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I. TEACHER NOTES & GUIDELINES

TITLE OF LAB: DNA Profiling using Polymerase Chain Reaction (PCR)
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OVERVIEW OF LAB

DESCRIPTION

The lab simulates the use of DNA in forensic investigations. Students are introduced to the concepts of Polymerase Chain Reaction (PCR) and DNA fingerprinting. The DNA profiles of two suspects are compared with evidence DNA after being electrophoresed on an agarose gel and stained with Carolina BLU stain.

CURRICULUM CONSIDERATIONS

 This lab is appropriate for use in studying the following units: molecular genetics, biochemistry, tools of biology and bioethical issues. It can be used with Regents and AP Biology classes.

REAL WORLD APPLICATIONS

The students will have a better understanding of what is being done when investigators are gathering and using forensic evidence. 

SAFETY CONSIDERATIONS

No eating or drinking in lab.
Wear safety goggles.
Wear lab apron.


Avoid contact with stains.
Wash hands before leaving lab.

BACKGROUND INFORMATION

A. SCIENTIFIC VIEWPOINT

Gel electrophoresis is an important molecular biology tool. Deoxyribonucleic acid (DNA) sequencing, fingerprinting or  “profiling” and genetic engineering are based on this technique.  

Gel electrophoresis separates these DNA fragments by their size or molecular mass. The resulting gel pattern differs when the sequence of nucleotides in the DNA strands is significantly differs between samples.

No two people, except identical twins, have identical DNA. Therefore, a comparison of the gel patterns of DNA from known samples with an unknown sample will allow tentative identification of the unknown. Like many types of 

forensic evidence, DNA analysis is strongest when used to eliminate. However, it can also be used to incriminate by assigning probabilities of random matches between the evidence and a suspect.

While the DNA from two different individuals is over  99% similar, we can use PCR and electrophoresis to analyze the differences found in the small fraction that is different. One type of DNA that falls into this category is called VNTRs or Variable Number Tandem Repeat. VNTRs are sequences where a small number of basepairs are repeated a different number of times between any two people. For example, Suspect 1 may have the sequence GCG repeated three times (GCGGCGGCG) while Suspect 2 may have GCG only once at the same DNA location. A typical number of repeats is16 to 18. The number of repeats present will change the size of that particular piece of DNA. One way to analyze these PCR products is gel electrophoresis, because electrophoresis sorts the DNA according to its molecular weight. 

PCR is used to copy or amplify specific stretches of DNA such as VNTRs. PCR consists of repeating the following three steps ten to thirty times. The three steps of PCR are 1) Denature, 2) Anneal, and 3) Synthesis. This artificial process is based on how DNA is replicated in the cell.

With PCR, we are looking at one gene at a time. However, because humans are diploid, each person has two copies of each gene – one from the mother and one from the father. Therefore, each person should show one or two bands for each PCR reaction.

The DNA provided here is similar to the type of products PCR would produce.

By comparing the pattern of the suspects’ DNA with the evidence DNA, we can make conclusions about whether a suspect should be included or excluded as the potential perpetrator of the crime.

B. COMMON MISCONCEPTIONS

DNA is only found in somatic cells

DNA forensics can “prove” that someone is guilty

All molecules of DNA have the same sequence of nucleotides

A macroscopic sample of DNA is required to make use of gel electrophoresis

This technology only applies to use in criminal investigations

DNA fingerprinting involves actual fingerprints

DNA can only be replicated within a cell

The PCR technique can copy an entire DNA code 

OBJECTIVES

After completing this lab the student will be able to:

Use the gel electrophoresis to separate organic molecules based on their physical properties.

Understand how the specific banding patterns relate to alleles.

Identify factors that might affect the reliability of this technology.  

Identify what DNA testing is appropriate for a given situation.

Compare and interpret gel patterns from the DNA of different people.  

EQUIPMENT/MATERIALS

PROVIDED BY SOTM


Suspect X-1 DNA

Suspect X-2 DNA

Evidence 1 DNA

Evidence 2 DNA

Suspect Y-1 DNA

Suspect Y- 2 DNA

Power supply

                         
Gel electrophoresis apparatus

Microcapillary tubes & pistons

TBE buffer 

Staining trays

Plastic spatula

DNA Fingerpr. Educ. Res
CarolinaBlu stain   

Microcentrifuge and tubes

Kimwipes
Gloves

Light box

Agarose gel, tubes or precast

Loading Dye

Petri Dishes with practice gels

** If notified in advance, SOTM will provide pre-poured agarose gels.

PROVIDED LOCALLY
 

Goggles

Lab apron
Plastic garbage bags, small 

Distilled or deionized water
Plastic wrap

Microwave oven
Oven mitt

Hot plate + beaker

II.  PRE-LAB

PRE-LAB EXERCISE TO ELICIT STUDENTS’ PRIOR KNOWLEDGE AND MISCONCEPTIONS

The instructor may provide this list of concepts or guide the students to formulate their own list that includes these concepts:

DNA, somatic cell, nucleus, enzymes, fragments, electrophoresis, mass, charge, size, nucleotides, forensics, physical evidence, molecules, fingerprinting, DNA fingerprinting, polymerase chain reaction, complementary strands, primers, denature, hybridization, DNA synthesis, medical diagnosis, genetic engineering, common ancestry, personal identification.

SURVEY

1. In which of the following parts of an eukaryotic cell is DNA found? 

cytoplasm
nucleus

chloroplast
mitochondria
lysosome

2. Circle each type of evidence that contains usable DNA.

  skin
 
hair

liver cell
egg cell    mucus        
  

dry blood   
stomach cell
wet blood
semen      saliva
3. PCR uses these three steps. Organize them from 1 to 3, 1 being first and 3 occurring last.


 2  Anneal 

 1  Denature

 3  DNA Synthesis

4. List one or more applications of biotechnology that you have learned from the media. How was DNA involved?  Why was this fact or issue of interest to the public? What else might you ask about the media report?

DISCUSSION OF PRECONCEPTIONS 

CONCEPT MAP DISCUSSION
1. Have groups of students present their completed concept maps to the class. Discuss similarities and differences between maps from each group. Consider common misconceptions that are revealed by this discussion.

2. Have students exchange their completed concept maps. Instruct students to evaluate thoughts represented by these maps. Students should note any misconceptions perceived in other students’ work. 

SURVEY DISCUSSION

1. Compile a list of misconceptions evident in student work. Use this list to generate class discussion.

2. Have students answer survey questions both prior to and following the investigation. Discuss differences between pre-lab and post-lab responses.

III. EXPLORATION OF SCIENTIFIC PRINCIPLE & INTRODUCTION OF EXPERIMENTAL PROTOCOL

PROBLEM

How is a DNA profile generated from PCR samples used to analyze crime scenes?  

EXPERIMENT:

Preparation of the electrophoresis gel 
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Obtain a 30-ml sample of agarose in large, blue-capped tubes.* Loosen, but do NOT remove the cap from the tube. Melt the agarose by one of the following methods. During melting, mix the agarose by tightly capping the tube, wrapping a paper towel around the cap, and then gently inverting the tube several times. Loosen cap again before putting back in heat. Make sure the agarose is completely melted even at the tip of the tube. 

A.  Microwave oven: Place tube in a beaker half filled with water. Microwave on high for 2 minutes. Mix after every 30 – 40 seconds. 

B.  Boiling water bath: Place tube in bath for 5 minutes. After 3 minutes, mix once every minute.
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Let the clear agarose gel cool until you can touch the tube comfortably with the palm of your hand (around 2 minutes).

3. Obtain one gel plate, one plastic comb, and two gel plate dams. Carefully snap each gel plate dam onto the gel plate slot at either end of the gel plate according to the manufacturer’s directions. (See figure) Be careful because excess force will snap off the sides of the gel plate.

4. Put the wide combs in the second available slot at either end of the gel plate. This will form the wells in the completed gel. (See figure)
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5. Pour all 30 ml of the cooled agarose gel onto the gel plate. Allow agarose to set until it turns whitish (15-30) minutes.   

6. Carefully remove the comb. Lift the comb straight up without wiggling or twisting it. Do not tear or touch the gel.

7. Carefully slide the two gel plate dams off of the gel plate. 

For six or fewer, the gels will come in the gel molds. Proceed directly to Loading and Running Gel Electrophoresis.
For more than six, the gels will come in a separate container covered in buffer. To ready them for electrophoresis,

(a) Carefully pick up a pre-poured gel using your gloved hand or the spatula. Make sure the gel is well supported.  Also let the excess buffer run off.

(b) Blot the bottom of the gel with a paper towel until it is somewhat dry. 

The gel bottom must be slightly dry so it will stick to the gel mold and not slide around during loading.
(c) Place the gel into a mold being sure that the wells are face up! Gently press the gel so that it makes good contact with the mold.

(d) Continue to the Loading and Running Gel Electrophoresis
Have students practice with  the microcapillary tubes using  water before letting them loose with the expensive DNA supplied with this lab.

Practice Using the Capillary Tubes to Load Samples

1. Obtain a petri plate containing a strip of agar with a row of wells in it. 

2. Remove the lid and cover the agar with water.

3. If necessary, put a piece of dark paper beneath the petri dish to see the wells more clearly.

4. Do not bump or lean on the table or use too much force with the capillary tubes, otherwise, your sample may float out of the well.

5. Carefully remove 1 piston and 1 capillary tube from the container.

6. Place the piston into the end of the capillary tube marked with the white stripe. Make sure the piston fits the capillary tube. DO NOT FORCE THE PISTON INTO THE TUBE IF IT DOES NOT EASILY FIT. If you cannot find a capillary tube to fit, ask for help.

7. Draw up the loading dye until it reaches the first white line on the tube. You will need to load each tube twice into the same well.

8. Load a well by steadily holding the tip of the capillary tube just below the surface of the buffer above first well.  Slowlly depress the piston, ejecting the sample.

9. The sample is made dense by the loading dye and will readily sink into the well.

10. Be careful not to puncture the bottom of the well.

Suspect and Evidence DNA

1. Each lab group should obtain one of the following sets of DNA samples:
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SET ONE

DNA Samples for Gene 1

SET TWO

DNA Samples for Gene 2

Suspect X-1

Suspect X-2

Suspect Y-1

Suspect Y-2

Evidence 1

Evidence 2

2.
Centrifuge the tubes for 5-10 seconds. Be sure to balance the tubes. (See figure) If necessary use an empty microcentrifuge tube as a counterbalance. The 6-hole rotor holds these DNA tubes.

Loading and Running Gel Electrophoresis

1. Obtain an electrophoresis chamber, gel plate and TBE buffer. 

2. Place the gel plate in the chamber with wells toward the negative (black) pole. 

3. Carefully pour TBE buffer into the chamber to until the gel is just covered. Too much buffer will cause less current to pass through the gel and result in a slower migration.

4. Plan how your samples will be loaded into the wells. Sketch the layout of your gel, noting the location of each sample. If possible, avoid using the wells on each end; they can run crooked.

5. IMPORTANT! Position your electrophoresis chamber so that the electrodes attached to the lid can easily reach the power supply.

6. Using a new capillary tube for each sample, gently load 20 (l from each sample tube into separate wells. (If the tube doesn’t have 20 (l, load the entire sample and make a note of it). Since a capillary tube holds only 10 (l, you will need to pipette each sample twice into the same well.
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Carefully place the lid on the electrophoresis chamber. Try not to jar sample out of the well.

8. Plug the lid electrodes into the power supply and set it to 75 volts.

9. Allow the gel to run for at least 45 minutes. The tracking dye should appear as blue bands traveling down the gel. These bands are not DNA; DNA is visible only after staining.
10. Once you have completed the run, turn off the power and unplug the power supply. 

11. Remove the cover from the electrophoresis chamber and remove the gel plate. Pour the TBE buffer back into the original container. Rinse but DO NOT WIPE the inside of the electrophoresis chamber because the platinum wires are easily damaged and are not replaceable.

Staining
1. Obtain a plastic staining tray. Carefully place gel in the tray. 

Gels may be fragile and must be handled with care. A plastic spatula may be needed to transfer the gel.
2. Cover the gel with CarolinaBlu stain. 

The blue tracking dye bands are no longer visible after the stain is applied; there is no need for alarm. The dye is water-soluble; the DNA sample is still in the gel.
3. Allow the gel to soak in the stain for 30 minutes to overnight.

Observing gel patterns

Keep gel in staining tray during the entire process.

1. Remove the plastic wrap from staining tray and pour stain back into original container. 

2. Gently rinse gel under tap water until most of the stain is removed from the gel and the DNA pattern is visible. The pattern will appear as blue bands on the gel.

3. Cover gel with tap water and allow it to destain for 10-15 minutes. If stained overnight, the gel will require additional destain water changes.

4. Obtain a plastic spatula, clean plastic wrap and the light box. Cover the light box with the plastic wrap and carefully place the gel onto the light box using the spatula. Observe and sketch DNA pattern.

5. Save the gel in the refrigerator, wrapped in plastic wrap, for later use.

Sample Results

Below are the banding patterns students should see for Set One Samples (Gene 1) and for Set Two Samples (Gene 2). Your results may vary depending on how long the gel is run, staining conditions, etc.  The relative migration of the bands, however, should be the same.
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GENE 1



         GENE  2
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E-1        X-1       Y-1


E-2       X-2       Y-2

Discussion of observations

Students will now be asked to determine which of the suspects, X or Y, appear to be indicated by the banding pattern shown by the electrophoresis.

IV. ELABORATION OF SCIENTIFIC PRINCIPLE:

INQUIRY-BASED STUDENT INVESTIGATION

PROBLEM

Based on the results of the DNA forensics experiment, evaluate the use of technology by designing an investigation into a real world situation.

HYPOTHESIS OR PREDICTION

1. What does the banding pattern on your gel suggest about the DNA from each suspect?

2. Did each suspect receive this DNA from one or both of their parents? How can you tell? 

3. How might this information be used in a real world situation? What factors might influence or limit this technology?

EXPERIMENTAL DESIGN

1. What are you going to investigate?

2. How does this investigation relate to a real world situation?

3. What variables must be considered in your investigation?

4. What procedure will your investigation follow?

5. Where will you find sources of information for your investigation?

PLAN FOR DATA COLLECTION & ANALYSIS

1. What is the best form for you to display your results?

2. What is the best form for you to interpret your data?

ANALYSIS OF DATA & DISCUSSION OF RESULTS

COMPARE

1. What conclusion can you draw from your gel? Be specific.

X can be eliminated as a suspect based on this evidence, but Y cannot be eliminated.

2. Your gel analyzed the three samples at one gene. Obtain the results of another group’s gel that analyzed the samples at the other one. Does adding these results alter your conclusion? If so, how.

Both genes support the conclusion that X is eliminated and Y is not. Therefore, the probability that the evidence DNA comes from some one other than Y is decreased.

3. Compare your gel with the gels from others in your class. How can you account for differences in separation and band intensity between your gel and the others?   

Bands on the gel spread out differently because of different lengths of time for electrophoresis, different gel concentrations, and possibly different thickness of the gels. Ideally, all these conditions would be as alike as possible, but they may vary. A longer time electrophoresing would spread the bands farther apart. A lower concentration of agarose in the gel would allow the DNA to move faster through the gel matrix. A thicker gel allows more space between the fragments vertically, and may allow a more loosely concentrated band as it moves through the gel. Band intensity is dependent upon mass of DNA in the band- the greater the mass of DNA, the more intensely stained the band.
4. If the two suspects had been identical twins, how would the results be affected?         

The two suspect DNA profiles would be alike. It would not be possible to determine which one was the perpetrator without other evidence. 
5. Suppose the evidence DNA lane had four bands. What two explanations could account for this? How would your answer change if one of the suspect DNA lanes had four bands?                                                                                                     

If the evidence sample has four bands, it may be a mixture of two people’s DNA that often occurs at crime scenes. Alternatively, someone may have forgotten to change tips between two or more types of DNA samples, which would mix the two DNA.

If the suspect DNA has four bands, then the sample must have gotten mixed up during loading – unless the suspect has four sets of chromosomes!                                                                                                                                                

PERSUADE

Prepare to present your results of their investigation to the class. This presentation may take the form of a simulated press conference, a debate, a criminal trial, a board meeting, etc.

RELATE

Explain how your investigation applies to a real world situation.

V. EVALUATION

POST-LAB SURVEY OF STUDENTS’ CONCEPTIONS

Have students retake the Pre-Lab Exercise. Compare pre-lab and post-lab responses.

TRADITIONAL

Present sample data from other “crimes” and ask students to interpret them.

ALTERNATIVE

You are an expert witness with training in the use of electrophoresis. You have been asked to give testimony concerning a gel electrophoresis pattern obtained from evidence collected during a homicide investigation. Respond to the following in complete sentences:

1. What information about gel electrophoresis technology is important to get across to the jury?

2. What questions would you expect to be asked by the prosecution? What questions would you expect by the defense? How would you answer would these questions? Give at least 2 questions for prosecution and 2 for defense.

3. Write a script for a courtroom drama in which DNA evidence plays a pivotal role.

*This material is based upon work supported by the National Science Foundation under Grant No. ES1 9618936.   Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation.

� EMBED PhotoDeluxe.Image.2 \s ���





� EMBED PhotoDeluxe.Image.2 \s ���











� EMBED PhotoDeluxe.Image.2 \s ���





� EMBED Word.Picture.8  ���





� EMBED PhotoDeluxe.Image.2 \s ���





� EMBED PhotoDeluxe.Image.2 \s ���





� EMBED PhotoDeluxe.Image.2 \s ���








7
Page9 of 9

[image: image9.png]BT Mot gy

ety &

g



[image: image10.png]


[image: image11.png]


[image: image12.png]


[image: image13.png]


[image: image14.png]L TR~
-



_1003530138.psd

_997222433.psd

_997225626.doc
[image: image1.png]






_1003486198.psd

_997221954.psd

