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  Prokaryotes  Eukaryotes  Mitochondria of  
Eukaryotic cells  

Chloroplasts of 
Photosynthetic 
eukaryotes  

DNA 

1 single, circular main 
chromosome, with many 
copies of smaller circular 
plasmid DNA 

Multiple linear 
chromosomes 
compartmentalized in a 
nucleus 

Many copies of 
small circular  
chromosomes 

Many copies of small 
circular 
chromosomes 

Replication  Binary Fission  
(1 cell splits into 2) Mitosis Binary Fission 

(1 cell splits into 2) 
Binary Fission 
(1 cell splits into 2) 

Ribosomes *  "70 S" "80 S" "70 S" "70 S" 

Electron 
Transport 
Chain  

Found in the plasma 
membrane around cell 

Not found in the plasma 
membrane 
around cell (found only in 
the cell's mitochondria 
and chloroplasts) 

Found in the 
plasma membrane 
around 
mitochondrion 

Found in the plasma 
membrane around 
chloroplast 

Size 
(approximate)  ~1-10 microns  ~50 - 500 microns ~1-10 microns  ~1-10 microns  

Appearance on 
Earth  

Anaerobic bacteria: 
~3.8 Billion years ago 
Photosynthetic bacteria: 
~3.2 Billion years ago 
Aerobic bacteria:  
~2.5 Billion years ago 

~1.5 billion years ago ~1.5 billion years 
ago ~1.5 billion years ago 

Membrane Single lipid bilayer plus 
other (wall, etc) 

Single lipid bilayer with 
embedded proteins Double lipid bilayer Double lipid bilayer 

Genetic code Prokaryotic Eukaryotic Prokaryotic Prokaryotic  

 
*The “S” refers to a particular biochemical size/density designation.  70 S is “smaller” or less dense than 80 S.  
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Fill in the chart by putting either a “0” or a “1” in each box, depending of whether the character is present 
or absent (see directions in each category). 
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1. After completing the chart above, make a Venn diagram to show which groups of plants share 
each type of characteristic.    

 
2. The Outgroup is the example of an ancestral form.  It will be the group of plants with the FEWEST 

characters present in the chart. 
 

3. In the largest square, write the name of the group that has the next fewest number of characters 
present on the chart.  Place the numbers (from the chart, like 5,9) in the ovals along the edges of 
the large squares. 

 
4. Continue in this way until you have filled in the names of all the plant groups in the squares on the 

Venn diagram.  The numbers in each circle should represent new and unique characteristics of 
the group within that square (i.e. not every number of a positive character, but only the new 
characters that distinguish this group from the previous one). 

�
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Venn Diagram: 
 

�
�
 
Then make a cladogram from the information on your Venn diagram.  Your teacher may show you how 
to do this as a class. 
 

1. Use the Venn Diagram to rework the information into a tree or cladogram.  You are looking for 
PARSIMONY—or the simplest explanation (simplest tree or diagram—with the fewest branches) 

 
2. The same groupings apply.  Each “node” or branch of the tree represents one derived character.  

The most derived character is the one that is most “exclusive” to a particular group.  The outgroup 
characters are assumed to be ancestral to all others and therefore are at the “root” (or bottom) of 
the tree. 

 
3. In cladograms, it is not only the groups that are part of the tree, with the names at the end of each 

line in the boxes, but each branch (or node) is defined by a new, derived character.  So on the 
Venn diagram, the numbers represent new characters that have evolved and separate one group 
from another.  These should be labeled with the actual character name, not the number, on the 
cladogram just after each branch in the ovals.   

 

(out 
group) 
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Cladogram of plants 
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(adapted from BABEC Alu PCR lab) 

Objectives:  
You should be able to list and explain the importance of each component of PCR.  
You should be able to associate the temperature changes with the cycling steps of PCR. 
  

The polymerase chain reaction (PCR) is a method used by scientists to rapidly copy, in a test tube, 
specific segments of DNA. By mimicking some of the DNA replication strategies employed by living cells, 
PCR has the capacity for churning out millions of copies of a particular DNA region. It has found use in 
forensic science, in the diagnosis of genetic disease, and in the cloning (copying) of rare genes. One of 
the reasons PCR has become such a popular technique is that it doesn’t require much starting material. 
It can be used to amplify DNA recovered from a plucked hair, from a small spot of blood, or from the 
back of a licked postage stamp.  
 
There are some essential reaction components and conditions needed to amplify DNA by PCR. First and 
foremost, it is necessary to have a sample of DNA containing the segment you wish to amplify. This DNA 
is called the template because it provides the pattern of base sequence to be duplicated during the PCR 
process. Along with template DNA, PCR requires two short single-stranded pieces of DNA called 
primers . These are usually about 20 bases in length and are complementary to opposite strands of the 
template at the ends of the target DNA segment being amplified. Primers attach (anneal ) to their 
complementary sites on the template and are used as initiation sites for synthesis of new DNA strands. 
Deoxynucleotides containing the bases A, C, G, and T are also added to the reaction. The enzyme 
DNA polymerase binds to one end of each annealed primer and strings the deoxynucleotides together 
to form new DNA chains complementary to the template. The DNA polymerase enzyme absolutely 
requires the metal ion magnesium (Mg++) for its activity. It is supplied to the reaction in the form of 
MgCl2 salt. A buffer is used to maintain an optimal pH level.  
 
PCR is accomplished by cycling a reaction through several temperature steps. In the first step, the two 
strands of the template DNA molecule are separated, or denatured , by exposure to a high temperature 
(usually 94° to 96°C). Once in a single-stranded form, the bases of the template DNA are exposed and 
are free to interact with the primers. In the second step of PCR, called annealing , the reaction is brought 
down to a temperature usually between 37°C to 55 °C.  At this lower temperature, stable hydrogen bonds 
can form between the complementary bases of the primers and template. Although DNA can be billions 
of base pairs in length, the primers require only seconds to locate and anneal to their complementary 
sites. In the third step of PCR, called extension , the reaction temperature is raised to an intermediate 
level (65°C to 72°C). During this step, the DNA polymer ase starts adding nucleotides to the ends of the 
annealed primers. These three phases are repeated over and over again, doubling the number of DNA 
molecules with each cycle. After 25 to 40 cycles, millions of copies of DNA are produced. The PCR 
process taken through four cycles is illustrated on the following page (Figure 1).  
 
In the following laboratory exercise, you will use PCR to amplify a portion of the chloroplast genome. You 
will be amplifying part of the rubisco gene.  This gene allows plants to take inorganic carbon from carbon 
dioxide and fix it into new organic compounds that the plant can use for food.  You will use different types 
of Native California plants as your source of DNA.  DNA is easily obtained from the plants by taking a 
small plug of tissue with a plastic tip.  You will use 2 different sets of PCR primers for each reaction.  
Therefore each student will have 2 reactions in the PCR machine (thermalcycler).  After PCR, you will 
electrophorese your sample on an agarose gel.  If you see results on the gel, your sample will be sent for 
sequencing at California State University, East Bay, and the results will be sent back to your teacher so 
that you can compare sequences and analyze relationships between the plants. 
�
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Check off each step as you complete it: 
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�  G!�With a new pipet tip, add 2 µL of the plant DNA solution  to Tube 1.  Slowly pipet up and 
down several times to mix all the reagents.  Discard the tip.�

 
�  7. With a new tip, add 2 µL of plant DNA solution  into Tube 2. Slowly pipet up and down several 

times to mix. 
 

�  8. Place each reaction into the thermal cycler and record the location of your tubes on the grid 
provided by your teacher.  Put the tubes in corresponding places on each side of the machine.  
See example below: 
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(from BABEC PCR) 
�
To determine whether or not your plant sample has been amplified by PCR, you will need to 
visualize the products of your amplification. This will be done using a process called 
electrophoresis in which electric current forces the migration of DNA fragments through a 
special gel material. Since DNA is negatively charged, it will migrate in an electric field towards 
the positive electrode (Figure 2). When electrophoresed through a gel, shorter fragments of 
DNA move at a faster rate than longer ones. The deletion removes 200 base pairs of length to a 
DNA fragment and thus will slow its migration during electrophoresis.  
�
�

Side view of an agarose gel showing DNA 
loaded into a well and the direction of DNA 
fragment migration during electrophoresis.  

�
 
 
The gel material to be used for this experiment is called agarose. When agarose granules are 
placed in a buffer solution and heated to boiling, they dissolve and the solution becomes clear. 
A casting tray is set up with a comb to provide a mold for the gel. The agarose is allowed to cool 
slightly and is then poured into the casting tray. Within about 15 minutes, the agarose solidifies 
into an opaque gel having the look and feel of coconut Jell-O. The gel, in its casting tray, is 
placed in a buffer chamber connected to a power supply and buffer is poured into the chamber 
until the gel is completely submerged. The comb can then be pulled out to form the wells into 
which your PCR sample will be loaded.  
Loading dye is a colored, viscous liquid containing dyes (making it easy to see) and sucrose, 
ficoll, or glycerol (making it dense). You will add loading dye to your amplification reaction and 
then pipet an aliquot of the mixture into one of the wells of your agarose gel. When all wells 
have been loaded with sample, your instructor will switch on the power supply. The samples 
should be allowed to electrophorese until the blue loading dye is 1 to 2 cm from the bottom. The 
gel can then be stained with ethidium bromide and photographed.  
 
You will need a 2% agarose gel for electrophoresis of your PCR products. If your agarose gel 
casting tray holds 50 mL, then you can calculate the amount of agarose you will need as 
follows:  

(Ci) (Mi) = (Cf) (Mf)  
C = concentration  
M = Mass (100%) (Mi) = (2%) (50 g)  
i = initial 100 (Mi) = 100 g  
f = final Mi = 1 g agarose powder  
50 g – 1 g = 49 g = 49 mL buffer  
�
�
�
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Check off the steps as you complete them: 
 

�  1. Retrieve your two PCR tubes from the thermal cycler.  Be sure you know which one is 
Tube 1 and which is Tube 2 since the labeling can come off during the cycling.  You 
should remark the original tubes if the labels are no longer visible. 

 
�  2. Briefly spin your tubes in a centrifuge to bring the liquid to the bottom of the tube.  

Make sure the centrifuge is balanced before you begin spinning your samples. 
 

�  3. Mark two clean PCR tubes with your identifying numbers and add 5 µL of loading dye 
to each of these new tubes 

 
�  4. With a clean tip, take 7 µL of your sample from the original Tube 1 and transfer it to the 

new Tube 1 with the loading dye.  Pipette gently to mix.  Discard the tip. 
 

�  5. With a clean tip, take 7 µL of your sample from the original Tube 2 and transfer it to the 
new Tube 2 with the loading dye.  Pipette gently to mix.  Discard the tip. 

 
�  6. Put your original two tubes, now well marked, in a holder in the same configuration as 

was in the thermal cycler (the class can use the same grid used in the PCR). 
 

�  7. One student (or the instructor) should load 5 µl of the 1 Kb ladder (molecular weight 
marker) into one of the wells at the center of each gel. �

�
�  8. Samples to the left of center will be from the #1 Tubes, and tubes to the right of center 

will be from the #2 Tubes.  Be consistent so that if you load your first sample into the first 
well from the left, that you load your second sample into the first well to the right of the 
ladder.�

� � � � � ������� '.
,�	����	�	�
����� ��� � �
�

�  9. Carefully load all of your reaction plus loading dye of 
sample 1 into a well in your gel. Avoid poking the pipette 
tip through the bottom of the gel or spilling sample over 
the sides of the well. Use a new tip for each sample.�

 
�  10. When all samples are loaded, attach the electrodes 

from the gel box to the power supply. Have your teacher 
check your connections and then electrophorese your 
samples at 125 Volts for about 30 minutes . �

�
�
�
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�
Staining and Photographing Agarose Gels  
(from BABEC PCR) 
 
Your teacher will stain your agarose gel and take a photograph for you so that you may analyze 
your results. FYI, Gel staining is done as follows.  
 
1. Place the agarose gel in a staining tray.  
2. Pour enough ethidium bromide (0.5µg/ml) to cover the gel. Wait 15 minutes.  

CAUTION: Ethidium bromide is a carcinogen. Always wear gloves and safety glasses when handling.  
3. Pour the ethidium bromide solution back into its storage bottle. Pour enough water into the staining tray to cover 
the gel. Wait 5 minutes.  
4. Pour the water out of the staining tray into a hazardous waste container and place the stained gel on a UV light 
box.  

CAUTION: Ultraviolet light can damage your eyes and skin. Always wear protective clothing and UV safety  
 glasses when using a UV light box.  

5. Place the camera over the gel and take a photograph.  

�
�

The PCR products run on your agarose gel are invisible to the naked eye. If you look at your gel in normal room 
light, you will not be able to see the amplified products of your reaction. In order to “see” them, we must stain the 
gel with a fluorescent dye called ethidium bromide . Molecules of ethidium bromide are flat and can nestle 
between adjacent base pairs of double stranded DNA (Figure 3). When this interaction occurs, they take on a more 
ordered and regular configuration causing them to fluoresce under ultraviolet light (UV). Exposing the gel to UV 
light after staining, allows you to see bright, pinkish-orange bands where there is DNA (Figure 4).  
�

 
 
ALTERNATIVE FOR USING YOUR OWN DIGITAL CAMERA  (not provided in kit) 
Use the same setup as for the Polaroid, but reach into the hood attached to the camera and gently pull the two 
buttons next to the lens that hold the camera attached.  Remove the Polaroid camera and just use the bottom of the 
hood over the transilluminator.  Turn off the flash on your digital camera and set it into the camera hole.  Take 
pictures as usual.  CAUTION:  Use two sets of gloves so you do not cont aminate your camera with ethidium 
bromide!!!  One set for touching the gels, and a cl ean set for touching the camera.  Cover your camera  with 
a plastic bag to avoid EtBr contamination.  
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