AP Biology - John Burroughs School - M. Bahe

COLLEGE ENTRANCE EXAMINATION BOARD
ADVANCED PLACEMENT EXAMINATION
BIOLOGY
ESSAY QUESTIONS GIVEN 1995 - 2016
TEST 1995
125 1. Angiosperms (flowering plants) and vertebrates obtain nutrients from their environment in different ways.
(a) Discuss the type of nutrition and the nutritional requirements of angiosperms and vertebrates.
(b) Describe 2 structural adaptations in angiosperms for obtaining nutrients from the environment. Relate structure
to function.
(c) Interdependence in nature is evident in symbiosis. Explain two symbiotic relationships that aid in nutrient
uptake, using examples from angiosperms and/or vertebrates. (Both examples may be angiosperms, both may be
vertebrates, or one may be from each group.)
126. The problems of survival of animals on land are very different from those of survival of animals in an aquatic
environment. Describe four problems associated with animal survival in terrestrial environments but not in aquatic
environments. For each problem, explain an evolutionary solution.
127. Energy transfer occurs in all cellular activities. For 3 of the following 5 processes involving energy transfer, explain
how each functions in the cell and give an example. Explain how ATP is involved in each example you choose.
*
*
*
*
*

Cellular movement
Active transport
Synthesis of molecules
Chemiosmosis
Fermentation

128. The diagram below shows a segment of DNA with a total length of 4,900 base pairs. The arrows indicate reaction
sites for two restriction enzymes (enzyme X and enzyme Y).
Enzyme Enzyme
X
Y
DNA Segment
|
|
|
Length (base pairs) 400
500
1,200

Enzyme
X
|
1,300

Enzyme
X
|
1,500

|

(a) Explain how the principles of gel electrophoresis allow for the separation of DNA fragments.
(b) Describe the results you would expect from the electrophoretic separation of fragments from the following
treatments of the DNA segment above. Assume that the digestions occurred under appropriate conditions and went
to completion.
I.
DNA digested with only enzyme X
II.
DNA digested with only enzyme Y
III.
DNA digested with enzyme X and enzyme Y combined
IV.
Undigested DNA
(c) Explain both of the following.
(1) The mechanism of action of restriction enzymes
(2) The different results you would expect if a mutation occurred at the recognition site for enzyme Y.
TEST 1996
129. The unique properties (characteristics) of water make life possible on Earth. Select three properties of water and:
a. for each property, identify and define the property and explain it in terms of the physical/chemical nature of
water.
b. for each property, describe one example of how the property affects the functioning of living organisms.
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130. Structure and function are related in various organ systems in animals.
Select two of the following four organ systems in vertebrates:
•
•
•
•

respiratory
digestive
excretory
nervous

For each of the two systems you choose, discuss the structure and function of two adaptations that aid in the
transport or exchange of molecules (or ions). Be sure to relate structure to function in each example.
131. Numerous environmental variables influence plant growth. Three students each planted a seedling of the same genetic
variety in the same type of container with equal amounts of soil from the same source. Their goal was to
maximize their seedling's growth by manipulating environmental conditions. Their data are shown below.
Plant Seedling Mass (grams)
Day 1
Day 30
4
24
5
35
4
64

Student A
Student B
Student C

a) Identify three different environmental variables that could account for differences in the mass of the seedlings at
day 30. Then choose one of these variables and design an experiment to test the hypothesis that your variable
affects growth of these seedlings.
b) Discuss the results you would expect if your hypothesis is correct. Then provide a physiological explanation for
the effect of your variable on plant growth.
132. An organism is heterozygous at two genetic loci on different chromosomes.

B

A

b

a

a) Explain how these alleles* are transmitted by the process of mitosis to daughter cells.
b) Explain how these alleles* are distributed by the process of meiosis to gametes.
[NOTE: The word allele refers to a form of a gene. "A" and "a" are both genes, say, for eye color, but "A" might represent
"Brown eyes" and "a" might represent "Blue eyes." These italics are mine; they are not part of the original question. Do
only parts (a) and (b) for the test essay.]
c) Explain how the behavior of these two pairs of homologous chromosomes during meiosis provides the physical
basis for Mendel's two laws of inheritance.
Labeled diagrams that are explained in your answer may be useful.
TEST 1997
133. Photosynthesis and cellular respiration recycle oxygen in ecosystems. Respond to TWO (and only two) of the following:
a. Explain how the metabolic processes of cellular respiration and photosynthesis recycle oxygen.
b. Discuss the structural adaptations that function in oxygen exchange between each of the following organisms and
its environment: a plant; an insect; a fish.
c. Trace a molecule of O from the environment to a muscle cell in a vertebrate of your choice.
2
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134. The survival of organisms depends on regulatory mechanisms at various levels. Choose THREE from the following
examples. Explain how each is regulated.
• The expression of a gene
• The activity of an enzyme
• The cell cycle
• The internal water balance of a plant
• The density of a population
135. A scientist working with Bursatella leachii, a sea slug that lives in an intertidal habitat in the coastal waters of Puerto Rico,
gathered the following information about the distribution of the sea slugs within a ten-meter square plot over a 10-day period.
DISTRIBUTION OF SLUGS WITHIN A TEN-METER SQUARE PLOT
Time of Day

Average Distance Between Individuals (cm)

Midnight
4 am
8 am
Noon
4 pm
8 pm
midnight

8.0
8.9
44.8
174.0
350.5
60.5
8.0

a. For the data above, provide information on each of the following.
• Summarize the pattern.
• Identify THREE physiological or environmental variables that could cause the slugs to vary their distance
from each other.
• Explain how each variable could bring about the observed pattern of distribution.
b. Choose ONE of the variables that you identified and design a controlled experiment to test your hypothetical
explanation. Describe results that would support or refute your hypothesis.
136. In a laboratory population of diploid, sexually reproducing organisms a certain trait is studied. This trait is determined
by a single autosomal gene and is expressed as two phenotypes. A new population was created by crossing 51 purebreeding (homozygous) dominant individuals with 49 pure breeding (homozygous) recessive individuals. After four
generations, the following results were obtained.
NUMBER OF INDIVIDUALS
Generation
1
2
3
4
5

Dominant
51
280
240
300
360

Recessive

Total

49
0
80
100
120

100
280
320
400
480

a. Identify an organism that might have been used to perform this experiment, and explain why this organism is a
good choice for conducting this experiment.
b. On the basis of the data, propose a hypothesis that explains the change in the phenotypic frequency between
generation 1 and generation 3.
c. Is there evidence indicating whether or not this population is in Hardy-Weinberg equilibrium? Explain.
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TEST 1998
137. Cells transport substances across their membranes. Choose THREE of the following four types of cellular transport.
•
•
•
•

Osmosis
Active Transport
Facilitated Diffusion
Endocytosis
For each of the Three transport types you choose,
a) describe the transport process and explain how the organization of cell membranes functions in the movement of
specific molecules across membranes; and
b) explain the significance of each type of transport to a specific cell (you may use different cell types as examples.)

138. By using the techniques of genetic engineering, scientists are able to modify genetic material so that a particular gene of
interest from one cell can be incorporated into a different cell.
• Describe a procedure by which this can be done.
• Explain the purpose of each step of your procedure.
• Describe how you could determine whether the gene was successfully incorporated.
• Describe an example of how gene transfer and incorporation have been used in a biomedical or commercial
application.
139. The evolutionary success of organisms depends on reproduction. Some groups of organisms reproduce asexually, some
reproduce sexually, while others reproduce sexually and asexually.
a) Using THREE different organisms, give an example of one organism that reproduces sexually, one that
reproduces asexually, and one that produces BOTH sexually and asexually. For each organism given as an
example, describe two reproductive adaptations. These adaptations may be behavioral, structural, and/or
functional.
b) What environmental conditions would favor sexual reproduction? Explain. What environmental conditions
would favor asexual reproduction? Explain.
140. Interdependent in nature is illustrated by the transfer of energy through trophic levels. The diagram below depicts the
transfer of energy in a food web of an Arctic lake located in Alaska.
a) Choosing organisms from four different
trophic levels of this food web as examples,
explain how energy is obtained at each
trophic level.
b) Describe the efficiency of energy transfer
between trophic levels and discuss how the
amount of energy available at each trophic
level affects the structure of the ecosystem.
c) If the cells in the dead terrestrial plant material
that washed into the lake contained a
commercially produced toxin, what would be
the likely effects of this toxin on this food
web? Explain.
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TEST 1999
141. The rate of photosynthesis may vary with changes that occur in environmental temperature, wavelength of light, and
light intensity. Using a photosynthetic organism of your choice, choose only ONE of the three variables (temperature,
wavelength of light, or light intensity) and for this variable
• design a scientific experiment to determine the effect of the variable on the rate of photosynthesis for the
organism;
• explain how you would measure the rate of photosynthesis in your experiment;
• describe the results you would expect. Explain why you would expect these results.
142. Communication occurs among the cells in a multicellular organism. Choose THREE of the following examples to cell-tocell communication, and for each example, describe the communication that occurs and the types of responses that results
from this communication.
• Communication between two plant cells
• Communication between two immune-system cells
• Communication either between a neuron and another neuron, or between a neuron and a muscle cell
• Communication between a specific endocrine-gland cell and its target cell
143. Scientists recently have proposed a reorganization of the phylogenetic system of classification to include the domain, a
new taxonomic category higher (more inclusive) than the Kingdom category, as shown in the following diagram.
• Describe how this classification scheme
presents different conclusions about the
relationships among living organisms than
those presented by the previous five-kingdom
system of classification.
• Describe three kinds of evidence that were used
to develop the taxonomic scheme above, and
explain how this evidence was used. The
evidence may be structural, physiological,
molecular, and/or genetic.
• Describe four of the characteristics of the universal ancestor.
144. Scientists seeking to determine which molecule is responsible for the transmission of characteristics from one generation
to the next knew that the molecule must (1) copy itself precisely, (2) be stable but able to be changed, and (3) be complex
enough to determine the organism's phenotype.
• Explain how DNA meets each of the three criteria stated above.
• Select one of the criteria stated above and describe experimental evidence used to determine that DNA is the
hereditary material.
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TEST 2000
145. The effects of pH and temperature were studied for an enzyme-catalyzed reaction. The following results were obtained.
a) How do (1) temperature and (2)
pH affect the activity of this
enzyme? In your answer,
include a discussion of the
relationship between the
structure and the function of
this enzyme, as well as a
discussion of how structure
and function of enzymes are
affect by temperature and pH.
(b) Describe a controlled
experiment that could have
produced data shown for either
temperature or pH. Be sure to state the hypothesis that was tested here.
146. Feedback mechanisms are used by organisms to maintain the steady-state physiological condition known as
homeostasis. Choose three of the following and for each, explain how feedback mechanisms maintain homeostasis.
• Blood glucose concentration.
• Calcium ion concentration in blood.
• Body temperatures in mammals.
• Osmolarity of the blood.
• Pulse rate in mammals.
147. Information transfer is fundamental to all living organisms. For two of the following examples, explain in detail how the
transfer of information is accomplished.
• The genetic material in one eukaryotic cell is copied and distributed to two identical daughter cells
• A gene in a eukaryotic cell is transcribed and translated to produce a protein
• The genetic material from one bacterial cell enters another via transformation, transduction, or conjugation
148. To survive, organisms must be capable of avoiding, and/or defending against, various types of environmental threats.
Respond to each of the following.
• Describe how adaptive coloration, mimicry, or behavior function as animal defenses against predation. Include two
examples in your answer.
• Describe how bacteria or plants protect themselves against environmental threats. Include two examples in your
answer.
• Compare the human primary immune response with the secondary immune response to the same antigen.
TEST 2001
149. In biological systems, structure and function are related. Choose three of the following components of organ systems.
alveolus
sarcomere
capillary

villus
nephron
neuron

(a) For each component, describe the structure of the component and explain how that structure is responsible for the
function of that component.
(b) For the three components that you chose in part a, explain how the structure of the component contributes to the
functioning of the organ system to which it belongs.
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150. Charles Darwin proposed that evolution by natural selection was the basis for the differences that he saw in similar
organisms as he traveled and collected specimens in South America and on the Galapagos Islands.
(a) Explain the theory of evolution by natural selection as presented by Darwin.
(b) Each of the following relates to an aspect of evolution by natural selection. Explain three of the following.
i)

Convergent evolution and the similarities among species (ecological equivalents) in a particular biome.
(e.g., tundra, taiga, etc.)

(ii)

Natural selection and the formation of insecticide-resistant insects or antibiotic-resistant bacteria

(iii)

Speciation and isolation

(iv)

Natural selection and behavior such as kinesis, fixed-action-pattern, dominance hierarchy, etc.

(v)

Natural selection and heterozygote advantage

151. A biologist measured dissolved oxygen in the top 30 centimeters of a moderately eutrophic (mesotrophic) lake in the
temperate zone. The day was bright and sunny, and the wind was calm. The results of the observations are presented
below.

(a) Using the graph paper provided, plot the results that were
obtained. Then, using the same set of axes, draw and label
an additional line/curve representing the results that you
would predict had the day been heavily overcast.
(b) Explain the biological processes that are operating in the lake
to produce the observed data. Explain also how these
processes would account for your prediction for a heavily
overcast day.
(c) Describe how the introduction of high levels of nutrients such
as nitrates and phosphates into the lake would affect
subsequent observations. Explain your prediction.

152. Protein-large complex molecules-are major building blocks of all living organisms. Discuss the following in relation to
proteins.
(a) The chemical composition and levels of structure of proteins
(b) The roles of DNA and RNA in protein synthesis
(c) The roles of proteins in membrane structure and transport of molecules across the membrane
TEST 2002
153. The human genome illustrates both continuity and change.
(a) Describe the essential features of two of the procedures/techniques below. For each of the procedures /techniques
you describe, explain how its application contributes to understanding genetics.
• The use of bacterial plasmid to clone and sequence a human gene
• Polymerase chain reaction (PCR)
• Restriction fragment length polymorphism (RFLP) analysis
(b) All human are nearly identical genetically in coding sequences and have many proteins that are identical in structure
and function. Nevertheless, each human has a unique DNA fingerprint. Explain this apparent contradiction.
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154. The activities of organisms change at regular intervals. these changes are called biological rhythms. The graph depicts the
activity over a 48-hour period for a fictional group of mammals called pointy-eared bom bats, found on an isolated
island in the temperate zone.
(a) Describe the cycle of
activity for the bom bats.
Discuss how three of the
following factors might
affect the physiology
and/or behavior of the
bom bats to result in this
pattern of activity.
•
•
•
•

temperature
food availability
presence of predators
social behavior

(b) Propose a hypothesis
regarding the effect of light
on the cycle of activity in bom bats. Describe a controlled experiment that could be performed to test this
hypothesis, and the results you would expect.
155. The complexity of structure and function varies widely across the animal kingdom. Despite this variation, animals
exhibit common processes. these include the following:
•
•
•
•

transport of materials
response to stimuli
gas exchange
locomotion

(a) Choose two of the processes above and for each, describe the relevant structures and how they function to
accomplish the process in the following phyla.
• Cnidaria (e.g., hydra, jellyfish)
• Annelida (e.g., earthworm)
• Chordata (e.g., mouse)
(b) Explain the adaptive (evolutionary) values (s) of the structural examples you described in part a.
156. The following experiment was designed to test whether different concentration gradients affect the rate of diffusion. In
this experiment, four solutions (0%, 1%, 5%, and 10% NaCl) were tested under identical conditions. Fifteen mL of 0%
NaCl were put into a bag formed of dialysis tubing that is permeable to Na+, Cl- and water. The same was done for each
NaCl solution. Each bag was submerged in a separate beaker containing 300 mL of distilled water. The concentration of
NaCl in g/L in the water outside each bag was measured at 40-second intervals. The results from the 5% bag are shown
in the table below.
CONCENTRATION IN mg/L OF NaCl OUTSIDE THE 5% NaCl BAG
Time (Seconds)
NaCl (mg/L)
0
0
40
130
80
220
120
320
160
400
(a) On the axes provided, graph the data for the 5% NaCl solution.
(b) Using the same set of axes, draw and label three additional lines representing the results that you would predict for
the 0%, 1% nd 10% NaCl solutions. Explain your predictions.
(c) Farm lands located near coastal regions are being threatened by encroaching sea water seeping into the soil. In
terms of water movement into or out of plant cells, explain why sea water could decease crop production. Include a
discussion of water potential in your answer.
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TEST 2002 Form B
156A. Bacteria were cultured in a system that allowed for the
continual addition of fresh nutrients and the removal of waste
products. Bacteriophage (virus) were added at the time shown
and the following population changes were observed.

(a) Describe and explain the observed results.
(b) Discuss the infection cycle of a DNA virus from
attachment to lysis.
(c) Describe how the genome of a retrovirus like HIV (Human
Immunodeficiency Virus) becomes incorporated into the
genome of the host cell.
156B. In mammals, heart rate during periods of exercise is linked to the intensity of exercise.
(a) Discuss the interactions of the respiratory, circulatory, and nervous
systems during exercise.
(b) Design a controlled experiment to determine the relationship between
intensity of exercise and heart rate.
(c) On the axes provided , indicate results you expect for both the control
and the experimental groups for the controlled experiment you
described in part B. Remember to label the axes.

156C. The physical form of cells and organisms is often influenced by special
structural polymers. Choose one polymer from each of the following three pairs of polymers:
Pair 1: tubulin . . myosin
Pair 2: cellulose .. chitin
Pair 3: messenger RNA .. transfer RNA
For each of the three polymers you have chosen, describe its
(a) structure, and
(b) role in the cell or organism.
156D. A triploblastic animal is one in which three germ layers form during embryonic development. Triploblastic animals
include acoelomate, pseudocoelomate, and coelomate (eucoelomate) organisms.
(a) Identify the three germ layers of a triploblastic embryo and discuss the fates of these germ layers in embryonic
development.
(b) Describe acoelomate, pseudocoelomate, and coelomate body plans. Identify an animal that is representative of
each of these types of body plan.
(c) Compare and contrast the digestive systems of an a coelomate and a coelomate organism.
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TEST 2003
157. In fruit flies, the phenotype for eye color is determined by a certain locus. E indicates the dominant allele and e indicates
the recessive allele. the cross between a male wild-type fruit fly and a female white-eyed fruit fly produced the following
offspring:
(a) Determine the genotypes of the original parents (P generation) and explain your reasoning. You may use Punnett
squares to enhance your description, but the results from the Punnett squares must be discussed in your answer.

F1

Wild-type Male

Wild-type
Female

White-eyed
Male

White-eyed
Female

Brown-eyed
Female

0

45

55

0

1

The wild-type and white-eyed individuals from the F1 generation were then crossed to produce the
following offspring:
F2

23

31

22

24

0

(b) Use a Chi-square test on the F2 generation data to analyze your prediction of the parental genotype. Show all your
work and explain the importance of your final answer.
(c) The brown-eyed female in the F1 generation resulted from a mutational change. Explain what a mutation is, and
discuss two types of mutations that might have produced the brown-eyed female in the F1 generation.
(Note a table of chi square values, p values, at several degrees of freedom were provided as below along with the
formula for the Chi-square value.)

158. Regulatory (control) mechanisms in organisms are necessary for survival. Choose THREE of the following examples
and explain how each is regulated.
1. Flowering in plants
2. Water balance in plants
3. Water balance in terrestrial vertebrates
4. Body temperature in terrestrial vertebrates
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159. Many populations exhibit the following growth curve:
a. Describe what is occurring in the population during phase A.
b. Discuss THREE factors that might cause the fluctuations shown in
phase B.
c. Organisms demonstrate exponential (r) or logistic (K) reproductive
strategies. Explain these two strategies and discuss how they affect
population size over time.
160. Death is a natural and necessary part of the life cycles at all levels of
organization.
a. Discuss TWO examples of how cell death affects the development and functioning of a multicellular organism.
b. Discuss ONE example of how substances are degraded and reused in cells.
c. Discuss the evolutionary significance of death.
TEST 2003 Form B
160A. A difference between prokaryotes and eukaryotes is seen in the organization of their genetic material.
(a) Discuss the organization of the genetic material in prokaryotes and eukaryotes.
(b) Contrast the following activities in prokaryotes and eukaryotes.
•
•
•
•

Replication of DNA
Transcription or translation
Gene regulation
Cell division

160B. Hormones play important roles in regulating the lives of many living organisms.
(a) For TWO of the following physiological responses, explain how hormones cause the response in plants.
• increase in height
• adjustment to change in light
• adjustment to lack of water
(b) For TWO of the following physiological responses, explain how hormones cause the response in animals.
• increase in height
• adjustment to change in light
• adjustment to lack of water
(c) Describe TWO different mechanisms by which hormones cause their effects at the cellular level.
160C. Water is important for all living organisms. The functions of water are directly related to its physical properties.
(a) Describe how the properties of water contribute to TWO of the following.
• transpiration
• thermoregulation
• plasma membrane structure
(b) Water serves as a reactant and a product in the carbon cycle. Discuss the role of water in the carbon cycle.
(c) Discuss the impact of one human activity on the water cycle.
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160D. Biologists are interested in preserving the diversity of living organisms on the planet.
(a) Explain THREE of the following processes or phenomena, using an appropriate example of each.
•
•
•
•
•

mutation
adaptive radiation
polyploidy
population bottlenecks
growth of the human population

(b) For each process or phenomenon you selected in (a), discuss its impact on the diversity of life on Earth.
TEST 2004
161. Meiosis reduced chromosome number and rearranges genetic information.
a. Explain how the reduction and rearrangement are accomplished in meiosis.
b. Several human disorders occur as a result of defects in the meiotic process. Identify ONE such chromosomal
abnormality; what effects does it have on the phenotype of the people with the disorder? Describe how this
abnormality could result from a defect in meiosis.
c. Production of offspring by parthenogenesis or cloning bypasses the typical meiotic process. Describe either
parthenogenesis or cloning and compare the genomes of he offspring with those of the parents.
162. Darwin is considered the "father of evolutionary biology." Four of this contributions to the field of evolutionary biology
are listed below.
•
•
•
•

The nonconstancy of species
branching evolution, which implies the common descent of all species
Occurrence of gradual changes in species
Natural selection as the mechanism for evolution

a. For EACH of the four contributions listed above, discuss one example of supporting evidence.
b. Darwin's ideas have been enhanced and modified as new knowledge and technologies have become available.
Discuss how TWO of the following have modified biologists' interpretation of Darwin's original contributions.
• Hardy-Weinberg equilibrium
• Punctuated equilibrium
• Genetic engineering
163. A controlled experiment was conducted to analyze the effects of darkness and boiling on the photosynthetic rate of
incubated chloroplast suspensions. The dye reduction technique was used. Each chloroplast suspension was mixed with
DPIP, an electron acceptor that changes from blue to clear when it is reduced. Each sample was placed individually in a
spectrophotometer and the percent transmittance was recorded. The three samples used were prepared as follows:
• Sample 1 - Chloroplast suspension + DPIP
• Sample 2 - Chloroplast suspension surrounded by foil wrap to provide a dark environment + DPIP
• Sample 3 - Chloroplast suspension that has been boiled + DPIP
a. On the axes provided, construct and label a
graph showing the results for the three
samples.
b. Identify and explain the control or controls
for this experiment.
c. The differences in the curves of the graphed
data indicate that there were differences in
the number of electrons in the three samples
during the experiment. Discuss how
electrons are generated in photosynthesis
and why the three samples gave different
transmittance results.
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164. Organisms rarely exist alone in the natural environment. The following are five examples of symbiotic relationships.
•
•
•
•
•

Plant root nodules
Digestion of cellulose
Epiphytic plants
AIDS
Anathrax

Choose FOUR of the above and for each example chosen,
a. identify the participants involved in the symbiosis and describe the symbiotic relationship, and
b. discuss the specific benefit or detriment, if any, that each participant received from the relationship.
164A. Prokaryotes are found throughout the biosphere. Answer two of the following.
(a) Provide THREE examples of adaptations found in various prokaryotes. Explain how these adaptations have
ensured the success of prokaryotes.
(b) Discuss how prokaryotes early in Earth's history altered environments on Earth.
(c) Discuss three ways in which prokaryotes continue to have ecological impact today.
164B. In most aquatic environments, primary production is affected by the light available to the community of organisms.
Using measurements of dissolved oxygen concentration to determine primary productivity, design a controlled
experiment to test the hypothesis that primary productivity is affected by either the intensity or the wavelength of light.
In your answer, be sure to include the following.
• A statement of the specific hypothesis that your are testing
• A description of your experimental design (Be sure to include a description of what data you would collect and how
you would present and analyze that data using a graph.)
• A description of results that would support your hypothesis
164C. Homeostasis, maintaining a steady-state internal environment, is a characteristic of all living organisms. Choose three
of the following physiological parameters and for each, describe how homeostasis is maintained in an organism of your
choice. Be sure to indicate what animal you have chosen for each parameter. You may use the same animal or different
animals for your three descriptions.
• Blood-glucose levels
• Body temperature
• pH of the blood
• Osmotic concentration of the blood
• Neuron resting-membrane potential
164D. Organisms differ from one another and yet share common characteristics.
(a) Select two kingdoms and briefly describe three characteristics used to distinguish between members of one
kingdom and members of the other.
(b) Describe three characteristics (at least one molecular and one cellular) that members of these two kingdoms share.
(c) Propose an explanation for the existence of similarities and differences between the two kingdoms.
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TEST 2005
165. Yeast cells are placed in an apparatus with a solution of sugar (a major nutrient for yeast metabolism). the apparatus
detects bubbles of gas released by the yeast cells. The rate of respiration varies with the surrounding temperatures as
indicated by the data below.

Temperature (oC)

0

10

20

30

40

50

60

70

Number of bubbles of
gas produced per minute

0

3

7

12

7

4

1

0

a. Graph the results on the axes provided. Determine the optimum temperature for respiration in yeast
b. Respiration is a series of enzyme catalyzed reactions. Using your knowledge of enzymes and the data above, analyze
and explain the results of the experiment.
c. Design an experiment to test the effect of varying the pH of the sugar solution on the rate of respiration. Include a
prediction of the expected results.
166. The unit of genetic organization in all living things is the chromosome.
a. Describe the structure and function of the parts of a eukaryotic chromosome. You may wish to include a diagram as
part of your description.
b. Describe the adaptive (evolutionary) significance of organizing genes into chromosomes.
c. How does the function and structure of the chromosome differ in prokaryotes?
167. Angiosperms (flowering plants) have wide distribution in the biosphere and the largest number of species in the plant
kingdom.
a. Discuss the function of FOUR structures for reproduction found in angiosperms and the adaptive (evolutionary)
significance of each.
b. Mosses (bryophytes) have not achieved the widespread terrestrial success of angiosperms. Discuss how the anatomy
and reproductive strategies of mosses limit their distribution.
c. Explain alternation of generations in either angiosperms or mosses.
168. An important defense against diseases in vertebrate animals is the ability to eliminate, inactivate, or destroy foreign
substances and organisms. Explain how the immune system achieves THREE of the following:
• Provides an immediate nonspecific immune response
• Activates T and B cells in response to an infection
• Responds to a later exposure to the same infectious agent
• Distinguishes self from nonself
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TEST 2005 (Form B)
168A. Survival or organisms depends on adaptive behavior and species interactions.
(a) Behaviors of organisms may be influenced by environmental factors. Select TWO of the following types of behavior.
For each type, explain
(i) how the environment affects the behavior, and
(ii) why this behavior increases the survivorship of individuals of a species.
• Taxis/Kinesis
• Migration
• Courtship
(b) Interactions among
populations may have an
effect on densities of the
species that interact.
Predation represents an
important interaction among
populations. The curves in
the graph depict the
population densities of three
species: a small herbivore, a
larger herbivore, and a
carnivore.
Identify which curve represents which of the species listed, and justify your answer by describing the changes in the
population densities of these species over time.
168B. In the evolution of organisms, major adaptations arose in certain groups, opening new evolutionary possibilities. For
TWO of the following types of organisms, discuss the evolutionary significance of the features listed.
(a) Flowering plants: flowers, fruits and seeds,, and broad leaves
(b) Flatworms: three germ layers, bilateral symmetry, and cephalization
(c) Segmented worms segmentation, coelom, and digestive system
(d) Reptiles: amniotic eggs, waterproof skin, and well-developed lungs
168C. Protein synthesis is vital for cell growth and metabolism.
(a) Describe transcription and translation.
(b) Identify similarities between transcription and translation.
(c) Identify differences between transcription and translation.
(d) Describe structural changes that occur to a protein after translation to make it function properly.
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168D. Water potential in potato cells was determined in the following manner.
the initial masses of six groups of potato cores were measured. The
potato cores were placed in sucrose solutions of various molarities. The
masses of the cores were measured again after 24 hours. Percent changes
in mass were calculated. The results are shown below.

(a) Graph these data on the axes provided. From your graph, find the
apparent molar concentration (osmolarity) of the potato core cells.
(b) What are the components of water potential, and why is water
potential important for the movement of water in plants?
(c) Predict what would happen to typical animal cells placed in 0.0 and
1.0 M sucrose solutions, and explain your prediction.
TEST 2006 (B)
169. Sexual reproduction requires that half of the chromosomes in a zygote come from one parent and the other half from the
second parent.
a. Describe the process by which a germ cell's complement of chromosomes is halved in the formation of gametes.
b. Choose ONE organism or group of organisms that reproduce asexually. Describe the mode of asexual reproduction
in that organism and explain the advantages of asexual reproduction.
c. Choose ONE organism or group of organisms that reproduce sexually. Describe the mode of sexual reproduction in
that organism and explain the advantages to the organism of sexual reproduction.
170. The relationship of structure to function is one of the major themes in biology. For THREE of the following
structure/function pairs, describe the structure and then explain how the function is related to the structure.
a. Enzyme structure/catalysis
b. mRNA structure/protein synthesis
c. Cell membrane structure/signal transmission
d. Membrane protein structure/active transport or facilitated diffusion
171. While studying transpiration, a scientist used a
dendrometer to record the small daily changes in the
diameter of a tree trunk at two different heights (2 ma nd 3
m) above the ground at the same time. The diameter
decreased in the daytime. This decrease happened first at
the higher location. Discuss the following in relation to
water movement in plants.
a. Identify how two different environmental factors
could be involved in the daily fluctuations shown above.
b. Discuss the mechanisms involved in the uptake and
transport of water by vascular plants.
c. Discuss the role of water in the normal functioning of
plants.
172. In many ways, all organisms in a food web can be said to be solar-powered. the producer of the food web is responsible
for the transformation of the solar energy into a form that can be used by other living organisms.
a. Discuss the role of green plants in transforming the Sun's energy into a form that can ultimately be used by
heterotrophs.
b. Discuss the flow of energy from producers through top carnivores in a food web in terms of the laws of
thermodynamics.
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TEST 2006
173. A major distinction between prokaryotes and eukaryotes is the presence of membrane-bound organelles in eukaryotes.
(a) Describe the structure and function of TWO eukaryotic membrane-bound organelles other than the nucleus.
(b) Prokaryotic and eukaryotic cells have some non-membrane-bound components in common. Describe the function
of TWO of the following and discuss how each differs in prokaryotes and eukaryotes.
• DNA
• Cell wall
• Ribosomes
(c) Explain the endosymbiotic theory of the origin of eukaryotic cells and discuss an example of evidence supporting
this theory.
174. According to fossil records and recent published observations, two species of leaf-eating beetles (species A and B) have
existed on an isolated island in the Pacific Ocean for over 100,000 years. In 1964 a third species of leaf-eating beetle
(species C) was accidentally introduced on the island. The population size of each species has been regularly monitored
as shown in the graph above.
(a) Propose an explanation for the pattern
of population density observed in
species C.
(b) Describe the effect that the introduction
of beetle species C has had on the
population density of species A and
species B. Propose an explanation for
the patterns of population density in
species A and in Species B.
(c) Predict the population density of species
C in 2014. Provide a biological
explanation for your prediction.
(d) Explain why invasive species are often successful in colonizing new habitats.
175. The movement of water through vascular plants is important to their survival.
(a) Explain the mechanism of water movement through vascular plants during transpiration. Include a discussion of
how the anatomy of vascular plants and the properties of water contribute to this process.
(b) Explain how gas exchange affects transpiration.
(c) Describe TWO adaptations that affect the rate of transpiration in desert plants
176. The evolution of circulatory systems allowed larger and more-complex animals to arise.
(a) Describe the respiratory and digestive systems' specialized structures that facilitate the movement of oxygen and
glucose into the circulatory system of mammals.
(b) Explain how oxygen and glucose are transported within the circulatory system of mammals.
(c) Explain the transfer of oxygen and glucose from the blood and into the active cells of mammals.
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TEST 2007
177. Membranes are essential components of all cells.
(a) Identify THREE macromolecules that are components of the plasma membrane in a eukaryotic cell and discuss the
structure and function of each.
(b) Explain how membranes participate in THREE of the following biological processes:
•
•
•
•

Muscle contraction
Fertilization of an egg
Chemiosmotic production of ATP
Intercellular signaling

178. Cephalization and the development of a brain were important steps in animal evolution.
(a) Discuss the evolutionary origin and adaptive significance of cephalization in animal phyla.
(b) Describe the development of the nervous system in the vertebrate embryo.
(c) At the sound of shattering glass, people quickly turn their heads. Discuss how the human nervous system
functions to produce this type of response to an external stimulus.
179. Compared with other terrestrial biomes, deserts have extremely low productivity.
(a) Discuss how temperature, soil composition, and annual precipitation limit productivity in deserts.
(b) Describe a four-organism food chain that might characterize a desert community, and identify the trophic level of
each organism.
(c) Describe the results depicted in the graph.
Explain one anatomical difference and one
physiological difference between species A and
B that account for the CO2 uptake patterns
shown. Discuss the evolutionary significant of
each difference.
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180. A bacterial plasmid is 100 kb in length. The plasmid
DNA was digested to completion with two restriction
enzymes in three separate treatments: EcoRI, HaeIII,
and EcoRI + HaeIII (double digest). The fragments
were then separated with electrophoresis, as shown.
(a) Using the circle provided, construct a labeled
diagram of the restriction map of the plasmid.
Explain how you developed your map.
(b) Describe how:
• recombinant DNA technology could be used to
insert a gene of interest into a bacterium
• recombinant bacteria could be identified
• expression of the gene of interest could be ensued
(c) Discuss how a specific genetically modified
organism might provide a benefit for humans and at the same time pose a threat to a population or ecosystem.

TEST 2007 (Form B)
181. Without adaptive behaviors, animals would not survive.
(a) Describe what innate and learned behaviors are. Explain the adaptive value of each of these two categories of
behavior to an individual animal.
(b) During mating season, male snakes exhibit tracking behavior when they follow chemical pheromone trails
deposited on the ground by females. Design a controlled experiment to determine whether a male garter snake
will track only a female of his species or will also follow the female of a related species.
182. The defenses of the human body to the entry and establishment of a pathogen (disease-causing organism) can be divided
into nonspecific responses and specific responses.
(a) Explain how THREE types of nonspecific defenses can prevent the entry and/or establishment of a pathogen in a
person's body.
(b) Discuss how the immune system responds to an initial pathogenic exposure, and how this initial exposure can
lead to a quicker response following a second exposure to the same pathogen.
(c) Explain the biological mechanisms that lead to the rejection of transplanted organs.

183. A molecule of messenger RNA (mRNA) has just been synthesized in the nucleus of a human cell.
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(a) What types of modifications may occur to this RNA before it leaves the nucleus?
(b) Once in the cytoplasm, how is the mRNA translated to a protein?
(c) If the cell is a secretory cell, how is the protein from part (b) eventually targeted, packaged, and secreted to the
exterior of the cell?
184. The energy flow in ecosystems is based on the primary productivity of autotrophs.
(a) Discuss the energy flow through an ecosystem and the relative efficiency with which it occurs.
(b) Discuss the impact of the following on energy flow on a global scale.
• Deforestation
• Global climate change
TEST 2008
185. The physical structure of a protein reflects and affects its function.
(a) Describe THREE types of chemical bonds/interactions found in proteins. For each type, describe its role in
determining protein structure.
(b) Discuss how the structure of a protein affects the function of TWO of the following.
• Muscle contraction
• regulation of enzyme activity
• cell signaling
(c) Abnormal hemoglobin is the identifying characteristic of sickle cell anemia. Explain the genetic basis of the
abnormal hemoglobin. Explain why the sickle cell allele is selected for in certain areas of the world.
186. Consumers in aquatic ecosystems depend on producers for nutrition.
(a) Explain the difference between gross and net primary productivity.
(b) Describe a method to determine net and gross primary productivity
in a freshwater pond over a 24-hour period.
In an experiment, net primary productivity was measured, in the early
spring, for water samples taken from different depths of a freshwater
pond in a temperate deciduous forest.
(c) Explain the data presented by the graph, including a description of
the relative rates of metabolic processes occurring at different depths of
the pond.
(d) Describe how the relationship between net and primary
productivity and depth would be expected to differ if new data were
collected in mid-summer from the same pond. Explain your prediction.
187. Regulation is an important aspect of all biological processes.
For FOUR of the following processes, describe the specific role of the regulator and discuss how the process will be
altered if the regulation is disrupted.
Process
Cell Cycle
Metabolic Rate
Ovarian Cycle
Prey Population
Ecological Succession

Regulator
Cyclin
Thyroxin
Follicle Stimulating Hormone
Predators
Fire
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188. Flowering Plants have evolved various strategies for fertilization.
(a) Describe the process of fertilization in flowering plants.
(b) Discuss TWO mechanisms of pollen transfer and the adaptations that facilitate each mechanism.
Some species of flowering plants have evolved mechanisms to prevent self-fertilization.
(c) Discuss an evolutionary advantage of preventing self-fertilization.
(d) Describe TWO mechanisms that prevent self-fertilization.
Test 2008 Form B
189. Measurements of dissolved oxygen (DO) are used to determine primary productivity in bodies of water.
• Explain the relationship between dissolved oxygen to primary productivity.
• How would the predicted levels of DO differ in each of the following pairs of water samples? Provide support for
your prediction. Be sure to include a discussion of net productivity and gross productivity in your answer.
i.
ii.

Pond water at 25oC vs. pond water at 15oC
Pond water placed in the dark for 24 hours vs. pond water placed in the light for 24 hours.

190. Many biological structures are composed of smaller units assembled into more complex structures having functions
based on their structural organization.
For THREE of the following complex structures, describe the small units, their assembly into the larger structures, and
one major function of these larger, organized structures.
(a) A eukaryotic chromosome
(b) A mature angiosperm root
(c) A colony of bees
(d) An inner membrane of a mitochondrion
(e) An enzyme
191. Evolution is one of the unifying themes of biology. Evolution involves change in the frequencies of alleles in a
population. For a particular genetic locus in a population, the frequency of the recessive allele (a) is 0.4 and the
frequency of the dominant allele is 0.6.
(a) What is the frequency of each genotype (AA, Aa, aa) in this population. What is the frequency of the dominant
phenotype?
(b) How can the Hardy-Weinberg principle of genetic equilibrium be used to determine whether this population is
evolving?
(c) Identify a particular environmental change and describe how it might alter allelic frequencies in this population.
Explain which condition of the Hardy-Weinberg principle would not be met.
192. Scientists use the concept of homology in identifying evolutionary relationships among organisms. Features shared by
two groups of organisms are said to be homologous if the similarities reflect shared ancestry. Homology is found in
comparisons of structural, molecular, biochemical, developmental, physiological, and behavioral characteristics of
organisms. Select THREE of the following hypotheses and explain TWO examples of homology that support each
hypothesis.
(a) Chloroplasts are related to photosynthetic prokaryotes.
(b) Spiders and insects are closely related.
(c) Echinoderms (sea stars and their relatives) are closely related to the chordates (the phylum that includes
vertebrates).
(d) Reptiles and birds are closely related.
(e) Humans and Chimpanzees are closely related primates.
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Test 2009
193. An experiment on a species of small freshwater fish recorded their behavioral responses to different temperatures. Ten
fish were each tested once, one at a time.
To begin the experiment, a fish was removed from a stock tank (maintained at 22 degrees C) and placed in the
temperature-gradient tank drawn below. After the fish
had spent 30 minutes in the temperature-gradient tank,
the section where the fish was located was recorded.
Additional observations were recorded every 5 minutes,
for a total of 7 observations per fish. A summary of the
combined data for all 10 fish appears below.
(a) On the axes provided, construct the appropriate type
of labeled graph showing the relationship between
water temperature and fish distribution. Summarize the
outcome of the experiment.
(b) Identify TWO variables that were not specifically
controlled in the experimental design, and describe
how these variables might have affected the outcome of
the experiment.
(c) Discuss TWO ways that water temperature could
affect the physiology of the fish in this experiment.
194. ATP and GTP are primary sources of energy for biochemical reactions.
(a) Describe the structure of the ATP or the GTP molecule.
(b) Explain how chemiosmosis produces ATP.
(c) Describe TWO specific cell processes that require ATP and explain how ATP is used in each process
(d) An energy pyramid for a marine
ecosystem is shown. Label each
trophic level of the pyramid and
provide an example of a marine
organism found at each level of this
pyramid. Explain why the energy
available at the top layer of this
pyramid is a small percentage of the
energy present at the bottom of the
pyramid.

195. Phylogeny is the evolutionary history of a species.
(a) The evolution of a species is dependent on changes in the genome of the species. Identify TWO mechanisms of
genetic change, and explain how each affects genetic variation.
(b) Based on the data in the table below, draw a phylogenetic tree that reflects the evolutionary relationships of the
organisms based on the differences in their cytochrome c amino-acid sequences and explain the relationships of
the organisms. Based on the data, identify which organism is most closely related to the chicken and explain your
choice.
(c) Describe TWO types of evidence--other than the comparison of proteins--that can be used to determine the
phylogeny of organisms. Discuss one strength of each type of evidence you described.

Horse
Donkey
Chicken
Penguin
Snake

The Number of Amino Acid Differences in Cytochrome c Among Various Organisms
Horse
Donkey
Chicken
Penguin
Snake
0
1
11
13
21
0
10
12
20
0
3
18
0
17
0
AP Biology Essay Questions 1995 – 2019

AP Biology - John Burroughs School - M. Bahe
196. The flow of genetic information from DNA to protein in eukaryotic cells is called the central dogma of biology.
(a) Explain the role of each of the following in protein synthesis in eukaryotic cells.
•

RNA polymerase

•

Spliceosomes (snRNPs)

•

Codons

•

Ribosomes

•

tRNA

(b) Cells regulate both protein synthesis and protein activity. Discuss TWO specific mechanisms of protein regulation in
eukaryotic cells.
(c) The central dogma does not apply to some viruses. Select a specific virus or type of virus and explain how it deviates
from the central dogma.
Test 2009 Form B
197. Describe how a plasmid can be genetically modified to include a piece of foreign DNA that alters the phenotype of
bacterial cells transformed with the modified plasmid. Describe a procedure to determine which bacterial cells have
been successfully transformed.
198. Discuss the patterns of sexual reproduction in plants. Compare and contrast reproduction in nonvascular plants with
that in flowering plants. Include the following topics in your discussion:
(a) alternation of generations
(b) mechanisms that bring female and male gametes together
(c) mechanisms that disperse offspring to new locations
199. Water is essential to all living things.
(a) Discuss THREE properties of water.
(b) Explain each of the following in terms of the properties of water. You are not limited to the three properties discussed
in part (a):
• the role of water as a medium for the metabolic processes of cells
• the ability of water to moderate temperature within living organisms and in organisms’ environment
• the movement of water from the roots to the leaves of plants
200. Many organisms require a continuing source of oxygen for respiration. Discuss important structural and physiological
adaptations for oxygen uptake in THREE of the following:
•
•
•
•

a paramecium
a tree
a fish
a mammal

Test 2010
201. Homeostatic maintenance of optimal blood glucose levels has been intensively studied in vertebrate organisms.
(a) Pancreatic hormones regulate blood glucose levels. Identify TWO pancreatic hormones and describe the effect of
each hormone on blood glucose levels.
(b) For ONE of the hormones you identified in (a), identify ONE target cell and discuss the mechanism by which the
hormone can alter activity in that target cell. Include in your discussion a description of reception, cellular
transduction, and response.
(c) Compare the cell-signaling mechanisms of steroid hormones and protein hormones.
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202. An experiment was conducted to measure the reaction rate of the human salivary enzyme alpha-amylase. Ten mL of a
concentrated starch solution and 1.0 mL of alpha-amylase solution were placed in a test tube. The test tube was inverted
several times to mix the solution and then incubated at 25°C. The amount of product (maltose) present was measured
every 10 minutes for an hour. The results are given in the table below.

Time (minutes)

Maltose Concentration (µM)

0

0

10

5.1

20

8.6

30

10.4

40

11.1

50

11.2

60

11.5

(a) Graph the data on the axes provided and calculate the rate of the reaction for the time period 0 to 30 minutes.
(b) Explain why a change in the reaction rate was observed after 30 minutes.
(c) Draw and label another line on the graph to predict the results if the concentration of alpha-amylase was doubled.
Explain your predicted results.
(d) Identify TWO environmental factors that can change the rate of an enzyme-mediated reaction. Discuss how each of
those two factors would affect the reaction rate of an enzyme.

AP Biology Essay Questions 1995 – 2019

AP Biology - John Burroughs School - M. Bahe
203. A new species of fly was discovered on an island in the South Pacific. Several different crosses were performed, each
using 100 females and 100 males. The phenotypes of the parents and the resulting offspring were recorded.
Cross I: True-breeding bronze-eyed males were crossed with true-breeding red-eyed females. All the F1 offspring had
bronze eyes. F1 flies were crossed, and the data for the resulting F2 flies are given in the table below.

F2 Phenotype

Male

Female

Bronze eyes

3,720

3,800

Red eyes

1,260

1,320

Cross II: True-breeding normal-winged males were crossed with true-breeding stunted-winged females. All the F1
offspring had stunted wings. F1 flies were crossed, and the data for the resulting F2 flies are given in the table below.

F2 Phenotype

Male

Female

Normal wings

1,160

1,320

Stunted wings

3,600

3,820

Cross III: True-breeding bronze-eyed, stunted-winged males were crossed with true-breeding red-eyed, normal- winged
females. All the F1 offspring had bronze eyes and stunted wings. The F1 flies were crossed with true- breeding red-eyed,
normal-winged flies, and the results are shown in the table below.

Phenotype

Male

Female

Bronze eyes, stunted wings

2,360

2,220

Bronze eyes, normal wings

220

300

Red eyes, stunted wings

260

220

Red eyes, normal wings

2,240

2,180

(a) What conclusions can be drawn from cross I and cross II? Explain how the data support your conclusions for each
cross.
(b) What conclusions can be drawn from the data from cross III? Explain how the data support your conclusions.
(c) Identify and discuss TWO different factors that would affect whether the island’s fly population is in HardyWeinberg equilibrium for the traits above.
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204. The diagram above shows the succession of communities
from annual plants to hardwood trees in a specific area
over a period of time.
(a) Discuss the expected changes in biodiversity as the
stages of succession progress as shown in the
diagram above.
(b) Describe and explain THREE changes in abiotic
conditions over time that lead to the succession, as
shown in the diagram above.
(c) For each of the following disturbances, discuss the
immediate and long-term effects on ecosystem
succession.
(i) A volcano erupts, covering a 10-squarekilometer portion of a mature forest with lava.
(ii) A 10- square-kilometer portion of a mature forest is clear-cut.
Test 2010 Form B

205. Biological molecules can be separated by using chromatographic techniques.
The diagram above shows the separation of several spinach leaf pigments by
paper chromatography. Using the diagram above
(a) Explain how paper chromatography can be used to separate pigments
based on their chemical and physical properties.
(b) Discuss the role of pigments both in capturing light energy and in
converting it to the chemical energy of ATP and NADPH.
(c) Use the ruler shown above to determine the Rf value of xanthophyll. Show
your calculations.

206. Certain human genetic conditions, such as sickle cell anemia, result from single base-pair mutations in DNA.
(a) Explain how a single base-pair mutant in DNA can alter the structure and, in some cases, the function of a protein.
(b) Explain, using a specific example, the potential consequences of the production of a mutant protein to the structure
and function of the cells of an organism.
(c) Describe how the frequency of an allele coding for a mutant protein may increase in a population over time.
207. Bacteria play central biological roles.
(a) Bacteria may act as
• producers
• parasites
• mutualistic symbionts
• decomposers
Select THREE of the ecological roles above. For each one you choose, describe how bacteria carry out the role and
discuss its ecological importance.
(b) Explain how bacteria can be altered to make genetically engineered products.
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208. On a trip to a dense forest, a biologist noticed that millipedes (small invertebrates) were plentiful under logs but were
rarely seen in any other location.
(a) Propose THREE environmental variables (two abiotic and one biotic) that could explain why millipedes are found
more frequently under logs.
(b) For ONE of the abiotic environmental variables you chose above, design a controlled experiment to test a hypothesis
that this factor affects the distribution of millipedes on the forest floor. Describe data that would support your
hypothesis.
(c) Suppose that you were examining the distribution of a plant, instead of the millipede. Describe modifications in the
experiment that you designed in (b) that would be required to determine whether the abiotic factor you chose affects
the distribution of the plant.
Test 2011
209. During an investigation of a freshwater lake, an AP Biology student discovers a previously unknown microscopic
organism. Further study shows that the unicellular organism is eukaryotic.
a.

Identify FOUR organelles that should be present in the eukaryotic organism and describe the function of each
organelle.

b.

Prokaryotic cells lack membrane-bound organelles found in eukaryotes. However, prokaryotes must perform many
of the same functions as eukaryotes. For THREE of the organelles identified in part (a), explain how prokaryotic cells
carry out the associated functions.

c.

According to the endosymbiotic theory, some organelles are believed to have evolved through a symbiotic
relationship between eukaryotic and prokaryotic cells. Describe THREE observations that support the endosymbiotic
theory.

210. Organisms utilize a diversity of methods to obtain proper nutrition.
(a) Some organisms digest food intracellularly, while others digest food extracellularly.
1) Identify ONE nonvertebrate organism that digests food intracellularly and describe the process.
2) Identify ONE nonvertebrate organism that digests food extracellularly and describe the process.
(b) Describe TWO structural features of the human stomach and/or small intestine. For each, explain how the
structure relates to the function.
(c) Plants have a variety of mechanisms for obtaining nutrients. Describe TWO plant structures and explain
how each structure is utilized in nutrient uptake.
211. Reproduction can be either asexual or sexual.
a.

Using a specific example, describe how organisms can reproduce asexually. Discuss TWO evolutionary
advantages of asexual reproduction.

b.

Identify THREE ways that sexual reproduction increases genetic variability. For each, explain how it
increases genetic diversity among the offspring.

c.

Discuss TWO prezygotic isolating mechanisms that prevent hybridization
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212. The regulation of transpiration is an important homeostatic mechanism in plants.
a.

Under controlled conditions, a transpiration experiment was conducted using two plant species. The data
collected are shown in the figure below. Using the data from the experiment, calculate the rate of
transpiration for species A and species B between the times of 5 and 15 minutes (show your work).
Summarize the difference between the two transpiration rates.
2.

WATER LOSS VERSUS TIME FOR TWO PLANT SPECIES

b.

Identify and explain THREE different structural or physiological adaptations that could account for
thedifferent transpiration rates of species A and B.

c.

Water potential (Ψ) is described by the following formulas.
Ψ =Ψ+Ψ
Ψ = -iCRT
Discuss the variables in both formulas and how they affect water potential.
p

s

Test 2011 Form B
213. The cell cycle is fundamental to the reproduction of eukaryotic cells.
(a) Describe the phases of the cell cycle.
(b) Explain the role of THREE of the following in mitosis or cytokinesis.
• Kinetochores
• Microtubules
• Motor proteins
• Actin filaments
•
(c) Describe how the cell cycle is regulated and discuss ONE consequence of abnormal regulation.
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214. Ecological succession describes the pattern of changes in communities over time. The graph below shows changes in plant
diversity following the abandonment of an
agricultural field in a temperate biome.
(a) Discuss the differences in plant diversity
shown in the graph and explain how the
changes affect the animal species composition
between years 0 and 120.
(b) Identify TWO biotic and TWO abiotic factors
and discuss how each could influence the
pattern of ecological succession.
(c) Design a controlled experiment to determine
how the diversity of plant species in a newly
abandoned field would be affected by large
herbivores.
215. Invasive species, such as red fire ants, introduced
into an ecosystem often threaten native plants and animals.
(a) Describe THREE different factors that contribute to the success of invasive species in an ecosystem.
(b) Discuss THREE ways that an
invasive species can affect its
new ecosystem.
(c) The map indicates the spread of
the red fire ant after its initial
entrance into the United States
at the port of Mobile, Alabama,
in the 1930s. Discuss TWO
environmental factors that
might have determined the
pattern of fire ant invasion.
(d) Discuss TWO possible methods
of eradicating or slowing the
spread of these ants, including
the environmental consequences
of each method.
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216. Phylogeny reflects the evolutionary history of organisms.
(a) Discuss TWO mechanisms of speciation that lead to the development of separate species from a common
ancestor.
(b) Explain THREE methods that have been used to investigate the phylogeny of organisms. Describe a strength
or weakness of each method.
(d) The two phylogenetic trees represent the relationship of whales to six other mammals. All of the organisms
shown have a pulley-shaped astragalus bone in the ankle except for the whale.
• For each tree, describe a monophyletic group, the closest relative to the whale, and the point at which the
pulley astragalus was lost or gained.
• Based on the principle of parsimony (the simplest explanation is the best) and the genomic information in
the table shown, identify which tree is the best representation of the evolutionary relationship of these
animals, and justify your answer.

Test 2012 Form A
217. The ability to reproduce is a characteristic of life.
(a) Describe the process of embryological development in a typical vertebrate embryo, beginning with a fertilized egg and
ending with the development of three tissue layers.
(b) Identify the developmental origin of TWO of the following tissues in vertebrates:
•
central nervous system
•
digestive system
•
muscle
(c) Identify and explain THREE differences between the embryological development of protostomes and the
embryological development of deuterostomes.
(d) Explain TWO unique properties of human embryonic stem cells that distinguish them from other human cell types.
Describe a current medical application of human stem cell research.
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218. An agricultural biologist was evaluating two newly developed varieties of wheat as potential crops. In an experiment,
seedlings were germinated on moist paper towels at 20ºC for 48 hours. Oxygen consumption of the two-day-old
seedlings was measured at different temperatures. The data are shown in the graph below.
a. Calculate the rates of oxygen
consumption in mL/min for each variety
of wheat at 7°C and at 17°C. Show your
work (including your setup and
calculation).
b. Explain the relationship between
metabolism and oxygen consumption.
Discuss the effect of temperature on
metabolism for each variety of seedlings.
c. In a second experiment, variety A
seedlings at both temperatures were
treated with a chemical that prevents
NADH from being oxidized to NAD+.
Predict the most likely effect of the
chemical on metabolism and oxygen consumption of the treated seedlings. Explain your prediction.
219. Information flow in cells can be regulated by various mechanisms.
a. Describe the role of THREE of the following in the regulation of protein synthesis:
o
RNA splicing
o
repressor proteins
o
methylation
o
siRNA
b. Information flow can be altered by mutation. Describe THREE different types of mutations and their effect on protein
synthesis.
c. Identify TWO environmental factors that increase the mutation rate in an organism, and discuss their effect on the
genome of the organism.
d. Epigenetics is the study of heritable changes in the phenotype caused by mechanisms other than changes in the DNA
sequence. Describe ONE example of epigenetic inheritance.
220. The element carbon is contained in all organic compounds.
a. Discuss the role of photosynthesis and cellular respiration in carbon cycling in the biosphere.
b. For THREE of the following, predict and explain the effect on the carbon cycle if:
o decomposers were absent
o deforestation occurred
o volcanic dust accumulated in the atmosphere
o the average ocean temperature increased
c. Explain how increased CO in the atmosphere results in greater acidification of oceans and describe the effect on
marine organisms. Include in your discussion TWO examples of how human activity can increase atmospheric CO .
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221. (LONG) In an investigation of fruit-fly behavior, a covered choice chamber is used to test whether the spatial
distribution of flies is affected by the presence of a substance placed at one end of the chamber. To test the flies’
preference for glucose, 60 flies are introduced into the middle of the choice chamber at the insertion point indicated
by the arrow in the figure above. A cotton ball soaked with a 10% glucose solution is placed at one end of the
chamber, and a dry cotton ball with no solution is placed at the other end. The positions of flies are observed and
recorded every minute for 10 minutes.
a.

!

Predict the distribution of flies in
the chamber after 10 minutes and
justify your prediction.
b. Propose ONE specific
improvement to each of the
following parts of the
experimental design and explain
how the modification will affect
the experiment.
• Experimental control
• Environmental factors
c. The experiment described above is repeated with ripe bananas at one end and unripe bananas at the
other end. Once again the positions of the flies are observed and recorded every minute for 10
minutes. The positions of flies after 1 minute and after 10 minutes are shown in the table below.
Table: Distribution of Flies in Choice Chamber
Time (Minutes)
1
10

End with ripe Banana
21
45

Position in Chamber
Middle
18
3

End with Unripe Banana
21
12

Perform a chi-square test on the data for the 10-minute time point in the banana experiment. Specify
the null hypothesis that you are testing and enter the values from your calculations in the table below.
d. Explain whether your hypothesis is supported by the chi-square test and justify your explanation.
e. Briefly propose a model that describes how environmental cues affect the behavior of the flies in the
choice chamber.
Null Hypothesis:
Observed (o)

Expected (e)

End with ripe
bananas
Middle
End with unripe
banana
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222. (LONG) An absorption spectrum indicates the relative amount of light absorbed across a range of wavelengths.
The graphs above represent the absorption spectra of individual pigments isolated from two different organisms.
One of the pigments is chlorophyll a, commonly found in green plants. The other pigment is bacteriorhodopsin,
commonly found in purple photosynthetic bacteria. The table above shows the approximate ranges of wavelengths
of different colors in the visible light spectrum.

a.

Identify the pigment (chlorophyll a or bacteriorhodopsin) used to generate the absorption spectrum in
each of the graphs above. Explain and justify your answer.
b. In an experiment, identical organisms containing the pigment from Graph II as the predominant lightcapturing pigment are separated into three groups. The organisms in each group are illuminated with
light of a single wavelength (650 nm for the first group, 550 nm for the second group, and 430 nm for
the third group). The three light sources are of equal intensity, and all organisms are illuminated for
equal lengths of time. Predict the relative rate of photosynthesis in each of the three groups. Justify
your predictions.
c. Bacteriorhodopsin has been found in aquatic organisms whose ancestors existed before the ancestors
of plants evolved in the same environment. Propose a possible evolutionary history of plants that
could have resulted in a predominant photosynthetic system that uses only some of the colors of the
visible light spectrum.
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223. (PARAGRAPH) Fossils of lobe-finned fishes, which are ancestors of amphibians, are found in rocks that are at
least 380 million years old. Fossils of the oldest amphibian-like vertebrate animals with true legs and lungs are
found in rocks that are approximately 363 million years old.
Three samples of rocks are available that might contain fossils of a transitional species between lobe-finned fishes
and amphibians: one rock sample that is 350 million years old, one that is 370 million years old, and one that is 390
million years old.
a. (a) Select the most appropriate sample of rocks in which to search for a transitional species between
lobe-finned fishes and amphibians. Justify your selection.
b. (b) Describe TWO pieces of evidence provided by fossils of a transitional species that would support
a hypothesis that amphibians evolved from lobe-finned fishes.
224. (PARAGRAPH) Matter continuously cycles through an ecosystem. A simplified carbon cycle is depicted
below.

a.

Identify the key metabolic process for step I and the key metabolic process for step II, and briefly
explain how each process promotes movement of carbon through the cycle. For each process, your
explanation should focus on the role of energy in the movement of carbon.
b. Identify an organism that carries out both processes.
225. (PARAGRAPH) The table below shows the amino acid sequence of the carboxyl-terminal segment of a
conserved polypeptide from four different, but related, species. Each amino acid is represented by a three-letter
abbreviation, and the amino acid residues in the polypeptide chains are numbered from the amino end to the
carboxyl end. Empty cells indicate no amino acid is present.

a.

(a) Assuming that species I is the ancestral species of the group, explain the most likely genetic
change that produced the polypeptide in species II and the most likely genetic change that produced
the polypeptide in species III.
b. (b) Predict the effects of the mutation on the structure and function of the resulting protein in species
IV. Justify your prediction.
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226. (PARAGRAPH) The following data were collected by observing subcellular structures of three different types
of eukaryotic cells.
RELATIVE AMOUNTS OF ORGANELLES IN THREE CELL TYPES
Cell Type
Smooth ER
Rough ER
Mitochondrion
Cilia
Golgi Bodies
X
Small amount
Small amount
Large number
Present
Small Amount
Y
Large amount
Large amount
Moderate
Absent
Large amount
number
Z
Absent
Absent
Absent
Absent
Absent
(PARAGRAPH) Based on an analysis of the data, identify a likely primary function of each cell type and explain
how the data support the identification.
227. (PARAGRAPH) In an experiment, rats averaging 300 g of body mass were tested several times over a threemonth period. For each individual rat, urine was collected over a three-hour period after ingestion of 10 mL of
liquid (water, 1% ethyl alcohol solution, or 5% ethyl alcohol solution). The volume of urine was then measured,
and the results were averaged for all individuals within each experimental group. The data are shown in the table
below.
THREE-HOUR URINE OUTPUT FOLLOWING FLUID INGESTION
Fluid ingested (10 mL)
Water
1% Ethyl Alcohol
5% Ethyl Alcohol
Average urine output (mL)
3.5
3.8
4.7
a. Pose ONE scientific question that the researchers were most likely investigating with the experiment.
b. State a hypothesis that could be tested to address the question you posed in part (a).
c. Using the data in the table, describe the effect of ethyl alcohol on urine production.

228. (PARAGRAPH) The figure at right
represents a generalized hormone-signaling
pathway. Briefly explain the role of each
numbered step in regulating target gene
expression.
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229. (LONG) Trichomes are hairlike outgrowths of the epidermis of plants that are thought to provide protection
against being eaten by herbivores (herbivory). In a certain plant species, stem trichome density is genetically
determined.
To investigate variation in stem trichome density within the plant species, a student counted the number of
trichomes on the stems of six plants in each of three different populations. The student used the data to calculate
the mean trichome density (numbers of hairs per square centimeter) for each population. The results are provided
in the table below.

(a) On the axes provided, create an appropriately
labeled graph to illustrate the sample means of
the three populations to within 95% confidence
(i.e., sample mean ± 2 SEM).
(b) Based on the sample means and standard errors
of the means, identify the two populations that
are most likely to have statistically significant
differences in the mean stem trichome
densities. Justify your response.
(c) Describe the independent and dependent
variables and a control treatment for an
experiment to test the hypothesis that higher
trichome density in plants is selected for in the
presence of herbivores. Identify an appropriate
duration of the experiment to ensure that
natural selection is measured, and predict the
experimental results that would support the
hypothesis.
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230. (LONG) Mammalian milk contains antibodies that are produced by the mother’s immune system and passed to
offspring during feeding. Mammalian milk also contains a sugar (lactose) and may contain proteins (protein A,
protein B, and casein), as indicated in the table.

(a) Using the data in the table, construct a cladogram on the template
provided to indicate the most likely evolutionary relationships
among the different mammals. Indicate on the cladogram where
each of the characters most likely arose in the evolutionary process,
and justify the placement of the characters on the cladogram.
(b) Describe FOUR steps in the activation of the mother’s specific
immune response following exposure to a bacterial pathogen.
Predict how the mother’s immune response would differ upon a
second exposure to the same bacterial pathogen a year later.
(c) Predict the most likely consequence for a nursing infant who is
exposed to an intestinal bacterial pathogen (e.g., Salmonella) to
which the mother was exposed three months earlier. Justify your
prediction.

231. (PARAGRAPH) As part of a new suburban development, a sports complex consisting of athletic fields and
buildings is constructed in a formerly wooded area.
a. Predict ONE ecological consequence on the local plant community that is likely to result during the site and
construction of the sports complex. Justify your prediction.
b. To maintain the playing fields, large quantities of water and chemicals are applied regularly to the grass- covered
areas. Predict ONE effect on the local animal community that might result from regular use and maintenance
of the playing fields. Justify your prediction.
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232. (PARAGRAPH) Adult male guppies (Poecilia reticulata) exhibit genetically determined spots, while juvenile
and adult female guppies lack spots. In a study of selection, male and female guppies from genetically diverse
populations were collected from different mountain streams and placed together in an isolated environment
containing no predators.
The study population was maintained
for several generations in the isolated
area before being separated into two
groups. One group was moved to an
artificial pond containing a fish
predator, while a second group was
moved to an artificial pond containing
no predators. The two groups went
through several generations in their
new environments. At different times
during the experiment, the mean
number of spots per adult male guppy
was determined as shown in the figure
below. Vertical bars in the figure
represent two standard errors of the
mean (SEM).

(a) Describe the change in genetic variation in the population between 0 and 6 months and provide reasoning for
your description based on the means and SEM.
(b) Propose ONE type of mating behavior that could have resulted in the observed change in the number of spots
per adult male guppy between 6 and 20 months in the absence of the predator.
(c) Propose an evolutionary mechanism that explains the change in average number of spots between 6 and 20
months in the presence of the predator.
233. (PARAGRAPH) Genetically modified crops have been developed that produce a protein that makes the plants
resistant to insect pests. Other genetic modifications make the crops more resistant to chemicals that kill plants
(herbicides).
(a) Describe TWO potential biological risks of large-scale cultivation and use of such genetically modified plants.
(b) For each of the risks you described in part (a), propose a practical approach for reducing the risk.
234. (PARAGRAPH) Information processing involves complex
neural pathways that require a certain amount of time between
recognition of a stimulus and the resulting response. For some
types of stimuli, a reflex arc replaces the typical stimulusresponse pathway. A representation of a reflex arc is shown in
the figure.
Based on the figure, describe TWO ways that the reflex arc
differs from typical stimulus-response transmission pathways.
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Provide reasoning to support the claim that reflex arcs help organisms avoid serious injury.

235.
(PARAGRAPH)
(a) Based on the graph, describe a specific method of thermoregulation used by the species of animal. Provide
support for your answer using the data.
(b) On the labeled axis provided below, draw a line to indicate the most likely relationship between body
temperature and environmental temperature in the species.

236.
(PARAGRAPH) A research team has genetically engineered a strain of fruit flies to eliminate errors during
DNA replication. The team claims that this will eliminate genetic variation in the engineered flies. A second
research team claims that eliminating errors during DNA replication will not entirely eliminate genetic variation in
the engineered flies.
(a) Provide ONE piece of evidence that would indicate new genetic variation has occurred in the engineered flies.
(b) Describe ONE mechanism that could lead to genetic variation in the engineered strain of flies.
(c) Describe how genetic variation in a population contributes to the process of evolution in the population.
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Test 2015 Form B
237.
(Long) Many species have circadian rhythms that exhibit an approximately 24-hour cycle. Circadian rhythms
are controlled by both genetics and environmental conditions, including light. Researchers investigated the effect
of light on mouse behavior by using a running wheel with a motion sensor to record activity on actograms, as
shown in Figure 1.

Figure 1. Strategy for recording mouse activity data. When a mouse is active on the running wheel, the activity is
recorded as a dark horizontal line on an actogram. When the mouse is inactive, no dark line is recorded.
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For the investigation, adult male mice were individually
housed in cages in a soundproof room at 25°C. Each
mouse was provided with adequate food, water, bedding
material, and a running wheel. The mice were exposed
to daily periods of 12 hours of light (L) and 12 hours of
dark (D) (L12:D12) for 14 days, and their activity was
continuously monitored. The activity data are shown in
Figure 2.
Figure 2. Actogram of mouse activity under L12:D12
conditions. Each row represents a 24-hour period, and
the dark horizontal lines represent activity on the
running wheel.
After 14 days in L12:D12, the mice were placed in continuous darkness (DD), and their activity on the running
wheel was recorded as before. The activity data under DD conditions are shown in Figure 3.
Figure 3. Actogram of mouse activity under DD
conditions. Each row represents a 24-hour period, and
the dark horizontal lines represent activity on the running
wheel.

a.

The nervous system plays a role in coordinating the observed activity pattern of the mice in response to lightdark stimuli. Describe ONE role of each of the following anatomical structures in responding to light- dark
stimuli.
• A photoreceptor in the retina of the eye
• The brain
• A motor neuron
b. Based on an analysis of the data in Figure 2, describe the activity pattern of the mice during the light and dark
periods of the L12:D12 cycle.
c. The researchers claim that the genetically controlled circadian rhythm in the mice does not follow a 24-hour
cycle. Describe ONE difference between the daily pattern of activity under L12:D12 conditions (Figure 2) and
under DD conditions (Figure 3), and use the data to support the researchers’ claim.
d. To investigate the claim that exposure to light overrides the genetically controlled circadian rhythm, the
researchers plan to repeat the experiment with mutant mice lacking a gene that controls the circadian rhythm.
Predict the observed activity pattern of the mutant mice under L12:D12 conditions and under DD conditions
that would support the claim that light overrides the genetically controlled circadian rhythm.
e. In nature, mice are potential prey for some predatory birds that hunt during the day. Describe TWO features of
a model that represents how the predator-prey relationship between the birds and the mice may have resulted in
the evolution of the observed activity pattern of the mice.
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238.
(Long) Cellular respiration includes the metabolic pathways of glycolysis, the Krebs cycle, and the electron
transport chain, as represented in the figures. In cellular respiration, carbohydrates and other metabolites are
oxidized, and the resulting energy-transfer reactions support the synthesis of ATP.
a. Using the information above, describe ONE contribution of each of the following in ATP synthesis.
• Catabolism of glucose in glycolysis and pyruvate oxidation
• Oxidation of intermediates in the Krebs cycle
• Formation of a proton gradient by the electron transport chain
b. Use each of the following observations to justify the claim that glycolysis first occurred in a common ancestor
of all living organisms.
• Nearly all existing organisms perform glycolysis.
• Glycolysis occurs under anaerobic conditions.
• Glycolysis occurs only in the cytosol
c. A researcher estimates that, in a certain organism, the complete metabolism of glucose produces 30 molecules
of ATP for each molecule of glucose. The energy released from the total oxidation of glucose under standard
conditions is 686 kcal/mol. The energy released from the hydrolysis of ATP to ADP and inorganic phosphate
under standard conditions is 7.3 kcal/mol. Calculate the amount of energy available from the hydrolysis of 30
moles of ATP. Calculate the efficiency of total ATP production from 1 mole of glucose in the organism.
Describe what happens to the excess energy that is released from the metabolism of glucose.
d. The enzymes of the Krebs cycle function in the cytosol of bacteria, but among eukaryotes the enzymes
function mostly in the mitochondria. Pose a scientific question that connects the subcellular location of the
enzymes in the Krebs cycle to the evolution of eukaryotes.
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239.
(Paragraph) The amino acid sequence of cytochrome c was determined for five different species of vertebrates.
The table below shows the number of differences in the sequences between each pair of species.

a.

Using the data in the table, create a phylogenetic tree on the template provided to reflect the evolutionary
relationships of the organisms. Provide reasoning for the placement on the tree of the species that is least
related to the others.
b. Identify whether morphological data or amino acid sequence data are more likely to accurately represent the
true evolutionary relationships among the species, and provide reasoning for your answer.

240.
(Paragraph)Both mitosis and meiosis are forms of cell division that produce daughter cells containing genetic
information from the parent cell.
a. Describe TWO events that are common to both mitosis and meiosis that ensure the resulting daughter cells
inherit the appropriate number of chromosomes.
b. The genetic composition of daughter cells produced by mitosis differs from that of the daughter cells produced
by meiosis. Describe TWO features of the cell division processes that lead to these differences.
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241.
(Paragraph) Phototropism in plants is a response in which a plant shoot grows toward a light source. The
results of five different experimental treatments from classic investigations of phototropism are shown above.
a. (a) Give support for the claim that the cells located in the tip of the plant shoot detect the light by comparing
the results from treatment group I with the results from treatment group II and treatment group III.
b. (b) In treatment groups IV and V, the tips of the plants are removed and placed back onto the shoot on either a
permeable or impermeable barrier. Using the results from treatment groups IV and V, describe TWO
additional characteristics of the phototropism response.
242.
(Paragraph) In an attempt to rescue a small
isolated population of snakes from decline, a few
male snakes from several larger populations of the
same species were introduced into the population
in 1992. The snakes reproduce sexually, and there
are abundant resources in the environment.
The figure at right shows the results of a study of
the snake population both before and after the
introduction of the outside males. In the study, the
numbers of captured snakes indicate the overall
population size.
a.

(a) Describe ONE characteristic of the
original population that may have led to the
population’s decline in size between 1989 and
1993.
b. (b) Propose ONE reason that the introduction
of the outside males rescued the snake
population from decline. (c) Describe how
the data support the statement that there are
abundant resources in the environment.

AP Biology Essay Questions 1995 – 2019

AP Biology - John Burroughs School - M. Bahe

243.
(Paragraph) Smell perception in mammals involves the interactions of airborne odorant molecules from the
environment with receptor proteins on the olfactory neurons in the nasal cavity. The binding of odorant molecules
to the receptor proteins triggers action potentials in the olfactory neurons and results in transmission of information
to the brain. Mammalian genomes typically have approximately 1,000 functional odorant-receptor genes, each
encoding a unique odorant receptor.
a. (a) Describe how the signal is transmitted across the synapse from an activated olfactory sensory neuron to
the interneuron that transmits the information to the brain.
b. (b) Explain how the expression of a limited number of odorant receptor genes can lead to the perception of
thousands of odors. Use the evidence about the number of odorant receptor genes to support your answer.
244.
a.

(Paragraph) An individual has lost the ability to activate B cells and mount a humoral immune response.
Propose ONE direct consequence of the loss of B-cell activity on the individual’s humoral immune response
to the initial exposure to a bacterial pathogen.
b. Propose ONE direct consequence of the loss of B-cell activity on the speed of the individual’s humoral
immune response to a second exposure to the bacterial pathogen.
c. Describe ONE characteristic of the individual’s immune response to the bacterial pathogen that is not affected
by the loss of B cells.
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Figure 1. Sampling sites of marine mussels at various locations (1–8) in Long Island Sound and the Atlantic Ocean

TABLE 1. PERCENT OF INDIVIDUALS POSSESSING lap94 ALLELE
Site
lap94
Frequency
Salinity

1

2

Long Island Sound
3

4

5

6

Atlantic Ocean
7

8

13

16

25

37

55

59

59

59

Low

à

High

High

245.
(Long) Leucine aminopeptidases (LAPs) are found in all living organisms and have been associated with the
response of the marine mussel, Mytilus edulis, to changes in salinity. LAPs are enzymes that remove N-terminal
amino acids from proteins and release the free amino acids into the cytosol. To investigate the evolution of LAPs in
wild populations of M. edulis, researchers sampled adult mussels from several different locations along a part of
the northeast coast of the United States, as shown in Figure 1. The researchers then determined the percent of
individuals possessing a particular lap allele, lap94, in mussels from each sample site (table 1).
a.

On the axes provided, construct an appropriately labeled bar graph to illustrate the observed frequencies of the
lap94 allele in the study populations.

b. Based on the data, describe the most likely effect of salinity on the frequency of the lap94 allele in the marine
mussel populations in Long Island Sound. Predict the likely lap94 allele frequency at a sampling site between
site 1 and site 2 in Long Island Sound.
c.

Describe the most likely effect of LAP94 activity on the osmolarity of the cytosol. Describe the function of
LAP94 in maintaining water balance in the mussels living in the Atlantic Ocean.

d. Marine mussel larvae are evenly dispersed throughout the study area by water movement. As larvae mature,
they attach to the rocks in the water. Explain the differences in lap94 allele frequency among adult mussel
populations at the sample sites despite the dispersal of larvae throughout the entire study area. Predict the
likely effect on distribution of mussels in Long Island Sound if the lap94 allele was found in all of the mussels
in the population. Justify your prediction.
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Figure 1. Bacterial population growth in the presence of
two nutrients (nutrient I and nutrient II)
246.
(Long) Bacteria can be cultured in media with a carefully controlled nutrient composition. The graph above
shows the growth of a bacterial population in a medium with limiting amounts of two nutrients, I and II.
a. Estimate the maximum population density (in cells/mL) for the culture. Using the data, describe what
prevents further growth of the bacterial population in the culture.
b. Using the data, calculate the growth rate (in cells/( mL×hour)) of the bacterial population between hours 2 and
4.
c. Identify the preferred nutrient source of the bacteria in the culture over the course of the experiment. Use the
graph to justify your response. Propose ONE advantage of the nutrient preference for an individual bacterium.
d. Describe how nutrient I most likely regulates the genes for metabolism of nutrient I and the genes for
metabolism of nutrient II. Provide TWO reasons that the population does not grow between hours 5 and 6.
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Figure 1. Percent dry weight of different plant structures
during the growing season for an annual plant
247.
(Paragraph) The graph above illustrates the percent dry weight of different parts of a particular annual plant
(plants that live less than one year) from early May to late August. The percent dry weight can be used to estimate
the amount of energy a plant uses to produce its leaves, vegetative buds, stems, roots, and reproductive parts
(seeds, receptacles, and flowers).
a. Identify the direct source of the energy used for plant growth during the first week of May, and identify the
part of the plant that grew the most during the same period.
b. Based on the data on the graph, estimate the percent of the total energy that the plant has allocated to the
growth of leaves on the first day of July.
c. Compared with perennials (plants that live more than two years), annual plants often allocate a much greater
percentage of their total energy to growth of their reproductive parts in any given year. Propose ONE
evolutionary advantage of the energy allocation strategy in annual plants compared with that in perennial
plants.
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248.

(Paragraph) The figure represents the process of expression of gene X in a eukaryotic cell.
a. The primary transcript in the figure is 15 kilobases (kb) long, but the mature mRNA is 7 kb in length.
Describe the modification that most likely resulted in the 8 kb difference in length of the mature mRNA
molecule. Identify in your response the location in the cell where the change occurs.
b. Predict the length of the mature gene X mRNA if the full-length gene is introduced and expressed in
prokaryotic cells. Justify your prediction.

249.
(Paragraph) The graph above shows the mass of plants from two different species over time. The plants grew
while attached to each other. The plants were separated at the time indicated by the vertical line in the graph.
Using template 1, graph the predicted shape of the plant-mass lines after separation of the two plants if the plants
were in an obligate mutualistic relationship. On template 2, graph the predicted shape of the plant-mass lines if the
species 2 plant was a parasite of the species 1 plant. Justify each of your predictions.
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Figure 1. Detectability of eDNA fragments of
varying lengths

Figure 2. Map of the waterways that connect
a nearby river system to Lake Michigan

250.
Paragraph) Living and dead organisms continuously shed DNA fragments, known as eDNA, into the
environment. To detect eDNA fragments in the environment, the polymerase chain reaction (PCR) can be used to
amplify specific eDNA fragments. eDNA fragments of different lengths persist in the environment for varying
amounts of time before becoming undetectable (Figure 1).
To investigate whether silver carp, an invasive fish, have moved from a nearby river system into Lake Michigan,
researchers tested water samples for the presence of eDNA specific to silver carp (Figure 2).
a. Justify the use of eDNA sampling as an appropriate technique for detecting the presence of silver carp in an
environment where many different species of fish are found. Propose ONE advantage of identifying long
eDNA fragments as opposed to short fragments for detecting silver carp.
b. The researchers tested a large number of water samples from Lake Michigan and found eDNA specific to
silver carp in a single sample in the lake, as indicated in Figure 2. The researchers concluded that the single
positive sample was a false positive and that no silver carp had entered Lake Michigan. Provide reasoning
other than human error to support the researchers’ claim.
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251.
(Paragraph) In a certain species of plant, the diploid number of chromosomes is 4 (2n = 4). Flower color is
controlled by a single gene in which the green allele (G) is dominant to the purple allele (g). Plant height is
controlled by a different gene in which the dwarf allele (D) is dominant to the tall allele (d). Individuals of the
parental (P) generation with the genotypes GGDD and ggdd were crossed to produce F1 progeny.
a.

Construct a diagram below to depict the four possible normal products of meiosis that would be produced by
the F1 progeny. Show the chromosomes and the allele(s) they carry. Assume the genes are located ondifferent
chromosomes and the gene for flower color is on chromosome 1.
b. Predict the possible phenotypes and their ratios in the offspring of a testcross between an F1 individual and a
ggdd individual.
c. If the two genes were genetically linked, describe how the proportions of phenotypes of the resulting
offspring would most likely differ from those of the testcross between an F1 individual and a ggdd individual.
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Figure 1. Effect of exercise on blood prolactin
levels in adult males. The data represent the
means 2SEX .
252.
(Paragraph) Researchers conducted a study to investigate the effect of exercise on the release of prolactin into
the blood. The researchers measured the concentration of prolactin in the blood of eight adult males before (T = 0
hour) and after one hour (T = 1 hour) of vigorous exercise. As a control, the researchers measured the
concentration of blood prolactin in the same group of individuals at the same times of day one week later, but
without having them exercise. The results are shown in Figure 1.
a. Justify the use of the without-exercise treatment as the control in the study design.
b. Using evidence from the specific treatments, determine whether prolactin release changes after exercise.
Justify your answer.
Test Form B 2017
TABLE 1. EFFECT OF 0.1 mM CAFFEINE ON MEMORY IN BEES
Memory
(average probability of revisiting a nectar source +/- 2SEX )
Treatment
10 minutes
24 hours
Control
0.72 +/- 0.09
0.41 +/- 0.07
Caffeine
0.83 +/- 0.07
0.78 +/- 0.08
253.
(Long) In flowering plants, pollination is a process that leads to the fertilization of an egg and the production
of seeds. Some flowers attract pollinators, such as bees, using visual and chemical cues. When a bee visits a flower,
in addition to transferring pollen, the bee can take nectar from the flower and use it to make honey for the colony.
Nectar contains sugar, but certain plants also produce caffeine in the nectar. Caffeine is a bitter-tasting compound
that can be toxic to insects at high concentrations. To investigate the role of caffeine in nectar, a group of
researchers studied the effect of 0.1 mM caffeine on bee behavior. The results of an experiment to test the effect of
caffeine on bees’ memory of a nectar source are shown in Table 1.
a.

On the axes provided, construct an appropriately labeled graph to illustrate the effect of caffeine on the
probability of bees revisiting a nectar source (memory).
b. Based on the results, describe the effect of caffeine on each of the following:
• Short-term (10 minute) memory of a nectar source
• Long-term (24 hour) memory of a nectar source
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c.

Design an experiment using artificial flowers to investigate potential negative effects of increasing caffeine
concentrations in nectar on the number of floral visits by bees. Identify the null hypothesis, an appropriate
control treatment, and the predicted results that could be used to reject the null hypothesis.
d. Researchers found that nectar with caffeine tends to have a lower sugar content than nectar without caffeine.
Plants use less energy to produce the caffeine in nectar than they do to produce the sugar in nectar. Propose
ONE benefit to plants that produce nectar with caffeine and a lower sugar content. Propose ONE cost to
bees that visit the flowers of plants that produce nectar with caffeine and a lower sugar content.
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Figure 1. The effect of karrikins (KAR) and trimethylbutenolides (TMB)
on seed germination in Lactuca plants. Error bars represent ±2SEX .
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254.
(Long) Fires frequently occur in some ecosystems and can destroy all above-ground vegetation. Many species
of plants in these ecosystems respond to compounds in smoke that regulate seed germination after a major fire.
Karrikins (KAR) and trimethylbutenolides (TMB) are water-soluble compounds found in smoke that are deposited
in the soil as a result of a fire. KAR and TMB bind to receptor proteins in a seed. In a study on the effects of smoke
on seeds, researchers recorded the timing and percent of seed germination in the presence of various combinations
of KAR and TMB. The results are shown in Figure 1.
In a second investigation into the effect of available water on seed germination after a fire, researchers treated
seeds with KAR or TMB. The treated seeds were then divided into two treatment groups. One group received a
water rinse and the other group received no water rinse. The seeds were then incubated along with a group of
control seeds that were not treated. The results are shown in the table.
EFFECT OF CHEMICAL TREATMENT AND WATER RINSE ON GERMINATION
Chemical Treatment
Treatment
Water
Germination Results
Group
KAR
TMB
1 (conrol)
Control result
Different from
2
+
control
Different from
3
+
control
4 (control)
Control result
+
Different from
5
+
+
control
6
Same
as control
+
+
a.

The researchers made the following claims about the effect of KAR and the effect of TMB on seed
germination relative to the control treatment.
• KAR alone affects the timing of seed germination.
• KAR alone affects the percentage of seeds that germinate.
• TMB alone affects the timing of seed germination.
• TMB alone affects the percentage of seeds that germinate.
Provide support using data from Figure 1 for each of the researchers’ claims.

b. Make a claim about the effect of rinsing on the binding of KAR to the receptor in the seed and about the
effect of rinsing on the binding of TMB to the receptor in the seed. Identify the appropriate treatment groups
and results from the table that, when compared with the controls, provide support for each claim.
c.

There is intense competition by plants to successfully colonize areas that have been recently cleared by a fire.
Describe ONE advantage of KAR regulation and ONE advantage of TMB regulation to plants that live in
an ecosystem with regular fires.
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255.
(Paragraph) Gibberellin is the primary plant hormone that promotes stem elongation. GA 3-beta-hydroxylase
(GA3H) is the enzyme that catalyzes the reaction that converts a precursor of gibberellin to the active form of
gibberellin. A mutation in the GA3H gene results in a short plant phenotype. When a pure-breeding tall plant is
crossed with a pure-breeding short plant, all offspring in the F1 generation are tall. When the F1 plants are crossed
with each other, 75 percent of the plants in the F2 generation are tall and 25 percent of the plants are short.

Figure 1. The universal genetic code
a.

The wild-type allele encodes a GA3H enzyme with alanine (Ala), a nonpolar amino acid, at position 229. The
mutant allele encodes a GA3H enzyme with threonine (Thr), a polar amino acid, at position 229. Describe the
effect of the mutation on the enzyme and provide reasoning to support how this mutation results in a short
plant phenotype in homozygous recessive plants.

b. Using the codon chart provided, predict the change in the codon sequence that resulted in the substitution of
alanine for threonine at amino acid position 229.
c.

Describe how individuals with one (heterozygous) or two (homozygous) copies of the wild-type GA3H allele
can have the same phenotype.
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Organism
Algae
Stoneflies
Midges
Hellgrammites
Caddisflies

DIETARY COMPOSITION OF ORGANISMS IN AN AQUATIC ECOSYSTEM
Food Source (% of Diet)
Algae
Stoneflies
Midges
Hellgrammites

Caddisflies

90

10

10
30

70

100
20
70

256.
(Paragraph) The table above shows how much each organism in an aquatic ecosystem relies on various food
sources. The rows represent the organisms in the ecosystem, and the columns represent the food source. The
percentages indicate the proportional dietary composition of each organism. High percentages indicate strong
dependence of an organism on a food source.
a.

Based on the food sources indicated in the data table, construct a food web in the template below. Write the
organism names on the appropriate lines AND draw the arrows necessary to indicate the energy flow between
organisms in the ecosystem.
b. In an effort to control the number of midges, an area within the ecosystem was sprayed with the fungus
Metarhizium anisopliae, which significantly decreased the midge population. Based on the data in the table,
predict whether the spraying of the fungus will have the greatest short-term impact on the population of the
stoneflies, the caddisflies, or the hellgrammites. Justify your prediction.
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Figure 1. Characteristics of a pond community over time
257.
(Paragraph) Microcystis aeruginosis is a freshwater photosynthetic cyanobacterium. When temperatures
increase and nutrients are readily available in its pond habitat, M. aeruginosis undergoes rapid cell division and
forms an extremely large, visible mass of cells called an algal bloom. M. aeruginosis has a short life span and is
decomposed by aerobic bacteria and fungi. Identify the metabolic pathway and the organism that is primarily
responsible for the change in oxygen level in the pond between times I and II AND between times III and IV.

258.
(Paragraph) A comet assay is a technique used to determine the amount of double-strand breaks in DNA (DNA
damage) in cells. The nucleus of an individual cell is placed on a microscope slide coated with an agarose gel. An
electric current is applied to the gel that causes DNA to move (electrophoresis), and the DNA is stained with a
fluorescent dye. When viewed using a microscope, undamaged DNA from the nucleus appears as a round shape
(the head), and the fragments of damaged DNA extend out from the head (the tail). The length of the tail
corresponds to the amount of the damage in the DNA (see Figure 1).
a.

To explain the movement of DNA fragments in the comet assay, identify one property of DNA and provide
reasoning to support how the property contributes to the movement during the comet assay technique.
b. In a different experiment, cells are treated with a chemical mutagen that causes only nucleotide substitutions
in DNA. Predict the likely results of a comet assay for this treatment.
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259.
(Paragraph) Many species of bacteria grow in the mouths of animals and can form biofilms on teeth (plaque).
Within plaque, the outer layers contain high levels of oxygen and the layers closest to the tooth contain low levels
of oxygen. The surface of the tooth is covered in a hard layer of enamel, which can be dissolved under acidic
conditions. When the enamel breaks down, the bacteria in plaque can extract nutrients from the tooth and cause
cavities.
Certain types of bacteria (e.g., Streptococcus mutans) thrive in the innermost anaerobic layers of the plaque and are
associated with cavities. Other types of bacteria (Streptococcus sanguinis) compete with S. mutans but are unable
to thrive in acidic environments.
a.

Identify the biochemical pathway S. mutans uses for metabolizing sugar and describe how the pathway
contributes to the low pH in the inner layers of plaque.

b. Normal tooth brushing effectively removes much of the plaque from the flat surfaces of teeth but cannot reach
the surfaces between teeth. Many commercial toothpastes contain alkaline components, which raise the pH of
the mouth. Predict how the population sizes of S. mutans AND S. sanguinis in the bacterial community in the
plaque between the teeth are likely to change when these toothpastes are used.
260.
(Paragraph) Estrogens are small hydrophobic lipid hormones that promote cell division and the development of
reproductive structures in mammals. Estrogens passively diffuse across the plasma membrane and bind to their
receptor proteins in the cytoplasm of target cells.
a. Describe ONE characteristic of the plasma membrane that allows estrogens to passively cross the
membrane.
b. In a laboratory experiment, a researcher generates antibodies that bind to purified estrogen receptors extracted
from cells. The researcher uses the antibodies in an attempt to treat estrogen-dependent cancers but finds that
the treatment is ineffective. Explain the ineffectiveness of the antibodies for treating estrogen-dependent
cancers.
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Test Form B 2018

Figure 1. Phylogenetic tree representing the evolutionary relatedness among bear populations based on mitochondrial
DNA sequence comparisons
261.
(Long) Polar bears are highly adapted for life in cold climates around the North Pole. Brown bears, black
bears, and pandas are found in warmer environments. Researchers collected complete mitochondrial DNA
sequences from several populations of bears and constructed a phylogenetic tree to represent their evolutionary
relatedness (Figure 1).
A researcher studying adaptation in bears sequenced the nuclear gene encoding a lysosomal trafficking protein
(LYST) in polar bears, brown bears, black bears, and panda bears. There are seven inferred amino acid
substitutions that are found only in polar bears. Mutations that cause similar substitutions in the human LYST
protein are associated with Chediak-Higashi syndrome, an autosomal recessive condition in which pigment is
absent from the hair and eyes. The researcher used the inferred amino acid sequences to build the distance matrix
shown in Table 1.
TABLE 1. AMINO ACID DIFFERENCES IN THE LYST PROTEIN AMONG BEAR SPECIES
Panda
Black
Brown
Panda
Black
33
Brown
34
1
Polar
40
7
8
a.

Polar

-

Use the phylogenetic tree in Figure 1 to estimate the age in hundreds of thousands of years of the most recent
common ancestor of all brown bears. Identify the population of brown bears to which polar bears are most
closely related based on the mitochondrial DNA sequence comparison. Identify two populations whose
positions could be switched without affecting the relationships illustrated in the cladogram.
b. Construct a cladogram on the template to represent a model of the evolutionary relatedness among the bear
species based on the differences in LYST protein sequences (Table 1). Circle the position on the cladogram
that represents the out-group.
c. A student claims that mitochondrial DNA sequence comparisons provide a more accurate phylogeny of bear
species than do LYST protein sequence comparisons. Provide ONE piece of reasoning to support the
student’s claim.
d. A researcher genetically engineers a mouse strain by deleting the mouse lyst gene and replacing it with the
polar bear lyst gene. Predict the most likely difference in phenotype of the transgenic mouse strain compared
to the wild-type mouse strain. Justify your prediction.
e. Describe how the mutation in the lyst gene became common in the polar bear population. If the lyst gene were
the only determinant of fur color, predict the percent of white offspring produced by a mating between a
polar bear and a brown bear.
(See next page for template for cladogram)
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Figure 1. Cellular response to infection by pathogenic bacteria
262.
(Long) Some pathogenic bacteria enter cells, replicate, and spread to other cells, causing illness in the host
organism. Host cells respond to these infections in a number of ways, one of which involves activating particular
enzymatic pathways (Figure 1). Cells normally produce a steady supply of inactive caspase-1 protein. In response
to intracellular pathogens, the inactive caspase-1 is cleaved and forms an active caspase-1 (step 1). Active caspase1 can cleave two other proteins. When caspase-1 cleaves an inactive interleukin (step 2), the active portion of the
interleukin is released from the cell. An interleukin is a signaling molecule that can activate the immune response.
When caspase-1 cleaves gasdermin (step 3), the N-terminal portions of several gasdermin proteins associate in the
cell membrane to form large, nonspecific pores.
Researchers created the model in Figure 1 using data from cell fractionation studies. In the experiments, various
parts of the cell were separated into fractions by mechanical and chemical methods. Specific proteins known to be
located in different parts of the cell were used as markers to determine the location of other proteins. The table
below shows the presence of known proteins in specific cellular fractions.

Whole Cell
Sample
Fraction 1
Fraction 2
Fraction 3
Fraction 4

Aconitase
(Krebs Cycle
Protein)

DNA
Polymerase

GAPDH
(Glycolytic
Protein)

Sodium
Potassium Pump

+

+

+

+

NF-kB
(Immune
Response
Protein)
+

+
+

+
+

+
+

+ = Presence of Protein
a.

Describe the effect of inhibiting step 3 on the formation of pores AND on the release of interleukin from the
cell.
b. Make a claim about how cleaving inactive caspase-1 results in activation of caspase-1. A student claims that
preinfection production of inactive precursors shortens the response time of a cell to a bacterial infection.
Provide ONE reason to support the student’s claim.
c. A student claims that the NF-kB protein is located in the cytoplasm until the protein is needed for
transcription. Justify the student’s claim with evidence. Identify TWO fractions where N-terminal gasdermin
would be found in cells infected with pathogenic bacteria.
d. Describe the most likely effect of gasdermin pore formation on water balance in the cell in a hypotonic
environment.
e. Explain how gasdermin pore formation AND interleukin release contribute to an organism’s defense against
a bacterial pathogen.
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263.
(Paragraph) Seagrasses are aquatic plants that reproduce sexually. Male seagrass flowers produce sticky pollen
that is carried by circulating water to female flowers, resulting in fertilization. A researcher claims that mobile
aquatic invertebrates can also transfer pollen from male to female flowers in the absence of circulating water. To
investigate this claim, the researcher set up aquariums to model the possible interactions between the invertebrates
and seagrasses.
a. Use the symbols below and the template aquariums to demonstrate the experimental design for testing the
researcher’s claim that mobile aquatic invertebrates can pollinate seagrass in the absence of circulating water.
Draw the appropriate symbols in the negative control aquarium AND the experimental aquarium. Do not use
any symbol more than once in the same aquarium.
Male Flower
Female Flower
Invertebrates

b. Identify the dependent variable in the experiment. Predict the experimental results that would support the
researcher’s claim that mobile aquatic invertebrates can also transfer pollen from male to female flowers in
the absence of circulating water.
Negative control Aquarium
Experimental Aquarium
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Figure 1. Percent survival of five strains of bedbugs treated with beta- cyfluthrin. A (+) indicates the gene is
present; a (−) indicates the gene is deleted. Error bars represent the 95% confidence interval.
264.
(Paragraph) The common bedbug (Cimex lectularius) is a species of insect that is becoming increasingly
resistant to insecticides. Bedbugs possess several genes suspected of contributing to the resistance, including P450,
Abc8, and Cps. To investigate the role of these genes in insecticide resistance, researchers deleted one or more of
these genes in different strains of bedbugs, as indicated in Figure 1, and treated the strains with the insecticide betacyfluthrin. Each strain was genetically identical except for the deleted gene(s) and was equally fit in the absence of
beta-cyfluthrin. The percent survival of each strain following beta-cyfluthrin treatment is shown in Figure 1.
a. Identify the control strain in the experiment. Use the means and confidence intervals in Figure 1 to justify the
claim that Abc8 is effective at providing resistance to beta-cyfluthrin.
b. P450 encodes an enzyme that detoxifies insecticides. Abc8 encodes a transporter protein that pumps
insecticides out of cells. Cps encodes an external structural protein located in the exoskeleton that greatly
reduces the absorption of insecticides. Based on this information and the data in Figure 1, explain how a
deletion of both P450 and Abc8 results in lower survival in bedbugs compared with a deletion of Cps only.
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Figure 1. Probability of nest success in an environment with predators
265.
(Paragraph) Some birds, including great spotted cuckoos, lay their eggs in the nests of other birds, such as
reed warblers. The warbler parents raise the unrelated chicks and provide them with food that would otherwise be
given to their biological offspring. A researcher conducted an investigation to determine the type of relationship
between warblers and cuckoos in an environment without predators. The researcher found that nests containing
only warblers were more likely to be successful than nests containing warblers and cuckoos (data not shown). A
successful nest is defined as a nest where at least one chick becomes an adult warbler.
In some geographic areas, several species of nest predators are present. Researchers have found that cuckoo chicks,
while in the nest, produce a smelly substance that deters nest predators. The substance does not remain in the nest
if cuckoo chicks are removed. Figure 1 shows the probability that nests containing only warblers or containing both
warblers and cuckoos will be successful in an environment with predators. In a follow-up experiment, the
researchers added cuckoos to a nest that contained only warblers (group 1) and removed cuckoos from a nest
containing warblers and cuckoos (group 2).
a.

Describe the symbiotic relationship that exists between the cuckoo and warbler in an environment without
predators.
b. On the template provided, draw bars in the appropriate locations to predict the relative probability of success
for the nest in the presence of predators where:
• the cuckoos were added to the nest containing only warblers (group 1)
• the cuckoos were removed from the nest containing warblers and cuckoos (group 2)
c. Identify the symbiotic relationship that exists between the cuckoo and the warbler in the presence of
predators.
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266.
(Paragraph) Cystic fibrosis is a genetic condition that is associated with defects in the CFTR protein. The
CFTR protein is a gated ion channel that requires ATP binding in order to allow chloride ions (Cl−) to diffuse
across the membrane.
a. In the provided model of a cell, draw arrows to describe the pathway for production of a normal CFTR
protein from gene expression to final cellular location.
b. Identify the most likely cellular location of the ribosomes that synthesize CFTR protein.
c. Identify the most likely cellular location of a mutant CFTR protein that has an amino acid substitution in the
ATP-binding site.

267.
(Paragraph) In the tongue sole fish (Cynoglossus semilaevis), sex is determined by a combination of genetics
and environmental temperature. Genetically male fish have two Z chromosomes (ZZ), and genetically female fish
have one Z chromosome and one W chromosome (ZW). When fish are raised at 22°C, ZZ fish develop into
phenotypic males and ZW fish develop into phenotypic females. However, when fish are raised at 28°C, the Z
chromosome is modified (denoted as Z*). Z*W individuals develop as phenotypic males that are fertile and can
pass on the Z* chromosome to their offspring even when the offspring are raised at 22°C. A cross between a ZW
female and a Z*Z male is shown in the Punnett square below.

Z*
Z

Z
Z*Z
ZZ

W
Z*W
ZW

a.

Predict the percent of phenotypic males among the F1 offspring of the cross shown in the Punnett square if
the offspring are raised at 22°C.
b. At least one Z or Z* chromosome is necessary for survival of the fish. A researcher crossed two fish and
observed a 2:1 ratio of males to females among the offspring. Based on the information, identify the genotype
of the male parent in the cross. Describe ONE fitness cost to the female of mating with this particular male.
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268.
(Paragraph) Acetylcholine receptor (AChR) proteins are found at the synapse between neurons and skeletal
muscle cells. Acetylcholine released from neurons binds to a specific site on the receptor proteins, which causes an
ion channel in the receptors to open and allow sodium ions (Na+) to enter muscle cells. The resulting
depolarization of muscle cells initiates muscle contractions. Another molecule, nicotine, can also bind to certain
types of AChR proteins and activate the receptors.
A researcher is investigating two different types of AChR proteins: type 1 and type 2. To determine which stimuli
activate the receptors, the researcher exposes muscle cells expressing the different types of receptor proteins to
stimuli and observes the results indicated in Table 1.
TABLE 1. RESPONSE OF AChR PROTEINS TO DIFFERENT STIMULI
AChR Protien Type
Acetylcholine
Type 1
+
Type 2
+

Nicotine
+
1
+ indicates activation
− indicates no activation

a. Describe the difference in the structure AND function between AChR type 1 and AChR type 2.
b. Acetylcholinesterase is an enzyme that breaks down acetylcholine in the synapse. Describe the effect of
inhibiting acetylcholinesterase on the muscle cells with AChR type 2.
Test Form B 2019

Figure 1. Model of two-step enzymatic plant pathway for synthesis of IAA from tryptophan
269.
(Long) Auxins are plant hormones that coordinate several aspects of root growth and development. Indole-3acetic acid (IAA) is an auxin that is usually synthesized from the amino acid tryptophan (Figure 1). Gene Trp-T
encodes an enzyme that converts tryptophan to indole-3-pyruvic acid (I3PA), which is then converted to IAA by an
enzyme encoded by the gene YUC.
a.

Circle ONE arrow that represents transcription on the template pathway. Identify the molecule that would be
absent if enzyme YUC is nonfunctional.
b. Predict how the deletion of one base pair in the fourth codon of the coding region of gene Trp-T would most
likely affect the production of IAA. Justify your prediction.
c. Explain one feedback mechanism by which a cell could prevent production of too much IAA without
limiting I3PA production.
d. Rhizobacteria are a group of bacteria that live in nodules on plant roots. Rhizobacteria can produce IAA and
convert atmospheric nitrogen into forms that can be used by plants. Plants release carbon-containing
molecules into the nodules. Based on this information, identify the most likely ecological relationship
between plants and rhizobacteria. Describe ONE advantage to the bacteria of producing IAA.
e. A researcher removed a plant nodule and identified several “cheater” rhizobacteria that do not produce IAA
or fix nitrogen. Describe the evolutionary advantage of being a bacterial cheater in a population composed
predominantly of noncheater bacteria. Plants can adjust the amount of carbon-containing molecules released
into nodules in response to the amount of nitrogen fixed in the nodule. Predict the change in the bacterial
population that would cause the plant to reduce the amount of carbon-containing molecules provided to the
nodule.
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270.
(Long) A student studying two different aquatic, plant-eating, unicellular protist species (species A and B)
designed an experiment to investigate the ecological relationship between the two species (Table 1).
TABLE 1. EXPERIMENTAL TREATMENT GROUPS
Group 1
Species A and B are grown in separate containers.
Group 2
Species A and B are grown in the same container.
In treatment group I, the student placed 10 individuals of species A into a container with liquid growth medium and
10 individuals of species B into a separate container with an equal amount of the same liquid growth medium. In
treatment group II, the student placed 5 individuals of each species into a single container with the liquid growth
medium. The student then maintained the containers under the same environmental conditions and recorded the
number of individuals in each population at various time points. The results are shown in Table 2.
TABLE 2. NUMBER OF INDIVIDUALS IN EACH PROTIST POPULATION IN BOTH TREATMENT
GROUPS
Group 1: Grown Separately
Group 2: Grown Together
Time
Species A
Species B
Species A
Species B
0
10
10
5
5
10
100
50
45
20
20
400
200
100
50
30
1100
500
250
25
40
1400
650
525
20
50
1500
700
900
10
60
1500
700
1250
0
70
1500
700
1400
0
a.

The growth curves for species B in group I and for species A in group II (shaded columns) have been plotted
on the template. Use the template to complete an appropriately labeled line graph to illustrate the growth of
species A in treatment group I and species B in treatment group II (unshaded columns).
b. As shown in the table, the student established treatment group II with 5 individuals of each species. Provide
reasoning for the reduced initial population sizes.
c. The student claims that species A and B compete for the same food source. Provide TWO pieces of evidence
from the data that support the student’s claim.
d. Predict TWO factors that will most likely limit the population growth of species A in treatment group I.
e. Many protists contain an organelle called a contractile vacuole that pumps water out of the cell. The student
repeated the experiment using a growth medium with a lower solute concentration. Predict how the activity
of the contractile vacuole will change under the new experimental conditions. Justify your prediction.
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271.
(Paragraph) The pyruvate dehydrogenase complex (PDC) catalyzes the conversion of pyruvate to acetyl-CoA,
a substrate for the Krebs (citric acid) cycle. The rate of pyruvate conversion is greatly reduced in individuals with
PDC deficiency, a rare disorder.
a. Identify the cellular location where PDC is most active.
b. Make a claim about how PDC deficiency affects the amount of NADH produced by glycolysis AND the
amount of NADH produced by the Krebs (citric acid) cycle in a cell. Provide reasoning to support your
claims based on the position of the PDC-catalyzed reaction in the sequence of the cellular respiration
pathway.
c. PDC deficiency is caused by mutations in the PDHA1 gene, which is located on the X chromosome. A male
with PDC deficiency and a homozygous female with no family history of PDC deficiency have a male
offspring. Calculate the probability that the male offspring will have PDC deficiency.

Figure 1. Release of neurotransmitters into the synapse
response to an action potential

Figure 2. Model of a typical action potential in
in a neuron

272.
(Paragraph) Acetylcholine is a neurotransmitter that can activate an action potential in a postsynaptic neuron
(Figures 1and 2). A researcher is investigating the effect of a particular neurotoxin that causes the amount of
acetylcholine released from presynaptic neurons to increase.
a. Describe the immediate effect of the neurotoxin on the number of action potentials in a postsynaptic neuron.
Predict whether the maximum membrane potential of the postsynaptic neuron will increase, decrease, or stay
the same.
b. The researcher proposes two models, A and B, for using acetylcholinesterase (AChE), an enzyme that
degrades acetylcholine, to prevent the effect of the neurotoxin. In model A, AChE is added to the synapse. In
model B, AChE is added to the cytoplasm of the postsynaptic cell. Predict the effectiveness of EACH
proposed model. Provide reasoning to support your predictions.
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TABLE 1. DIVERGENCE (IN PERCENT) OF MITOCHONDRIAL DNA SEQUENCES
AMONG FIVE PRIMATE SPECIES
Human
Gorilla
Orangutan
Gibbon
Chimpanzee
Human
10.3
16.1
18.1
8.8
Gorilla
16.7
18.9
10.6
Orangutan
18.9
17.2
Gibbon
18.9
Chimpanzee
-

273.
(Paragraph) A researcher studying the evolutionary relationship among five primate species obtained data
from a sequence of mitochondrial DNA (mtDNA) from a representative individual of each species. The researcher
then calculated the percent divergence in the sequences between each pair of primate species (Table 1).
a. Based on fossil data, the researcher estimates that humans and their most closely related species in the data set
diverged approximately seven million years ago. Using these data, calculate the rate of mtDNA percent
divergence per million years between humans and their most closely related species in the data set. Round
your answer to two decimal places.
b. Using the data in the table, construct a cladogram on the template provided. Provide reasoning for the
placement of gibbons as the outgroup on the cladogram.
c. On the cladogram, draw a circle around all of the species that are descended from the species indicated by the
node within the square.
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STRAINS
MEDIUM
Wild type
Mutant 1
Mutant 2
Treatment I
All amino acids
present
Treatment II
No amino acids
present
Treatment III
All amino acids
present EXCEPT
methionine
Treatment IV
All amino acids
present EXCEPT
leucine
Table 1. The data show the growth of haploid Saccharomyces cerevisiae yeast strains on media that differ in
amino acid content. A plus sign (+) indicates that the yeast strains grow, and a minus sign (−) indicates that
the strains do not grow.

+
+

+
-

+
-

+

-

+

+

+

-

274.
(Paragraph) The yeast Saccharomyces cerevisiae is a single-celled organism. Amino acid synthesis in yeast
cells occurs through metabolic pathways, and enzymes in the synthesis pathways are encoded by different genes.
The synthesis of a particular amino acid can be prevented by mutation of a gene encoding an enzyme in the
required pathway.
A researcher conducted an experiment to determine the ability of yeast to grow on media that differ in amino acid
content. Yeast can grow as both haploid and diploid cells. The researcher tested two different haploid yeast strains
(Mutant 1 and Mutant 2), each of which has a single recessive mutation, and a haploid wild-type strain. The
resulting data are shown in Table 1.
a. Identify the role of treatment I in the experiment.
b. Provide reasoning to explain how Mutant 1 can grow on treatment I medium but cannot grow on treatment
III medium.
c. Yeast mate by fusing two haploid cells to make a diploid cell. In a second experiment, the researcher mates
the Mutant 1 and Mutant 2 haploid strains to produce diploid cells. Using the table provided, predict whether
the diploid cells will grow on each of the four media. Use a plus sign (+) to indicate growth and a minus sign
(−) to indicate no growth.
STRAINS

Treatment I
Treatment II
Treatment III
Treatment IV

MEDIUM

Wild type

Mutant 1

Mutant 2

All amino acids
present
No amino acids
present
All amino acids
present EXCEPT
methionine
All amino acids
present EXCEPT
leucine

+
+

+
-

+
-

+

-

+

+

+

-
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Diploid Cels
Produced by
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275.
(Paragraph) A researcher is studying patterns of gene expression in mice. The researcher collected samples
from six different tissues in a healthy mouse and measured the amount of mRNA from six genes. The data are
shown in Figure 1.

Tissue
Liver

Gene E

Gene F

Genes
Gene G Gene H

Gene I

Gene J

No mRNA
Moderate
Amount of
mRNA

Heart
Brain

High Amount
of mRNA

Kidney
Pancreas
Skeletal
Muscle
Figure 1. mRNA expression levels of six genes
a.

Based on the data provided, identify the gene that is most likely to encode a protein that is an essential
component of glycolysis. Provide reasoning to support your identification.
b. The researcher observed that tissues with a high level of gene H mRNA did not always have gene H protein.
Provide reasoning to explain how tissues with high gene H mRNA levels can have no gene H protein.
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TABLE 1. CHANGES IN MORNING GLORY PETAL CELLS DURING FLOWER OPENING
OPEN FLOWER
BUD

Vacuole
pH
Flower
Color
Cell
Volume

6.6

7.7

Red

Blue

Small

Large

276.
(Paragraph) The petal color of the Mexican morning glory (Ipomoea tricolor) changes from red to blue, and
the petal cells swell during flower opening. The pigment heavenly blue anthocyanin is found in the vacuole of petal
cells. Petal color is determined by the pH of the vacuole. A model of a morning glory petal cell before and after
flower opening is shown in Table 1.
a. Identify the cellular component in the model that is responsible for the increase in the pH of the vacuole
during flower opening AND describe the component’s role in changing the pH of the vacuole.
b. A researcher claims that the activation of the K+/H+ transport protein causes the vacuole to swell with water.
Provide reasoning to support the researcher’s claim.
Test 2020 Form B
277.
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