AP® BIOLOGY
2009 SCORING GUIDELINES (Form B)

Question 1
Describe how a plasmid can be genetically modified to include a piece of foreign DNA that alters the
phenotype of bacterial cells transformed with the modified plasmid. Describe a procedure to determine

which bacterial cells have been successfully transformed.

Describe plasmid modification (8 points maximum):

Topic Description (1 point each)
Plasmid vector Describes plasmid as small circular DNA
Cut (cleave) DNAs Use of restriction endonucleases (RE)
Plasmid and inserted DNA must have same RE cut ends or be cut by
same RE
Sticky ends Ends of DNA should be sticky, wanting to bond with matching ends
Generate ends for attachment using endonucleases
Ligase For joining of sticky ends
Orientation Correct orientation of insertion to ensure expression
Gene of interest DNA cut should be a complete sequence of gene
Attach piece with a promoter or insert next to promoter
Reporter gene Gene used to identify insertion of desired DNA
Insert DNA with a gene that produces a new phenotype
Selective marker Inserted to help identify the DNA insertion (e.g., antibiotic resistance)
AUG in place Ensure proper start codon
Uptake of plasmid Calcium chloride and heat shock, electroporation to make competent
Alternative procedures | Blunt cuts; T4 ligase; add terminal transferase to add poly (A) to 3" end

Describe plasmid uptake and how transformation is determined (6 points maximum):

Topic Description (1 point each)
Transformation Defined process of transformation of a plasmid
Isolation Isolate plasmids/agar plate that grows only colonies of resistance gene
Antibiotic Use of antibiotic resistance/sensitivity genes
Detailed description of antibiotic resistance lab procedure
Gel electrophoresis Isolate plasmid using electrophoresis
Detailed description of gel electrophoresis for isolation
Retrieval Retrieve altered plasmid
Protein Identification of new protein, possible glowing marker protein
Detailed description of retrieval or protein method
Tag Fluorescent marker, etc.
Detailed description of alternate method
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BIOLOGY
SECTION II
Time—1 hour and 30 minutes

Directions: Answer all questions.

Answers must be in essay form. Qutline form is not acceptable. Labeled diagrams may be used to supplement
discussion, but in no case will a diagram alone suffice. Tt is important that you read each question completely
before you begin to write. Write all your answers on the pages following the questions in this booklet.

1. Describe how a plasmid can be genetically modified to include a piece of foreign DNA that alters the phenotype

of bacterial cells transformed with the modified plasmid. Describe a procedure to determine which bacterial
cells have been successfully transformed.
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SECTION 11
Time—1 hour and 30 minutes

Directions: Answer all questions.

Answers must be in essay form. Outline form is not acceptable. Labeled diagrams may be used to supplement
discussion, but in no case will a diagram alone suffice. It is important that you read each question completely
before you begin to write. Write all your answers on the pages following the questions in this booklet.

1. Describe how a plasmid can be genetically modified to include a piece of foreign DNA that alters the phenotype
of bacterial cells transformed with the modified plasmid. Describe a procedure to determine which bacterial
cells have been successfully transformed.
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BIOLOGY
SECTION II
Time—1 hour and 30 minutes

Directions: Answer all questions.

Answers must be in essay form. Outline form is not acceptable. Labeled diagrams may be used to supplement
discussion, but in no case will a diagram alone suffice. It is important that you read each question completely
before you begin to write. Write all your answers on the pages following the questions in this booklet.

1. Describe how a plasmid can be genetically modified to include a piece of foreign DNA that alters the phenotype

of bacterial cells transformed with the modified plasmid. Describe a procedure to determine which hacterial
cells have been successfully transformed.
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AP® BIOLOGY
2009 SCORING COMMENTARY (Form B)

Question 1

Sample: 1A
Score: 10

The response is well written and organized according to the question. Key terms are underlined and followed
with good descriptions of those terms.

A total of 6 points were earned from the description of how a plasmid can be modified. The first point was
earned for providing the definition of the plasmid. The next 3 points were earned for the description of the
cutting of the DNA: the plasmid and the gene of interest must be cut with the same (1 point) restriction
enzyme (1 point), and these cuts produce sticky ends (1 point) for attachment. The response earned 1 point
by providing an appropriate description of insertion of the DNA of interest with the plasmid, indicating that
the DNAs are attached to each other using the enzyme ligase. Another point was earned for the statement
that the DNA cut should include the whole sequence of the gene, not just a section of DNA.

The response earned 5 points for the description of how the transformation is determined. The response
earned the transformation point for providing a good definition of transformation. Three points were earned
for providing examples of the modification, with a detailed description of how the new protein will be
produced by the insertion and the statement that the procedure can use a possible selective marker of
resistance to antibiotics. The response uses the determination method, indicating that a radioactive tag can
be used, and thus earned 1 point. The response then provides a good description of how the tag is employed
and earned another point. Because a maximum of 10 points could be earned on this question, the last point
was not recorded.

Sample: 1B
Score: 8

The response earned a total of 5 points for the description of the plasmid modification. One point was
earned by stating that a selective marker needs to be inserted along with the DNA. Three points were
earned for the description of how to cut and insert the DNA of interest into the plasmid: 1 point for the
indication that a restriction enzyme is used to cut the DNA; another point for the indication that both the
plasmid and DNA will be cut by the same restriction enzyme; and the next point for the indication that the
insertion of the DNA to the plasmid is sealed using the enzyme ligase. The response earned another point
by describing uptake of the plasmid by use of heat shock and/or electric shock. This point was often
missed because of inadequate descriptions of how to make the membrane of the bacteria competent to
receive the plasmid.

The response earned 3 points for describing how the transformation can be determined to be successful.
The first 2 points were earned for identifying the method of antibiotic resistance or a glowing protein. The
last point was earned for providing a good description of the determination process.

Sample: 1C
Score: b

The response is brief but direct, addressing the question in an organized format. It earned 2 points for
describing how the plasmid would be modified: 1 point for a proper description of a plasmid and 1 point for
a method for uptake of the plasmid (heat shock).

© 2009 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.



AP® BIOLOGY
2009 SCORING COMMENTARY (Form B)

Question 1 (continued)

The response earned 3 points for a description of the determination of transformation. The first point was
earned by providing a proper description of transformation. The next two points were earned for
identifying one of the methods used to indicate modification (antibiotic resistance), and for giving a
description of the process.
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