Learning Science Through Forensics Activities   

Activity #10: DNA Profiling Activity (Using RFLP Analysis)
Objectives:
Students will learn about biological basis and use of restriction fragment length polymorphisms and their (prior) role in generating comparative DNA profiles.


Students will formulate an hypothesis and test it.


Students will learn how to perform gel electrophoresis and interpret the results.

Time:
100 – 120 minutes for generating a hypothesis for the crime and performing s restriction digest

120 minutes for gel electrophoresis protocol and interpretation

Introduction:  Students will generate DNA profiles to help them to solve a crime.  This activity makes use of the RFLP (restriction digest) method for creating a comparative profile because it can be done inexpensively and doesn’t require a thermal cycler. If thermal cyclers are available and there are sufficient funds for resources, AMPFLP-based kits could be used just as readily. It is a good idea to discuss the biological and technological basis of both methods of generating DNA profiles along with a history of DNA profiling before conducting this activity.

There are two options for how to use the activity and both involve simulated crimes.  Option A provides the students with a written account of a recent crime and the students, working in groups, develop a hypothesis of the crime.  They then complete the RFLP protocol, digesting the DNA samples, and then conduct gel electrophoresis to observe the results.  After analyzing the results, they determine whether the DNA profiling evidence supports or doesn’t support their hypothesis.  If it doesn’t support their hypothesis, then they must develop an alternative hypothesis for the crime.

Alternatively, the instructor can stage a crime scene, as described in Activity #1, and allow students to “swab” a surface or two for “DNA” for comparison to DNA samples taken from “suspects”.  With Option B, students working in groups view the crime scene and are provided a “police report” of the crime.  They are then asked to develop a hypothesis of the crime.  They are told that because of budgetary constrictions each group will be allowed to collect only two (simulated) DNA swabs from the crime scene and, therefore, they are encouraged to make good choices about what surfaces they will swab (ones that will test their hypothesis and eliminate potential alternative hypotheses).  They are allowed to go behind the crime scene tape to collect their two swabs.  The tips of the cotton swabs (which, of course, do not contain DNA) are placed in tubes containing de-ionized water.  Small amounts of the water are then added to tubes that were previously spiked with DNA from the kit. 

Option B is more active and fun for the students and works well.  However, you cannot control the results each group will get because the tubes are spiked with the DNA samples ahead of time.  This can lead to different groups swabbing the same surface and obtaining different results.  Surprisingly, students don’t always catch on to these discrepancies and those that do, have fun trying to figure out an explanation for the conflicting results. If possible, keep groups from sharing information about their own investigation with other groups. 

Be forewarned, in either case (Option A or B), students very much expect and want to hear the solution to the crime.  Surprisingly, they become quite disappointed when they are told that there isn’t one, so some instructors may choose to develop a complete scenario (the crime along with a single solution).
Instructor’s Notes: DNA Profiling Activity (RFLP Analysis)

Procedure:  The most cost effective approach to this activity is to purchase RFLP kits that are developed to simulate crime scene analysis (e.g. Bio-Rad’s ).  They typically provide six DNA samples, two of which are identical. Follow the recommended protocols for these kits.

Use of gel staining protocols, e.g. methylene blue, that don’t require UV light to make bands visible, can streamline documentation of gel results. Gels can be stained and scanned (by direct placement onto scanner) into a file where contrast may or may not be adjusted.  In this way, these files can be emailed to students or paper copies (color or black and white) can be brought to next class.  Students can then readily label and attach these copies to their worksheets for submission.

If using Option B, add the DNA to the reaction tubes in advance and include water only in the tubes into which the cotton swabs will be swished.  Reduce the volume of water added to the reaction tubes to compensate for the water (containing the fake DNA samples) that will be added.


A variety of crime scenes can be staged for this activity, although with the restriction of two swabs per group it’s best to keep the scenario somewhat simplistic in design with a limited number of surfaces that could be “swabbed for DNA”.  See Activity One for one example of a staged crime scene.

In-Class Activity: DNA Profiling Activity (RFLP Analysis)

Option A (no crime scene, sample scenario and student handouts)

Student Handouts:


Crime Scenario and Hypothesis Worksheet

Restriction Digest Protocol

Analyzing the Results of the Gel Electrophoresis Protocol
Option B (crime scene provided and surfaces swabbed for “DNA”, sample scenario and 


student handouts)


DNA Profiling Activity (Option B)
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Forensic DNA Profiling Activity

Crime Scenario and Hypothesis Worksheet (Option A)
Your group will be constructing a DNA profile in order to help solve a recent crime in Keene NH.  Read the following excerpts from the police file on this case and develop a hypothesis to explain what happened.  You will be testing your hypothesis over the next week using RFLP (restriction fragment length polymorphism) analysis.

Details of the Crime:


On Saturday October 21 at 7:30 PM, Marlene Smith, age 40, was attending the Keene Pumpkin Festival with her daughter Charlotte and her son Evan.  Mrs. Smith was taking a picture of Evan next to the pumpkin he had carved when she heard a commotion in a nearby food tent.  There was some shouting, followed by a cry.  She quickly moved her children away from the site and alerted the nearest Keene police officer about the disturbance.


Officer Mellow followed her back to the scene where she pointed out the approximate area of the tent where she heard the argument and cry.  Officer Mellow found a young man, later determined to be John Teleman (age 24), holding a towel to his arm.  John was surrounded by three people.  After walking Mr. Teleman to the paramedics for immediate attention, Officer Mellow then turned to each of the other three people (two men and one woman) to ask questions.  But before he had the chance, the paramedics informed him that Mr. Teleman needed to immediately go to the hospital because he had been stabbed twice in the arm.  Officer Mellow called to have his partner follow the ambulance to interview the victim at the hospital.


Officer Mellow proceeded to take statements from each of the three individuals found at the scene of the crime. He noticed that the three had been engaged in an animated conversation while he was attending to John and the paramedics. The three individuals were:


Samuel Morse, age 56, chief cook at the food tent


Amy Hassert, age 23, live-in girlfriend of John Teleman


Oscar Mayer, age 27, friend of John Teleman

Samuel Morse said that he is well-acquainted with John, Amy, and Oscar.  He and John were working at the food tent raising money for a homeless shelter in Keene when Amy and Oscar showed up to say hello and buy a couple of bratwursts.  All of a sudden, a seemingly deranged stranger wearing a clown costume ran up to the tent, grabbed one of the knives, and stabbed John twice in his arm for no apparent reason.  Amy and Oscar agreed that this is what they observed as well.  They claimed they had never seen the clown before nor did they recognize his voice.  They knew he was a male about 6 feet tall but they didn’t see his hair because he had on a frizzy wig.  Officer Mellow put out an alert to other officers at the festival to find the clown and hold him for questioning.


Officer Mellow has no luck finding anyone else in the vicinity of the tent who saw the “deranged” clown attack John.  One person did see a man with “Afro-style” hair arguing with John earlier in the evening.  Officer Mellow observed that Oscar has a very bushy hair style but he claims that he had only recently arrived at the tent with Amy and that he never argued with John.  The other two back up his story, but Officer Mellow feels they aren’t being completely truthful about that night’s events.  He records their statements, asks them to report to the station in the morning to make a formal statement and to submit a DNA sample, and lets them go home for the evening.  The food tent remains closed to the public in order for the crime lab technicians to examine the scene.


When Officer Mellow has the opportunity to compare notes with his partner who just finished interviewing the victim, he learns that his hunch about the account of the attack by John’s friends might be right.  For some reason, John Teleman is refusing to describe his attacker and states that he didn’t get a good enough look to be able to provide any details. “You’d think he’d remember being stabbed by a clown!” muses Mellow’s partner.  Meanwhile, Officer Mellow receives a call from a fellow officer who says they have a very drunk clown in custody who matches the description. The clown claims he’s innocent but he is being taken to the station for questioning anyway.


The knife used to stab John was left at the crime scene.  It appeared to the crime lab technician that the perpetrator may have been cut while stabbing John and left trace evidence on the handle of the knife. On the following day the technician takes DNA samples from the victim, his three friends, the clown, and the handle of the knife for comparison. The following DNA samples were analyzed by RFLP analysis in order to help determine what happened:

	DNA 
Sample
	Source

	1
	Knife handle

	2
	John Teleman

	3
	Amy Hassert

	4
	Oscar Mayer

	5
	Samuel Morse

	6
	Fred Morris (clown)


 What is your crime team’s working hypothesis of the crime?

________________________________________________________________________

________________________________________________________________________



Provide a rationale for your hypothesis ________________________________________

________________________________________________________________________
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DNA Profiling Lab Activity

Restriction Digest Protocol (Option A)
1) Label reaction tubes with your group number and sample number as follows:

	Tube number
	DNA source

	1
	Knife handle

	2
	John Teleman (victim)

	3
	Amy Hassert

	4
	Oscar Mayer

	5
	Samuel Morse

	6
	Fred Morris (clown)


2) Place tubes in foam holder.

3) Using a fresh tip for each sample, transfer 10 µl of each DNA sample from the corresponding stock tubes into each of the labeled sample tubes.

4) Using a new pipette tip for each sample, add 10 µl of enzyme mix (ENZ) to each reaction tube.  Each reaction tube should contain 10 µl of DNA and 10 µl of restriction enzyme for a total volume of 20 µl.

5) Tightly cap each tube.  Mix tube contents by flicking the tube with your finger.  Tap or shake down contents so they occupy bottom of tube.

6) Place in 37 °C water bath for 45 minutes.

7) Place in refrigerator until electrophoresis can be performed.
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DNA Profiling Activity

Analyzing the Results of the Gel Electrophoresis Protocol (Option A)
Analyze the gel that you ran comparing the DNA samples from the 6 different sources. Label all lanes.

	Tube number
	DNA source

	1
	Knife handle

	2
	John Teleman (victim)

	3
	Amy Hassert

	4
	Oscar Mayer

	5
	Samuel Morse

	6
	Fred Morris (clown)


Did the results support your hypothesis of the crime?  Explain.  ____________________

________________________________________________________________________

________________________________________________________________________

If the results did not support your hypothesis of the crime, then provide an alternative hypothesis of the crime below.

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________
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DNA Profiling Activity (Option B)

The Investigation:  

A young man, identified as Tom Genaway, age 24, is lying in a coma at Dartmouth Hitchcock Hospital in Lebanon NH.  He was severely injured in an apparent altercation with a young woman identified as Sandra Tucker, age 21, who is currently being held at the Cheshire County Jail in Westmoreland NH.  Police interrogated Sandra last night.   

Sandra claims that Tom was attempting to assault her in our classroom around 8 PM last night.  She claims that Tom forced her face down onto the floor (see outline) after placing duct tape on her mouth.  While he was attempting to bind her hands behind her back with the duct tape, she rolled over and kicked him, causing him to fall. Sandra claims that as he fell he hit his head on the corner of the desk and was knocked unconscious as a result.  

Investigators are suspicious, however, that such a small woman could knock a man over hard enough to make him fall.  After interviewing her roommate, it was discovered that Tom and Sandra knew each other previously and had even dated for a short period.  They also found another item (a tape dispenser) in the location of the crime scene that could have been used to knock Tom out.  And, of course, they are unable to interview Tom to obtain his version of events.

Restriction Enzyme Digests of Crime Scene DNA Samples:  

Your Crime Scene Investigation Unit (CSIU) has been assigned to the case.  After examining the crime scene, your team will develop a hypothesis of what you think happened.  A DNA sample was obtained from Tom while in the hospital for comparison.  Sandra’s lawyer has refused to allow her to provide a DNA sample.  Due to severe budget cutbacks, you are only allowed to swab two items to test your hypothesis.  Remember that whatever you swab will either show as matching or not matching Tom’s DNA pattern.

Step 1) Examine crime scene and develop hypothesis of how Tom was injured.  

Hypothesis ______________________________________________________________

________________________________________________________________________

Step 2) Decide which two surfaces you will swab to test your hypothesis.

CS1______________________________
CS2________________________________

Step 3) Use a fresh cotton swab to lightly swab the surface of the items you’ve chosen.  Insert cotton tip into buffer solution in your CS1 or CS2 tube.  Swish it around in buffer and squeeze out against side of tube.

Step 4) Each of your DNA samples will be digested with two different restriction enzymes (Enzyme A and Enzyme B).  Label tubes with your group number.

· Change tips each time to prevent cross-contamination (we want the prosecution and defense to trust our procedures).

· Add 2 μl of CS1 DNA into tubes 1A and 1B

· Add 2 μl of CS2 DNA into tubes 2A and 2B

· Add 15 μl of Enzyme A to tubes 1A and 2A 

· Add 15 μl of Enzyme B to tubes 1B and 2B.

Step 5) Close caps and tap gently to mix contents.  Incubate in 37 °C water bath for 60 minutes.

Step 6) Add 5 μl gel loading solution to each tube to stop the reactions.  Cap and mix by tapping.  The samples will be stored until next class time when we will perform gel electrophoresis.

Gel Electrophoresis

Step 1)  Carefully place gel in proper orientation in gel box.  Add electrophoresis buffer until wells and gel are submerged.

Step 2)  You have seven samples to load.  Your four digests, two comparator DNA samples from Tom (TA and TB), and a molecular standard.  Draw a diagram of which samples will go into which wells below.

	Well 1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	
	
	
	
	
	
	
	
	
	


Step 3) Load samples carefully.  Do not move gel apparatus or samples may slosh out. Wait for instructor to start the power supply.

Interpretation of Results
A photo of your gel will be emailed to you after it has been stained.  Interpret the results.  Did the results confirm or refute your hypothesis?  Explain. If necessary, develop an alternative hypothesis of events based on your new data.  Type up your conclusions and email them back to your instructor by Wednesday November 16 for 15 points.  Note: to receive full points, each group member must be present for both portions of this activity and participate in the interpretation of the results.
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