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DNA Electrophoresis of precut restriction digests – the WHODUNNIT lab

OBJECTIVES

Section A: Before doing this laboratory you should understand:

    * how gel electrophoresis separates DNA molecules present in a mixture

    * how restriction endonucleases function

    * the importance of restriction enzymes to genetic engineering experiments

Section B: After doing this laboratory you should be able to:

    * demonstrate how restrictions enzymes are used in genetic engineering

    * use electrophoresis to separate DNA fragments

    * determine unknown DNA fragment sizes when given DNA fragments of known size

In this experiment you will run 3 samples of DNA on an agarose gel.  The fragments have been derived from a crime scene and identities of the DNA samples will be provided by your instructor.  Your task is to identify the criminal based on a DNA fingerprinting restriction pattern you obtain.

Cast an agarose gel:

1) Seal ends of gel-casting tray with tape, and insert well forming comb.  Place gel casting tray out of the way on lab bench so that agarose poured in next step can stay undisturbed.

2) Prepare a 0.8% agarose gel: Your instructor took 3.2 g of agarose and put it in 400 ml of TBE buffer – this was heated in a microwave to dissolve the agarose (for 7 min).  Dye (16 drops) was added to the agarose solution to visualize the DNA as it is separating.  

3) Carefully pour enough agarose (when it as cooled down a little or the tray will melt!) solution into casting tray to fill to a depth of about 6mm.  Gel should cover only ½ the height of the comb teeth.  Use the tip of a transfer pipette to move large bubbles or solid debris to sides or ends of the tray when gel is still liquid.

4) Gel will become cloudy as it solidifies in 10 min or so.  Do not move or jar your casting tray while agarose is solidifying.

5) When agarose has solidified unseal ends of casting tray.  Place tray in gel box, so that comb is at negative/black end.

6) Fill box with tris-borate-EDTA(TBE) buffer, to level that just covers entire surface of gel. 

7) Gently remove comb, taking care not to rip wells.

8) Make certain that sample wells left by comb are completely submerged.  If ‘dimples’ are noted slowly add before until they disappear.

9) The gel is now ready to load with DNA. 

Loading the gel: 

1) Use the transfer pipette to load contents of each supply tube (lambda EcoR1, lambda HindIII, and lambda only) into separate wells as shown in the video.

2) Steady your Pipette over well using two hands.

3) Be careful to expel any air in the pipette tip end before loading gel.  If air bubble forms “cap” over well, DNA/loading dye will flow into buffer around edges of well.

4) Dip pipette tip through surface of buffer, position it over the well, and slowly expel the mixture.  Sucrose in the loading dye weighs down the sample, causing it to sink to the bottom of the well.  Be careful not to puncture the tip through the bottom of the gel.

Electrophoresis:

1) Close top of  chamber, electrophoresis and connect electrical leads to an approved power supply, anode to anode (red to red) and cathode to cathode (black to black) to the same channel of the power supply.

2) Turn on power supply and set voltage as directed by instructor (120V).  Shortly after current is applied loading dye can be seen moving through the gel towards positive pole of electrophoresis apparatus.  

3) The loading dye will eventually resolve into 2 bands of color.   The fastest moving, purplish band is the dye bromophenol blue; the slower moving band is xylene cyanol.  Bromophenol blue migrates through the gel at the same rate as a DNA fragment approximately 300 base pairs long.  Xylene cyanol migrates at a rate approximately equivalent to 2000 bp.  DNA band will become faintly visible as they migrate through the gel.

4) Allow the DNA to electrophorese until the bromophenol blue band nears the end of the gel.  

5) Turn off the power supply, disconnect the leads from the inputs, and remove top of electrophoresis chamber.

6) Carefully remove casting tray, and slide gel into training tray labeled with your group name.  

Staining and visualization:

Wear Gloves if you think you may be a little clutzy today!

1. Carefully remove the gel bed from the chamber and gently transfer the gel to a staining tray for staining. Use the scooper/comb provided with your kit or keep your hands under the gel during the transfer. Do not stain in the electrophoresis chamber.

Determining Fragment Size

1. Place the gel on the overhead projector directly and turn on the light.  Place a  transparency film over it and record very carefully ALL the wells and the bands – note there will be 6 bands in the HindIII lane and 5 bands in the EcoRI lane. Many of these may be hard to see unless you look carefully. 

2. Save the gel in a zip lock bag. Add several drops of buffer, store at 4 degrees C. 

Analysis and results:

The size of the fragments produced by a specific endonuclease can be determined by using standard fragments of known size. When you plot the data on semilog graph paper, the size of the fragments is expressed in the log of the number of base pairs they contain. This allows data to be plotted on a straight line. The migration distance of the unknown fragments, plotted on the x-axis, will allow their size to be determined on the standard curve.

Graphing

Standard curve for HindIII

1) Measure the migration distance (in mm) for each HindIII band on your gel. Measure from the bottom of the sample well to the bottom of the band. Record these measurements on the table in the next page.

2) Plot the measured migration distance for each band of the standard HindIII digest against the actual base pair (bp) fragment sizes given in Table 6.1 using the semilog graph paper. Draw the best fit line to your points.  This will serve as a standard curve.  

B. Interpolated Calculations for EcoRI

From your standard curve for HindIII, made from known fragment sizes, you can calculate fragment sizes resulting from a digest with EcoRI. The procedure is as follows.

1. Measure the migration distance in mm for each EcoRI band. Record the data in the table under measured distance.

2. Determine the sizes of fragments of lambda phage DNA digested with EcoRI. Locate on the x axis the distance migrated by the first EcoRI fragment. Using a ruler, draw a vertical line from this point to its intersection with a best fit data line. Now extend a horizontal line from this point to the y axis. This point gives the base pair size for this EcoRI fragment. Repeat this procedure and determine the remaining EcoRI fragments. Enter your interpolated data in table 6.1, in the interpolated bp column. 

3. Your teacher has provided you with the actual bp data. Compare your results to these actual sizes. Note: This interpolation technique is not exact. You should expect as much as 10% to  15% error.  Calculate the error and see if this is so

Table 6.1

	HindIII
	Eco R1

	Distance
	Act. bp
	Distance
	Measured/Interpolated bp.
	Actual bp

	
	*27,491
	
	
	*24,756

	
	*23,130
	
	
	*21,226

	
	9416
	
	
	7421

	
	6648
	
	
	*5804

	
	4361
	
	
	*5643

	
	2322
	
	
	4878

	
	2027
	
	
	3530

	
	**564
	
	
	

	
	**125
	
	
	

	*Pair appears as a single band
	** Does not appear on this gel
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Post lab questions: to be completed individually

1.  Look at the interpolated bp (base pairs) for EcoR1 and compare it to the actual bp.  For which fragment size was your graph most accurate? For which fragment size was it least accurate/ What does this tell you about the resolving ability of agarose-gel electrophosresis? 

2.  Discuss how each of the following factors would affect the results of electrophoresis:

a. voltage used

b. pore size and gel material 

c. Running Time

d. Amount of DNA used 

e. Reversal of Polarity (+/- electrode) 

f. Restriction enzyme type (be sure to explain why there will be a difference)

3. Two small restriction fragments of nearly the same base-pair size appear as a single band, even when the sample is run to the very end of the gel. What could be done to resolve the fragments? Why would it work?

4. Compare your gel with the ideal gel shown in figure 1 and try to account for the DNA in each lane.  How can you account for differences in separation and band intensity (darkness/lightness) between your gel and ideal gel? 

Extension Questions

1.What is a plasmid? How are plasmids used in genetic engineering?

2.What are restriction enzymes? How do they work? What are recognition sites?

3.What is the source of restriction enzymes? What is their function in nature?

4.Describe the function of electricity and agarose gel in electrophoresis?

5. If a restriction enzyme digest resulted in DNA fragments of the following sizes: 

4, 000 base pairs, 2,500 base pairs, 2,000 base pairs, 400 base pairs, sketch the resulting separation by electrophoresis. Show starting point, positive and negative electrodes, and the resulting bands.

6. What are the functions of loading dye in electrophoresis? How can DNA be prepared for visualization?

7. Use the standard graph you prepared from your lab data to predict how far (in cm) a fragment of 8,000 bp would migrate.

8. How can a mutation that alters a recognition site be detected by gel electrophoresis?

The WHODUNNIT Part:

The following picture shows the Suspects and Crime Scene DNA bands after they were cut by the restriction enzymes EcoR1 and HindIII.  The identity of the Suspects will be revealed to you in class.

Lane 1: M.wt marker 

Lane 2: Crime Scene DNA

Lane 3: Suspect 1

Lane 4: Suspect 2

Lane 5: Suspect 3

Suspect 1 is: (get this from HW page)

Suspect 2 is:

Suspect 3 is:

1) Can a suspect be proven to be guilty based on this gel?  Why/why not?

2) Why is it possible to use DNA evidence to distinguish between suspects?

3) Can 2 individuals have the same RFLP profile on a DNA Fingerprinting gel – why/why not?
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Sample standard graph – don’t use this!
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Ideal Gel: 


Lane 1 – Uncut lambda


Lane 2: Ignore (Pst1)


Lane 3: EcoR1


Lane 4: HindIII








