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Question 1: Interpreting and Evaluating Experimental Results with Experimental 
Design 9 points 

Crossing over in meiosis I  is required for homologous chromosomes to properly align during metaphase and 
segregate during the first cell division. 

Some regions of a chromosome called hotspots display a higher frequency of crossing over than other 
regions do. Crossing over is suppressed in chromosomal regions near the centromeres. The centromere 
region of a duplicated chromosome includes a collection of proteins that form a structure called the 
kinetochore. Scientists hypothesized that one or more of these kinetochore proteins are responsible for 
suppressing crossing over around the centromere. 

To investigate their hypothesis, scientists modified chromosome 8 in yeast such that, in each cell, one 
chromosome from the pair of homologous chromosome 8s  contained the gene encoding red fluorescent 
protein (RFP), while the other chromosome from the pair contained the gene encoding green fluorescent 
protein (GFP). Cells expressing RFP emit (give off) red light, and cells expressing GFP emit green light. Models 
of the modified chromosome 8 both before and after crossing over are shown in Figure 1. 

 

 

Figure 1. Models of modified chromosome 8 used in the experiment (A) before and (B) after crossing over 
occurs at the hotspot 

The scientists then investigated whether attaching individual kinetochore proteins to a specific DNA 
sequence present in a known crossing-over hotspot on chromosome 8 affected the frequency of crossing   
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over at this location. In their first experiment, they examined three groups of yeast cells containing the 
modified chromosome 8. Group 1 contained no kinetochore proteins attached to the hotspot, group 2 
contained the kinetochore protein CTF attached to the hotspot, and group 3 contained the kinetochore 
protein IML attached to the hotspot. For each group, the scientists determined the frequency of crossing 
over between the RFP and GFP genes. To determine the frequency, the scientists added the number of cells 
emitting both red and green light to the number of cells that emitted no light and divided by the total 
number of cells (Figure 2). 

 

 

Figure 2. The frequency of crossing over in a hotspot on yeast chromosome 8 for cell groups treated with 
different kinetochore proteins. Error bars represent 2SEX± .  

(a) Describe the function of S phase of interphase. 
Accept one of the following: 
• (The function of S phase is to) replicate/duplicate/synthesize the 

DNA/chromosomes. 
• (The function of S phase is to) double the amount of DNA. 

1 point 
 

  Explain why some haploid cells formed after meiosis in this experiment will have only 
one fluorescent marker. 
Accept one of the following: 
• Some cells will receive a chromosome/(sister) chromatid that did not undergo 

crossing over/recombination (in the hotspot). 
• Two (or a multiple of two) crossing-over events occurred (in the hotspot). 
• Each daughter cell will receive one of the four sister chromatids. Two of the sister 

chromatids shown in Figure 1 have only one fluorescent protein gene.  
• The two chromosomes that were not involved in crossing over will have only the 

RFP gene or the GFP gene. After meiosis II , a gamete with one of these 
chromosomes will have only the RFP or the GFP gene. 

1 point 

 Total for part (a)  2 points 

(b) Identify the control group for the scientists’ first experiment, shown in Figure 2. 
Accept one of the following: 
• Group 1 
• (The group called) None 
• Cells with no (kinetochore) protein (attached to the chromosome) 

1 point 
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 In a follow-up experiment, the scientists created a modified version of CTF in which 
the DNA-binding portion had been removed. They compared the frequency of 
crossing over in yeast cells in the presence and absence of unmodified CTF with that 
in yeast cells in the presence and absence of the modified CTF protein (data not 
shown). In the follow-up experiment, justify why the scientists used a modified CTF 
protein that is unable to bind to DNA as a control. 
Accept one of the following: 
• (Using a modified CTF enabled the scientists) to determine whether DNA binding 

of the CTF/kinetochore protein affects/inhibits crossing over/recombination. 
• (Using a modified CTF enabled the scientists) to determine whether just the 

presence of the CTF/kinetochore protein is enough to affect/inhibit the crossing 
over/recombination frequency.  

1 point 

 Identify the independent variable in the follow-up experiment. 
Accept one of the following: 
• The type of CTF used 
• The presence or absence of (modified/unmodified) CTF 

1 point 

 Total for part (b) 3 points 

(c) Based on Figure 2, describe the effect on the frequency of crossing over when CTF is 
attached to the chromosome 8 hotspot compared with the effect when IML is 
attached to the hotspot. 
Accept one of the following: 
• CTF attachment results in a decreased/lower frequency of crossing 

over/recombination, (whereas IML had no effect). 
• IML attachment results in an increased/a higher frequency of crossing 

over/recombination (compared with CTF attachment). 

1 point 

(d) Predict the effect on the number of copies of chromosome 8 likely to be present in 
the resulting daughter cells when CTF is attached to the hotspot.  
Accept one of the following: 
• There will be zero/two (copies). 
• There will be one less/one extra (copy). 

1 point 
 

 Provide reasoning to justify your prediction. 
• Cells (with attached CTF molecules) undergo crossing over/recombination at a 

lower frequency, so it is more likely that nondisjunction would 
occur/chromosomes would not separate properly. 

 1 point 

 Explain how the presence of hotspots (Figure 1) could increase the likelihood that a 
population will survive in the presence of selective pressures. 
• Hotspots would increase genetic diversity; therefore, it would be more likely that 

some individuals would survive and reproduce. 

1 point 

 Total for part (d) 3 points 

 Total for question 1 9 points 
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Question 2: Interpreting and Evaluating Experimental Results with Graphing 
9 points 

During meiosis, double-strand breaks occur in chromatids. The breaks are either repaired by the exchange of 
genetic material between homologous nonsister chromatids, which is the process known as crossing over 
(Figure 1A), or they are simply repaired without any crossing over (Figure 1B). Plant breeders developing new 
varieties of corn are interested in determining whether, in corn, a correlation exists between the number of 
meiotic double-strand chromatid breaks and the number of crossovers. 

Figure 1. Double-strand breaks in chromatids are repaired with crossing over (A) or without crossing over (B). 

Using specialized staining and microscopy techniques, scientists counted the number of double-strand 
chromatid breaks and the number of crossovers in the same number of meiotic gamete-forming cells of six 
inbred strains of corn (Table 1). 

TABLE 1. NUMBER OF CHROMATID DOUBLE-STRAND BREAKS AND AVERAGE NUMBER OF CROSSOVERS IN 
INBRED STRAINS OF CORN 

Strain of Corn Number of Double-Strand Breaks Average Number of Crossovers ( 2SEX± ) 

I 710 19.5 ± 0.5 
II 650 18.0 ± 0.7 
III 600 17.5 ± 1.0 
IV 510 16.0 ± 1.0 
V 425 14.0 ± 0.5 
VI 325 11.0 ± 1.5 

(a) The double-strand breaks occur along the DNA backbone. Describe the process by which 1 point 
the breaks occur. 
Accept one of the following: 
• (Enzymatic) hydrolysis occurs between the sugars and phosphates/nucleotides. 
• The covalent bonds between the sugars and phosphates/nucleotides are broken. 

© 2022 College Board 
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(b) Using the template in the space provided for your response, construct an appropriately 1 point 
labeled graph that represents the data in Table 1 and allows examination of a possible 
correlation between double-strand breaks and crossovers. 

• Appropriate axis scaling 
Using the template in the space provided for your response, construct an appropriately 
labeled graph that represents the data in Table 1 and allows examination of a possible 
correlation between double-strand breaks and crossovers. 
• Accurately plotted X,Y graph with separate points for the average number of 

crossovers for each strain 

1 point 

Using the template in the space provided for your response, construct an appropriately 
labeled graph that represents the data in Table 1 and allows examination of a possible 
correlation between double-strand breaks and crossovers. 
• Accurate error bars 

1 point 

Based on the data, determine whether corn strains I , II , and III differ in their average 
number of crossovers. 

1 point 

• There is no (statistical) difference (in the average number of crossovers) between 
strains II and III . Strain I is higher/different (in the average number of crossovers) 
compared with strains II and III . 

Total for part (b) 4 points 

(c) Based on the data, describe the relationship between the average number of double-
strand breaks and the average number of crossovers in the strains of corn analyzed in 
the experiment. 
• (In general) there is a direct correlation/positive relationship (between the number 

of double-strand breaks and the number of chromatid crossovers). 

1 point 

© 2022 College Board 

5



AP Biology: 2022
    

  

    
 

 
      

  
    

  

   
   

   
 

 

    
 

  
 

  
  

 

   

   

AP® Biology 2022 Scoring Guidelines 

(d) Crossing over (Figure 1A) creates physical connections that are required for proper 
separation of homologous chromosomes during meiosis. A diploid cell with four pairs of 
homologous chromosomes undergoes meiosis to produce four haploid cells. Crossing over 
occurs between only three of the pairs. Predict the number of chromosomes most likely 
present in each of the four haploid cells. 

1 point 

• Two cells will have three/n−1 chromosomes; two cells will have five/n+1 
chromosomes. 

Provide reasoning to justify your prediction. 
• During meiosis I , (three homologous pairs separate normally, and) one pair does not 

separate/experiences nondisjunction. In meiosis II , the sister chromatids separate 
normally. 

1 point 

Explain how plant breeders can use the information in Table 1 to help develop new 
varieties of corn. 

1 point 

Accept one of the following: 
• Because crossing over increases genetic diversity, the plant breeders can breed strains 

with high crossover numbers/double-strand breaks. 
• They can increase the number of double-stranded breaks, which may lead to more 

crossovers that increase genetic variation. 
Total for part (d) 3 points 

Total for question 2 9 points 

© 2022 College Board 
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Question 1  
 
Trichomes are hairlike outgrowths of the epidermis of plants that are thought to provide protection against 
being eaten by herbivores (herbivory). In a certain plant species, stem trichome density is genetically 
determined. 

To investigate variation in stem trichome density within the plant species, a student counted the number 
of trichomes on the stems of six plants in each of three different populations. The student used the data to 
calculate the mean trichome density (numbers of hairs per square centimeter) for each population. The 
results are provided in the table below. 

 
 

TRICHOME DENSITY IN THREE PLANT POPULATIONS (number of trichomes/cm2) 

Population Plant 1 Plant 2 Plant 3 Plant 4 Plant 5 Plant 6 Sample 
Mean 

Standard 
Error of the 

Mean (SEM) 
I 8 11 9 10 8 6 9 1 

II 12 6 15 9 13 8 11 1 

III 13 17 9 14 12 16 14 1 
 
 
(a) On the axes provided, create an appropriately labeled graph to illustrate the sample means of the three 

populations to within 95 percent confidence (i.e., sample mean ± 2 SEM). (3 points maximum; LO 1.1) 
• Correctly labeled, scaled, with proper units  
• Bar graph or modified bar graph with appropriately plotted means  
• 2x standard error (SEM) above and below means  

 
(b) Based on the sample means and standard errors of the means, identify the two populations that are 

most likely to have statistically significant differences in the mean stem trichome densities. Justify 
your response. (2 points maximum; LO 4.11, 4.19) 

Identification (1 point)  
• Populations I and III  

Justification (1 point) 
• The error bars/95 percent confidence intervals for populations I and III do not overlap  
• (Sample mean + 2 SEM of population I) < (Sample mean − 2 SEM of population III) 

 

© 2014 The College Board. 
Visit the College Board on the Web: www.collegeboard.org. 
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Question 1 (continued) 
 

(c) Describe the independent and dependent variables and a control treatment for an experiment to test 
the hypothesis that higher trichome density in plants is selected for in the presence of herbivores. Also 
identify an appropriate duration of the experiment to ensure that natural selection is measured and 
predict the experimental results that would support the hypothesis. (5 points maximum; LO 1.5, 1.11) 

 
NOTE: Points are earned in a single row only. 

Independent 
Variable 
(1 point) 

Dependent 
Variable 
(1 point) 

Control  
(1 point) 

Duration  
(1 point) 

Prediction  
(1 point) 

Presence of 
herbivores Trichome density Absence of 

herbivores 
More than one 
generation 

Increased trichome 
density relative to 
control 

Trichome 
density in the 
presence of 
herbivores 

Reproductive 
success OR 
 # of plants  

Plants with lower 
trichome density 

More than one 
generation 

Size of the population 
with higher trichome 
density will be larger 
than control population  

 

© 2014 The College Board. 
Visit the College Board on the Web: www.collegeboard.org. 
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Question 4 
 

Adult male guppies (Poecilia reticulata) exhibit genetically determined spots, while juvenile and adult 
female guppies lack spots. In a study of selection, male and female guppies from genetically diverse 
populations were collected from different mountain streams and placed together in an isolated 
environment containing no predators.  
 
The study population was maintained for several generations in the isolated area before being separated 
into two groups. One group was moved to an artificial pond containing a fish predator, while a second 
group was moved to an artificial pond containing no predators. The two groups went through several 
generations in their new environments. At different times during the experiment, the mean number of 
spots per adult male guppy was determined as shown in the figure below. Vertical bars in the figure 
represent two standard errors of the mean (SEM). 
 
 

 

 

(a) Describe the change in genetic variation in the population between 0 and 6 months and provide 
reasoning for your description based on the means and SEM. 
(2 points maximum; LO 1.2, 2.24, 4.12, 4.26) 

 

Describe change (1 point) Provide reasoning (1 point) 

Genetic variation is decreasing  SEM gets smaller 
 
 

(b) Propose ONE type of mating behavior that could have resulted in the observed change in the number 
of spots per adult male guppy between 6 and 20 months in the absence of the predator. 
(1 point; LO 1.2, 1.5, 2.40, 3.26, 3.40) 

• Sexual selection for individuals with more spots  
• Random mating behavior resulted in increased number of spots by chance 

© 2014 The College Board. 
Visit the College Board on the Web: www.collegeboard.org. 
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Question 4 (continued) 
 

(c) Propose an evolutionary mechanism that explains the change in average number of spots between 6  
and 20 months in the presence of the predator. 
(1 point; LO 1.2, 3.26, 4.19) 

• Directional selection against individuals with large numbers of spots  
• Directional selection for individuals with fewer spots 
• Natural selection used in context 
• Genetic drift resulted in several generations of decreased numbers of spots 

© 2014 The College Board. 
Visit the College Board on the Web: www.collegeboard.org. 
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Question 6 
 

   

Information processing involves complex neural pathways that require a certain amount of time between 
recognition of a stimulus and the resulting response. For some types of stimuli, a reflex arc replaces the 
typical stimulus-response pathway. A representation of a reflex arc is shown in the figure above. 
 
Based on the figure, describe TWO ways that the reflex arc differs from typical stimulus-response 
transmission pathways. Provide reasoning to support the claim that reflex arcs help organisms avoid 
serious injury. (3 points maximum; LO 2.38, 3.44, 3.45, 4.10) 
 

Description of difference (1 point each; 2 points maximum)  
• Quicker response time 

• No integration with brain / does not reach brain before response occurs  

• Fewer neurons / synapses involved in reflex arc / shorter distance for signal to travel 

• Involuntary / no conscious control / no processing by brain 
 

Reasoning to support claim (1 point maximum) 
• Quicker response to a threat 

• Response is innate (automatic response) rather than learned / predetermined neuron 
pathway / hardwired 

© 2014 The College Board. 
Visit the College Board on the Web: www.collegeboard.org. 
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Question 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. (3 points maximum) 
 
(a) Provide ONE piece of evidence that would indicate new genetic variation has occurred in the 

engineered flies. (1 point; LO 1.10) 
 

Piece of evidence  
• New phenotypes 
• Different DNA sequence 
• New genotypes 
• Chromosomal differences 
• Different mRNA sequence 
• Protein with different amino acid sequence 

 
(b) Describe ONE mechanism that could lead to genetic variation in the engineered strain of flies. 

(1 point; LO 3.28) 
 

Describe mechanism 
• Sexual reproduction produces offspring with new combinations of alleles/traits 
• Meiosis produces new combinations of alleles/traits 
• Crossing over produces new combinations of alleles/traits 
• Independent assortment produces new combinations of alleles/traits 
• Random fertilization produces new combinations of alleles/traits 
• Immigration/gene flow introduces new alleles/gene sequences 
• Viral infection inserts DNA into genome 
• Nondisjunction causes anomaly in chromosome number 
• Chromosomal rearrangements (e.g., large deletions, duplications, translocations, 

inversions, transposons, etc.) inactivate genes or result in multiple copies of genes 
• Radiation or chemicals or mutagens induce mutations/changes in DNA 

 
(c) Describe how genetic variation in a population contributes to the process of evolution in the 

population. (1 point; LO 1.25) 
 

Description 
• Genetic variation is the basis of phenotypic variation that can be acted upon by natural 

selection 
• Without genetic variation, there is no phenotypic variation on which natural selection 

can act 
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