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In this lab, your lab group will be acting as scientists performing a paternity test for one of two couples. You will use a restriction digest and gel electrophoresis to analyze DNA samples from two different cases (Number 3 and 4).
Two students from the four-student group will determine whether Mother 3’s baby (Baby 3) was fathered by Suspect father 3.  These two students will have the following three DNA samples:

· one from Mother 3 (sample M3)

· one from Suspect father 3 (sample S3)

· one from Baby 3 (sample B3)

Two students from the four-student group will determine whether Mother 4’s baby (Baby 4) was fathered by Suspect father 4.  These two students will have the following three DNA samples:

· one from Mother 4 (sample M4)

· one from Suspect father 4 (sample S4)
· one from Baby 4 (sample B4)
Background Information

(Note:  Definitions of words printed in bold can be found in a glossary located at the back of this handout).

Deoxyribonucleic acid (DNA) is the master molecule that programs all living processes.  DNA molecules are composed of four chemical units, nucleotides, bonded in different linear arrangements in different individuals.  An arrangement of DNA that specifies the blueprint for a polypeptide or an RNA product is called a gene.

In living cells, DNA molecules are surrounded by proteins and organized into chromosomes.  Each chromosome contains one very long and thin molecule of DNA.  It is possible to isolate chromosomal DNA from most organisms.  This long molecule can be “cut” (digested) into small pieces by incubating it in the presence of restriction enzymes.  Restriction enzymes are used in the laboratory to cut DNA molecules at specific sequences and generate fragments of various sizes.  Agarose gel electrophoresis is used to determine the size of these DNA fragments. An agarose gel is like a complex maze with very tiny channels.  DNA has a negative charge and will move toward the positive pole in an electrical field.  Short pieces of DNA navigate more easily through the maze and therefore move a greater distance.  An indicator dye is added to the DNA digest prior to injecting it into the gel so that the researcher can tell when the small fragments have run the length of the gel.  Otherwise, the DNA would either be run off the positive end of the gel or would not move far enough into the gel.  The DNA itself will not be visible until a stain is added. Some stains are visible under normal light, while others fluoresce under UV light.

If you determined the nucleotide sequence of each of your chromosomes (an enormous task) and compared it to one of your classmates, much of it would be the same.  There are, however, regions that are highly variable (e.g., variable number tandem repeats, VNTRs).  Because the DNA in these regions can vary from one individual to another, it can be used as a form of identification similar to a fingerprint.  This type of evidence has become commonplace in courtrooms in cases involving paternity, rape, murder, etc.

VNTRs are formed through an error in DNA replication (see figure on Page 3).  DNA is copied by an enzyme called DNA polymerase.  DNA polymerase reads one strand of DNA and fills in the corresponding nucleotide sequence to make a second strand (2 & 3).  In a small number of cases, the newly synthesized DNA strand can slip (4).  When this happens with a non-repetitive DNA sequence, there is only one way that the two strands can “zip” back together.  In the case of VNTRs, though, there are many ways that the repeated sequence can come together.  One of the strands of DNA can loop out, which will result in chromosomes with two differently sized VNTRs after the next round of DNA replication (5 & 6).

One of the tools that molecular biologists rely on is the use of restriction enzymes.  Restriction enzymes are proteins isolated from bacteria.  They protect the bacteria from attacks from bacterial viruses by cutting the viral DNA.  Molecular biologists use restriction enzymes because they recognize unique DNA nucleotide sequences and cut the DNA at that site.  The sequences recognized by restriction enzymes are known as restriction sites.  
Restriction sites usually range from four to eight basepairs in length and are usually palindromic sequences.  Palindromic sequences are sequences that are the same on both strands of the DNA, though in the opposite order. 

Most DNA molecules found in nature are much too large to be analyzed without breaking them down into smaller pieces.  Restriction enzymes are used to cut DNA into manageable pieces.  Since restriction enzymes cut DNA at specific sequences, they will cut DNA molecules with the same sequence at the same sites, which will result in DNA fragments of the same size.  On the other hand, if there is a different amount of DNA sequence between the restriction sites, the resulting DNA pieces will be of different length.

For example, look at the figure on the next page.  If restriction enzymes were used to cut at the sites marked by “X”, they would cut out a smaller piece of DNA from the top DNA strand than they would from the lower DNA strand.  Sites where cutting with restriction enzymes would result in different lengths of DNA between different members of a population, such as at VNTRs, are called restriction fragment length polymorphisms (RFLPs).  






Pre-Lab Questions

1.
What is a gene?

2.
What force causes samples to move in electrophoresis?  In the case of agarose gel electrophoresis of DNA fragments, why do the DNA molecules move?  Look at the structure of DNA in your biology textbook.  What charge does DNA have?  In which direction will it move?  Label the proper orientation of the (+) and (-) electrodes on the diagram below.  Why do pieces of different sizes move at different rates?
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3.
What do you expect to observe during the course of the electrophoresis?

a.
What will happen to the indicator dye while the gel is running? 

b.
Will you be able to see the DNA fragments as the gel is being run?  Why or why not?

4.
How can the size of a DNA fragment be determined on the basis of the distance that it has moved?  Hint:  What information do the molecular weight markers provide?

5. Why do we incubate these reactions at 37˚C?  Where does the restriction enzyme come from?  What does that imply about our incubation temperature?
Precautions

1.
DNA samples and enzymes should be stored in the freezer between laboratory periods.  At room temperature, enzyme activity will be rapidly lost and plasmid DNA may be degraded by contaminating enzymes from your hands.  Enzymes should be kept in the freezer right up until use (or kept on ice while being used).
2.
To avoid cross contamination of reagents, use a fresh sterile micropipettor tip for each transfer.
3.
Collect all plasmid-contaminated micropipette tips, microfuge tubes, etc., into a specially marked beaker.  Your teacher will dispose of these.

4.
When you have finished working with the plasmid DNA, wash your hands and bench surface with soapy water.

5.
Wear gloves when touching the gel after you add the GelStar® to the gel.

Digestion of DNA with Restriction Enzymes

In order to analyze your DNA samples, it is necessary to digest them with the restriction enzyme HindIII.  HindIII is an enzyme that cuts DNA specifically at the sequence AAGCTT.

1. Discuss with your group how you want to set up your experiment before you begin.  Record the DNA digests that you want to set up in the chart below.  The number of wells in the gel limits the number of samples that you will be able to analyze.  Because of this, each pair of students will be able to do a maximum of six samples.  It is also important to take into consideration what controls you should do for this experiment. Note: your controls or “-” (minus) tubes should contain the same total volume as your non-control or “+” tubes.

2. Each digest (non-control or “+”) should contain:  

· Distilled water:
12 µl

· Buffer:
2 µl

· DNA sample:
5 µl

· HindIII
1 µl

	Sample:
	M3-/M4-
	B3-/B4-
	S3-/S4-
	M3+/M4+
	B3+/B4+
	S3+/S4+

	Distilled water
	
	
	
	
	
	

	Buffer
	
	
	
	
	
	

	Case 3 or 4 DNA samples
	
	
	
	
	
	

	HindIII (enzyme)
	
	
	
	
	
	


3. Each team of 2 students gets 6 microfuge tubes and labels them on the lid according to their case number.
4.
Use a P20 micropipettor to add chemicals to each tube as detailed in the table you made above.  Pipette each component directly into the bottom of the tube.  You can make a check mark on the table as you add a component to help you keep track of your additions.

5. Place all six tubes in the microcentrifuge and spin for 5 seconds to make sure that all the liquid is combined in the bottom of the tube.

6. Incubate at 37°C for 30 minutes in the incubator block.  The timing of this step is not critical. The 1µl of HindIII enzyme that you add is enough to cut most of the DNA in your samples in 30 minutes, but it will not hurt your samples if they incubate for a longer period of time.

Preparation of Agarose Gel

1.
The group of students that is to prepare the 0.5 X TBE buffer will need to add 200 ml of distilled water to the bottle of TBE powder (USB #70454).  Mix thoroughly.  This is now a 10X concentration of the TBE buffer.  Pour 100 ml of the 10x TBE into a 2-liter beaker or Erlenmeyer flask.  Carefully add 1900 ml of distilled water and mix until fully dissolved.  This is enough buffer for two gels.  Share the extra buffer with another group of students.  If only 1 liter of 0.5X TBE is to be prepared, then use 50 ml of the 10X concentrate and 950 ml of distilled water.

2.
Each Investigatory group (4 students) will need to prepare a gel.  Each pair of students in the Investigatory group will load their samples on to this gel.

a. Weigh out 1.0 gram of agarose and add it to 100 ml of 0.5X TBE buffer in a 250 ml Erlenmeyer flask.  

b.
Place a magnetic stir bar into the flask and heat the flask on a stirring hot plate until the agarose particles are fully dissolved.  The solution will have to boil for several minutes for this to occur.  If a magnetic hot plate isn’t available, heat the materials in a 250 ml or 500 ml beaker and stir frequently.  The agarose solution will look clear when the agarose is completely dissolved.  Alternatively, a microwave oven can be used for this purpose if it is available.  If a microwave is used, microwave on high for 1 minute, then swirl the flasks.  If the agarose is not completely dissolved, microwave for a few seconds longer until it is.

c.
Once the agarose is fully dissolved remove the flask from the hotplate, insert a thermometer, and allow the solution to cool to about 75°C.

3.
a.
While the agarose is cooling, the next step is to prepare the casting tray.  Place the casting tray in the gel running apparatus so that the open ends of the casting tray are facing the sides of the gel running apparatus.  The gaskets should make a seal with the sides of the gel box.  To prevent leaking, make sure that the gaskets haven’t popped out of their grooves when you have pushed the casting tray in the gel box.

b.
Add 2 µl of GelStar® to 100 ml of the cooled agarose before pouring the gel.  Wear gloves when handling the GelStar® stain.

c.
Pour the cooled solution into the tray to a height of approximately 0.8 to 1 cm.
d.
After the gel is poured, place the comb so that it fits in the slots that are closest to the end of the gel-casting tray.  There are two sets of slots in the gel casting tray, one close to the end of the tray and one in the middle of the tray.  Do not use the slots in the middle of the tray.  You will notice that the green comb has teeth on both sides.  One set of teeth is slightly thicker than the other.  Position the comb so that the thicker teeth are facing down into the gel.  

e.
Leave the gel undisturbed for 20 minutes until the agarose becomes firm and opaque.

4.
a.
When the gel has cooled, carefully lift the gel casting tray and turn it 90˚.  The gel should be positioned so that the comb/wells are by the negative (black) terminal of the gel box.  There should be a piece of red tape marking the negative terminal on the bottom of the gel box.


b.  
Add 0.5X TBE buffer to the gel chamber until the level reaches the black fill line.  The gel should be fully covered by about 2 - 3 mm of buffer.

c.
Remove the comb by gently pulling it straight upward.  If the gel moves during this process, gently push it back into place using the blunt end of a pipette tip.  You will load your samples into the slots created by the comb.

Loading of the Gel

1. Each pair of students will load 7 of the 20 wells in the gel (you will have 6 extra wells).  In addition to your six samples, your teacher will also give you a sample of DNA size standard.  This size standard is actually the genome of a virus, bacteriophage  (lambda) that has been previously digested with HindIII into fragments of known length (see the figure in Prelab Question 2 for the size of the HindIII/ fragments). Remove the restriction digests from the incubator.

2. Use a P20 micropipette to add 5 µl 5X loading dye to each sample.  The loading dye is a mixture of an indicator dye with a dense molecule called glycerol.  Place all six of the tubes into the microcentrifuge and spin for 5 seconds to make sure that all the liquid is combined in the bottom of the tube. 

3. Before you start loading, organize your samples in the correct loading order in your tube rack (see below).  It is important that you do this before you start loading your gel, since if you take too long when loading the gel, your samples will diffuse out of their slots. It also is helpful if one team loads their DNA standard in one of the middle lanes and the other loads it in one of the outside lanes.  This asymmetry will allow you to tell if you have flipped the gel over.  Record the order in which you are loading your samples and any deviations from the default order on the gel diagram (next page).

Default Order:

1.
M3- (uncut mother DNA - case 3)

2.
B3- (uncut baby DNA - case 3)

3.
S3- (uncut suspect DNA - case 3)

4.
M3+ (HindIII cut mother DNA - case 3)

5.
B3+ (HindIII cut baby DNA - case 3)

6.
S3+ (HindIII cut suspect DNA - case 3)

7.
HindIII cut ( DNA (size standard provided by your teacher)

8.
M4- (uncut mother DNA - case 4)

9.
B4- (uncut baby DNA - case 4)

10.
S4- (uncut suspect DNA - case 4)

11.
M4+ (HindIII cut mother DNA - case 4)

12.
B4+ (HindIII cut baby DNA - case 4)

13.
S4+ (HindIII cut suspect DNA - case 4)

14.
HindIII cut ( DNA (size standard provided by your teacher)

4. Load 10 µl of each sample into the wells of the gel.  The glycerol in the loading dye will make your samples dense so they will sink to the bottom of the wells.  Load your samples into the gel according to the default order.  If you make a mistake in loading, make sure to note it on the diagram. Load only 4 µl of the DNA standard into the wells.

5. Place the cover on the apparatus and connect the leads to the power supply. Electrophorese at 180 - 195 volts for ~90 minutes or until the blue indicator dye is near the bottom of the gel.  Gels can be run overnight at lower voltage (try 20 volts for 18 hours).
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Viewing the Gel

1.
Wearing gloves, gently transfer the gel to the dark reader for viewing.  Place the orange filter screen over the gel.  Turn on the dark reader.

2.
Scientific results need to be documented in permanent form.  A photograph of the gel could be used as evidence in the courtroom (the gel itself would break down over time).  We recommend using a digital camera to take a photograph of the gel.  We have found that digital cameras work best with a dark room and with the camera flash turned off.  We also recommend using a ring stand and a clamp or a tripod to steady the camera.

3.
Once the pictures are taken, you can add labels to each of the lanes using programs such as Photoshop™ or PowerPoint™, or by hand on the paper printout. 
Results

To interpret the size of each of your HindIII ( bands compare the spacing between the stained bands visible on your gel to the figure given below.  The figure gives the expected banding pattern for the size standard and the size of each fragment (the smallest band may not be visible on your gel).

a.
From your gel photo (or from the gel itself) measure the distance from the well to each of the bands.

b.
For each of the 6 (or 7) bands, plot the distance migrated from the well on the X-axis and the size of the DNA fragment on the log scale (Y-axis).  You can plot this using a piece of semi-log paper or using a computer graphing program (Note:  If using a computer graphing program, make sure that the Y axis is set to a log scale). Connect the points with a smooth curve.  This is a standard curve and can be used to determine the size of the linear fragments in samples treated with restriction enzymes for that particular gel.
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c.
For each sample compare your controls to the sample to which you added HindIII restriction enzyme.  Do they look similar or different?  If they look the same, there was a problem with the restriction enzyme and it did not cut the DNA properly.  Hopefully this will not be the case and you can proceed to analyze the evidence.

d.
If the samples are cut, you should see two bands in each lane.  These bands should look different from those in the lanes containing no restriction enzymes.  Human beings have 23 pairs of chromosomes.  Each band corresponds to the same region in each of the homologous chromosomes in a pair.  To determine the identity of the father compare the banding pattern of the potential father and the mother with the banding pattern of the child.  What do you see?  Are there any matching DNA fingerprints?  If so, what do they mean? 

Name:  _________________________________  Date:  ___________________

Post-Lab Questions

1.
What controls did your group decide to do in this reaction?  What information will you get from the controls?  

2.
Use a piece of semi-log paper or a computer graphing program to generate a standard curve as described above.  Use the standard curve to determine the size of the fragments generated when each sample of DNA was digested with restriction enzymes.

3.
What probably happened to very large and very small DNA fragments?

4.
How many bands did you expect to see in each lane?  What does it mean if you saw only one?
5.
Draw a hypothetical gel.  Label the positive and negative ends and the wells.  Draw in a hypothetical banding pattern for two parents.  Now draw in all possible arrangements of bands that could occur in their offspring.  Would you expect each of these possibilities to appear at the same frequency?

6. Could the suspected father be the biological father of the baby in your paternity test?  Why or why not?
Glossary of Terms
Agarose - A sugar purified from seaweed.  Agarose can be dissolved by heating above 100°C.  When molten agarose cools and solidifies, the gel can be used for separating DNA fragments on the basis of size.

Aliquot - A portion of a total amount of a substance.  Usually refers to a unit of volume.

Chromosome - A molecule of DNA complexed with proteins.

Deoxyribonucleic acid  (DNA) - The genetic material of the cell.  A long polymer composed of a mixture of four different types of nucleotides.

Electrophoresis - The process whereby substances are separated from one another by exposure to an electrical field.

Endonuclease - An enzyme that cuts DNA into smaller fragments.

Gel electrophoresis - A type of electrophoresis where samples are separated in a jello-like substance.  In gel electrophoresis, samples are separated on the basis of size.

Loading dye - A solution that contains glycerol and an indicator dye.  When added to your DNA the glycerol causes it to become dense so that it is easy to load onto the gel.  Loading dyes usually contain bromphenol blue, an indicator dye.  Bromphenol blue is a small negatively charged molecule.  Unlike the DNA, it can be observed during electrophoresis and can be used to monitor the run.

Microliter - 10-6 liter.

Micropipettor - A laboratory device that enables volumes in the microliter range to be measured at very high precision.

Nucleotide - The chemical repeating unit of DNA.

Polymorphic - Many different forms are found in a population.

Restriction enzyme - An enzyme that cuts DNA fragments at specific nucleotide sequences.

Restriction Fragment Length Polymorphism (RFLP) - Different individuals may vary in the presence or absence of sites where restriction enzymes cut or may have more or less DNA in between two given restriction enzyme cut sites.  If this region of DNA is analyzed by electrophoresis, the result will be different in either case and therefore polymorphic.
Variable Number Tandem Repeats (VNTRs) - Some regions of DNA are composed of DNA sequences that repeat one after another.  Different individuals often have differing numbers of repeats.  If their DNA is cut with an enzyme that cuts outside of the repeated region, the pattern on an agarose gel will be different (RFLP).
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A second round of DNA replication results in two different VNTRs





5’-ACGCGT-3’





3’-TGCGCA-5’





Notice the sequence of both strands, when read 5’ to 3’, is ACGCGT.  Since the strands run in opposite directions, this sequence can basepair with itself. 
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