Learning Science Through Forensics Activities   

Activity #11: DNA Profiling Activity (Paper Simulation)
Objectives:

Students will develop a hypothesis and test it.

Students will learn about restriction enzymes and how they create differently sized fragments of DNA from different sources

Students learn about the biological and technological basis of DNA profiling

Time:


30 - 40 minutes for activity
Introduction:  In this activity, students locate restriction sites on paper DNA strands, physically cut the strands with scissors, assess both the number and size of the restriction fragments generated, and predict how these DNA fragments will appear on a gel following gel electrophoresis. Like Activity #7, students generate DNA profiles to help solve a crime. This activity is based on the use of the RFLP (restriction digest) method for creating a comparative profile. Although RFLP analysis is no longer used for DNA profiling, the current technologies are based on similar principles. The activity visually illustrates how restriction enzymes work and represents a more accessible model for understanding the biological and technological basis of generating DNA profiles than, for example, the use of AMP-FLP-based technology.  Instructors may want to discuss the history of DNA profiling, including current technologies, before or after conducting this activity.

In addition, this activity may be useful in advance of an activity (such as #7) to help students understand the biological basis of restriction digestion of DNA and the biological and technological bases of generating RFLPs for DNA profiling purposes before conducting the actual experiment.

Instructor’s Notes: DNA Profiling Activity (Paper Simulation)

Procedure:  Either of the crime scene scenarios described in Activity #7 can be used as the context for this activity or the instructor can develop their own scenario. Students are asked to develop their hypothesis for the crime (Activity #7, Option A, Crime Scenario and Hypothesis Worksheet could be used for this portion of the activity). 


Paper, double-stranded DNA samples for the individuals and crime scene samples in the scenario can be generated on the computer, each containing different numbers and/or different locations of the restriction site for the enzyme chosen for the activity. Two of the DNA samples, however, should match to help solve the crime. If the students are working in groups, then it’s best to create the strands using a large font and even create giant DNA strands (two meters or more in length). The large font allows for multiple student involvement in the hunt for restriction sites and the long strands allow for a more kinetic and fun approach to the activity.
If working in groups, each group could be assigned a different sequence (different DNA sample).  Once they locate all of the restriction sites on their strand, they will cut, with scissors, creating sticky or blunt ends depending on the restriction enzyme “used” for the activity. (For example, the restriction enzyme EcoR1, cuts between the G and the A within the sequence GAATTC, creating sticky ends when applied to a double stranded DNA molecule.) They will then count the number of fragments created and record the size of each (in base pairs).  
After the instructor reviews the principles of gel electrophoresis, he/she can draw a large diagram of a gel on the board.  The gel will have designated lanes for each of the samples and a molecular marker that will indicate to students where to locate their fragments.  Each group draws their predictions for the banding pattern they would expect to observe.  Once the gel is complete, students can determine whether the “evidence” supports their hypothesis and the class as a whole can solve the crime.
Note:  If creating your own DNA strands for this activity seems too tedious, there are some activities on the web which provide downloadable DNA strands that might be adapted to this activity or allow for more efficient creation of the strands through use of cut and paste functions. Examples include activities at the Access Excellence site, such as: http://www.accessexcellence.org/AE/AEC/AEF/1995/mayo_dna.html.  Remember, the strands need only be slightly different from each other, with respect to the location and number of restriction sites, in order to create totally different numbers and sizes of fragments.  Once one strand has been constructed, slight modifications at restriction sites  yield entirely different DNA profiles.
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