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Science In Motion

Juniata College


DNA Profiling
An Exercise in Forensic Science

Standards:

3.2.12 B  Evaluate experimental information for appropriateness and adherence to relevant science processes.

· Interpret results of experimental research to predict new information or improve a solution.

3.2.10C  Apply the elements of scientific inquiry to solve problems.

3.3.12 C  Explain gene inheritance and expression at the molecular level.

· Analyze gene expression at the molecular level.

3.7.10 A  Identify and safely use a variety of tools, basic machines, materials and techniques  to solve problems and answer questions.

· Select and safely use appropriate tools, materials and processes necessary to solve complex problems.  

3.7.10 B  Apply appropriate instruments and apparatus to examine a variety of objects and processes.

· Describe and use appropriate instruments to gather and analyze data.
Introduction and Background:

A DNA fingerprint was first introduced as evidence in a U.S. court in 1988.  It is considered by most to be the greatest advance in forensic science since the first use of the distinctive human fingerprint in the late 1800s.


In 1984, Sir Alec Jeffreys discovered that individuals have differences, or polymorphisms, in the location of DNA sequences that are recognized by enzymes that cut DNA.  These enzymes, called restriction enzymes, cut DNA at very specific DNA sequences (for example, GGATCC).  These specific DNA sequences occur at different locations in each person. DNA fingerprinting uses these differences to identify individuals.


In this lab you will use police lab techniques to learn if the evidence collected supports the innocence or guilt of two murder suspects.  The technique uses specific restriction enzymes to cut DNA into fragments of various lengths called RFLPs (restriction fragment length polymorphisms).  DNA samples from the crime scene, from victims and from suspects are digested with several restriction enzymes (in separate reactions). Cut DNA samples (DNA digests) are then pipetted into the wells of an agarose gel and run in an electrophoresis chamber to separate the fragments.  Since each person’s DNA is unique, his or her DNA will leave a fingerprint shown as bands on the gel.  To save time, this lab uses DNA that has already been cut with restriction enzymes.

Guiding questions:

1. How are bands of DNA separated on an agarose gel?
2. What forces will cause DNA to migrate through an agarose gel?
3. Would you expect your personal DNA fingerprint to be identical to any of the persons tested in this lab?
Vocabulary:

Gel Electrophoresis - Uses electrical current to separate DNA fragments of

different lengths on an agarose gel.  DNA fragments (- electrical charge) are attracted to the + pole in an electric field.  Linear (unfolded) DNA migrates at a 
rate inversely proportional to the size of the fragment. The larger the fragment the slower it migrates. Therefore, larger fragments do not migrate very far from the well, while smaller pieces of DNA move farther.                                                                               
Agarose – A matrix forming polysaccharide, obtained from red algae, that forms a pourous gel when reconstituted with H2O and heated.  It is used in the separation of macromolecules such as RNA and DNA.

Buffer – The tris-acetic acid-EDTA (TAE) buffer in this laboratory provides electrical conductance and pH stabilization during the electrophoresis procedure.   
Restriction Enzymes - Specific proteins, such as HINDIII and BamHI, that cut DNA molecules at specific base sequences (like molecular scissors) to yield DNA fragments of various lengths. These enzymes were discovered in bacteria.

RFLP – Restriction Fragment Length Polymorphism.  This is a fragment of DNA resulting from digestion with a restriction enzyme that shows a difference, or polymorphism, between individuals in a population.  Many restriction enzymes do not show a polymorphism.  The ones used in forensics were selected because they do show a difference.
PCR - Polymerase chain reaction is a technique used to create millions of copies

of DNA from a small quantity such as you might find in a few cells.  This is accomplished by placing the DNA sample into a machine called a thermocycler along with enzymes, nucleotides, and other pieces of predesigned DNA, which initiate the production of millions of copies of the original sample in a few hours. 

Marker DNA – Multiple DNA bands used as a positive control for the electrophoresis and staining procedures.

Materials:
Pouring the Gel

Loading & Running the Gel

Staining the Gels
microwave oven                      power supplies 


camera & film





 




(optional)

methylene blue

funnel

Per Lab Group

      
Per Lab Group



Per Lab Group
1 agarose pour
                
1 electrophoresis chamber

staining tray/plastic   

1 plastic bag                                                                                             bag

1 comb



1 prepared gel (from day 1)

 latex gloves

1 electrophoresis gel tray
1 micropipet



deionized water

1 gel caster


 micropipet tips


 light box
lab write-up


 TAE buffer

1 Sharpie®


micro-tube rack with DNA tubes:       
 

1 level

      

        A - crime scene sample - enzyme 1

 

     

        B - crime scene sample - enzyme 2




     
        C - suspect 1 sample - enzyme 1




     
        D - suspect 1 sample - enzyme 2




     
        E - suspect 2 sample - enzyme 1





        F - suspect 2 sample - enzyme 2





        M- Marker DNA





        Practice solution/water (optional)

Safety:

1.  You will be working with high voltage electricity.  Directions must be  

     followed explicitly.

2.  Gloves should be worn during staining and destaining procedures.

3.  TAE buffer and methylene blue stain can be poured back into their containers 

     and re-used.  However, they may also be safely poured down the sink.

Prelab Questions:

Problem  - The Crime

Cindy Kaiser, age 24, was found stabbed to death in the bedroom of her second floor apartment.  Police detectives discovered skin under one of her fingernails and reasoned that she might have scratched her attacker before she was killed.  No motive for the killing has been determined.


Two suspects were discovered to have fresh scratches:



Suspect 1 - Martin Jones  - was the victim’s boyfriend.  Martin had a 



scratch on his forearm, which he said happened while he was 



hunting grouse.  Martin’s alibi cannot be supported.



Suspect 2 - Harold Kaiser  - was the victim’s ex-husband.  Harold had a 



scratch on his face.  According to Harold, he cut himself while 



shaving.  Harold said that he was sleeping by himself at his home 



at the time of the murder. 

Forensic Procedure

The DNA from the skin found under Ms. Kaiser’s fingernail was cut with two different restriction enzymes.  Identical treatment was carried out on DNA from cells taken from the two suspects.  Following standard procedures, these samples would be collected and processed using sterile technique. The police investigators at the scene carefully collected the samples.  The technicians in the forensics lab isolated DNA from each of the samples, digested them with restriction enzymes, and labeled them as follows:

DNA SAMPLES

I.  Skin scrapings taken from fingernail of the victim (C. Kaiser) 


Microtube A - DNA fragments from enzyme #1 digest


Microtube B - DNA fragments from enzyme #2 digest

        II.  Suspect #1 (M. Jones)


Microtube C - DNA fragments from enzyme #1 digest


Microtube D - DNA fragments from enzyme #2 digest

        III. Suspect #2 (H. Kaiser)


Microtube E - DNA fragments from enzyme #1 digest 

    
     Microtube F - DNA fragments from enzyme #2 digest
  

        IV. Standard (DNA ladder)
Microtube M – Marker DNA
Your lab group will use forensic lab electrophoresis techniques to make an agarose gel, load the wells, and run the gels.  You will then compare the DNA fingerprints to see if the evidence supports the guilt or innocence of one, both, or neither of the suspects.

Procedure:      
Pouring the Gel:
1.   Loosen caps and heat agarose pours in microwave (typically 1-5 minutes depending 

      upon the strength of the microwave).  Make sure that all of the agarose is

      melted and that there are no clumps visible.  Set this aside on your lab bench.
2.   Secure and level the gel tray in the casting trays (no tape needed).
3.   Insert the gel comb.  Place the comb into the notches at one end of the gel tray.  Make     

      sure that the comb is securely dropped down/locked into the notches on both sides.
4.  When agarose pours have cooled enough to be able to pick up the bottle without using rubber holders, pour it smoothly into the tray.  The agarose may also be poured hot if hot hands are used.  The comb should not be removed during pouring.  Use a toothpick to move large bubbles and debris towards the far ends of the tray (away from the comb). 
5.  Allow 10 - 15 minutes for gel to solidify.  Do not bump or disturb tray during this

      time.  The gel is ready to use once the agarose has become slightly opaque with a

      consistency that is slightly sturdier than Jello.
7.   Familiarize yourself with and practice using micropipet while gels cool.

8.   If time permits, carefully remove the comb from the gel by pulling it straight up. 

      Remove the gel tray and gel from the casting tray.  Put your gel and its tray into your 
      labeled plastic bag.  Gels may be removed from the trays if the trays are needed for 
      another class.
Loading and Running the Gel:  (This may continue from day 1 if the class has a double lab period.)

1.  Place the gel and its tray into the electrophoresis chamber.  Orient the gel so that the wells are closest to the negative (-) or black electrode. Cut a notch into the lower right hand corner (when wells are at top) of the gel.  The notch allows you to identify the wells in the gel. Wiggle the gel tray back and forth to make sure it is “locked into” the chamber.
2.  Fill the electrophoresis chamber with TAE buffer (this can be reused) until it covers

the top surface of the gel.
3.  Locate micro-tubes labeled A, B, C, D, E, F and the marker (M) DNA.  Review the 
      micropipet operation instructions if necessary.  Using the micropipet, load 15 µl of  

      the marker DNA and each DNA sample into the wells of the gel1.  Note that 
      suggested loading sequence of DNA (left to right) is M, A, B, C, D, E, F.    

Important:  A different micropipet tip should be used for each DNA sample.  

You will need at least 7 tips.  Contaminated evidence will not hold up in court.  
Record the locations of samples on your lab write-up (see Data section of   

 lab).  A good scientist keeps accurate records.
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4.  Put the lid on the electrophoresis chamber such that black matches black and the red matches red. Connect the electrode to the power supply matching colors once again. Check that the power supply button is in the off position and plug in the power supply. Turn the power supply button to the “on” position. Set power supply at 120 volts2 by using the up and down arrows to dial in the 120 volts.  Never go above 125 volts.  (Make sure that the red light on the left-hand side of the power supply is lit beside the “V” for voltage.) 
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5.  Push the left hand button twice to get the red light beside the clock symbol.  Use the up and down arrows to dial in 45 min.  Push the “run” button—middle, bottom button, left “runner” symbol—and look for bubbling in the chambers.  The unit will shut off automatically in 45 min.
6.  When the gel is done running, remove the gel from the chamber and slide it into the plastic bag until day 3. Store it in the refrigerator.  TAE buffer may be saved for future use or poured down the drain.
Staining the Gels:  
1.   Remove the gel from the tray (if not already done yesterday) and carefully slide it into 
      a staining tray or note that gels may be stained directly in the Ziplock bag.  (Just pour    

      the stain into the bag, seal it, and allow it to sit on the lab bench.)
2.  Wearing latex gloves, flood gel with methylene blue stain and allow to stand for 1 hour. The entire gel will turn blue. The stain can be reused so please pour it back into the original container.

3.  To destain, rinse with deionized water 2-3 times, swirling occasionally.  Then allow the gel to stand in deionized water for 90 or more minutes depending on staining time.  DNA bands will become visible in 40 minutes to several hours.  Gels may be placed in the refrigerator or left on the counter top for one night in the DI if necessary.
4.  Place the gel on the light box to view (overhead projectors also work).  Does the DNA fingerprint of either suspect match the DNA taken from the crime scene?  Gels may be photographed with a digital camera if the student wishes to have a record for his or her lab report.

5.  A stained gel may be stored inside a sealed plastic bag and placed in the refrigerator

      for several weeks.  Do not freeze.

7.  Destaining deionized water can be safely disposed down a drain.  Stained gels can be   

      placed in a wastebasket.  As mentioned earlier, please send the stain back to SIM.
6.  Complete lab report or follow directions from your teacher.
Data:










Make a sketch of your gel showing the bands of DNA fragments that appeared during the procedure you just completed.  You may attach a photo if one was taken.  Be sure to label each gel well (even if it was not used) and the positive and negative ends of the gel.
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Questions:
1.  What is your evidence that the electrophoresis process was successful?  Explain the evidence.
2.  Why do a series of bands appear in the gel?  What is true of the DNA fragment   band(s) closest to the positive end of the gel?

3.  What caused the DNA fragments to migrate through the gel?

4.  Would you expect your personal DNA fingerprint to be identical to any of the persons 
       tested in this lab?  Explain how you would confirm or refute this.

5.  Based on the results of your gel, what evidence do you have to present to the court concerning this murder case?
6.  Could these DNA samples have been distinguished from one another if only enzyme 

#1 had been used? Why or why not?

7.  Why did you use the digest of two different restriction enzymes for each suspect and the evidence from the crime scene?

Reference:
1,2 Bio-Rad Laboratories, Life Science Education Database. www.explorer.bio-rad.com (accessed May 24, 2007).

Credits:
Pictures and Products referenced produced by Bio-Rad Laboratories, Life Science Education. 1-800-4-BIORAD (800-424-6723), www.explorer.bio-rad.com--permissions for use are on file with Science In Motion.
Thank you to Dr. Jill Keeney, Juniata Professor, Department-Biology, for her assistance with re-writes!
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