetic variation and mutation play
roles in natural selection. A diverse
gene pool is important for the survival of
a species in a changing environment.

Ever wonder why banana fruits have no seeds? How do banana farmers grow new plants?
Research to find out! And answer - why are farmers worried about banana virus infection?

d. Environments can be more or less
stable or fluctuating, and this affects
evolutionary rate and direction; different
genetic variations can be selected in
each generation.
e. An adaptation is a genetic variation
that is favored by selection and is
manifested as a trait that provides an
advantage to an organism in a
particular environment.

List three events on an island habitat that would drive evolution of a population of mice.
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f. In addition to natural selection,
chance and random events can
influence the evolutionary process,
especially for small populations.
g. Conditions for a population or an
allele to be in Hardy-Weinberg
equilibrium are:
(1) a large population size,
(2) absence of
immigration or emigration
(3) no net mutations,
(4) random mating and
(5) absence of selection.
These conditions are seldom met.
h. Mathematical approaches are used
to calculate changes in allele frequency,
providing evidence for the occurrence of
evolution in a population.
Choose an illustrative example such as:
• Graphical analysis of allele
frequencies in a population

List four random events that could cause a change in the allele frequency of a population
between one generation and the next. (more detail in 1.a.3)

The Five Fingers of Evolution - a population that is NOT in Hardy Weinberg is evolving. There are
five conditions that lead to evolution (the opposite of the Hardy Weinberg conditions). Watch
Ted’s Five Fingers of Evolution tinyurl.com/y6vjgpoq and fill in the fingers.

Science of Curiosity

Examples of Natural Selection 1.A.2
Essential knowledge 1.A.2: Natural
selection acts on phenotypic
variations in populations.
a. Environments change and act as
selective mechanism on populations.
To foster student understanding of
this concept, instructors can choose
an illustrative example such as:
● Flowering time in relation to
global climate change
● Peppered moth
b. Phenotypic variations are not
directed by the environment but occur
through random changes in the DNA
and through new gene combinations.
c. Some phenotypic variations
significantly increase or decrease
fitness of the organism and the
population.

Highlight any important words on the left!
Explain the change that occured in the Peppered Moth environment and how that acted as a
selective mechanism for evolution of the population.

Plant species A is stimulated to produce flowers in response to warming weather. Plant species B is
stimulated to produce flowers when hours of daylight become longer. Which species would be most
affected by the selective mechanism of Climate Change? Explain your reasoning.

What phenotype variation do you expect to be selected for in this species if Climate Change
progresses? Explain your reasoning.

To foster student understanding of
this concept, instructors can choose
an illustrative example such as:
● Sickle cell anemia
● Peppered moth
● DDT resistance in insects

Where do brand new traits come from in a population? (consider a baby born with green skin!)

d. Humans impact variation in other
species.

A farmer uses DDT to kill insects in his field. The first year nearly all of the insects were killed. By
the fourth year, however, nearly all of the insects survived the DDT treatment (see the chart on the
next page).

To foster student understanding of
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this concept, instructors can choose
an illustrative example such as:
● Artificial selection
● Loss of genetic diversity
within a crop species
● Overuse of antibiotics

Explain the process of natural selection in this population of insects. Include these words mutation, selective mechanism, phenotype, variation, resistance, adaptation, and differential
survival.

Artificial Selection - BBC Article about Domesticating Foxes tinyurl.com/hvnjbt9
Describe the difference between attempting to tame a single fox, and breeding a
population of domestic foxes.
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Genetic Drift 1.A.3
Essential knowledge
1.A.3: Evolutionary
change is also driven by
random processes.

Highlight any important words on the left!
Describe what ‘non selective process’ means. Provide an example of a selective process and a
nonselective process.

a. Genetic drift is a
nonselective process
occurring in small
populations.
b. Reduction of genetic
variation within a given
population can increase the
differences between
populations of the same
species.

Make a simple drawing that represents the Bottleneck Effect. Show in your drawing how the bottleneck
effect changes (by reducing) the genetic variation of the population.

Research and briefly describe an actual example of a species that experienced the bottleneck effect.

Make a simple drawing of the Founder Effect. Show in your drawing how the founder effect changes (by
reducing) the genetic variation of the population.

Research and briefly describe an actual example of a species that experienced the founder effect.
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Evidence for Evolution 1.A.4
Essential knowledge 1.A.4:
Biological evolution is supported
by scientific evidence from many
disciplines, including
mathematics.

Highlight any important words on the left!
What is Biogeography? How does the evidence of Biogeography support the theory of Evolution?

a. Scientific evidence of biological
evolution uses information from
geographical, geological, physical,
chemical and mathematical
applications.
b. Molecular, morphological and
genetic information of existing and
extinct organisms add to our
understanding of evolution.
Evidence of student learning is a
demonstrated understanding of
each of the following:
1. Fossils can be dated by a variety
of methods that provide evidence
for evolution. These include the age
of the rocks where a fossil is found,
the rate of decay of isotopes
including carbon-14, the
relationships within phylogenetic
trees, and the
mathematical calculations that take
into account information from
chemical properties and/or
geographical data.

What morphological features does a while have that would suggest whales are more closely related
to humans than fish? Name at least three.

What morphological structure in a while can be traced through the whale ancestors using fossil
evidence? Name at least two.

Name two biochemicals that can be compared to further support the theory that whales are more
closely related to humans than to fish.
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✘ The details of these methods are
beyond the scope of this course
and the AP Exam.

Explain how these homologous
structures support the theory of
Evolution from a common ancestor?

2. Morphological homologies
represent features shared by
common ancestry. Vestigial
structures are remnants of
functional structures, which can be
compared to fossils and provide
evidence for evolution.
3. Biochemical and genetic
similarities, in particular DNA
nucleotide and protein sequences,
provide evidence for evolution and
ancestry.

On the Phylogenetic tree, put a
star beside the location of the
common ancestor of the
Papilionidae and the Pieridae.

4. Mathematical models and
simulations can be used to illustrate
and support evolutionary concepts.
To foster student understanding of
this concept, instructors can choose
an illustrative example such as:
● Graphical analysis of allele
frequencies in a population
● Analysis of sequence data
sets
● Analysis of phylogenetic
trees
● Construction of phylogenetic
trees based on sequence
data

Circle the two organisms that are
most closely related.

What type of evidence is primarily
used to make phylogenetic trees?
____________
Briefly describe what the lines of the phylogenetic tree represent. Why are some lines longer than
others?

What does the arrow point towards on the far let of the tree?
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Extra Resources Page
1.A.1
Bozeman Biology Essentials 001 Natural Selection tinyurl.com/ldg36g9
Bozeman Solving Hardy-Weinberg Problems tinyurl.com/keutrt5
Genetic Drift Population Graph Interactive and mini-quiz tinyurl.com/ybtf2zlj
Genetic Simulator - Allele Graphing Interactive popgensimulator.pitt.edu/graphs/allele
○ Click ‘help’ for a ton of great information about Hardy Weinberg, Genetic Drift, and how to work the simulator
● Another simulator, more simple: tinyurl.com/y8hxj2pc
●
●
●
●

1.A.2
● Bozeman Science - Examples of Natural Selection tinyurl.com/obvt7rg
● Scientific American article- Plants Adapt to Climate Change
tinyurl.com/ya2rccd7
● Natural Selection and Mutation - Stickleback Fish Interactive from Utah
Genetics tinyurl.com/ycw9jsxr
● Rock Pocket Mice Evolution video HHMI tinyurl.com/j3fgrj2
● Prevent Pesticide Resistance article tinyurl.com/y8mkz6n2
● Explore Artificial Selection vs Natural Selection from Utah Genetics
tinyurl.com/o6tgdcg
● Evolution of Sickle Cell and Malaria - YouTube Video tinyurl.com/lj2my76

1.A.3
● Bozeman Science - Genetic Drift tinyurl.com/ybscsx8s
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1.A.4
● Bozeman Science - Evidence for Evolution tinyurl.com/b4mh3nn
● BLAST tool: tinyurl.com/y74ux4t9
○ The Basic Local Alignment Search Tool (BLAST) finds regions of similarity between DNA sequences. The program
compares nucleotide or protein sequences to sequence databases and calculates the statistical significance of
matches. BLAST can be used to infer functional and evolutionary relationships between sequences as well as help
identify members of gene families.

I hope this is helpful for you and your students!
For more of these resources, visit www.teacherspayteachers.com/Store/Science-Of-Curiosity
Find great tips and help for teaching AP Biology at TeachEveryDay.com

If you have any questions or concerns, do not hesitate to email me!
Jessica Parker - ScienceOfCuriosity@gmail.com
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Essential Characteristics of Life 1B1
Essential knowledge 1.B.1:
Organisms share many conserved
core processes and features that
evolved and are widely distributed
among organisms today.

Highlight all the Important Words on the Left
What does all life have, and how does this fact support the theory of Macroevolution?

a. Structural and functional evidence
supports the relatedness of all
domains.

What does it mean to say that a process or feature is “conserved” throughout evolutionary history?

Evidence of student learning is a
demonstrated understanding of each
of the following:

Make and fill in the diagram/tree that he makes with “Life” at the top.

1. DNA and RNA are carriers of
genetic information through
transcription, translation and
replication. [See also 3.A.1 ]

Write out the Central Dogma that is shared by all life.

2. Major features of the genetic code
are shared by all modern living
systems. [See also 3.A.1]
3. Metabolic pathways are conserved
across all currently recognized
domains. [See also 3.D.1]
b. Structural evidence supports the
relatedness of all eukaryotes. [See
also 2.B.3, 4.A.2]
To foster student understanding of
this concept, instructors can choose
an illustrative example such as:
● Cytoskeleton (a network of

Metabolism: What is the “energy coinage” that all life uses:

All life uses the same/similar metabolic pathways. How does fact support the theory of
Macroevolution?

In the list on the left of the structural similarities between all eukaryotes, circle the one you believe to
be the strongest evidence/example. Explain below why you chose this one.
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●
●
●
●

structural proteins that
facilitate cell movement,
morphological integrity and
organelle transport)
Membrane-bound organelles
(mitochondria and/or
chloroplasts)
Linear chromosomes
Endomembrane systems,
including the nuclear envelope

Name three pieces of evidence for the endosymbiosis forming the mitochondria and chloroplast of
the eukaryotic cell.

Considering the evolution of eukaryotic cells, how could the endomembrane system been formed?

Phylogenetics 1B2
Essential knowledge 1.B.2:
Phylogenetic trees and cladograms
are graphical representations
(models) of evolutionary history
that can be tested.
a. Phylogenetic trees and cladograms
can represent traits that are either
derived or lost due to evolution.
To foster student understanding of
this concept, instructors can choose
an illustrative example such as:
● Number of heart chambers in
animals
● Opposable thumbs
● Absence of legs in some sea
mammals

Highlight all the Important Words on the Left
In your own words, the goal of phylogenetics tree is...

Morphology example: Heart – tracing it through time:
In fish: there are ___ chambers, amphibians:have a ____ chambered heart, and Reptiles have a
__________-chambered heart. Birds/Mammals probably both evolved the _____-chambered hearts
independently.
Draw a cladogram that shows the evolution of heart chambers in these five types of animals
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b. Phylogenetic trees and cladograms
illustrate speciation that has occurred,
in that relatedness of any two groups
on the tree is shown by how recently
two groups had a common ancestor.

In your own words, what is speciation?

Put a star at the FIRST speciation event in the phylogenetic tree below.
c. Phylogenetic trees and cladograms
can be constructed from
Cladograms - Define a clade:
morphological similarities of living or
fossil species, and from DNA and
protein sequence similarities, by
Which groups (A, B or C) can be considered a Clade? Explain why, and why not, for each case.
employing computer programs that
have sophisticated ways of measuring
and representing relatedness among
organisms.
d. Phylogenetic trees and cladograms
are dynamic (i.e., phylogenetic trees
and cladograms are constantly being
revised), based on the biological data
used, new mathematical and
computational ideas, and current and
emerging knowledge.

You have discovered a new organism. Morphologically, it has more similarities to group A. But when
you compare the amino acid sequences of its proteins, it is more similar to group C. Which group
would you put it into, and why?
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Extra Resource Page
1B1
● Bozeman Science Essential Characteristics of Life tinyurl.com/kpdztyw
● BLAST Nucleotide and Amino Acid comparison tool
This website looks super daunting and confusing because it has so many features! But if you just stick to what you know it
can be an awesome tool for DNA and/or Amino Acid comparison between hundreds of species.
○ Mr Anderson discusses Phylogenetic Trees in this video, and at the end gives a great tutorial on how to use
BLAST. tinyurl.com/y8ctfo3o
○ The website used to search for a gene sequence is: www.ncbi.nlm.nih.gov/gene
○ And this is the one you put the sequence into for comparison: tinyurl.com/ha4zkk2

1B2
● Bozeman Science Phylogenetics tinyurl.com/yd6qk5ev
● Evolution NOVA Labs tinyurl.com/n2qonxc
PBS and NOVA offers an extensive interactive online learning experience for Evolution and Phylogenetic trees through
games, videos, and mini-quizzes.
● What does TRex Taste Like? tinyurl.com/26len
This is a fun online interactive that teaches students about cladograms and how
they are made. It then presents them with some facts about the TRex through
fossil evidence, and invites students to put TRex where it would go on the
provided cladogram.
Find a worksheet guide for this interactive from Science of Curiosity on the
Teachers Pay Teacher store. NO PREP! Easy print and go activity sheet tinyurl.com/ydylfdjy

If you have any questions or concerns, do not hesitate to email me!
ScienceOfCuriosity@gmail.com
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Speciation and Extinction 1C1
Essential knowledge 1.C.1: Speciation and extinction have occurred throughout the Earth’s history.
a. Speciation rates can vary, especially when adaptive radiation occurs when new habitats become available.
b. Species extinction rates are rapid at times of ecological stress. [See also 4.C.3]
To foster student understanding of this concept, instructors can choose an illustrative example such as:
● Five major extinctions
● Human impact on ecosystems and species extinction rates
✘ The names and dates of these extinctions are beyond the scope of this course and the AP Exam.

Highlight all of the important words above!
In general, explain how mass extinctions can lead to an increase
in speciation events.

What is the criteria for a ‘mass extinction’?

Are we currently experiencing a mass extinction? Explain.

Now be specific - explain how the extinction of the dinosaurs lead
to an increase in the number of mammal species.
What do you think?
Consider what is causing the current mass extinction. Do you think the
conditions of this mass extinction will drive evolution of many new
species, as the other extinctions have? Why or why not?
What is adaptive radiation? Explain one example of adaptive
radiation.
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Speciation 1C2
Essential knowledge 1.C.2: Speciation may occur when two populations become reproductively isolated from each other.
a. Speciation results in diversity of life forms. Species can be physically separated by a geographic barrier such as an ocean or a mountain
range, or various pre-and post-zygotic mechanisms can maintain reproductive isolation and prevent gene flow.
b. New species arise from reproductive isolation over time, which can involve scales of hundreds of thousands or even millions of years, or
speciation can occur rapidly through mechanisms such as polyploidy in plants.

Highlight all of the important words above!
The first step to speciation is to stop gene flow. What does
this mean? How does it lead to speciation?

Describe an example of Sympatric Speciation:

Describe an example of Allopatric Speciation:

Describe two pre-zygotic forms of reproductive isolation.
Explain Polyploidy in plants. How does this happen? How does this lead
to speciation?

Describe two post-zygotic forms of reproductive isolation.
What is the difference between Phyletic Gradualism and Punctuated
Equilibrium?
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Evolution Continues 1C3
Essential knowledge 1.C.3: Populations of organisms continue to evolve.
a. Scientific evidence supports the idea that evolution has occurred in all species.
b. Scientific evidence supports the idea that evolution continues to occur.
To foster student understanding of this concept, instructors can choose an illustrative example such as:
● Chemical resistance (mutations for resistance to antibiotics, pesticides, herbicides or chemotherapy drugs occur in the absence of
the chemical)
● Emergent diseases
● Observed directional phenotypic change in a population (Grants’ observations of Darwin’s finches in the Galapagos)
● A eukaryotic example that describes evolution of a structure or process such as heart chambers, limbs, the brain and the immune
system

Highlight all of the important words above!
Evolution is a change in the ____________ frequency in a gene pool
Natural Selection of Pesticide Resistance
Explain the process going on in each of these frames that causes the evolution of
pesticide resistance in these bugs (picture on the next page).
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Draw a graph representing Directional Selection (draw the orgitional
population and the new population distribution)

Draw a graph representing Disruptive Selection (draw the orgitional
population and the new population distribution)

Draw a graph representing Stabilizing Selection (draw the orgitional
population and the new population distribution)

What type of selection is represented by the evolution of pesticide
resistant bugs?
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Extra Resource Page
1C1
● Bozeman Science Speciation and Extinction tinyurl.com/y98wb7p3
● Learn Genetics Science Center: Stickleback Fish Evolution tinyurl.com/ycw9jsxr
○ This is an awesome online interactive activity that shows how the Stickleback Fish of Loburg Lake evolved.
Includes discussion of mutations and natural selection!
● Smithsonian Article about Extinction of the Dinosaurs tinyurl.com/y7ngn6zm

1C2
● Bozeman Science Speciation tinyurl.com/mok5lmo
● Biointeractive Online Speciation Lab tinyurl.com/gr3nc4o
○ Students work through four modules as they collect and analyze data to study the evolution and speciation of
lizards in this virtual lab.

1C3
● Bozeman Science Evolution Continues tinyurl.com/yc4l986n
● Darwin's Famous Finches tinyurl.com/ycvxnb33
○ Paper and pencil resource - students measure pictures of finch beaks
and analyze the data to look for signs of evolution as the environment
changes. Included article discusses the work of the Grants at the
Galapagos Islands.

If you have any questions or concerns, do not hesitate to email me!
ScienceOfCuriosity@gmail.com
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Abiogenesis 1.D.1
Essential knowledge 1.D.1: There are several
hypotheses about the natural origin of life on
Earth, each with supporting scientific
evidence.
a. Scientific evidence supports the various
models.
Evidence of student learning is a demonstrated
understanding of each of the following:
1. Primitive Earth provided inorganic precursors
from which organic molecules could have been
synthesized due to the presence of available
free energy and the absence of a significant
quantity of oxygen.
2. In turn, these molecules served as monomers
or building blocks for the formation of more
complex molecules, including amino acids and
nucleotides. [See also 4.A.1]

Highlight all the Important Words on the Left
What is Spontaneous Generation?

To get from no life to life, there had to be several steps. List the steps:
monomers →

Briefly describe two possible places that the first life could have formed.

Describe the Miller/Urey experiment. What was the purpose?

What did the electricity represent? ________________________

3. The joining of these monomers produced
polymers with the ability to replicate, store and
transfer information.

What was the result and significance?

4. These complex reaction sets could have
occurred in solution (organic soup model) or as
reactions on solid reactive surfaces. [See also
2.B.1]

What now-important element was NOT present in Earth’s early atmosphere? _______

5. The RNA World hypothesis proposes that
RNA could have been the earliest genetic
material.

Describe the qualities of RNA that make it the most plausible first inheritable molecule
(over DNA).

Science of Curiosity

Evidence for the Origin of Life 1.D.2.
Essential knowledge 1.D.2: Scientific evidence
from many different disciplines supports models
of the origin of life.
a. Geological evidence provides support for models of
the origin of life on Earth.
Evidence of student learning is a demonstrated
understanding of each of the following:
1. The Earth formed approximately 4.6 billion years
ago (bya), and the environment was too hostile for life
until 3.9 bya, while the earliest fossil evidence for life
dates to 3.5 bya. Taken together, this evidence
provides a plausible range of dates when the origin of
life could have occurred.
2. Chemical experiments have shown that it is possible
to form complex organic molecules from inorganic
molecules in the absence of life.
b. Molecular and genetic evidence from extant and
extinct organisms indicates that all organisms on Earth
share a common ancestral origin of life.
Evidence of student learning is a demonstrated
understanding of each of the following:
1. Scientific evidence includes molecular building
blocks that are common to all life forms.
2. Scientific evidence includes a common genetic
code.

Highlight all the Important Words on the Left
When did Earth form? _________ When did life likely start? ________ How old
is the earliest fossil? _______
Describe LUCA (the Last Universal Common Ancestor) - what type of
metabolism?

What type of inheritable molecule did LUCA likely have? ______________
What is a stromatolite?

How did cyanobacteria acquire energy? _________________ How did they
impact the early Earth?

What do banded iron formations in rock layers indicate? How did they form?

What did Jeffrey Bada look at and what did he find?

We share 50% of our DNA with a banana. How can this piece of evidence be
used to support the idea of a Universal Common Ancestor?
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Extra Resource Page
1.D.1
● Bozeman Science: Abiogenesis tinyurl.com/ma97ugc
● Interactive Online Explore Activity - Exploring Life’s Origins
http://exploringorigins.org/index.html
○ Interactive flash clips allow students to move through a timeline of
Earth’s formation and history of Life, a through explanation and
illustrations of Ribozymes and the RNA World Hypothesis, and the
formation of the first proto-cell
● RNA World Hypothesis 3 min video clip - tinyurl.com/pcaoj2t
○ cute animated clip showing all of the awesome things that RNA can do
and why the RNA World Hypothesis makes the most sense

1.D.2
● Bozeman Science: Origin of Life tinyurl.com/bkexxy9
● Earth and Early Atmosphere - Big History Project : 5 min video tinyurl.com/leap8kc
● Audio Clip - interview with Jeffrey Bada - tinyurl.com/y7gx3z25
○ Six minute audio interview discusses the set up and results of the Miller/Urey experiment. The work of Jeffrey
Barda continues the Miller-Urey experiment and expanded on those results.
● Origin of Life two page article with response questions - paper and pencil activity tinyurl.com/y6v7zzzh
○ Students will answer questions about the article and analyze experimental design as well as create a chart
comparing the different theories about the origin of life.
● Comprehensive 40 minute Origin of Life video tinyurl.com/ltceqk5
○ Video discusses the characteristics of LUCA (last universal common ancestor), three possible locations life could
have formed, and the RNA World hypothesis
● Quizlet Flashcard Set for the Origin of Life tinyurl.com/y7gycjxs

Find more of these resources at www.teacherspayteachers.com/Store/Science-Of-Curiosity
For more tips and help for teaching AP Biology, visit TeachEveryDay.com

