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LAB MODULE 4: GEL ELECTROPHORESIS AND

DNA FINGERPRINTING 

TEACHER'S GUIDE
I.
OBJECTIVES:

A.
To introduce students to agarose gel electrophoresis as a tool for separating DNA fragments.

B.
To introduce students to the concept of DNA fingerprinting.

C.
To give the students using Version A a chance to work with restriction enzymes and understand their mechanism of action.

II.
SUGGESTIONS FOR USE:  


This lab could be used in conjunction with units on microbial genetics, human genetics or molecular biology.  It may be best to couple it with Unit 5 (PCR lab).  You may wish to save Units 4 and 5 until May or June and use them as a culminating end of the year activity.

III.
THREE PROTOCOLS


Students in Version A  will perform  restriction enzyme digests on the DNA prior to the electrophoresis steps and identification of their unknown DNA.


Students in Version B will use DNA which will have been previously digested with restriction endonucleases.  They will compare their DNA's pattern with provided standard patterns.


Students in Version C will use four dye mixtures to simulate DNA which has been digested with restriction endonucleases.  Agar (rather than agarose) is used to pour gels.

IV.
TIME REQUIRED:


Version A:  Two 45 or 50 minute periods plus 60 minutes homework.


One period:
Prelab discussion/ demonstration, practice with micropipettes and 
loading gels plus setting up DNA  restriction enzyme reactions.


30 minutes homework before lab: Read lab.


One period:
Electrophoresis lab.


10 -15 minutes in class to read the gels.


30 minutes homework after lab:  Analyze results. 



Version B and C:   Two 45 or 50 minute periods plus 60 minutes homework.


One period: Prelab discussion/demonstration plus practice placing loading dye 


into gel wells.


30 minutes homework before lab:  Read lab.


One period:
Electrophoresis lab.


10-15 minutes in class to read the gels.


30 minutes homework after lab:  Analyze results.
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V.
HINTS:

A.
The agarose must be melted by thorough heating in a microwave oven or a double boiler. Once fully heated, if placed in a 60-70∞C water bath, it will  remain liquid and ready to pour for several hours. Agarose, a highly purified form of agar, is harmless, so if the teachers' lunch room has a microwave oven, there should be no safety problem  using it.  The  agarose  in the flasks should melt completely with three to four minutes of microwaving on full power.  When melting the agarose cover the flask cover it loosely  with either an inverted small flask or some microwave wrap to minimize evaporation and place several paper towels under  it.  It is useful to have some extra pre-poured gels on hand.  (Store them under electrophoresis buffer.)

B. Deionized or distilled water must  be used for the washing and destaining steps.  Tap water washes the stain out completely and the DNA bands fade.  Deionized or distilled water can be purchased at a grocery store.  A one gallon container should be enough for three classes.

C. Crushed ice is also needed, and one or two bags from the grocery store will suffice. 

D. While methylene blue is relatively harmless, it will stain clothing, skin, and other surfaces, so students should be warned to  wear aprons.  Staining in excess of five minutes makes destaining less successful.  

E. A  clock or watch with a second hand is needed  for each lab station.

F. Teachers should fill the chambers with running buffer before the lab.  To determine how much buffer to use,  position a  glass slide on the platform, and just cover it with buffer. The buffer can be reused; however, between classes the teacher should rock the chamber back and forth several times to redistribute the ions evenly which may have migrated to one of the electrodes while the current is on. 

G.  Two groups will share a power supply.  If one group is ready to start their gel ahead of the other, they may do so; however, be certain that the power supply is unplugged before the second group puts their gel in the gel chamber.  It will not harm the first group's results if the power is off briefly.

H. Gels should run at about 200 volts.  Current  (milliamps) should be 50-100ma for one gel box and 100-200ma for two gel boxes.  Higher current suggests the buffer is too deep and may result in a melted gel.  Very low current suggests that the gel box contains water instead of buffer.

I.  Gel interpretation: It should be emphasized that when comparing student runs gels to patterns in the module the overall pattern is important  (as opposed to presence or absence of an individual band) . Presence or absence of a band in student samples can vary as protocol and gel imperfections may result in poor resolution. The observant student may note that in some of the gel diagrams that number of base pairs in digested DNA sample does not always add up to the number of base pairs in the undigested sample. Some of this is due to lab procedure ( see below) and additional explanations include: small fragments may move through gel completely, poor staining of some bands, overlap of bands implying one fragment when in actuality two closely sized fragments are present. If the student questions why so many imperfections exist stress the learning aspect of the lab and in an actual lab setting, protocols are much more explicit and are repeated for clarity. 

VI.
ADDITIONAL INFORMATION:


In an effort both  to emphasize the hands-on aspect of these labs and to keep the protocol introduction as brief as possible,  we have presented  highly simplified explanations of both gel electrophoresis and DNA fingerprinting.  In actual DNA fingerprinting, electrophoresis is followed by Southern blotting onto nitrocellulose so that the DNA pieces are immobilized. They are then denatured (unzipped) so that  radioactive probes can hybridize to them by hydrogen bonding. In addition, the small amounts of DNA found at the scene of a crime must usually be amplified by PCR (Lab Unit 5) before electrophoresis is possible.    
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 Southern blotting followed by radioactive probes is a technique used routinely to analyze DNA restriction fragments of different lengths. In addition to forensic work, this technique (RFLP analysis) is used in medical diagnostics and in the current effort to map the entire human genome.  In A Version a class discussions of Southern blotting and RFLP analysis may be appropriate.  The bibliography which follows may be helpful.


For students who are curious, the recognition sites for the restriction enzymes follow:


    BamH I
...G  GATCC...
Hind III
...A  AGCTT...


  ...CCTAG   G...

      ...TTCGA  A...
ANSWERS TO EXERCISES:  Versions A and B

Part A:  Forensic Science - A Rape Case


Victim A was raped by suspect X


Victim B was raped by suspect Y

Part B:  Forensic Science - A Paternity Case


Possible father 2 is the actual father
ANSWERS TO QUESTIONS

Version A 


1.
Each restriction enzyme recognizes a specific DNA sequence usually four to twelve nucleotides in length.  This sequence is called a recognition sequence and each restriction enzyme has its own unique recognition sequence.  You may wish to point out that restriction enzymes are used by bacteria to protect themselves from bacteriophages.  They cut up the phage DNA but do not harm the bacteria's own DNA because another group of bacterial enzymes call methylases have added methyl groups to the recognition sequences on the bacterial DNA, thereby protecting the bacteria from their own restriction enzymes.  A good discussion of restriction enzymes can be found in Raven and Johnson, Understanding Biology, 2nd Edition, Mosby Publishers.  p. 345-346.

2.
The average kinetic energy of a water soluble cell is much greater in a solution than in a gel.
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BIBLIOGRAPHY - Gel Electrophoresis
Curtis, Helena and N. Sue Barnes.  1989. Biology  (Fifth Edition). New York:  Worth Publishers, Inc. DNA fingerprinting is  explained briefly in an insert on p. 396.Southern blotting and radioactive probes are discussed in Chapter 17, and  RFLPing is explained on  pages  394-397.

Micklos, David A. and Greg A. Freyer.  1990.   DNA Science; A First Course in Recombinant DNA Technology.   New York: Cold Spring Harbor Laboratory Press.  This excellent paperback  book is available from Carolina Biological Supply  Company.   (Catalog number: 21-2211:  Toll Free 800-334-5551.   Chapter 4:  (Advanced Techniques of DNA Science ) explains electrophoresis and Southern blotting.  Chapter 7: (Applying DNA Science to Human Genetics)  discusses DNA fingerprinting and RFLPing.

Thornton, John I.  "DNA Profiling:  Forging a Stronger Link Between Evidence and Suspects".  Chemical and Engineering News. November 20, 1989. pp. 18-30. This special report is written by a professor of forensic science at the University of California, Berkeley.  Professor Thornton discusses forensic work involving  blood typing and new methods of finding latent fingerprints at the scene of a crime in addition to explaining how  DNA profiling is used in forensic laboratories.

Wambaugh, Joseph.   The Blooding.  1989.  New York:  Bantam Books.   In this best seller, Wambaugh describes  how  British scientist , Alex Jeffreys,  developed  DNA fingerprinting for forensic work and used the technique to  convict a suspect guilty of several  murder/rape crimes  in an English village.  While not useful for explaining the molecular biology involved, the students may find it entertaining reading. 

 Pamphlet:  "Background Information: DNA-Print Identification Test." 1990.  Lifecodes Corporation.  This  pamphlet intended for the legal profession is put out  by Lifecodes, the company that does most of the  forensic DNA fingerprinting.  
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VERSION A

VICTIM'S DNA PATTERN
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1.      Approximately how long is the uncut control piece of the victim's DNA? ( BP= base pairs)

Approximatetly 4000 BP ( plus or minus 500 BP) 

2.
How long are the pieces of DNA which were cut with BamH I?

 About 3000 BP and 500 BP  (sum suggest that about 4000 for question 1 is close) 

3.
How long are the pieces of DNA which were cut with Hind III?

About 2500 BP, 400 BP, 350 BP and 200 BP ( sum of 3450 agrees with other totals) 

4.
Describe the general patterns for the lanes C, B and H starting from the gel wells.

( Note: answers are approximations only!!)

- Lane C migrated about 1/3 of the way down the gel. 

- Lane B has one band that migrated about 1/2 of the way down and another band that migrated about 3/5 of the way down.

- Lane H had one band about 1/2 of the way down and a cluster of three bands in the last quarter of the gel. 
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 ( NOTE: IMPERFECTIONS IN DIAGRAMS 

INTENTIONAL  AS TO REFLECT  TYPICAL  GEL IMPERFECTIONS). 
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Key to Abbreviations for Teacher's Guide
L
Loading Dye (blue)

P
Practice gel loading solution (blue)

P
Solution for pipette practice (red)

H
Hind III Restriction Enzyme

B 
BamH I
Restriction Enzyme

R
Buffer for Restriction Enzymes

W
Deionized Water

"unknown" DNAs for Version A


X:
Lambda DNA
(Viral DNA) 
Suspect "C"

Y:
Lambda DNA
(Plasmid)
Suspect "C"

Z:
Lambda DNA
(Plasmid)
Suspect "C"

"unknown" DNAs for Version B

1:
Lambda DNA cut with BstE
Suspect "D"

2:
1 K b Ladder
Suspect “F”

3:
Lambda DNA cut with Hind III
Suspect "E"

4
1 K b Ladder
Suspect "F"


(# 2 and 4 are the same DNA)

