BIOLOGY

Section I
53 Multiple-Choice Questions

5 Grid-In Questions
Time—90 Minutes

Directions: Each of the questions or incomplete statements below is followed by four suggested

answers or completions. Select the one that is best in each case and then fill in the corresponding circle
on the answer sheet.

Insect-eating
bird

Ty Grasses

1. The food web represented above does not include bacteria and fungi. Which of the following best describes a
consequence of having no bacteria and fungi in the food web?

(A) Grasses will have no direct access to chemical components recycled from dead organisms.
(B) Rabbits will have no direct access to energy absorbed from secondary consumers.

(C) Shrews will have no direct access to matter transferred from tertiary consumers.

(D) Hawks will have no direct access to nitrogen acquired from the atmosphere.
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2. The following DNA sequence is a small part of the coding (nontemplate) strand from the open reading frame of
the B-hemoglobin gene. Given the codon chart listed below, what would be the effect of a mutation that deletes
the G at the beginning of the DNA sequence?

First Basc in Codon

5’- GTT TGT CTG TGG TAC CAC GTG GAC TGA -3’

Second Base in Codon

U C A G

UUU] UCU) UAU UGUl~ | U

U |ouef™e uce g UAC}Tyr UGC}Cyb C
UUA], . | UCA UAA Stop| UGA Stop| A
UUG] UCG| UAG Stop| UGG Tip | G
CUU) CCU) CAU}HiS CGU U
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CUA [*°%| ccA [*T°] cAA Gin | CGA 2| A
CUG] CCG | CAG CGG G
AUU ACU) AAU} A AGU} S U

A | AUCHIe | ACC L. | AAC S AGC [P | ¢
AUA ACA AAA} Lys |AGAl AL | A
AUG Mstor| ACG | AAG AGG G
GUU GCU) GAU} Asp | GGU U

o laucly, | aecl,, leac™Plaac|,, | ¢
T GUA GCA GAA} Gl | GGA Y1 A
GUG GCG| GAaG/ Y |GGG G

(A) The mutation precedes the gene, so no changes would occur.

(B) Lysine (lys) would replace glutamine (gln), but there would be no other changes.

(C) The first amino acid would be missing, but there would be no other change to the protein.

Third Base in Codon

(D) The reading frame of the sequence would shift, causing a change in the amino acid sequence after that point.
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3. A widely accepted hypothesis about the origin of

life on Earth is that life arose approximately
3.5 billion years ago as the result of a complex
sequence of chemical reactions that took place
spontaneously in Earth’s atmosphere. Another
hypothesis about the origin of life suggests that
life began somewhere else in the universe and
arrived on Earth by chance.

Which of the following questions might scientists
ask to most reliably determine if there has ever
been life on Mars?

(A) How far from Earth was Mars 3.5 billion
years ago?

(B) Is there scientific proof that Earth ever had
an oxygen-free atmosphere?

(C) Did Mars have the clements present in its
atmosphere to support life?

(D) Was there oxygen gas on Mars 3.5 billion
years ago?

. Cortisol is a hormone produced in response to
stress, including starvation, in humans. Which of
the following is most likely an immediate effect
of a starvation-induced increase in cortisol
secretion?

(A) Increased activation of the immune system

(B) Increased urine production by the kidneys

(C) Increased bone and collagen formation

(D) Increased mobilization of fatty acids from fat
cells
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5. Ciprofloxacin is given as an antibiotic to healthy

livestock to promote efficient weight gain. Strains
of the bacterium Campylobacter jejuni naturally
colonize the digestive tracts of livestock, and the
C. jejuni can be transferred to people through the
handling and consumption of contaminated meat.
People infected with C. jejuni also are treated
with ciprofloxacin.

Which of the following is the most likely
consequence of adding ciprofloxacin to animal
feed?

(A) Naturally occurring strains of C. jejuni will
reproduce more rapidly in the digestive
tracts of livestock, reducing the risk of
food-borne illnesses in people.

(B) Ciprofloxacin-resistant strains of C. jejuni
will have a selective advantage in the
digestive tracts of livestock, increasing
the risk of serious infections in people.

(C) Ciprofloxacin-sensitive strains of C. jejuni
will be consumed in meat that contains a
chemical that inhibits bacterial growth,
reducing the risk of food poisoning in
people.

(D) Actively growing strains of C. jejuni will
metabolize the nutrients in meat produced
by livestock operations, increasing the risk
of protein deficiencies in people.
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. Derived Characters (+ indicates the character is present)
Organisms - — - - -
Hair Jaws Feathers | Amniotic Eggs Two Pairs of Limbs B-Keratin Scales

Mammals + + + +

Crocodilians + + + +

Fish +

Amphibians + +

Birds + + + + +

6. The table above shows derived characters for selected organisms. Based on the information in the table, which of

the following cladograms best represents the evolutionary relationships among the organisms?

(A) Fish Amphibians Crocodilians Birds Mammals

N

(B) Mammals Rirds Crocodilizms  Amphibians Fish

N

(C) Amphibiung Fish  Birds  Crocoedilians Mammals

N

(D) Crocodilizn: Amphibizns Birds Fish Manumals

N4
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7. Damaged tissue releases chemicals that activate
platelets and stimulate the formation of blood
clots. Which of the following predictions about
the activity of platelets best describes a positive
feedback mechanism?

(A) Activated platelets release chemicals that
inhibit blood clot formation.

(B) Activated platelets release signaling
molecules that inhibit cell division in
damaged tissue.

(C) Activated platelets constrict the blood
vessels, stopping blood flow.

(D) Activated platelets release chemicals that
activate more platelets.
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. Bacteriophages are viruses that infect bacteria. In

an experiment, bacteriophages were labeled with
either radioactive phosphorus or radioactive
sulfur. The labeled bacteriophages were incubated
with bacteria for a brief amount of time and then
removed. The infected bacteria cells were found
to contain significant amounts of radioactive
phosphorus but not radioactive sulfur.

Based on the results of the experiment, which

of the following types of molecules did the
bacteriophages most likely inject into the bacteria
cells?

(A) Simple carbohydrate
(B) Amino acid

(C) DNA

(D) Polypeptide
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Questions 9-13

In an investigation of interspecies competition, researchers grew the unicellular protozoan Paramecium aurelia in
a 5 mL culture and Paramecium caudatum in a separate 5 mL culture. P. aurelia and P. caudatum were grown
together in a third 5 mL culture. Each day a small sample of each culture was removed so the total number of
individuals could be estimated, and the remainder of the population was transferred to fresh growth medium.
The experimental results are represented in the graphs below.
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Figure 1. Population of P. aurelia cultured alone
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Figure 2. Population of P. caudatum cultured alone
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Figure 3. Populations of P. aurelia and P. caudatum cultured together

Which of the following conclusions is best
supported by the results of the experiment?

(A) Neither population grows as large when
cultured together as each does when
cultured separately.

(B) P. caudatum prefers different food when
cultured with P. aurelia than when cultured
separately.

(C) Competition for mates increases when the
species are cultured together compared with
when they are cultured separately.

(D) Individuals of the species P. caudatum are
smaller when cultured together with
P. aurelia than when cultured separately.

The difference in carrying capacity between the
two species when cultured separately is closest to
which of the following values?

(A) 0 individuals per 5.0 mL
(B) 60 individuals per 5.0 mL
(C) 150 individuals per 5.0 mL
(D) 350 individuals per 5.0 mL
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11. Which of the following statements best justifies

the use of the experimental results in an
investigation of interspecies competition?

(A) When two populations use different sources
of energy, one of the populations will thrive
in a shared environment and the other will
become extinct.

(B) When two populations use the same sources
of energy, resource availability in a shared
environment limits the growth of both
populations.

(C) Because the change in entropy of a system
containing two different species is always
positive, populations typically grow faster
in shared environments.

(D) Because the free energy of a system
containing two different species is always
negative, populations that utilize similar
resources cannot coexist in nature.

Questions 12-13 are on the next page.
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12. If the mixed populations were cultured for an
additional 25 days, which of the following
predictions would be consistent with the data?

(A) Both populations would stabilize at a small
size.

(B) Both populations would stabilize at a large
size.

(C) Both populations would be eliminated from
the culture.

(D) One population would stabilize at a large
size, and the other population would be
eliminated from the culture.
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13. Based on the experimental results, which

of the following statements best describes the
relationship of the two populations that were
studied in the investigation?

(A) The populations have a parasitic relationship
in which one species requires the presence
of the other to reproduce.

(B) The populations have a symbiotic
relationship in which both species require
the presence of the other to reproduce.

(C) The populations have a competitive
relationship in which each species limits the
ability of the other to reproduce.

(D) The populations have a predator/prey
relationship in which one species positively
influences the ability of the other to
reproduce.
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PERCENT OF MOTHS RECAPTURED IN TWO DIFFERENT ENVIRONMENTS
Trial Moth Color and Environment Percent of Released Moths
Recaptured
Light-colored moths were released in an
I . 13%
unpolluted environment.
Light-colored moths were released in a
II . 12%
polluted environment.
Dark-colored moths were released in an
111 . 7%
unpolluted environment.
v Dark—co]oreq moths were released in a 28%
polluted environment.

14. A researcher released large numbers of moths into different environments in an attempt to better understand a
mechanism of evolution. The moths were released in four trials as described in the table above. Each of the
released moths had a small mark on the underside of a wing for identification. After an appropriate amount of
time, the researcher recaptured as many of the released moths as possible. Data from the experiment are included
in the table above. Which of the following claims is best supported by the data?

(A) Light-colored moths were more likely to be recaptured in the polluted environment than in the unpolluted
environment, suggesting an increased chance of reproductive success.

(B) Dark-colored moths were more likely to be recaptured in the polluted environment than in the unpolluted
environment, suggesting an increased chance of reproductive success.

(C) Light-colored moths were less likely to be recaptured in the polluted environment than in the unpolluted
environment, suggesting an increased chance of reproductive success.

(D) Dark-colored moths were less likely to be recaptured in the polluted environment than in the unpolluted
environment, suggesting an increased chance of reproductive success.

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAG E.
-13-

AP Biology 2017 9 Source p. 27



15. Which of the following questions about the origin

of life on Earth is most scientifically testable?

(A) Why were the earliest life-forms created
using only twenty amino acids?

(B) Did life originate to make the universe a
better place?

(C) Was catalytic RNA used by ancient
organisms as a stepping stone to acquire
protein enzymes?

(D) Can simple organic molecules form
spontaneously in an oxygen-free
atmosphere?
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16. A microelectrode is inserted into a neuron. A
voltage recorder then measures the voltage
difference between the microelectrode inside the
cell and an electrode placed outside the cell.
Which of the following plots most accurately
represents the changes in membrane potential
throughout a single action potential?
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17. The diagram above depicts a karyotype of
an individual human. Which of the following
statements concerning the karyotype in the
diagram is true?

(A) The diagram illustrates a genetic condition
found in females.

(B) The diagram indicates a mechanism
for increasing genetic diversity in
subsequent generations.

(C) The diagram illustrates the results of
nondisjunction during gamete formation.

(D) The diagram indicates Down syndrome,
a genetic condition.
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SEX RATIO OF REPTILE HATCHLINGS
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18. The graph above represents the proportions of

hatchlings of certain types of reptiles that are
male at different egg incubation temperatures.
Which of the following claims is best supported
by the data?

(A) The expression of sex-determination genes in
certain reptiles is influenced by temperature.

(B) Green turtle eggs do not hatch at
temperatures above 35°C.

(C) Inreptiles, sex determination is influenced by
the sex ratio of the existing population.

(D) Incubating lizard eggs at constant low
temperatures produces a large proportion
of males.
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Questions 19-23

In response to elevated blood glucose levels, beta () cells in the pancreas release insulin, a regulatory hormone.

Insulin signals body cells to take up glucose from the blood, which returns blood glucose levels back to normal.
Type 1 diabetes is an autoimmune disorder that destroys S-cells, resulting in elevated blood glucose levels.

Researchers have proposed that diabetes could be treated by implanting human embryonic stem cells (hESCs)
that have been induced to develop into S-cells (hESC-f). To test the proposed treatment, the researchers set up

two groups of genetically identical mice and implanted the mice from one group with hESC-J cells. Several weeks

after the hESC-f implant, both groups of mice were given a drug (STZ) that selectively destroys the naturally
occurring mouse fS-cells but does not affect the implanted hESC-£ cells. Figure 1 shows a comparison of average

blood glucose levels in both groups of mice.
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Figure 1. Average blood glucose levels in mice after STZ treatment. Error bars
indicate standard deviation.
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In a continuation of the experiment, the researchers removed the hESC- implant from one of the mice 16 weeks

after STZ treatment. Figure 2 shows the blood glucose levels in the mouse over the duration of the experiment.

i

Unauthorized copying or reuse of
any part of this page is illegal.

AP Biology 2017

g 600+

o 500+

=

éﬂ 400+

§ 3007 Cells

S Implanted STZ Implant
& 200‘/ Administered  Removed
& 0 : :

Figure 2. Blood glucose levels for an individual mouse over the

duration of the experiment.
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19. Which of the following modifications to the 21. Based on the data in Figure 2, which of the
experimental design would improve the reliability following best justifies the researchers’ claim
of the results presented in Figure 1 ? that hESC-S implants can functionally replace the

9 . - ‘7
(A) Measuring blood glucose levels in human mouse’s naturally occurring §-cells’

patients who have type 1 diabetes (A) The mouse with an hESC-f implant
(B) Measuring blood glucose levels in a group of demonstrated a decrease in blood glucose

mice that were not given STZ levels for the duration of the experiment.
(C) Using a drug that destroys both mouse S-cells (B) The mouse with an hESC-8 implant

and hESC-g cells demonstrated an increase in blood glucose
(D) Injecting the mice in the experiment with levels before STZ treatment.

sucrose or fructose (C) The mouse with an hESC-f implant

successfully regulated blood glucose levels
20. Which of the following conclusions is best by regenerating its naturally occurring

supported by the data presented in Figure 1 ? B-cells.

(D) The mouse with an hESC-b implant
successfully regulated blood glucose levels
after STZ treatment but not after the implant

(A) Mouse B-cells are more effective than
implanted hESC- cells at regulating blood
glucose levels.

(B) Implanted hESC-p cells are effective at was removed.
regulating blood glucose levels in the
absence of mouse S-cells.

(C) Mouse p-cells do not regulate blood glucose
levels in the presence of implanted
hESC-p cells.

(D) Implanted hESC-p cells cause type 1 diabetes
in laboratory mice.

22. In contrast to type 1 diabetes, where there is
no insulin production, type 2 diabetes is
characterized by a failure of body cells to respond
normally to insulin. Based on the results of the
experiment, which of the following best predicts
the effectiveness of using hESC-f implantation to
treat type 2 diabetes?

(A) The treatment would fail because insulin
produced by implanted hESC-£ cells will
not stimulate glucose uptake by body cells.

(B) The treatment would fail because the
implanted hESC-S cells would require more
glucose than the body can produce.

(C) The treatment would succeed because the
implanted hESC-f cells can express the
gene that codes for human insulin.

(D) The treatment would succeed because the
body cells would secrete more insulin in the
presence of the implanted hESC-f cells.

23. Based on the data, which of the following best represents how the mice with the implanted hESC-J cells use
negative feedback to return blood glucose levels to normal if blood glucose levels increase?

(A) Decreased insulin secretion by body cells — increased glucose uptake by mouse S-cells — increased insulin
secretion by body cells

(B) Increased insulin production by mouse S-cells — increased glucose uptake by hESC-f cells — decreased
glucose metabolism by body cells

(C) Increased insulin secretion by hESC-f cells — increased glucose uptake by body cells — decreased insulin
secretion by hESC-f cells

(D) Increased metabolism of glucose by hESC-f cells — differentiation of hESC-J cells into body cells —
increased glucose production by body cells
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24. As represented in the model above, B cells are activated by direct contact with antigens or stimulated helper
T cells (Ty). Based on the model, which of the following best describes an outcome of B cell activation?

(A) Activated B cells differentiate into plasma cells and memory cells.

(B) Activated B cells stimulate Ty; cells to secrete antibodies.

(C) Both B cells and Ty cells release chemical signals that negatively regulate antigen-presenting cells.
(D) Plasma cells produce antibodies that activate additional B cells by a positive feedback mechanism.
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25. A student analyzed a viral genome and found that

the genome had the following nucleotide
composition.

e 28% adenine

26. Which of the following communities is likely
to be most stable?

(A) One where a keystone predator has been
removed

(B) One with uniformly spaced vegetation
(C) One with high species diversity
(D) One that lacks decomposers

e 20% thymine
e 35% cytosine
e 17% guanine

Which of the following best describes the
structure of the viral genome?

(A) Double-stranded DNA
(B) Single-stranded DNA
(C) Double-stranded RNA
(D) Single-stranded RNA

Unauthorized copying or reuse of
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27. Which of the following is true about the structure
of the prokaryotic cell represented in the figure?

(A) It possesses cilia and lysosomes.

(B) It has a diploid genome and contains
linear DNA.

(C) It has a cell wall exterior to the plasma
membrane and contains ribosomes.

(D) It possesses membrane-bound organelles and
a flagellum.
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28. Blackcap birds (Sylvia atricapilla) migrate out of Germany before wintertime. Prior to the 1960s, all members of

a particular blackcap population flew to Spain, which had an abundant natural food source. Now, some members
of the same blackcap population fly to the United Kingdom, where food placed in feeders by humans is
abundant. The blackcaps return to the same forests in Germany to nest during the breeding season.

Some blackcaps that migrate to the United Kingdom have become distinguishable by certain physical and
behavioral traits from blackcaps that migrate to Spain. Which of the following best predicts the effect on the
blackcap population if humans in the United Kingdom continue to place food in feeders during the winter?

(A) The blackcaps that migrate to Spain will sclectively mate with the blackcaps that migrate to the
United Kingdom, resulting in increased genetic variation in the blackcap population.

(B) The blackcaps that migrate to the United Kingdom will become reproductively isolated from the blackcaps
that migrate to Spain, resulting in speciation in the blackcap population.

(C) The blackcaps in Spain and the United Kingdom will migrate to other geographical locations in search of
potential mating partners, resulting in a smaller blackcap population in Germany.

(D) The blackcaps will begin nesting at their wintering sites in Spain or the United Kingdom, resulting in a
larger blackcap population migrating back to Germany after the breeding season has ended.
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Questions 29-32

LAC OPERON STRUCTURE

Regulatory Promoter Operator
. 3 )

Gene ! | Structural Genes
DNA — Py | lact —2— FPlge H facd | fack | lacA

The functions of the loci of the lac operon shown in the diagram are described in the table below.

Locus Function
P, Attachment site for RNA polymerase
lacl Encodes a repressor protein that prevents transcription of the structural genes of the lac operon
P, Attachment site for RNA polymerase
Operator | Binding site for the repressor protein
lacZ Encodes beta-galactosidase, the enzyme that digests lactose to glucose and galactose
lacY Encodes lactose permease, the channel through which lactose moves into the cell
lacA Encodes galactoside transacetylase

The diagram above represents a segment of the E. coli chromosome that contains the lacl gene and part of the
lac operon, a coordinately regulated set of genes that are required for the metabolism of lactose. The presence of

lactose, which causes the repressor to be released from the operator, results in increased transcription of the

lac operon.
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29. Which of the following is the most likely

consequence of a mutation at the operator locus
that prevents binding of the repressor protein?

(A) Expression of the structural genes will be
repressed, even in the presence of lactose.

(B) Beta-galactosidase will be produced, even in
the absence of lactose.

(C) RNA polymerase will attach at the P, locus,
but transcription will be blocked.

(D) The operator locus will code for a different
protein and thereby prevent transcription of
the structural gene.

30. Which of the following describes the most likely

consequence of a negative feedback pathway
involving the lac operon?

(A) The breakdown products of lactosc block cell
division.

(B) Diffusion of lactose across the plasma
membrane would stop in the presence of
lactose.

(C) Expression of the lac operon diminishes as
lactose is depleted.

(D) Binding of DNA by the repressor would
increase in the presence of lactose.

Unauthorized copying or reuse of
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31.

32.

Which of the following best explains the
contribution of the lac operon to the metabolic
efficiency of a bacterial cell?

(A) Expression of the lacl gene requires lactose.

(B) RNA polymerase is rapidly degraded by the
product of the lacP locus.

(C) The repressor binds to DNA only when the
cellular concentration of glucose is low.

(D) The lacZ gene is highly expressed only when
lactose is available.

Bacterial cells that contain green fluorescent
protein (GFP) will fluoresce under ultraviolet
light. Which of the following is the most likely
outcome of replacing the lacZ gene in the E. coli
lac operon with the gene encoding GFP?

(A) Bacteria growing in the presence of lactose
will fluoresce under ultraviolet light.

(B) Beta-galactosidase will be made only when
bacteria are cultured under ultraviolet light.

(C) Ultraviolet light will cause a bond to form
between glucose and galactose monomers.

(D) Ultraviolet light will cause a duplication of
the lac operon.
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33. Evolutionary biologists have observed variation
in the average age and size of mature individuals
in a population of small freshwater guppies.
Guppies found in pools with pike cichlids—

a predator fish that preys primarily on larger
guppies—reproduce at a young age and are small
at maturity. Guppies found in pools with killifish
—a different predator fish that preys primarily on
smaller guppies—reproduce at an older age and
are larger at maturity.

Which of the following predicts the most likely
outcome of moving a population of guppies from
a pool with pike cichlids to a pool with killifish?

(A) The introduced guppy population will remain
phenotypically similar to the original
population because the killifish will not
recognize them as prey.

(B) Because the introduced population was in
Hardy-Weinberg equilibrium, successive
generations in the new population will
continue to display the same allele
frequencics as the original population.

(C) After many generations, the offspring of the
introduced guppies will mature at an older
age and larger size because of selective
pressure from the new predator.

(D) Within two or three generations, the
introduced guppies will become extinct
because the killifish prefer the juveniles.
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ATP SYNTHASE

High [H*]

35. The figure above represents a rough endoplasmic
. reticulum. Which of the following best describes
AP the role of the structure labeled Y ?
ADP + T, (A) Slruclpre Y contributes lhc raw ma-terlals
! required for the synthesis of proteins.

! (B) Structure Y packages proteins for export
I from the cell.

Voo (C) Structure Y is the location where proteins are
Lavme |HT| .

synthesized.
(D) Structure Y contains enzymes that cut and
activate proteins.

34. Which of the following questions will best
direct an investigation of the mechanism of
ATP synthase?

(A) What is the source of the inorganic phosphate
that is used to generate ATP from ADP?

(B) Is the phosphorylation of ADP by
ATP synthase dependent on the formation
of a proton gradient?

(C) Can ATP synthase use the energy released by
phosphorylation of ADP to pump protons
against a concentration gradient?

(D) Can oxidative phosphorylation be uncoupled
from the electron transport chain?
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Questions 36-40

The TAS2R38 gene encodes a receptor protein that influences the ability to taste bitterness. The gene has

two alleles: a dominant, wild-type allele that enables an individual (taster) to taste bitterness and a recessive, mutant
allele that interferes with the ability of an individual (nontaster) to taste bitterness. Three single nucleotide mutations

in the coding region of the TAS2R38 gene are associated with the nontaster allele. The nucleotides present at the

three positions are shown in the table below.

A cladogram representing the evolutionary relatedness of selected primates is shown below.

NUCLEOTIDE VARIATION IN THE TAS2R38 GENE

Position in the Nucleotide Sequence

145 785 886
Human nontaster G T A
Human taster C C G
Bonobo C C G
Chimpanzee C C G
Gorilla C C G

Orangutan
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36. In a sample of 2,400 people, 1,482 were found to

have the dominant (taster) phenotype. Assuming
that the population is in Hardy-Weinberg
equilibrium, approximately how many individuals
in the sample are expected to be heterozygous for
TAS2R38 ?

(A) 741
(B) 918
(C) 1,133
(D) 1,482

37. Which of the following scientific questions

will best help researchers determine when the
nontaster allele arose in the evolutionary history
of the sclected primates?

(A) How does the nontaster allele contribute to
individual fitness?

(B) Does the nontaster allele exist in any
nonhuman primate populations?

(C) What caused the mutations in the TAS2R38
gene?

(D) How do the mutations in the nontaster allele
affect the structure of the resulting protein?

38. Which of the following conclusions is supported

by the data?

(A) Humans and bonobos belong to the same
genus because the nucleotide sequence of
the TAS2R38 gene is the same.

(B) Chimpanzees are equally related to humans
and bonobos because all three groups
possess variants of the TAS2R38 gene.

(C) Humans are more closely related to bonobos
than to chimpanzees because the branch of
the tree with humans is closest to the branch
of the tree with bonobos.

(D) Bonobos are more closely related to humans
than to gorillas because bonobos and
humans share a more recent common
ancestor than bonobos and gorillas do.
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39.

40.

The TAS2R38 receptor protein has been detected
on the surface of cells from individuals who are
homozygous for the nontaster allele of the
TAS2R38 gene. Which of the following is the
most likely effect of the mutations associated with
the nontaster allele on TAS2R38 gene expression?

(A) The mutations change the primary structure
of the encoded receptor protein.
(B) The mutations increase the stability of
the TAS2R38 mRNA.
(C) The mutations prevent transcription of
the TAS2R38 gene.
(D) The mutations prevent translation of
the TAS2R38 mRNA.

Toxic substances often have a bitter taste that
causes animals who try to eat such substances

to spit them out rather than swallow them.
Additional data suggest that gorilla populations
have a very low frequency of nontasters. Which of
the following best describes the likely evolution
of the TAS2R38 locus in the gorilla population?

(A) Gorillas who could taste bitter toxins were
more likely to survive and reproduce than
nontasters.

(B) Gorillas who could taste bitter toxins became
resistant to the toxins, so the taster gene was
no longer under selective pressure.

(C) Gorillas acquired the taster allele by
horizontal gene transfer from chimpanzees.

(D) Gorillas who could taste bitter toxins could
utilize food resources that nontasters
could not.
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41. The manner in which several different ions and molecules move through a cell membrane is shown in the
diagram above. For each ion or molecule, the relative concentration on each side of the membrane is indicated.
Which of the following accurately describes one of the movements taking place?

(A) Glucose is transported into the cell by active transport.

(B) Na* is transported into the cell by active transport.

(C) The movement of glucose through the membrane requires ATP hydrolysis.
(D) Na* transport out of the cell requires ATP hydrolysis.
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42. Which of the following best describes how

myelination affects the transmission of nerve
impulses?

(A) It speeds up the transmission of impulses by
acting as an electrical insulator.
(B) It speeds up the transmission of impulses by

integrating signal information more quickly.

(C) It slows down the transmission of impulses
by forming gaps of unsheathed axons.

(D) It slows down the transmission of impulses
by impeding the movement of ions across
the neuronal membrane.
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43. The fossils in a layer of rock are significantly

different from those in the rock layer directly
above it. One hypothesis to explain the difference
is that a major extinction event occurred at the
point in time represented by the transition
between the two rock layers.

Which of the following is the best plan for
collecting data to use in a test of the hypothesis?

(A) Examining the upper part of the lower rock
layer for evidence of a catastrophic event,
such as the presence of shocked quartz,
iridium, or soot particles

(B) Digging farther into the hillside to look for a
section of sedimentary rock that has a third
layer below the two layers that were already
identified

(C) Comparing the genomes of organisms from
different evolutionary lineages to estimate
the relative geologic age of the upper rock
layer

(D) Searching fossil collections in several
museums for examples of the types of
features once shared among organisms that
are now extinct
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Questions 44-48

In the American Southwest, annually emerging cicadas are dependent upon the cottonwood trees in the
floodplain. Adult male cicadas perch in the cottonwood trees and chirp to attract females. Females lay their eggs in
the branches of the cottonwoods, and, upon hatching, the cicada nymphs drop to the ground, burrow into the soil,
feed on the tree roots, and later emerge as adults. Other organisms in the floodplain community prey on the cicadas,
as shown in the food web.

\

Yellow-Billed
Cuckon

Kesirel & Lizard Wasp
s e :%:3'&:% Black
3 e Widow
-— ‘f' Sparrow
\ ; ! Cottonwood
/ - ;

Cicada

Figure 1. Food web in floodplain community

Human activity has caused a decrease in the amount of flooding and an increase in the incidence of wildfires in
the floodplain. In an investigation into the recent changes in the floodplain ecosystem, researchers monitored the
soil temperature, amount of cottonwood ground coverage (i.c., area of the ground that is shaded by leaves), and
cicada emergence for a period from mid-June until late July. The results of the investigation are represented in
Figure 2 and Figure 3.

2 723
awmt s
_ 8 g 7118
Y 261 g 7/131
v, 5 18]
= £ 244 5 7/31
=22 5 61281
=3 = 6/23
T 2] S 6/181
= 6/13 ' ' ' ' '
L — ‘ 18 20 22 24 26 28
1200 400 ad B0 )
Cottonwand Clroond Coverape TMean June Sgg
{percenth emperature (°C)
Figure 2. Effect of cottonwood ground Figure 3. Relationship between soil
coverage on soil temperature temperature and cicada emergence date

To assess the impact of wildfires on soil temperature and cicada emergence, the researchers compared mean
emergence dates for two natural sites where portions had been affected by wildfire. In addition, cicada emergence
was monitored at an experimental site where the soil temperature was experimentally maintained. The data are
shown in the table.
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MEAN CICADA EMERGENCE DATES AT SITES AFFECTED BY WILDFIRES OR WITH
EXPERIMENTALLY CONTROLLED SOIL TEMPERATURE

Natural Site 1

Natural Site 2

Experimental Site

Unburned

Burned

Unburned

Burned

24°C

27°C

Mean Emergence Date July 8 June 18 July 15 July 3 July 14 July 5

44, Which of the following statements best predicts 46. Based on the data, which of the following

45.

the effect of increased cottonwood growth on the
food web?

(A) Increased cottonwood growth will lead to an
increase in the number of primary
consumers, resulting in more competition
between kestrels and sparrows for food.

(B) Increased cottonwood growth will decrease
the habitat available for lizards, resulting in
a decline in the number of kestrels.

(C) Increased cottonwood growth will provide
more resources for cicadas, resulting in an
increase in the kestrel population.

(D) Increased cottonwood growth will lead to a
large accumulation of dead wood that serves
as fuel for wildfires, resulting in the
collapse of the food web.

Based upon the data, which of the following best
describes the effect on the timing of cicada
emergence if the cottonwood ground cover
decreases from 50 percent to 25 percent?

(A) Cicadas will emerge approximately 10 days
earlier.

(B) Cicadas will emerge approximately 2 days
earlier.

(C) Cicadas will emerge approximately 10 days
later.

(D) Cicadas will emerge approximately 2 days
later.
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47.

describes the most likely relationship between
wildfires, soil temperature, and the timing of
cicada emergence in the same year?

(A) Wildfires caused a reduction in ground cover,
which in turn caused increased soil
temperatures leading to earlier emergence
of cicadas.

(B) Wildfires caused an increase in ground cover,
which in turn caused increased soil
temperatures delaying the emergence of
cicadas.

(C) Wildfires caused an increase in growth of
new plants, which in turn caused a decrease
in soil temperatures which led to earlier
emergence of cicadas.

(D) Wildfires caused a decrease in ground cover,
which in turn caused a decrease in soil
temperatures leading to later emergence of
cicadas.

Yellow-billed cuckoos typically hatch in mid-
July. Emerging cicadas are a primary food source
for nesting cuckoos. Which of the following best
predicts the effect of wildfires on yellow-billed
cuckoo populations?

(A) The yellow-billed cuckoo population will
decline because the decreased ground cover
will allow lizards to prey on cuckoo nests.

(B) The yellow-billed cuckoo population will
decline because the cicadas will emerge
before the hatching season begins.

(C) The yellow-billed cuckoo population will
grow because the adults will more casily see
and cat the cicada nympbhs.

(D) The yellow-billed cuckoo population will
remain unchanged because cuckoos do not
nest in areas affected by wildfires.

Question 48 is on the next page.
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48. The data from the temperature-controlled
experimental plots can best be used to support
which of the following conclusions about cicada
development?

(A) Adult cicadas lay more eggs when the soil is
warmer than when the soil is cooler.

(B) Adult cicadas mate more frequently when the
soil is warmer than when the soil is cooler.

(C) Cicada nymphs grow larger in warmer soil
than in cooler soil.

(D) Cicada nymphs mature to adults faster in
warmer soil than in cooler soil.

Primary Nitrogenous Wastc
Representative Product
Vertebrate

Ammonia Urea Uric Acid

Fish X

Tadpole X

Frog X

Reptile X

Bird X

Mammal X

Property of Nitrogenous Waste Product

Solubility in Water High High Low

Toxicity High Medium Low

49. The table above shows the types and properties of nitrogen-
containing wastes produced by several vertebrates. Which of
the following is the best evolutionary explanation of the data?

(A) The data support convergent evolution for nitrogen
excretion in organisms occupying dramatically different
environmental niches.

(B) The nitrogenous waste excreted by each vertebrate is the
result of evolutionary adaptations that have decreased
vulnerability to predators.

(C) Nitrogen homeostasis in terrestrial vertebrates reflects
an adaptation for more frequent and higher-volume
urination than that occurring in aquatic vertebrates.

(D) Ammonia secretion requires a large volume of water and
was therefore selected against in terrestrial vertebrates.
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50. The figure above shows an organelle typically

found in eukaryotic cells. Which of the following
best describes the function of the double
membrane system of this organelle?

(A) The outer membrane allows the transport of
all molecules into the intermembrane space,
while the inner membrane serves as the
regulatory boundary.

(B) The inner membrane has specialized proteins
that create a hydrogen ion concentration
gradient between the intermembrane space
and the matrix.

(C) The outer membrane contains transport
proteins that establish a sodium ion
concentration gradient used for ATP
production, while the inner membrane
contains transport proteins that establish a
hydrogen ion concentration gradient used
for glucose production.

(D) The toxins and wastes entering a cell cross
the outer membrane and are detoxified by
digestive enzymes stored within the
intermembrane space.
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51. Which of the following best describes an event

during step 2 in the simplified model above?

(A) A new RNA molecule is synthesized using a
DNA template.

(B) A new polypeptide is synthesized using an
RNA template.

(C) Thymine nucleotides in an RNA molecule are
replaced with uracil nucleotides.

(D) Noncoding sequences are removed from a
newly synthesized RNA molecule.
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52. Which of the following correctly compares the two processes shown above?

Fertiliziation

(A) Both processes increase genetic variation.

(B) Both processes represent aspects of sexual reproduction.
(C) Both processes require partitioning of genetic material and organelles.

Trandoetion

(D) The amount of genetic material per cell remains constant in both processes.
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G-PAP ﬂi!,
: }__F H = Hormone

R = Membrane receptor

G = G protein
G-PAP= G-protein activating protein

* G-PIP = G-protein inactivating protein
I'I* = Phosphorylating protein
TAT* = Transcription activation protein
Cell
Division

53. The diagram above represents a model of signal transduction pathways (I and II) in a cell that is targeted by two
different hormones (H; and H,). The components of the signal transduction pathways are identified in the figure
legend. Each cellular molecule in both pathways can exist in an inactive or active form. When the components
in pathway I are sequentially activated, the TAP molecules promote cell division. When the components in
pathway II are sequentially activated, downstream signaling by the G protein is inhibited. Based on the model,
which of the following mutations is most likely to result in a cell that will generate a cancerous tumor?

(A) A mutation in the gene encoding PP that results in a nonfunctional protein

(B) A mutation in the gene encoding G-PIP that results in a nonfunctional protein

(C) A mutation in the gene encoding R, so that it is inactive even in the presence of H,
(D) A mutation in the gene encoding R, so that it is active even in the absence of H,
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Directions: The next five questions, numbered 121-125, require numeric answers.
Determine the correct answer for each question and enter it in the grid on page 3 of the answer sheet.
Use the following guidelines for entering your answers.

Start your answer in any column, space permitting. Unused columns should be left blank.

e Write your answer in the boxes at the top of the grid and fill in the corresponding circles. Mark only one
circle in any column. You will receive credit only if the circles are filled in completely.

e Provide your answer in the format specified by the question. The requested answer may be an integer, a
decimal, or a fraction, and it may have a negative value.

e To enter a fraction, use one of the division slashes to separate the numerator from the denominator, as shown
in the example below. Fractions only need to be reduced enough to fit in the grid.

e Do not enter a mixed number, as this will be scored as a fraction. For example, 2 1/2 (two and one-half) will
be scored as 21/2 (twenty-one halves).

Fraction answer: =2/10

Integer answer: 5024 Decimal answer: {does not have

{either position is correct) -4.,13 1o be reduced)
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GENETIC MAKEUP OF A MOUSE POPULATION

Genotype Phenotype Numt')e.r of Individqals Nl.lmber of Indivifiuals
in Original Population in New Population
BB Brown 841 841
Bb Tan 1,218 1218
bb Gray 441 0
2,500 2,059

121. The genetic makeup of a mouse population is provided in the table above. At the start of an experiment,
researchers remove all the gray mice from the population, resulting in a population that is not in Hardy-

Weinberg equilibrium. Calculate the frequency of the recessive allele in the remaining population of mice.

Give your answer as a decimal to two places.
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122. A cell has a surface area of 32 yum? and a volume 124. Male chickens carry two Z sex chromosomes,
of 8 um?. A different cell has a surface area of while female chickens carry one Z sex

36 um? and a volume of 12 um>. What is the ratio chromosome and one W sex chromosome.
Located on the Z chromosome is a gene for

barring. Barred feathers have black and white
predicted to exchange materials with the stripes. The barred trait is dominant to the

surrounding environment at a faster rate by unbarred trait.

of surface area to volume for the cell that is

diffusion? Enter your answer as a fraction or a . .
Chickens have a fleshy growth on top of the head

called a comb. An autosomal trait called rose
comb is dominant to a trait called single comb.

whole number.

123. A rescarcher proposes that the transmembrane

portion of a certain protein consists of 24 amino An unbarred male heterozygous for the rose-comb
acids. Based on the proposed model, calculate the trait is crossed with a barred female with a single
number of nucleotides in the mRNA that encode comb. What proportion of the resulting progeny
only the amino acids in the transmembrane are expected to be barred males with single
portion of the protein. combs? Give your answer as a fraction or as a

decimal to the nearest hundredth.
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125. A student proposes a model of an energy pyramid for an isolated ecosystem, as shown above. The amount of
energy available at each trophic level is given in kcal/m?/year. According to the proposed model, what percent
of the available energy is transferred from one trophic level to the next? Round your answer to the nearest whole
percent, and disregard the percent sign when gridding your answer.
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BIOLOGY
Section 11
8 Questions
Total Time—90 minutes
Reading Period —10 minutes

Writing Period —80 minutes

Directions: Questions 1 and 2 are long free-response questions that require about 22 minutes each to answer and are
worth 10 points each. Questions 3—8 are short free-response questions that require about 6 minutes each to answer.
Questions 3-5 are worth 4 points cach and questions 6—8 are worth 3 points cach.

Read each question carefully and completely. You are advised to spend the 10-minute reading period planning your
answers. You may begin writing your responses before the reading period is over. Write your response in the space
provided for each question. Only material written in the space provided will be scored. Answers must be written out
in paragraph form. Outlines, bulleted lists, or diagrams alone are not acceptable.

Question 1 is on the following page.
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Figure 1. Production of light in the lantern organ of fireflies
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Figure 3. Flash pattern characteristics of selected firefly species
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Figure 4. Evolutionary relatedness among
selected firefly species
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1. Fireflies are a group of insects that possess a lantern organ composed of numerous light-producing cells
(photocytes) in their abdomens. The light is produced by a chemical reaction involving the light-emitting organic
compound luciferin. In each photocyte, luciferin is activated in an ATP-dependent reaction that is catalyzed by
the enzyme luciferase. In the presence of oxygen, the activated luciferin emits light as it is converted to
oxyluciferin (Figure 1).

The flashes of light are controlled by neurons that innervate the lantern organ. Activated neurons stimulate the
release of nitric oxide (NO), an inhibitor of the electron transport chain. The pattern of light flashes (Figure 2)
emitted by males is a signal to attract females as a component of mating behavior. Different species of firelly
display different patterns of flashes (Figure 3). The evolutionary relatedness of these species, as determined
using multiple morphological characteristics, is shown in Figure 4.

(a) Identify thc main source of the ATP used for activating luciferin, as shown in Figure 1, and describe the
cffect of the release of NO on oxygen levels in the photocyte during flashing.

(b) Describe TWO differences in the flash patterns of P. pyralis and P. knulli. Justify the use of differences in
flash signal patterns as evidence to support the claim that P. pyralis and P. knulli are different species.

(c) Use the template provided to construct a cladogram based on the data in Figure 3. Circle the position on the
cladogram that represents the outgroup.

(d) Evaluate the data used to construct the cladogram in Figure 4 and the cladogram you constructed in part (c)
and identify which cladogram is most likely to represent a more accurate phylogeny of the organisms.
Propose ONE type of additional data that that could be used to refine the phylogeny of these species.

THIS PAGE MAY BE USED FOR TAKING NOTES AND PLANNING YOUR ANSWERS.
NOTES WRITTEN ON THIS PAGE WILL NOT BE SCORED.
WRITE ALL YOUR RESPONSES ON THE LINED PAGES.
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EFFECT OF ENVIRONMENTAL FACTORS ON DNA

Treatment Mean Percent of DNA with 2SE -
Double-Strand Breaks X
Untreated control 9.8 24
BaP only 9.7 32
UVA only 10.1 34
UVA and BaP 35.1 5.0

2. Environmental mutagens can affect DNA in cells. Benzo[a]pyrene (BaP) is a mutagen that is commonly found
in urban air pollution. Researchers claim that the effect of UVA radiation (UVA), another known mutagen, is
amplified by the presence of BaP. To test their claim, the researchers exposed cultured eukaryotic cells to either
BaP, UVA radiation, or both mutagens. The researchers then determined the percent of chromosomal DNA that
contained damage in the form of double-strand breaks. The results are shown in the table.

(a) On the template below construct a graph using the data in the table to represent the effect of UVA and BaP
on DNA.

(b) Using the results from all treatments, describe the effect of BaP alone and UV A alone compared with the
effect of the combined treatment of BaP and UVA on DNA.

(¢) Predict the most likely effect on cell division for a cell containing DNA with double-strand breaks. Justify
your prediction.

(d) Point mutations alter the DNA sequence at a single nucleotide. Describe how point mutations affect the
genetic makeup of the population AND impact the evolution of the population.

THIS PAGE MAY BE USED FOR TAKING NOTES AND PLANNING YOUR ANSWERS.
NOTES WRITTEN ON THIS PAGE WILL NOT BE SCORED.
WRITE ALL YOUR RESPONSES ON THE LINED PAGES.
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Figure 1. Effect of karrikins and strigolactones on seed germination in an
autotrophic host plant and its obligate parasitic weed

3. Strigolactones and karrikins are structurally similar compounds that can affect seed germination in certain
species of plants. However, plants with different life strategies (autotrophic plants or obligate parasitic weeds)
germinate in response to the presence of different compounds in the soil. After germination, many species of
autotrophic plant release strigolactones from their roots into the soil, which promotes uptake of nutrients.

The graphs above represent the results of a laboratory experiment to test the effect of different concentrations of
strigolactones or karrikins on the seed germination of an autotrophic host plant and of an obligate parasitic weed.

(a) Based on an analysis of the data, describe the effect of karrikins on seed germination in the autotrophic host
plants and the obligate parasitic weed plants.

(b) A researcher proposes that the obligate parasitic weed requires exposure to a signal from the host plant
before it can germinate. Using the data as evidence, provide support for the researcher’s claim and give
ONE reason the response would be an advantage for the weed plants.
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H—CUC=N

Figure 1. Chemical structure of cyanide

4. The secondary compound cyanide (Figure 1) is a toxic, bitter-tasting chemical that is found in apple seeds.
Cyanide in seeds is only released and tasted if the seed is crushed. When animals eat apples, they typically eat
the sweet fleshy part of the fruit and spit out the seeds or swallow them whole.

(a) Based on the chemical structure of cyanide, identify ONE type of biological macromolecule that could serve
as a chemical precursor for the production of cyanide in a plant. Justify your choice.

(b) It has been proposed that apple trees are in a mutualistic relationship with the animals who eat the apples.
Describe ONE benefit to each organism in the mutualistic relationship.

PAGE FOR ANSWERING QUESTION 4
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5. Caenorhabditis elegans is a species of soil-dwelling nematode (roundworm) that feeds on soil bacteria,
including Bacillus thuringiensis. B. thuringiensis is a virulent bacterial pathogen that produces BT toxin, a
protein that can kill different invertebrate species, including C. elegans.

In a laboratory experiment, C. elegans and B. thuringiensis were cultured individually (control) or together
(experimental) for 150 days. Under optimal conditions, the generation time of C. elegans is approximately

3.5 days and the generation time of B. thuringiensis is approximately 25 minutes. At the end of the experiment,
the change in virulence of B. thuringiensis and the change in resistance of C. elegans to BT toxin were
determined.

(a) Calculate the maximum number of generations that is possible in individual cultures of C. elegans AND the
maximum number of generations that is possible in individual cultures of B. thuringiensis in 150 days.

(b) The researchers found that after 150 days, the magnitude of the change in both B. thuringiensis virulence
and C. elegans resistance was less when they were cultured individually (control) than when they were
cultured together (experimental). Provide ONE reason for the difference in results between the two
treatments.

(c) The researchers also found that after 150 days, the relative change in virulence of B. thuringiensis was
greater than the relative change in the resistance in C. elegans when the organisms were cultured together.
Provide ONE reason that the relative change in B. thuringiensis virulence was greater than the relative
change in C. elegans resistance.
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Figure 1. Time course of events during fertilization of a sea urchin egg

6. Figure 1 shows the events during and immediately following fertilization of a sea urchin egg. Sexual

reproduction relies on the successful fusion of only one sperm with one egg (time 1) during fertilization. In sea
urchins, a diploid organism, several events prevent additional sperm from fertilizing the egg. One of the first

events following fertilization is the fusion of secretory vesicles called cortical granules with the egg plasma

membrane (time 2). The cortical granules release their contents, a mixture of polysaccharides and proteins, into
the perivitelline space. Subsequent to this, water moves into the perivitelline space, causing it to expand and
physically separate the fertilization envelope from the egg plasma membrane (time 3). The fertilization envelope
prevents fusion of more than one sperm with the egg.

(a) Provide ONE reason that preventing fusion of multiple sperm with one egg in sea urchins has provided
a survival advantage over evolutionary time.

(b) Describe how the release of the contents of the cortical granules into the perivitelline space results in the
movement of water and causes the subsequent expansion of the perivitelline space.

PAGE FOR ANSWERING QUESTION 6

Unauthorized copying or reuse of
any part of this page is illegal.

AP Biology 2017

-24-

45

GO ON TO THE NEXT PAGE.

Source p. 78



7. Cyanobacteria are a large group of prokaryotic organisms. Cyanobacteria are found in marine microbial mats
that include many species of eukaryotic and prokaryotic organisms that can participate in mutualistic symbiotic
relationships. One recently discovered species of cyanobacteria, UCYN-A, lacks the genes that encode ribulose
bisphosphate carboxylase/oxygenase (RuBisCo), components of photosystem II, and the Krebs cycle. UCYN-A
contains genes enabling nitrogen fixation, which allows the enzymatic conversion of atmospheric nitrogen to
biologically available nitrogen compounds such as nitrate. Within the microbial community there is relatively
little available nitrogen. The majority of organisms in the microbial mat cannot fix nitrogen.

(a) Identify the metabolic process whereby UCYN-A is most likely to produce ATP.

(b) In low-nitrogen conditions, UCYN-A participates in a mutualistic symbiotic relationship with other
organisms in the microbial mat. Predict the most likely type of symbiotic relationship between UCYN-A
and the other organisms in the microbial mat if nitrogen becomes readily available from another source.
Provide reasoning to support your prediction.
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Figure 1. MDM2 and p53 signaling in response to DNA
damage controls cell cycle progression.

8. The p53 and MDM2 proteins are involved in the DNA damage response pathway (Figure 1). In the absence of
DNA damage, MDM2 mediates the degradation of p53. In the presence of DNA damage, p53 is not broken
down and forms active tetramers that stimulate the expression of genes that block cell cycle progression.

Red blood cells are produced by the division and differentiation of multipotent stem cells. Researchers have
observed that mice with a partial loss-of-function mutation in the MDM?2 gene have a lower concentration of red
blood cells in the blood than do mice that express the wild-type MDM?2 allele.

(a) Using the model of the p5S3/MDM2 pathway, connect the reduction of MDM?2 function in mutant mice to
the observed concentration of red blood cells.

(b) Predict how a loss-of-function mutation in the p53 gene is most likely to affect the cell cycle in response to
DNA damage. Justify your predictions.
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AP® BIOLOGY EQUATIONS AND FORMULAS

Statistical Analysis and Probability

Standard Deviation

— ln Z(xi_)_c)z
Tt TN

Chi-Square

2
s 2 (0—e)
SE- = = = —_—
X \/E X z e
Chi-Square Table
p Degrees of Freedom
value | 2 3 4 5 6 7 8

0.05 3.84 5.99 7.82 9.49 | 11.07 | 1259 | 14.07 | 15.51

0.01 6.64 921 | 1134 | 1328 | 15.09 | 16.81 | 18.48 | 20.09

Laws of Probability

If A and B arc mutually exclusive, then:
P(AorB)=P(A)+ P(B)
If A and B are independent, then:
P(A and B)=P(A) X P(B)

Hardy-Weinberg Equations
p = frequency of the dominant allele
in a population

p? +2pg +g*=1

q = frequency of the recessive allele
in a population

p+g=1

X = sample mean

n = size of the sample

s = sample standard deviation (i.e., the sample-based
estimate of the standard deviation of the
population)

o = obscrved results

e = expected results

Degrees of freedom are equal to the number of
distinct possible outcomes minus one.

Metric Prefixes

Factor Prefix Symbol
10° giga G

106 mega M

103 kilo k

10-2 centi c

10-3 milli m

10-6 micro u

10-9 nano n

10-12 pico p

Mode = value that occurs most frequently in a data set

Mean = sum of all data points divided by number of data points

Median = middle value that separates the greater and lesser halves of a data sct

Range = value obtained by subtracting the smallest observation (sample minimum) from the greatest (sample maximum)
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Rate and Growth

Rate
day
dt
Population Growth
dN
—=B-D
dt
Exponential Growth
dN
7 = Tmax

Logistic Growth
dN K—-N
zrzﬁmN( K )

Temperature Coefficient Q10

Primary Productivity Calculation
mg O, y 0.698 mL. _ mL O,

dY = amount of change

dt = change in time

B = birth rate

D = death rate

N = population size

K = carrying capacity

m

growth rate of population

Thax = Maximum per capita

Water Potential (V)

W, = pressure potential

¥ = solute potential

The water potential will be equal to
the solute potential of a solution in an
open container because the pressure

potential of the solution in an open
container is zero.

L mg L
mL O, y 0.536 mg C fixed = mg C fixed
L mL O, B L

(at standard temperature and pressure)

T, = higher temperature
T, = lower temperature
k, = reaction rate at T,
k, = reaction rate at T

Q= the factor by which the
reaction rate increases when
the temperature is raised by

ten degrees

The Solute Potential of a Solution

¥, = —iCRT

i = ionization constant (this is 1.0 for
sucrose because sucrose does not
ionize in water)

C = molar concentration

R = pressure constant
(R = 0.0831 liter bars/mole K)

T = temperature in Kelvin (°C + 273)

Surface Area and Volume

Volume of a Sphere
3

V:i%ﬂr

Volume of a Rectangular Solid
V = Iwh

Volume of a Right Cylinder

V =mr’h

Surface Area of a Sphere

A = dnr?

Surface Area of a Cube

A = 65°

Surface Area of a Rectangular Solid

A = X surface area of each side

r = radius
¢ = length
h = height
w = width

s = length of one
side of a cube

A = surface area

V = volume

2 =sum of all

Dilution (used to create a dilute solution from a
concentrated stock solution)

CiVi= CtVs

C = concentration of solute
V = volume of solution

i = initial (starting)
f =final (desired)

Gibbs Free Energy

AG =AH - TAS

AG = change in Gibbs free energy
AS = change in entropy

AH = change in enthalpy

T = absolute temperature (in Kelvin)

pH =-log,, [H*]
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APPENDIX - ANSWERS

AP Biology 2017

Matching answer key and scoring guidelines from the supplied exam source.

Question Answer Question Answer Question Answer
1 A 21 D 41 D
2 D 22 A 42 A
3 C 23 C 43 A
4 D 24 A 44 C
5 B 25 B 45 A
6 A 26 C 46 A
7 D 27 C 47 B
8 C 28 B 48 D
9 A 29 B 49 D
10 D 30 C 50 B
11 B 31 D 51 D
12 D 32 A 52 A
13 C 33 C 53 B
14 B 34 B
15 D 35 C
16 C 36 C
17 C 37 B
18 A 38 D
19 B 39 A

20 B 40 A

Grid-in answers

121: 0.29 through 0.30 (29/100 through 30/100)
122:4/1 or 4

123: 72

124: 1/4 or 0.25

125: 14 through 15

Source: supplied College Board practice exam; no replacement model answers.
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Figure 1. Production of light in the lantern organ of fireflies
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Figure 2. Flash pattern characteristics in fireflies
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Figure 3. Flash pattern characteristics of selected firefly species
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Question 1 (continued)

— I brimieyi
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- — P dimivsiey
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— P consangiinecis

Figure 4. Evolutionary relatedness among selected firefly species

Fireflies are a group of insects that possess a lantern organ composed of numerous light-producing
cells (photocytes) in their abdomens. The light is produced by a chemical reaction involving the
light-emitting organic compound luciferin. In each photocyte, luciferin is activated in an
ATP-dependent reaction that is catalyzed by the enzyme luciferase. In the presence of oxygen,

the activated luciferin emits light as it is converted to oxyluciferin (Figure 1).

The flashes of light are controlled by neurons that innervate the lantern organ. Activated neurons
stimulate the release of nitric oxide (NO), an inhibitor of the electron transport chain. The pattern
of light flashes (Figure 2) emitted by males is a signal to attract females as a component of mating
behavior. Different species of firefly display different patterns of flashes (Figure 3). The evolutionary
relatedness of these species, as determined using multiple morphological characteristics, is shown
in Figure 4.

(a) Identify the main source of the ATP used for activating luciferin, as shown in Figure 1, and
describe the effect of the release of NO on oxygen levels in the photocyte during flashing. (2 points)

Identification (1 point)
e Mitochondria
e (Cellular respiration
e (Oxidative phosphorylation/electron transport chain

Description (1 point)
e Oxygen levels increase
(b) Describe TWO differences in the flash patterns of P. pyralis and P. knulli. Justify the use of

differences in flash signal patterns as evidence to support the claim that P. pyralis and P. knulli
are different species. (3 points)

Description (2 points maximum; 1 point per row)

Signal characteristic P. pyralis P. knulli
Flash duration Longer Shorter
Interflash interval Not present Present
Flash pattern interval Longer OR | Shorter
Rate of flashes per unit of time Lower Higher

) Fewer More
Flashes per flash pattern interval One AND | Three
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Question 1 (continued)
Justification (1 point)
e Different flash patterns serve as a reproductive barrier

(c) Use the template provided to construct a cladogram based on the data in Figure 3. Circle the
position on the cladogram that represents the outgroup. (2 points)

Construct Cladogram (1 point)

P. brimleyi

—E P. dismissus Species in any order

P. punctulatus

——— P. knulli
M Species in any order
——— P. consanguineous

Identify outgroup (1 point)
e (Circle bottom-most position in the cladogram

(d) Ewvaluate the data used to construct the cladogram in Figure 4 and the cladogram you constructed
in part (c) and identify which cladogram is most likely to represent a more accurate phylogeny of
the organisms. Propose ONE type of additional data that that could be used to refine the
phylogeny of these species. (3 points)

Evaluation (1 point)
e Multiple characteristics provide more evidence than does a single characteristic

Identification (1 point)
e Figure 4

Proposed type of data (1 point)
e FEvidence from DNA/protein
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Question 2

EFFECT OF ENVIRONMENTAL FACTORS ON DNA

Treatment Mean Percent of DNA with 2SE.
Double-Strand Breaks X
Untreated control 9.8 2.4
BaP only 9.7 3.2
UVA only 10.1 3.4
UVA and BaP 36.1 5.0

Environmental mutagens can affect DNA in cells. Benzola]pyrene (BaP) is a mutagen that is commonly
found in urban air pollution. Researchers claim that the effect of UVA radiation (UVA), another known
mutagen, is amplified by the presence of BaP. To test their claim, the researchers exposed cultured
eukaryotic cells to either BaP, UVA radiation, or both mutagens. The researchers then determined the
percent of chromosomal DNA that contained damage in the form of double-strand breaks. The results
are shown in the table.

(a) On the template below construct a graph using the data in the table to represent the effect of
UVA and BaP on DNA. (3 points)
Contruct graph (3 points)
e Appropriate labels, units and scaling
e Correctly plotted means on a bar graph/modified bar graph
e Correctly plotted error bars

(b) Using the results from all treatments, describe the effect of BaP alone and UVA alone compared
with the effect of the combined treatment of BaP and UVA on DNA. (3 points)

Description (3 points)

Treatment Effect (1 point per box)
UVA alone Did not cause damage
BaP alone Did not cause damage

e (Caused damage

BaP plus UVA .
e (Caused more damage than did BaP alone or UVA alone

(c) Predict the most likely effect on cell division for a cell containing DNA with double-strand breaks.
Justify your prediction. (2 points; points may only be earned from one row)

Prediction (1 point) Justification (1 point per box)

o DNA replication cannot be completed

e The cell cannot pass through a cell cycle checkpoint with
Cell division will not occur DNA damage

o Cell enters apoptosis pathway

Cell division will be delayed | The cell requires time to repair DNA
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(d) Point mutations alter the DNA sequence at a single nucleotide. Describe how point mutations
affect the genetic makeup of the population AND impact the evolution of the population.

(2 points)

AP® BIOLOGY
2017 SCORING GUIDELINES

Question 2 (continued)

Description (1 point each; 2 points maximum)

Genetic makeup | ®

Increase genetic diversity
Introduce new alleles
Introduce new protein/amino acid

Evolution

Mutant/new phenotypes are subject to natural selection
Mutation is subject to evolutionary forces
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Question 3

AUTOTROFHIC HOST PLANT OBLIGATE PARASITIC WEED
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Figure 1. Effect of karrikins and strigolactones on seed germination in an
autotrophic host plant and its obligate parasitic weed

Strigolactones and karrikins are structurally similar compounds that can affect seed germination in
certain species of plants. However, plants with different life strategies (autotrophic plants or obligate
parasitic weeds) germinate in response to the presence of different compounds in the soil. After
germination, many species of autotrophic plant release strigolactones from their roots into the soil,
which promotes uptake of nutrients.

The graphs above represent the results of a laboratory experiment to test the effect of different
concentrations of strigolactones or karrikins on the seed germination of an autotrophic host plant and
of an obligate parasitic weed.

(a) Based on an analysis of the data, describe the effect of karrikins on seed germination in the
autotrophic host plants and the obligate parasitic weed plants. (2 points)

Type of plant Description (2 points; 1 point per box)

Autotrophic host plant Promoted germination

e Did not promote germination
e Inhibited germination
e Did not affect germination

Obligate parasitic weed

(b) A researcher proposes that the obligate parasitic weed requires exposure to a signal from the host
plant before it can germinate. Using the data as evidence, provide support for the researcher’s
claim and give ONE reason the response would be an advantage for the weed plants. (2 points)

Support (1 point)
e Strigolactones promote germination (of the obligate parasitic weed)

Reasoning (1 point)
e Seeds only germinate when host plant/food source is present
e Seeds do not germinate when host plant/food source is not present
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Question 4
[[—C=N

Figure 1. Chemical structure of cyanide

The secondary compound cyanide (Figure 1) is a toxic, bitter-tasting chemical that is found in apple
seeds. Cyanide in seeds is only released and tasted if the seed is crushed. When animals eat apples,
they typically eat the sweet fleshy part of the fruit and spit out the seeds or swallow them whole.

(a) Based on the chemical structure of cyanide, identify ONE type of biological macromolecule that
could serve as a chemical precursor for the production of cyanide in a plant. Justify your choice.
(2 points)
Identification (1 point)
e Amino acids OR proteins/polypeptides
e Nucleotides OR nucleic acids

Justification (1 point)
e Macromolecule contains nitrogen

(b) It has been proposed that apple trees are in a mutualistic relationship with the animals who eat the
apples. Describe ONE benefit to each organism in the mutualistic relationship. (2 points)

Organism Description of benefit (2 points; 1 point per row)

e Seed dispersal
Plant . P . .

e Animal feces provides nutrients for the plant
Animal Nutrient/energy acquisition
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Question 5

Caenorhabditis elegans is a species of soil-dwelling nematode (roundworm) that feeds on soil bacteria,
including Bacillus thuringiensis. B. thuringiensis is a virulent bacterial pathogen that produces
BT toxin, a protein that can kill different invertebrate species, including C. elegans.

In a laboratory experiment, C. elegans and B. thuringiensis were cultured individually (control) or
together (experimental) for 150 days. Under optimal conditions, the generation time of C. elegans is
approximately 3.5 days and the generation time of B. thuringiensis is approximately 25 minutes. At the
end of the experiment, the change in virulence of B. thuringiensis and the change in resistance of

C. elegans to BT toxin were determined.

(a) Calculate the maximum number of generations that is possible in individual cultures of C. elegans
AND the maximum number of generations that is possible in individual cultures of B. thuringiensis
in 150 days. (2 points)

Calculations (2 points; 1 point per calculation)
e (. elegans: 150/3.5 =42 or 43
e B. thuringiensis: 150*24*60/25 = 8,640

(b) The researchers found that after 150 days, the magnitude of the change in both B. thuringiensis
virulence and C. elegans resistance was less when they were cultured individually (control) than
when they were cultured together (experimental). Provide ONE reason for the difference in
results between the two treatments. (1 point)

Reasoning (1 point)
e Selection for the traits is present/stronger when both organisms are cultured together

(c) The researchers also found that after 150 days, the relative change in virulence of B. thuringiensis
was greater than the relative change in the resistance in C. elegans when the organisms were
cultured together. Provide ONE reason that the relative change in B. thuringiensis virulence was
greater than the relative change in C. elegans resistance. (1 point)

Reasoning (1 point)
e More generations for B. thuringiensis/shorter generation time for B. thuringiensis
o Generally larger population size of B. thuringiensis
e More opportunity for mutation in B. thuringiensis
e B thuringiensis are haploid and C. elegans are diploid
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Question 6
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Figure 1. Time course of events during fertilization of a sea urchin egg

Figure 1 shows the events during and immediately following fertilization of a sea urchin egg. Sexual
reproduction relies on the successful fusion of only one sperm with one egg (time 1) during fertilization.
In sea urchins, a diploid organism, several events prevent additional sperm from fertilizing the egg.
One of the first events following fertilization is the fusion of secretory vesicles called cortical granules
with the egg plasma membrane (time 2). The cortical granules release their contents, a mixture of
polysaccharides and proteins, into the perivitelline space. Subsequent to this, water moves into the
perivitelline space, causing it to expand and physically separate the fertilization envelope from the egg
plasma membrane (time 3). The fertilization envelope prevents fusion of more than one sperm with the
egyg.
(a) Provide ONE reason that preventing fusion of multiple sperm with one egg in sea urchins has
provided a survival advantage over evolutionary time. (1 point)

Reasoning (1 point)
e (Cells with too many chromosomes do not live
e Organisms with too many chromosomes are likely sterile

(b) Describe how the release of the contents of the cortical granules into the perivitelline space
results in the movement of water and causes the subsequent expansion of the perivitelline space.
(2 points)

Description of movement (1 point)
e Increased osmolarity/decreased water potential (of perivitelline space)
e (Perivitelline space becomes) hypertonic to its surroundings

Description of expansion (1 point)
e Water movement adds volume
o  Water movement increases pressure
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Question 7

Cyanobacteria are a large group of prokaryotic organisms. Cyanobacteria are found in marine microbial
mats that include many species of eukaryotic and prokaryotic organisms that can participate in

mutualistic symbiotic relationships. One recently discovered species of cyanobacteria, UCYN-A, lacks

the genes that encode ribulose bisphosphate carboxylase/oxygenase (RuBisCo), components of

photosystem II, and the Krebs cycle. UCYN-A contains genes enabling nitrogen fixation, which allows
the enzymatic conversion of atmospheric nitrogen to biclogically available nitrogen compounds such
as nitrate. Within the microbial community there is relatively little available nitrogen. The majority of
organisms in the microbial mat cannot fix nitrogen.

(a) Identify the metabolic process whereby UCYN-A is most likely to produce ATP. (1 point)

Identification (1 point)

e (Qlycolysis

e Photosystem I

e FElectron transport chain/system

e TFermentation

e Anaerobic respiration

(b) In low-nitrogen conditions, UCYN-A participates in a mutualistic symbiotic relationship with other

organisms in the microbial mat. Predict the most likely type of symbiotic relationship between
UCYN-A and the other organisms in the microbial mat if nitrogen becomes readily available from
another source. Provide reasoning to support your prediction. (2 points; points may only be

earned from one row)

Predicted
relationship
(1 point)

Reasoning (1 point) — requires effects on both organisms

Effect on UCYN-A

Effect on other microbes

Parasitism (+/-)

Receives nutrients

Not dependent on UCYN-A for fixed nitrogen
AND harmed by loss of nutrients

Commensalism (+/0) | Receives nutrients

Not dependent on UCYN-A for fixed nitrogen
AND not harmed by loss of nutrients

AP Biology 2017
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Question 8

DMA Damage
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Figure 1. MDMZ2 and p53 signaling in response to DNA damage controls cell cycle progression.

8. The pb3 and MDM2 proteins are involved in the DNA damage response pathway (Figure 1). In the
absence of DNA damage, MDMZ2 mediates the degradation of p53. In the presence of DNA damage,
pb3 is not broken down and forms active tetramers that stimulate the expression of genes that block
cell cycle progression.

Red blood cells are produced by the division and differentiation of multipotent stem cells. Researchers
have observed that mice with a partial loss-of-function mutation in the MDMZ gene have a lower
concentration of red blood cells in the blood than do mice that express the wild-type MDM?2 allele.

(a) Using the model of the p53/MDM2 pathway, connect the reduction of MDM2 function in mutant
mice to the observed concentration of red blood cells. (1 point)
Connection (1 point)
e D53 is (constitutively/always) active (in MDM2 mutant)
e pb3is not degraded (regardless of DNA damage)

(b) Predict how a loss-of-function mutation in the p53 gene is most likely to affect the cell cycle in
response to DNA damage. Justify your predictions. (2 points)

Prediction (1 point) Justification (1 point)

Cell cycle will proceed (even in | Nonfunctional p53 (protein) cannot
the presence of DNA damage) | regulate the cell cycle
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