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Figure 1. Model of two-step enzymatic plant pathway for synthesis of
IAA from tryptophan

1. Auxins are plant hormones that coordinate several aspects of root growth and development. Indole-3-acetic 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 TAA.

(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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BIOLOGY
Section II
Total Time—1 hour and 30 minutes
Reading Period — 10 minutes
Writing Period—1 hour and 20 minutes
8 Questions

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 each and questions 6—8 are worth 3 points each.

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.
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Figure 1. Phylogenetic tree representing the evolutionary relatedness among bear
populations based on mitochondrial DNA sequence comparisons

1. 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).
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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.

(a)

(b)

(c)

(d)

(e)
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TABLE 1. AMINO ACID DIFFERENCES IN THE

LYST PROTEIN AMONG BEAR SPECIES

Panda Black Brown Polar
Panda -
Black 33 -
Brown 34 1 -
Polar 40 7 8 -

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 phylogenetic tree.

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.

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.

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.

Describe how the mutation in the /yst 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.
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Figure 1. Comet assay to detect double-stranded breaks in DNA

6. 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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BIOLOGY
Section I1
8 Questions
Planning Time —10 minutes
Writing Time —8(0 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 each and questions 6—8 are worth 3 points each.

Read each question carefully and completely. 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.

1. 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.
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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.

Light Dark
| .
I
1 L I
T L |
L
o+ ——
>
= 74+ I
g1
+ I
1 1 I .
4 .|
14+ :
0 6 12 18 24

Time (hours)

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.
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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.
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(a) The nervous system plays a role in coordinating the observed activity pattern of the mice in response to
light-dark stimuli. Describe ONE role of each of the following anatomical structures in responding to light-
dark stimuli.

e A photoreceptor in the retina of the eye
e The brain
e 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 L.12: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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8. 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.

STOP

END OF EXAM



