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Forensic DNA Fingerprinting

Forensic DNA Fingerprinting
1.
This experiment correlates with Lab 6: Exercise 6B in the 2001 College Board’s AP Biology Lab Manual. 
2.
The student pages with complete instructions for analysis using Logger Pro (computers), can be found on the CD that accompanies this book. See Appendix A for more information. 
Note: This activity can only be completed using computers.
3.
In this activity, students play the role of a forensic scientist and use restriction enzymes to digest real DNA and identify the culprit among five “suspects”. It models the more elaborate technique that is performed on complex human DNA samples. Principles of restriction analysis, plasmid mapping, and DNA fragment size determination can also be documented. The techniques introduced in this actvity form the basis of recombinant DNA technology techniques, DNA fingerprinting, and forensic DNA analysis.
4.
The suggested complete kit, Forensic DNA Fingerprinting Kit, is available from Bio-Rad Laboratories. Refer to Appendix G for ordering information. This kit is sufficient for 32 students (eight workstations, four students per workstation). 
5.
Analysis of the gel is completed using either Vernier’s Blue Digital Bioimaging System or White Digital Bioimaging System connected to a computer running Logger Pro data-collection software. From the digital image of the gel, Logger Pro will create a standard curve and automatically calculate the number of base pairs (molecular weight) for each experimental DNA band.
6.
Tips for using the Vernier Blue Digital Bioimaging System and White Digital Bioimaging System:
· Use the power supply that shipped with the device. Using the wrong power supply could damage it.

· If using the BlueView Transilluminator, ensure that the BlueView’s lid is closed, otherwise it will not function. This is a safety feature.

7.
Tips for using Logger Pro to take a photo of the stained gel:
· For the best photo of the gel banding patterns, you may want to adjust the camera settings before clicking [image: image1.jpg]I Take Photo l




. Click Camera Settings in the Take Gel Photo dialog box, then click Adjustments. From here, position the brightness slider between 10 and 25%, making sure that the dimmer switch of the BlueView Transilluminator is turned to full brightness and the Imaging Hood is placed over the system. Continue to adjust until the best results are obtained.

· When performing a gel analysis, the sequence of events described in the procedure must be followed in order. It is not possible to go back and change parameters, with these exceptions:

· Points placed on the photograph identifying experimental bands can be moved or deleted. Simply click Select Point, [image: image2.jpg]


, then click on the point to be edited. Drag it with the cursor to move it or use the Delete key on your keyboard to delete.

· Points for experimental bands can be added by clicking Add Lane, [image: image3.jpg]


, selecting the appropriate lane, then clicking on the band in the photograph. 

Ideas for Inquiry

This experiment lends itself well to development into an inquiry investigation. Some possible investigations include:

· How does changing the amount of enzyme used affect band patterns and intensity?

· How does changing the amount of DNA used affect band intensity?

· How does changing the reaction time (DNA + enzyme) affect band pattern?

· How does changing temperature of incubation affect band pattern?

Time Requirements

This experiment is divided into three parts. Each part is designed to be completed in a 50-minute lab period. Parts A and B will each take one day. You will be able to complete Part C and the analysis on the third day unless you are staining using 1x Fast Blast DNA for Overnight Staining. If you are staining overnight, you will perform the analysis on a fourth day. If you have 90-minute lab periods, you should be able to complete Parts A and B in the first day.

Pre-lab Preparation
	Table 1  Pre-Lab Objectives and Time Requirements

	
	Objective
	Time Required
	When

	Part B
	Prepare electrophoresis TAE buffer

Using the procedure in the Pre-lab Activity, pour agarose gels (or use precast gels)
	30 minutes to 1 hour; depending on how gels are prepared
	Gels may be cast 1 to 7 days in advance. Alternatively, student teams may prepare their own gels.

	
	Rehydrate lyophilized DNA and buffer samples

Rehydrate enzyme mix; aliquot

Set up student and teacher workstations
	30 minutes
	Just prior to Part B

	Part C
	Prepare DNA molecular weight marker
Aliquot sample loading dye

Dilute DNA Stain
Prepare electrophoresis chambers
Set up student and teacher workstations
	45 minutes
	Just prior to Part C

	Analysis
	Set up imaging system
	15 minutes
	Prior to Analysis


staining Procedure
After electrophoresis, there are four staining options to view the DNA bands using either Fast Blast™ DNA Stain (included in the Bio-Rad kit) or SYBR Safe™ DNA gel stain (available from Vernier). Both stains are convenient, safe, and nontoxic alternatives to ethidium bromide.

· Gels stained with Fast Blast should be analyzed by capturing digital images using a Vernier White Digital Bioimaging System connected to a computer and Logger Pro software.

· Gels stained with SYBR Safe should be analyzed by capturing digital images using a Vernier Blue Digital Bioimaging System connected to a computer and Logger Pro software. 

· Any stains with an excitation wavelength in the blue range of 450 to 520 nm range will also work with the Blue Digital Bioimaging System. For use with nucleic acids, these include, but are not limited to, SYBR Safe, SYBR® Gold, SYBR® Green I, GelGreen™, and GelStar®.

Though each staining method is described in detail in their original documentation, they are summarized here and in Table 2 for your convenience:

Option 1  Using 1x Fast Blast DNA Stain for Overnight Staining
This method requires the gel to sit overnight while it stains. 
a. Dilute the 500X concentrate to 1X. We recommend using 120 mL of 1X Fast Blast to stain two 7 X 7 cm or 7 X 10 cm gels in individual staining trays (included in the kit); each tray can accommodate two gels.

b. Carefully remove the gels from their gel trays and slide them into the staining tray; add the 1x stain until the gels are completely submerged.

c. Place the staining tray on a rocking platform and gently shake overnight. If a rocking platform is not available, then periodically swirl the solution and gel a few times during the staining period. This is crucial since smaller fragments tend to diffuse without shaking. The bands will begin to develop after two hours, but at least eight hours of staining is recommended for complete visibility.

d. The gel is ready to be analyzed using a White Digital Bioimaging System.

Option 2  Using 100x Fast Blast DNA Stain for Quick Staining (12–15 minutes)
If you use this option, you will be able to complete Part C and the Analysis section in a 50 or 90-minute lab period.
a. Dilute the 500X concentrate to 100X. We recommend using 120 mL of 100X Fast Blast to stain two 7 X 7 cm or 7 X 10 cm gels in individual staining trays (included in the kit); each tray can accommodate two gels.

b. Carefully remove the gels from their gel trays and slide them into the staining tray; add the 100x stain until the gels are completely submerged.

c. Stain for 2–3 minutes, maximum. Pour the 100X stain into a storage bottle and save for future use. The 100X stain may be reused at least seven times.

d. Rinse the gels for 10 seconds in 500–700 mL of clean, warm (40–55ºC) tap water

e. Wash the gels for 5 minutes in 500–700 mL of clean, warm (40–55ºC) tap water. Repeat this step. The bands may appear fuzzy immediately after the second wash, but will begin to develop into sharper bands within 5–15 minutes after the second wash.

f. To obtain maximum contrast, additional washes in warm water may be necessary. Destain to the desired level, but do not leave the gel in water overnight. If complete destaining cannot be done in the allocated time, then transfer the gel to 1x Fast Blast stain overnight.

g. The gel is ready to be analyzed using a White Digital Bioimaging System.

Option 3  Using SYBR Safe DNA Gel Stain (0.5x) Post-Electrophoresis
If you use this option, you will be able to complete Part C and the Analysis section in a 50 or 90-minute lab period. This stain can either be diluted from the 10,000X concentrate or purchased as a convenient, pre-diluted 0.5X stain.

a. After electrophoresis, carefully remove the gel from its gel tray and slide it into the staining tray; add sufficient stain until the gels are completely submerged.

b. Cover the staining tray with aluminum foil to protect the gel from light. Place the staining tray on a rocking platform with gentle shaking and stain for 30 minutes at room temperature. If a rocking platform is not available, then periodically swirl the solution and gel to obtain thorough and uniform staining patterns.

c. Rinse the gel with water and place on the Blue Digital Bioimaging System for analysis.

Option 4  Using SYBR Safe DNA Gel Stain Pre-Electrophoresis
If you use this option, you will be able to complete Part C and the Analysis section in a 50 or 90-minute lab period. 
a. Follow the directions for preparing agarose gels and add the appropriate volume of SYBR Safe using this ratio: 1 μL of SYBR Safe 10,000X concentrate to 10 mL of agarose solution. Thus for 40 mL of agarose, add 4 µL of SYBR Safe. Swirl to mix then pour the gels.

b. Store SYBR Safe-containing gels protected from light by covering them with aluminum foil at room temperature for 1–2 days or at 4ºC for up to one week.

c. Gels containing SYBR Safe stain are run in the same buffer system and electrophoresis conditions as those gels that do not.

d. These gels do not need to be stained or destained. They may be analyzed using the Blue Digital Bioimaging System. 
Sample data 
Students load the gel with digests of DNA found at a “crime scene” and DNA of five “suspects,” as indicated below. The HindIII lambda DNA digest serves as the standard.
	Table 3  Lane assignments

	Lane
	Load volume
( DNA ((L)
	DNA samples & marker

	1
	10
	HindIII lambda DNA molecular weight marker/standard

	2
	20
	CS (Crime Scene) DNA

	3
	20
	S1 (Suspect 1) DNA

	4
	20
	S2 (Suspect 2) DNA

	5
	20
	S3 (Suspect 3) DNA

	6
	20
	S4 (Suspect 4) DNA

	7
	20
	S5 (Suspect 5) DNA


	Suspect 5***
	Approx Size (bp)
	2860**
	1986
	1093
	
	
	
	*May appear faint if the markers were not headed to 65•C. Lambda HindIII digestion also generates bands of 564 and 125 bp that are usually too faint to see on a gel.

** The measured migration distance for these bands varies depending upon the thickness of the bands. See Appendix D of the Bio-Rad manual to understand why the bands are so intense in S4 and S5.

*** S4 and S5 DNA lanes may also contain a very faint band of 500 bp.

	
	Distance
(mm)
	21.0
	24.0
	29.5
	
	
	
	

	Suspect 4***
	Approx Size (bp)
	2860**
	1093
	
	
	
	
	

	
	Distance
(mm)
	21.0
	29.5
	
	
	
	
	

	Suspect 3
	Approx Size (bp)
	3679
	2860**
	828
	
	
	
	

	
	Distance
(mm)
	19.0
	20.5
	32.0
	
	
	
	

	Suspect 2
	Approx Size (bp)
	2860**
	1700
	1159
	
	
	
	

	
	Distance
(mm)
	21.0
	25.0
	28.5
	
	
	
	

	Suspect 1
	Approx Size (bp)
	2860**
	1199
	941
	
	
	
	

	
	Distance
(mm)
	21.0
	23.5
	30.5
	
	
	
	

	Crime Scene
	Approx Size (bp)
	3679
	2860**
	828
	
	
	
	

	
	Distance
(mm)
	19.0
	20.5
	32.0
	
	
	
	

	Standard HindIII restriction digest of lambda DNA
	Actual Size (bp)
	23,130
	9,416
	6,557
	4,361*
	2,322
	2,027
	

	
	Distance
(mm)
	11.0
	13.0
	15.0
	18.0
	23.0
	24.0
	

	
	Band
	1
	2
	3
	4
	5
	6
	


answers to Questions
1.
A restriction enzyme (or restriction endonuclease) is an enzyme that cuts DNA at specific sequences of DNA known as restriction sites.

2.
Restriction enzymes provide a defense mechanism against invading viruses. Inside a bacterial host, the restriction enzymes selectively cut up foreign DNA; the host DNA is modified to protect it from the restriction enzyme’s activity.

3.
The top strand (when read from left to right) is identical to the bottom strand (when read from right to left).

4.
DNA fragments are separated on an agarose gel which is subjected to an electric current. This is known as gel electrophoresis. The fragments migrate towards the positive electrode, and the smallest fragments migrate the fastest.

5.
A DNA molecular weight standard is a mixture of DNA fragments of known molecular weights. Its role is to establish the distance migrated by these known DNA fragments under experimental conditions (i.e: buffer composition, length of the run, voltage, thickness and percentage of the gel) such that the sizes of experimental samples can be determined under those same experimental conditions. The standard used in this activity was the HindIII digest of lambda DNA.

6.
DNA must be stained with a DNA stain, such as SYBR Safe or Fast Blast. SYBR Safe-stained DNA is then visualized immediately using an imaging system. Fast Blast-stained DNA can be visualized with the naked eye, without the use of an additional light source.

7.
Yes: Samples in Lanes 2 and 5 match (CS and S3).
8.
Both the crime scene DNA and the DNA of suspect 3 have EcoRI and PstI recognition sites in the same location. While the DNA samples of the other four suspects do contain EcoRI and PstI recognition sites (as evidenced by the fragments), they are not found in the same locations as that of the crime scene DNA because they result in different banding patterns.
9.
We can conclude that the DNA of suspect 3 matches that found at the crime scene.









Advanced Biology with Vernier
6B - 
 T (Fingerprint)
6B - 
 T (Fingerprint)
Advanced Biology with Vernier
Advanced Biology with Vernier
6B - 
 T (Fingerprint)

