
Chapter 11 
  
 
DNA FINGERPRINTING (by Matt Holewinski and Uwe Pott) 
 
 

Beginning with Gregor Mendel’s elegant breeding experiments, geneticists have 
systematically observed phenotypes and investigated patterns of inheritance.  For a long time 
this type of study was the only way to draw conclusions about the genotype of an individual, the 
genotype itself was not directly observable.  This situation changed dramatically with the 
introduction of modern molecular biological techniques.  Today, the genotype of an individual 
can be analyzed down to the single base pair level and, in that sense, genes have become 
“observable” attributes of an organism.  For instance, gene analysis can be used to determine if 
a person carries an allele for a particular genetic disease and therefore may have a chance of 
becoming affected by this disease later in life.  DNA analysis has also revolutionized forensic 
medicine by making it possible to identify individuals from minute tissue samples in a technique 
called DNA fingerprinting.  This technique is based on the presence of repetitive DNA 
sequences, of which no two persons possess exactly the same number in their genomes (with 
the exception of identical twins).  When performed with a large variety of repeat sequences, 
DNA fingerprinting rivals the precision of ordinary fingerprints. 
 
 
I. POLYMERASE CHAIN REACTION 
 

The polymerase chain reaction (PCR) changed the way molecular biologists manipulate 
and analyze nucleic acids.  It was devised in the late 1980s by Kary Mullis who received the 
Nobel Price for this groundbreaking technique in 1993.  PCR enables researchers to amplify 
DNA in a test tube, thus making the DNA accessible to standard analysis techniques such as 
gel electrophoresis.  Under optimal conditions, DNA from a single cell can be analyzed using 
PCR; without the amplification step much larger tissue samples were required to study the DNA 
of an organism. 

During a polymerase chain reaction DNA is repeatedly replicated in vitro (Figure 11-1). 
In the first step of the reaction, the strands of the DNA double helix are separated by heat 
denaturation.  Short oligonucleotides, typically between 20 and 30 nucleotides long, are allowed 
to hybridize with the single-stranded DNA by cooling the mixture to a specific annealing 
temperature.  A heat stable DNA polymerase, often Taq polymerase from the hot-springs 
bacterium Thermus aquaticus, uses the annealed oligonucleotides as primers for DNA 
polymerization.  After the polymerization of the target DNA is complete, the new double helices 
are denatured again, and the process starts over. 

Since there is a doubling of DNA molecules with each round of amplification, the number 
of molecules in the test tube increases exponentially.  Starting with one molecule of DNA, the 
number of molecules after n cycles will be 2n.  For example, after 30 cycles of amplification, 
which is typical for many PCR experiments, one DNA molecule should have given rise to one 
billion molecules.  This maximal theoretical yield of the reaction will often not be reached, 
though, and the actual amount of DNA will depend on the exact reaction conditions in the tube.  
Nevertheless, the amplification of the starting material is enormous, usually more than sufficient 
to perform several experiments with the amplified DNA. 
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Unless rare errors occur during the replication process, the amplified DNA faithfully 
represents the original DNA.  Therefore, analysis of the amplified DNA gives a direct insight into 
the genotype of the individual from which the original DNA was isolated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11-1.  Principle of PCR 
 
 
II. VARIABLE NUMBER OF TANDEM REPEATS 
 

Although the DNA of all humans is largely identical, there are regions on the human 
chromosomes that show a great deal of variability.  Such diverse sequences are called 
polymorphic and provide the basis for DNA fingerprinting.  Many of the DNA polymorphisms are 
located within the estimated 90 % of the human genome that does not encode proteins. 

A special type of polymorphism, called a variable number of tandem repeats (VNTR), is 
composed of repeated copies of a particular DNA sequence, lying adjacent to one another on 
the chromosome.  In this experiment, we will analyze the VNTR D1S80, which is located on 
human chromosome 1 and is composed of repeat units of 16 nucleotides.  Most humans have 
alleles carrying between 14 and 40 repeats at the D1S80 locus, which are inherited in 
Mendelian fashion (Figure 11-2). 
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Figure 11-2.  Two possible alleles of the D1S80 locus in a heterozygous individual 
 

The sequences flanking the D1S80 repeats are unique.  Primers located in these 
regions can be used to PCR amplify the repeat region (Figure 11-2).  Amplification of the D1S80 
locus of a homozygous individual will yield DNA fragments of the same size from both 
homologous chromosomes, whereas in a heterozygous individual two fragments of different 
size will be produced.  In the example of figure 11-2 the sizes of the fragments will be 
approximately 400 and 300 nucleotides, respectively. 

So far, 29 different alleles of the D1S80 locus have been identified in human 
populations.  With this number of alleles and their possible combinations in genotypes it is very 
likely that we will find several different genotypes in our class.  As a starting material for our 
genotype analysis we will use saline mouthwashes, which will contain a few thousand cheek 
cells.  The DNA from these cells will be amplified by PCR, and agarose gel electrophoresis will 
be used to discriminate between the sizes of the amplified DNA fragments (see below). 
 
PROCEDURE 
 

1. Fill 10 ml of a 0.9 % sodium chloride solution into a paper cup. 
 

2. Pour the salt solution into your mouth, and vigorously swish for 10 seconds. 
 

3. Expel the saline mouthwash into the paper cup.  Then carefully transfer the 
mouthwash into a labeled 15 ml centrifuge tube. 

 
4. Close the tube and centrifuge at 1500 rpm (#4 on clinical centrifuge) for 10 min. 

 
5. Carefully pour as much of the supernatant as possible into the sink and place the 

tube with the pellet on ice.  You may need to pipette out the last little bit.  (If pellet 
is diffuse, have your TA help you pipette it into a microfuge tube, spin in the 
microfuge for 30-60 sec at full speed, and try again.  Perform all subsequent 
steps in the same microfuge tube.) 

 
6. Add 500 µl of a 10 % Chelex solution to the pellet.  Before pipetting the Chelex, 

make sure that it is suspended evenly. 
 

7. Using a pasteur pipette, resuspend the mouthwash pellet in the Chelex solution.  
Make sure that there are no visible clumps left. 

 
8. Transfer the suspension to a 1.5 ml microfuge (Eppendorf) tube (label!).  

Incubate the tube in a boiling water bath for 10 min. 
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9. Cap the 15 ml tube and discard in garbage. 

 
10. Using forceps remove the Eppendorf tube from the water bath and put it on ice 

for about a minute. 
 

11. Spin the tube in a microcentrifuge (Eppendorf) at full speed for 30 seconds. 
 

12. Use a micropipette to transfer 50 µl of the supernatant without any Chelex to a 
fresh, labeled 1.5 ml tube.  This is your DNA sample.  Cap the  

 
13. Obtain a 0.2 ml PCR tube and label it with a unique number. 

 
14. Have TA add 20 µl of the PCR reaction mix into the PCR tube.  Use the 

micropipette to add 5 µl of your DNA sample (pipette onto the wall of the tube; 
you should be able to see a tiny little drop). Close the lid and flick to mix. 

 
15. Put the tube into the preheated thermocycler.  After the wax layer has melted, 

take the tube out briefly and mix by tapping.  Shake the contents to the bottom 
of the tube and put the tube back into the thermocycler. 

 
16. Start the cycling program.  The program parameters for this experiment are: 

Initial heating step: 1 min at 94oC 
Amplification: 32 cycles, 10 s at 94oC, 10 s at 68oC, and 20 s at 72oC 
Final cooling step: 4oC 

 
17. Your TA will remove your sample from the PCR machine, put it in a tube rack, 

and store it in the refrigerator.  The gel electrophoresis will be run next week. 
 
 
 
III. AGAROSE GEL ELECTROPHORESIS 
 

In order to determine the sizes of the DNA fragments that are synthesized in our 
PCR reactions, we will separate the fragments on an agarose gel.  Agarose is a 
polysaccharide that dissolves in aqueous solutions upon heating and settles into more 
or less solid gels when cooled down to room temperature.  The agarose molecules of 
the gel matrix act as a sieve through which smaller DNA molecules migrate faster than 
larger ones.  The driving force for the DNA molecules to migrate is an electric field 
across the gel.  Since DNA molecules are strongly negatively charged at or around 
neutral pH, they will move towards the positive pole of the electric field (Figure 11-3). 
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Figure 11-3.  Agarose gel electrophoresis.  A: Side view of an agarose gel in an electrophoresis 
chamber before (upper) and after electrophoresis (lower).  The DNA molecules run from the slot into which 
they were loaded through the gel to the positive pole, thereby separating according to their size.  B: Top 
view of the gel after electrophoresis.  The DNA molecules form visible bands in the gel after staining with 
the fluorescent dye ethidium bromide. 
 
 

Visualization of the DNA molecules in the gel is achieved by staining them with a 
fluorescent dye.  We will use ethidium bromide, a stain that intercalates between the 
base pairs of the DNA double helix, and causes an orange fluorescence when excited 
with UV light.  Because of its property of intercalating between base pairs, ethidium 
bromide is a potent mutagen and potential carcinogen and should be handled with 
extreme care. 

 
PROCEDURE 
 
1. Your TA will make one agarose gel for the whole lab. 
 

a. Add 0.72 g of agarose to 60 ml of 0.5x TBE buffer in a 100 ml bottle. 
 

b. Heat the agarose in a microwave oven just until it is completely dissolved.  Bringing 
the agarose briefly to boiling temperature twice is usually sufficient. 

 
c. Add 15 µl of a 1 mg/ml ethidium bromide solution to the agarose.  Evenly distribute 

the stain by swirling.  Wear gloves when handling ethidium bromide. 
 

d. Pour two gels in gel trays with combs for slot formation.  Make sure that the teeth of 
the combs do not touch the trays (the distance between the teeth and the tray should 
be about 1 mm) 
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e. Let the gels cool and solidify for about 15-30 min. 

 
f. Carefully pull the combs and place the gels into buffer-filled electrophoresis 

chambers.  The buffer should be about 5 mm above the gel surface. 
 

2. Watch the TA load 3 µl of the DNA size standard (100 base pair ladder) in the two outermost 
slots.  Using the same procedure, load 4 µl of your PCR reaction in another slot.  Write 
down the position of your sample. 

 
3. Run the electrophoresis for 20-30 min at 135 V. 
 
4. Your lab instructor will take the gels to the research lab and document them with an 

electronic gel documentation system.  The pictures will be posted on the Bio I web site. 
 
 
 
QUESTIONS 
 

1. How many different alleles of the D1S80 locus can you distinguish on the 
agarose gels for your class? 

 
 
 

 
2. What are the approximate sizes of your D1S80 fragments?  Are you 

homozygous or heterozygous? 
 
 
 
 

3. Why can we not distinguish more alleles at this locus?  What are the 
limitations of our system? 

 
 
 
 
 
 
 

4. Using the D1S80 locus as a genetic marker, can you unequivocally 
identify any human being in the U.S.?  Justify your answer. 
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5. You are a lab tech in a DNA fingerprinting lab.  Susan and Greg (see p. 

10-5) wish to verify their belief that Greg is the biological father of their 
son.  You collect samples from each of them and from Matthew, who has 
agreed to be tested.  You use PCR to amplify several different VNTR’s, of 
which two are shown in figure 11-4.  Based on this evidence, which man is 
the father, and how can you tell? 

 
Figure 11-4.  DNA fingerprint analysis of two VNTR’s in a paternity test.  Stained agarose gels are 

shown; wells are at the top and the positive pole is at the bottom. 
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