

DNA Fingerprinting

[image: image1.wmf]Sally     GATCGAGGCCTCGATCGTGGCCACGATCGTATGGCCTC

 

 

           

 CTAGCTCCGGAGCTAGCACCGGTGCTAGCATACCGGAG

 

 

HeaIII

 

HeaIII

 

HeaIII

 

GATCGAGG    CCTCGATCGTGG    CCACGATCGTATGG     CCTC

 

CTAGCTCC     GGAGCTAGCACC   GGTGCTAGCATACC     GGAG

 

 

Jon       GATCGAGGCCTCGATCGTGG

T

CACGATCGTATGGCCTC

 

 

           

 CTAGCTCCGGAGCTAGCACC

A

GTGCTAGCATACCGGAG

 

HeaIII

 

HeaIII

 

      GATCGAGG   CCTCGATCGTGG

T

CACGATCGTATGG   CCTC

 

      CTAGCTCC   GGAGCTAGCACC

A

GTGCTAGCATACC  GGAG

 

Fig. 1  Restriction fragment length polymorphisms (RFLP’s) 

 

DNA FINGERPRINTING USING SMARTGLOW™
STANDARDS

· 3.1.12.B4
· 3.1.B.B4

· 3.1.9-12.P  Ask questions to clarify relationships about the role of DNA and chromosomes in coding instructions for characteristic traits passed from parents to offspring.

INTRODUCTION

DNA profiling or "fingerprinting" is a recombinant DNA technique used in many fields of study, including Forensic Science. It involves either restricting (cleaving) DNA using enzymes called Type II restriction endonucleases, or the PCR amplification of short repeating sequences of DNA, known as STRs (Short Tandem Repeats). While most modern-day forensic investigations rely on STR technology, RFLPs (Restriction Fragment Length Polymorphisms) are still widely employed to analyze larger Samples of DNA.  
Endonucleases are isolated from bacteria. These enzymes act as a primitive immune system, chopping up the DNA of viruses that try to infect the bacterial cell. Type II endonucleases are enzymes that act as "molecular scissors" and are capable of cutting the sugar-phosphate backbone of DNA in a sequence-specific manner, producing smaller fragments of DNA (see Figure 1). To date, thousands of these enzymes have been identified! Each endonuclease elicits a high degree of specificity, recognizing a limited sequence of nucleotides, and making a very precise blunt or “sticky-end” cut in the genetic sequence. 
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Restriction fragment length polymorphisms (RFLP's) are one way by which individuals can have their DNA "fingerprinted". Although all individuals have the same basic genetic make-up, each of us exhibit slight variations in our DNA (see Figure 1). While a single base change may not result in a noticeable mutation, it may cause a difference in the size of certain restriction fragments. In the example shown above, Sally and Jon have an almost identical DNA sequence, with the exception of a single base pair. When this region of DNA is cut with the enzyme HeaIII (which recognizes the DNA sequence ...GGCC...), different DNA fragment sizes are produced, as a result of the mutation. These fragment size differences can be detected by agarose gel electrophoresis.  
As the name implies, short tandem repeat (STR) analysis is a method of determining an individual's DNA profile by counting the number of times a small DNA sequence (short tandem repeat unit) is repeated at a specific chromosomal location. STR analysis consists of three processes: amplification, electrophoresis, and interpretation.

In amplification or PCR, extracted DNA is added to chemical reagents and heated, causing the two strands that compose the DNA molecule to separate. Each of the two strands then can be used as a template to make (or synthesize) a new double-stranded DNA molecule.

The reagents, in which the DNA is heated, contain markers that identify the starting and ending points of the DNA fragment that is duplicated. The markers also are called primers because they prime (or stimulate) the synthesis reaction. Primers are short synthetic pieces of DNA designed to complimentarily match the regions of human DNA which are highly variable. As the DNA and chemicals begin to cool, the primers attach to the single-stranded DNA. Sometimes the primers contain fluorescent labels so that they may be detected by lasers later in the testing process.

Once the primers have annealed to the beginning and end of the segment of DNA being copied, individual building blocks of DNA from the reagents (“master mix”) fill in the rest of the empty spots on the single strand, using the rules of complimentary base pairing.
The heating and cooling of the DNA is accomplished by a machine called a thermal cycler, in which a tray of capped tubes containing the DNA and chemical reagents are placed. The thermal cycler can be programmed to heat and cool repeatedly for specific amounts of time and cycles. At the end of many repetitions of heating, annealing, and elongation, millions of copies of the original DNA section are created.

Any DNA present in a tube when the amplification process begins, whether from evidence or introduced through contamination, will be amplified.  To ensure that the DNA profile generated from the amplified DNA is representative of the DNA from the evidence sample and not from contamination, and to verify that the testing process is accurate, DNA protocols require forensic DNA scientists to analyze a series of control samples. For each batch of samples processed, at least one positive control, one negative control, and one reagent blank are analyzed along with the DNA samples. The positive control tube contains the reagents necessary for amplification plus DNA from a source for which the DNA profile is known. Since the scientists know the correct test results for the positive control, it allows them to determine the accuracy and performance of the amplification and analysis processes. The negative control tube contains all of the reagents used for amplification. The reagent blank contains all of the reagents used to process an item of evidence from extraction through electrophoresis. DNA from the evidence is not added to these controls, though their contents are amplified. The purpose of the negative control and the reagent blank is to reveal any contamination that is present in the reagents or introduced during the testing process. 
Whether using STRs or RFLPs, the next step needed to analyze the results, is electrophoresis.  Electrophoresis means "carrying with electricity". Biological molecules can be separated on an agarose gel based on their charge, size and conformation (see Figure 2). Molecules that have a negative (-) charge, like the nucleic acids DNA and RNA, will migrate from the negative pole (anode) to the positive pole (cathode). Positively charged molecules, like some proteins, will migrate from the positive pole to the negative pole. The gel must be prepared and run while submerged in an electrophoresis buffer. This buffer contains salts for conducting the electrical current from one electrode to the other. In addition, the electrophoresis buffer helps maintain the pH during electrophoretic separation. If the pH of the buffer changes, then the charge of the molecules may change and alter their separation. This is especially true for proteins. As the electrical current carries the molecules, the type of “agarose” gel matrix being used will determine whether the molecules are separated by size, conformation or both.
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Agarose gel electrophoresis is a procedure by which DNA fragments are separated on the basis of size. Agarose is a material derived from red seaweed (Phylum Rhodophyta). When agarose is melted and then cooled, it contains pores that act like a sieve. The size of the pores is determined by the concentration of the agarose in the gel. Increasing the agarose concentration decreases the pore size and limits the size of the DNA molecules that can fit through the pores. The agarose concentration therefore determines the range of DNA fragment sizes that can be effectively separated on a gel. On a standard 1% agarose gel, DNA fragments from approximately 500 – 10,000 base pairs (bp) can be effectively separated. Small molecules will travel more quickly through the agarose matrix, thus migrate the furthest from the gel well. Larger fragments will take longer to move through the gel matrix, therefore they will migrate more slowly and will be closer to the gel well.   
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Fig. 3.  Example of  Electrophoretic Separation of RFLP’s

 

Using the example of Jon and Sally's DNA, the following is a representation of how their DNA fragments would be separated on an agarose gel (Fig 3). Restriction analysis of Sally's DNA, which has three HeaIII sites, results in four fragments which are 14 bp, 12 bp, 8 bp and 4 bp in size. Jon's DNA, which has lost an HeaIII site due to a single base mutation, only produces 3 fragments. Two of these fragments are identical to Sally's (the 8 and 4 bp), but the third is 26 bp, the sum of Sally's 12 and 14 bp fragments. Although Sally and Jon have essentially the same DNA, this type of restriction analysis can reveal individual differences in the sequence, creating a unique DNA “fingerprint" for each individual. This example also shows how the smaller fragments (4 bp and 8 bp) pass through the agarose matrix more easily and move further from the wells. The largest DNA fragment (26 bp) moves more slowly during electrophoresis and is closest to the gel well.

The analysis of RFLPs is utilized for mapping genomes and in forensic science. Speciation, or the determination of species is possible, from either living organisms or specimens from which DNA can be extracted. Medical uses of this technique include human gene therapy, pharmacogenetics, and organ transplants. 

For this exercise, you will be asked to analyze DNA from a mock crime scene. You should be able to identify which suspect committed the crime based on the results of an RFLP analysis of all the suspects. To expedite the process, a restriction digest has already been performed on the DNA samples collected from the crime scene, as well as on a DNA sample from each of the potential suspects. The DNA fragments produced from this digest will then be separated using “horizontal” gel electrophoresis, as seen in Figure 3. Each suspect will have a unique DNA fragment pattern. This fragment pattern is then compared with the DNA fragment pattern from the crime scene. Remember, the fragment pattern must be an exact match before a suspect can be potentially placed at the scene of a crime. With this in mind, it is very important to follow proper protocols to ensure that none of the DNA samples become cross contaminated!

GUIDING QUESTIONS
· How does an agarose gel separate different size DNA fragments?

· How do restriction endonucleases create DNA fragments?

· How do the DNA molecular weight size standards help determine the size of the DNA fragments.

· Are you able to determine which suspect(s) were at the crime scene?

MATERIALS

	Crime Scene DNA Sample (Pre-digested and aliquoted) 5(L*
	Horizontal Electrophoresis Chamber

	Suspect #1 DNA Sample (Pre-digested and aliquoted) 5(L*
	1X TAE electrophoresis buffer

	Suspect #2 DNA Sample (Pre-digested and aliquoted) 5(L*
	Power supply (100V)

	Suspect #3 DNA Samples (Pre-digested and aliquoted) 5(L*
	SmartGlow™ Fluorescent Loading Dye 1(L

	2-20 µL micropipettes w/ sterile tips
	Blue Light Transilluminator with Amber Cover Filter

	Microtube holder
	Microcentrifuge 

	2% TAE agarose gel (a different percentage may be substituted upon instructor request)
	


*DNA samples have already been digested with restriction endonucleases and contain a SmartCheck™ loading/ tracking dye visible to the human eye to aid in pipetting and migration visualization.  A secondary fluorescent SmartGlow™ loading dye will be added to make the bands visible using the Blue Light Transilluminator.

SAFETY

Exercise caution when using the power supply. The area around the power supply and the electrophoresis chamber should be dry. Be sure the electrical leads are sitting on the electrophoresis chamber properly and all the connections are in place before turning on the power. Likewise, the power supply should be shut off before disconnecting any of the electrical leads.

When analyzing gels using the Blue Light Transilluminator, always view through the provided, protective screen.  The Transilluminator uses high intensity LED lights.  Do Not stare directly at the viewing surface without the amber cover in place.
PROCEDURE

Electrophoresis

1. Carefully remove the provided 2% agarose gel from its protective covering and place the gel (still in the hard plastic casting tray) into the electrophoresis chamber. Orient the gel so that the wells are closer to the negative (black) terminal.  Please have the orientation of your gel confirmed by your instructor before proceeding.  Correct gel orientation is critical for proper band separation. 
2. Fill the electrophoresis chamber with 1X TAE to the designated fill line. Be sure that there is just enough buffer to completely submerge the agarose gel (see Fig. 2).    

3. Obtain four labeled microtubes containing the pre-digested DNA samples, along with the SmartCheck loading/ tracking dye.  Each sample should contain approximately 5(L of sample.  

· Crime Scene DNA Sample
· Suspect #1 DNA Sample
· Suspect #2 DNA Sample
· Suspect #3 DNA Sample
4. Your instructor will demonstrate the proper way to hold, adjust, and use a micropipette.
a. Carefully mix the contents of each microtube by gently pipetting the sample up and down or according to your teacher’s instructions.

5. To assist later in the visualization of the DNA bands, SmartGlow™ Loading Dye is supplied and will be added directly to your DNA samples in a 1:5 (dye to sample) dilution.  

a. Using a clean tip and properly adjusted micropipette, add 1(L of SmartGlow™ to each of your four DNA samples to be analyzed.  Be sure to use a new pipette tip for each sample to avoid possible cross contamination. 
b. After adding the SmartGlow™ to each sample, place all four tubes into the microcentrifuge and spin for approximately 30 seconds.  Be sure the centrifuge is balanced before switching the power on!    
6. Adjust and fill the micropipette with 5 (L of DNA sample/ SmartGlow™ loading dye. (**Be sure to use a new, clean tip for each DNA sample)

7. Place the tip over the top of one of the wells. The tip should be submerged in the buffer at this point. Holding the micropipette steady, gently and SLOWLY dispense the sample into the well. 

8. The loading dye in the sample will allow the sample to sink into the well. 

9. Do not place the pipet tip directly into the well or you will risk poking a hole in the side or bottom of the well, and your sample may leak out of the gel. 

10. Keep the micropipette fully depressed until the tip is completely out of the buffer solution to avoid drawing the sample back into the tip. 

11. A NEW PIPET TIP SHOULD BE USED FOR EACH SAMPLE! If possible, each student should have a turn loading a well. 

12. Record the order in which the samples are loaded on the lines provided on the gel schematic on the Data Sheet.
13. Make sure that the area around the electrophoresis chamber and power supply is dry before plugging the electrode wires into the unit.  There is an ON button on the side of the power supply. The unit is “on” when a red “0” is displayed on the LED at the front of the machine. 

14. There are several buttons on the front of the power source. Using the up and down arrows, adjust the voltage to 100 V.  
15. Check to be sure that the leads from the gel are correctly plugged into the power supply. When the leads are connected properly (red to red, black to black), press the “run” button (a picture of a man running). A green light should come on next to the run button to indicate the power supply is working. 

16. There should be bubbles forming on the electrode wires at the anode (black) end of the electrophoresis chamber if the current is flowing properly. While it is not recommended to run 1-3% agarose gels at voltages greater than 125V when using a 1X TAE buffer solution, it is possible to run gels at higher voltages using a 0.25X buffer solution.  Please follow the protocol provided by your instructor.
17. Check the gel after approximately 5 minutes. to make sure the sample is migrating through the gel in the correct direction (towards the cathode/red electrode).  Allow the gel to run for a total of 30 to 40 minutes.   

18. Turn off the power and remove the lid from the gel box. Carefully lift the gel and its tray out of the electrophoresis chamber.  
Note:  The gels will be very, very slippery!  Keep your fingers over the open ends of the gel tray so that the gel does not slide out. 
19. Gently slide the gel out of the tray into a staining tray until you are ready to view the gel using the blue light transilluminator.  
a. Make sure the lights of the Blue Light Transilluminator are off.  This product uses high intensity LED lights.  Do not stare directly at the viewing surface without the amber cover in place.
b. Remove the amber filter cover

c. Remove the gel from any plastic tray that was used in the electrophoresis chamber

d. Carefully place the stained gel onto the glass viewing surface

e. Place the amber filter cover of the transilluminator surface so that the four rubber feet align with the indents or place the cover tabs into the slots to use the cover at an angle

f. Turn on the transilluminator power and the bands should be seen glowing.   
20. Place the agarose gel on the blue light transilluminator and analyze your results.  Compare banding patterns obtained from the suspects with those generated from the crime scene to determine which suspects can be eliminated.  

DATA SHEET

Name:  _______________________








Period: _______________________








Date:    _______________________

DATA ANALYSIS
Use the schematic below to record the order in which your samples are loaded.  You will also sketch the positions of the DNA fragments in each lane once you have done the analysis of the gel.
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QUESTIONS

What is a Type II restriction endonuclease and what does it do?

What is produced when an individual’s DNA is cleaved with a restriction endonuclease? 

What is the cause of differences in DNA fragment patterns when an individual’s DNA is cleaved with restriction enzymes?  

What is the charge on a DNA molecule (positive or negative)?  Toward which pole does the DNA migrate during electrophoresis on an agarose gel?

Which size DNA fragments move furthest from the gel well, small or large?  Why?

Why is preventing contamination of your DNA samples so important?  In what ways could contamination affect your analysis of the DNA from the crime scene and suspects?

Did any of the suspects have an exact DNA match to that found at the crime scene?  Can you charge a person with a crime based on DNA evidence alone? 

Supplemental Information
Three different SmartCheck™ DNA Ladders were used as sources of DNA for this lab.  
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