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5. Ruminants are hoofed animals, including cattle and sheep, that have a unique four-chambered stomach
specialized to digest tough, fiber-filled grasses. Researchers studying ruminants are investigating the
morphological and molecular characteristics of different ruminant families in order to determine the
evolutionary relationships among the families. Cladograms of several ruminant families were constructed based
on morphological data (Figure 1A) and molecular data (Figure 1B). Table 1 shows a sample of the
morphological characteristics present in each family used to construct the cladogram in Figure 1A.

A
Tragulidae  Giraffidae  Bovidae Moschidae Antilocapridae Cervidae

B

Tragulidae Giraffidae Antilocapridae Bovidae Moschidae  Cervidae

Figure 1. Cladogram of six ruminant families based on (A) morphological
data and (B) molecular data

TABLE 1. MORPHOLOGICAL CHARACTERISTICS FOUND IN EACH RUMINANT FAMILY

Characteristic Morphologlc‘al Tragulidae | Giraffidae [ Bovidae | Moschidae | Antilocapridae | Cervidae
Number Characteristic
1 Extra tooth material X X
2 Third stomach X X X X
Double opening for
3 X
tear ducts
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(a) Describe how a scientist would use a comparison of the DNA sequences of different organisms to suggest
the most likely evolutionary relationship among the organisms.

(b) Based on Figure 1, explain why Bovidae is likely to be more closely related to Moschidae than it is to
Giraffidae.

(c) Using the template in the space provided for your response, represent the point(s) at which characteristic 1,
listed in Table 1, evolved by marking “X” on the line(s) of the cladogram in the correct location(s).

(d) Based on Figure 1A, explain why a characteristic found only in the Cervidae and Bovidae families is more
likely evidence of convergent evolution than it is of common ancestry.

Write your responses to this question only on the designated pages in the separate Free Response booklet.
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Figure 3. Electron transport chain

2. 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.
e (Catabolism of glucose in glycolysis and pyruvate oxidation
e Oxidation of intermediates in the Krebs cycle
e 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.

e Nearly all existing organisms perform glycolysis.
e Glycolysis occurs under anaerobic conditions.

e Glycolysis occurs only in the cytosol.
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(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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2. 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.

MILK COMPONENTS IN DIFFERENT MAMMALS

Character Cat Cow Horse Human Pig
Lactose + + + + +
Protein A + + + + +
Protein B — + + - +
Casein - + + - +
+ indicates the presence of the character, and — indicates the absence of
the character

(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.




