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Question 1 
 
The cell cycle is fundamental to the reproduction of eukaryotic cells. 
 
(a)  Describe the phases of the cell cycle.  

(6 points maximum)  
 

Correct order of cycle phases (1 point for entire correct list) 
Interphase → Prophase → (Prometaphase) → Metaphase → Anaphase → Telophase → Cytokinesis 

OR 
G1 → S → G2 → M 
 
Correct description of at least one important structural or molecular characteristic of each 
phase (1 point each; 5 points maximum) 
• Interphase (including, if specified, G1, S, G2 subphases, correctly ordered): Chromatin dispersed in 

nucleus; nuclear envelope and nucleoli are intact and functional; DNA is replicated here. 
• G1, G2: Cell growth. 
• S: DNA replication. 
• Mitosis: Nuclear division. 
• Prophase: Chromosomes begin to condense from chromatin; spindle apparatus assembled. 
• (Prometaphase): Nuclear envelope disperses, nucleoli disperse, chromosomes connect to spindle 

apparatus fibers and begin to show motility. 
• Metaphase: Chromosomes reach maximum condensation and align on metaphase plate/plane. 
• Anaphase: Two-chromatid chromosomes split into two daughter (one-chromatid) chromosomes; 

chromosomes move to opposite poles of the spindle apparatus. 
• Telophase: Chromosomes disperse back to chromatin form, nuclear envelope reassembles, nucleoli 

reassemble. 
• Cytokinesis: If this occurs, it is normally coordinated with telophase; cell division. 
 

(b)  Explain the role of THREE of the following in mitosis or cytokinesis.  
(3 points maximum) 

• Kinetochores 
• Microtubules 
• Motor proteins 
• Actin filaments 

 
Correct explanation of function (1 point each; if all four are chosen, only the first three are 
scored) 
• Kinetochores: Located in centromeres of condensed chromosomes; microtubule attachment sites 

necessary for chromosome positioning and movement. 
• Microtubules: Fundamental structural element of the spindle apparatus; framework on which 

chromosome motility is generated; define axis of division and cytokinesis. 
• Motor proteins (correct location and function must be specified): In kinetochores, move 

chromosomes during mitosis, including anaphase separation; involves kinesins and dyneins.  
OR  

In animal cell cleavage furrow, generate force to pinch cell in two; involves myosins.  
• Actin filaments: Assemble under the membrane at the cytokinesis site; interact with myosin motor 

proteins to generate force to pinch cell in two; also interact with astral microtubules of the spindle 
to position the spindle apparatus in the cell.   
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Question 1 (continued) 
 

(c)  Describe how the cell cycle is regulated and discuss ONE consequence of abnormal regulation.  
(3 points maximum) 
 
Regulation: Correct description of checkpoints, which block cell cycle progress unless 
specific molecular and/or physical conditions are satisfied (1 point each; 2 points 
maximum) 
• Action of MPF and CDKs in checkpoint regulation 
• Contact inhibition of mitosis 
• Hormones; growth factor control of cell cycle activity 
 
Correct discussion of the consequences of abnormal cell cycle regulation (1 point 
maximum) 
• Uncontrolled cell proliferation, as in cancer 
• Apoptosis 
• Non-disjunction/aneuploidy/broken chromosomes from abnormal spindle events 
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Question 1 
 
Sample: 1A 
Score: 9 
 
The response earned the maximum of 6 points in part (a). One point was earned for correctly identifying 
the cell cycle stages in correct order and combining the synthetic events with the mitotic events. The 
response earned another point for correctly identifying S phase as the phase in which DNA is replicated. 
The remaining four points were earned for correctly describing the events of the remaining stages of 
mitosis. The student could have earned more points in this section, but the 6-point maximum had 
already been reached. 
 
In part (b) the response earned 1 point for correctly identifying microtubules as spindle fiber 
components. No point was earned for the description of actin filaments because they are incorrectly 
identified as spindle apparatus components. No point was earned for the description of motor proteins 
because it is too vague. 
 
In part (c) the response earned 2 points. One point was earned for the correct presentation of the 
concept of cell cycle checkpoints and for providing an example of a substrate-specific checkpoint. 
Another point was earned for discussing how cancer cells escape this checkpoint regulation because 
they lose anchorage dependency. 
 
Sample: 1B 
Score: 6 
 
In part (a) the response earned 1 point for correctly identifying the cell cycle stages in correct order, 
although most of the answer specifies only the mitotic cycle. Another point was earned for correctly 
specifying interphase as the phase in which DNA is replicated. The response earned 3 points for 
describing the events of the remaining phases of mitosis. (The response does not adequately 
distinguish telophase and cytokinesis, so only 1 point was awarded for that portion of the response.) 
 
No points were earned in part (b). No adequate or correct descriptions are given in this section. 
 
In part (c) 1 point was earned for linking contact inhibition and the escape of cancer cells from this 
inhibition. No points were earned for the incomplete description of checkpoints as regulatory control 
periods of the cycle, along with a vague description of contact inhibition.  
 
Sample: 1C 
Score: 3 
 
In part (a) the response earned 1 point for correctly listing the phases of the mitotic cycle in correct 
order. One point was earned for describing metaphase as the stage at which chromosomes “line up at 
the 50- yard line.” The response earned 1 more point for the description of chromatid separation at 
anaphase. No other statements are correct or sufficiently precise to earn points. 
 
No points were earned in part (b) because the statement that motor proteins “aid in energy” is too 
vague. 
 
No points were earned in part (c) because no correct or precise statements are given in this section, nor 
is an example of a substrate-specific checkpoint presented. 


