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Question 3

A.
The primer shown below is used to sequence the following template DNA.

primer: template DNA:

5'-ACTGAC-3'    5'-ACCACTAACGTCAGT-3'

Draw the resulting DNA fragments that would be produced from each of the 4 sequencing reactions at
the correct position (length in nucleotides) as they would appear on the diagram of the sequencing gel
below.

G  A   T   C

+

DNA length
 (nts) 15-

14-
13-
12-
11-
10-
 9-
 8-
 7-
 6-
 5-
 4-
 3-
 2-
 1-

B.
Polio has been practically eliminated from the American population, however, in countries where people
have little or no access to vaccinations, it is still prevalent.  As a biologist with a global vision, you
seek to create a transgenic banana that produces the protein used in the vaccine against polio.  By
consuming these bananas, individuals will develop immunity against the disease.  The gene for this
protein has already been cloned into a plasmid with a kanamycin-resistance gene (pKR-polio).  You need
to attach to the gene a banana-specific promoter and DNA sequences that will allow the gene to be
incorporated into banana DNA.  These sequences are contained in the pBAN plasmid, which carries a
gene for ampicillin resistance.  Maps of these two plasmids are shown on the next page, including
important restriction sites and distances (in base pairs) between the sites.
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Question 3 continued

ori
amp   geneR

Banana specific
promoter

banana insertion sequences
which allow DNA to integrate into 
banana genome

BamHI
EcoRI

pBAN
8900 bp

120

pKR-polio
4500 bp

ori

kan geneR

BglII

BglII

BamHI
start codon

stop codon

gene for polio antigen

EcoRI
280

1120

BglII:              BamHI:                  EcoRI:

5'...A G A T C T...3'  5'...G G A T C C...3'     5'...G A A T T C...3'
3'...T C T A G A...5'  3'...C C T A G G...5'     3'...C T T A A G...5'

a) An end generated by digestion with BamHI can be ligated to an end generated by digestion with
BglII.  Why is this possible?

b) You want to insert the gene encoding the polio antigen into pBAN.  Devise a strategy to accomplish
this.  Identify the enzyme(s) you would use to cut pBAN, the enzyme(s) you would use to cut pKR-
polio, and the steps necessary to generate the intact plasmid.

c) You next transform E. coli with the plasmids you have made.  You grow the transformed cells on
media containing (circle one):

ampicillin kanamycin

both ampicillin and kanamycin neither  ampicillin nor kanamycin

Why?
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Question 3 continued

You isolate plasmid DNA from three colonies that pass your antibiotic resistance test.  You digest the
DNA with the restriction enzyme EcoRI.  You size separate the resulting fragments from each plasmid
on an agarose gel.  You find the following results.  DNA fragment sizes are indicated to the left.

10 kb
9 kb

.4 kb

1.2 kb

1 2 3

d) 
i) Draw plasmids associated with the colonies 1, 2, and 3. Indicate all relevant features such as the
promoter, the origin of replication, the genes for ampicillin resistance and the polio antigen, 

ii) Which of the three plasmids would allow synthesis of the protein in a banana?  
Explain your reasoning.
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Question 3

a) Match the following. Choose only one answer for each blank below. 10 pts

A. Unwinds DNA
B. Where Okazaki fragments are synthesized
C. Where DNA can be replicated continuously
D. Synthesizes RNA primers on DNA
E. Synthesizes DNA primers on RNA
F. Catalyzes the addition of dNTPs to lipids
G. Relieves tension in DNA caused by unwinding
H. 5’ to 3’ proofreading activity
I. 3’ to 5’ proofreading activity

__B__ lagging strand __I__ DNA polymerase            __G__ topoisomerase

__D__ primase __A__ helicase

b) Where in the eukaryotic cell does the following processes of the central dogma occur?
One word answer for each, and please write legibly. 6 pts

DNA RNA Protein

1

2 3

Process 1____nucleus_______________

Process 2_______nucleus____________

Process 3______cytoplasm___________



Name:___________________________________ TA:_______________________
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c) Below are schematics of transcription, splicing and translation. Match the numbered
boxes with the following terms. Use each number only once. It’s okay to leave blanks.

8 pts
__3_ 5’ cap              _____3’ Cap __6_ Amino acid _7__ Anti-codon 

__1__ Coding (Non-template) strand __8_ Codon   ____ Exon

__4__Intron __5_ mature mRNA     ____ PolyA tail

____ Pre-mature mRNA  __2__ Template strand ____ tRNA

d) In the box below, write the sequence that would be in box 7 above. Designate the 5’
and 3’ orientations.  3 pts

e) Circle the specific name of the structure that is in box 6 above. 3 pts.
Alanine           Arginine            Cysteine             Cytosine           Cyanide           Methionine           Threonine          Uracil

5’ – ACG – 3’

H

5
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