
BC368 Laboratory 
Experiment 1: Part 1 

Drug Bust! Using Species-Specific PCR to Investigate Possible Urine Tampering 
 
Case Background 

 You are working part-time at a 
forensic testing laboratory during 
graduate school to make a little extra 
cash. Most of your samples are routine 
paternity tests, but you have just been 
handed something a little more 
challenging. Your client is the owner of 
an accomplished racehorse, Rhettador Z, 
who recently won a prestigious race with 
a large cash prize. Unfortunately, the 
prize money had to be forfeited because 
Rhettador Z’s urine tested positive for 
caffeine, a banned substance. The owner 
is convinced that some sort of sample tampering took place and needs help to clear his horse. 
He suspects that the sample collector was paid off to do a urine switch, substituting either 
another horse’s or his own urine, and has asked your lab to perform a DNA test on the caffeine-
positive urine sample.  
 Thus, your goal is to use DNA analysis to verify the source of the urine. You will analyze 
mitochondrial DNA (mtDNA), which has several characteristics that make it ideal for this 
experiment. First, it is typically much easier to amplify than nuclear DNA because it is present in 
high copy number (several hundred genomes per cell).  MtDNA can be amplified from old and 
degraded samples, such as the month-old urine sample, as well as noninvasive horse samples 
such as hair shafts and hoof. Finally, there are enough interspecies differences to determine 
whether the urine came from a human or a horse and enough intraspecies differences to 
determine the actual identity of the donor. 
 

Experimental Background 

 The original methodology for DNA profiling was based on "restriction fragment length 
polymorphisms" (RFLPs, pronounced "riflips") of nuclear DNA. In this procedure, genomic DNA is 
digested with a restriction enzyme, a molecule that acts as a pair of “molecular scissors,” 
catalyzing the double-stranded cleavage of DNA at a specific short nucleotide sequence. For 
RFLP analysis, a restriction enzyme is used to cut the DNA near or within highly variable regions 
(loci) in the genome. In theory, the resulting restriction fragments, which should differ in size 
between individuals, can be separated via agarose gel electrophoresis. In practice, the number of 
fragments produced by restriction nuclease digestion of mammalian genomic DNA is so large 
that a smear appears on agarose gels, rather than individual bands. Therefore, Southern blotting 
is used to characterize a specific polymorphic site in a complex genome. Restriction fragments 
are separated by size on an agarose gel and then transferred to a nitrocellulose membrane, 
which is incubated with a radioactive probe complementary to the hypervariable locus of 
interest. The resulting band(s) can then be detected by X-Ray film, which takes several days. 
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 Because the RFLP method not only requires relatively large amounts of non-degraded DNA 
but is also time consuming, it has largely been replaced by techniques that use the Polymerase 
Chain Reaction (PCR). Following isolation of DNA from a sample of interest, specific 
hypervariable regions are amplified via PCR. Crime labs commonly amplify loci containing Short 
Tandem Repeats (“PCR-STR”) to characterize forensic samples. Short tandem repeats, also 
called microsatellites, arise when a nucleotide sequence occurs in repeats directly adjacent to 
each other. Amplification of one or more hypervariable regions containing variable numbers of 
short tandem repeats (VNTRs) often leads to different fragment sizes across individuals, which 
can be determined following electrophoresis.  
 Your first goal in this investigation is to determine whether the urine came from a horse, a 
human, or both.  (Either of the latter two scenarios would suggest urine tampering.) In order to 
accomplish this, you will perform two different multiplex PCRs. One of these reactions yields two 
bands only if the sample is of human origin (one band for nonhuman origin), while the other 
yields two bands only if the sample is of equine origin (one band for nonequine origin). 
Amplification followed by agarose gel electrophoresis will allow you to determine the species of 
the urine donor. 
  Your second goal is to determine specifically whose urine it is. You will receive further 
instructions on how to do this after you report your preliminary findings. Briefly, if the urine is 
human, then you will sequence the mitochondrial HV1 region. If the urine is equine, then you will 
analyze the mitochondrial D-loop via PCR-RFLP, a useful technique for pedigree analysis. Since 
different primers are used for these two techniques, if the urine is a human-equine mixture, then 
you should be able to determine the identity of both contributors. 
 
Experimental Procedure 

Week 1. Isolation and Amplif ication of DNA  
 Each pair is responsible for isolating DNA from Rhettador Z’s hoof and hair, the urine sample, 
and a cheek swab from the urine collector. Commercial human and equine DNA samples will also 
be available. Each pair will then perform a multiplex reaction to determine the species origin of 
the urine sample. 
 
Part 1A. DNA Extraction from Hair and Hoof Samples  
 Commercial kits are often used to carry out DNA extractions. You will use the “DNA IQ” 
system from Promega, which works as follows. First, the sample tissue is disrupted with a 
combination of proteinase K and dithiothreitol, which break down the keratin found in hair and 
hoof. After release of DNA from the cells, magnetic resin is added to bind the DNA. At low pH, 
the beads are positively charged, attracting the negatively charged DNA molecules and allowing 
removal of proteins and contaminants by washing. After removing contaminants, DNA is eluted 
by changing the pH of the surrounding buffer. 

1. a) For hair: Collect about ten hairs for DNA isolation in a labeled microcentrifuge tube. 
Place the hairs root-side down. The root end can be identified by the visible bulbous 
structure at its base. The far end of the hair is sharp and pointy. Dark hairs are easier to 
visualize if placed on white paper; light hairs can be viewed against the lab bench.  

 b) For hoof: Shave off the dirty, outside part of the hoof with a razor blade. Obtain a 
piece of clean, interior hoof about the size of a quarter of a dime, then dice this into 
small pieces. Place these pieces into a labeled microcentrifuge tube. 
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2. Add 100 µL freshly prepared Incubation Buffer/DTT/Proteinase K (see below) to the 
tube and incubate at 56ºC for 1 hour. 

Ø To make 100 µL of Incubation Buffer/DTT/Proteinase K: combine 80 µL 
Incubation Buffer, 10 µL 1 M DTT, and 10 µL stock proteinase K solution.  

3. Add 200 µL freshly prepared Lysis Buffer/DTT (see below) to the tube. For hair only: 
also add 7 µL DNA IQ resin (vortex well to resuspend the resin first). 

Ø To make Lysis Buffer/DTT, combine 2 µL 1 M DTT with 200 µL Lysis buffer.  
4. Vortex briefly and incubate at room temperature for 5 minutes. Much of the sample 

should disintegrate during this step. For hoof only: centrifuge the tube for 2 min at 
12,000 rpm, and then transfer the supernatant to a fresh tube, leaving the solid hoof 
behind. Add 7 µL DNA IQ resin (vortex well to resuspend the resin first) and incubate for 
5 min. 

5. Vortex again and place immediately on magnetic stand. The magnet attracts the resin, 
which binds the DNA. 

6. Avoiding the pelleted resin, remove and dispose of supernatant. 
7. Add 100 µL Lysis Buffer/DTT (made fresh; see above) and repeat steps 5 & 6. 
8. Add 100 µL 1X Wash Buffer and repeat steps 5 & 6. 
9. Repeat Step 8 two more times (3X total). 
10.  Air-dry for 5 minutes. DO NOT over dry. 
11.  Add 50 µL Elution Buffer and vortex briefly. 
12. Incubate at 65ºC for 5 minutes. 
13. Remove from heat. Vortex briefly and place on magnetic stand. NOTE: It is crucial to 

vortex and separate the resin while the solution is still hot. DNA recovery will decrease 
as the solution cools as it relies on the DNA being denatured to remove it from the resin. 

14. Remove the supernatant directly to the sample reservoir of an Amicon centrifugal 
filtration device (consisting of the sample reservoir inside a collection tube, which you 
should label). Cap the device and spin it at 12,000 rpm for 10 minutes in the 
microcentrifuge. 

15. Remove the filter from the tube and place it upside down in a clean, labeled collection 
tube. Spin at 3500 rpm for 2 minutes. The tube now contains “template DNA” for PCR.  

 

Part 1B. DNA Extraction from Urine  
 The urine sample was already centrifuged and filtered for previous chemical testing. You will 
perform a simple ethanol precipitation to clean it up further for PCR. 

1. Add 10 µL of 3 M sodium acetate to 100 µL of urine in a microcentrifuge tube. Vortex, 
add 250 µL ice cold ethanol, and vortex again. Incubate at -20°C for 20 min. 

2. Spin at 12,000 rpm for 10 minutes in the refrigerated microcentrifuge at 4°C with the 
hinge facing outwards. 

3. Using a 1000-μL pipette, carefully remove as much of the ethanol as possible, being 
careful not to dislodge the pellet under the hinge, which is probably invisible. Remove the 
ethanol in one fluid motion; do not re-enter the tube to get more ethanol, or you will 
lose the pellet for sure. 

4. Use the speed-vac to remove residual ethanol and then add 20 sterile dH2O to the tube. 
Vortex and spin. The tube now contains “template DNA” for PCR. 
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Part 1C. DNA Extraction from Cheek Cells  
 Because of the serious nature of this case, the sample collector has been compelled to 
provide a DNA sample in the form of a cheek swab. You will use a commercial DNA isolation 
protocol on this cheek swab as follows. 

1. Put the cheek swab in a tube of Quick Extract solution and rotate the brush inside the 
solution at least five times. Press the brush against the side of the tube and lift the 
brush above the solution, continually rotating it against the side to remove excess fluid 
into the tube. Once cleared of the solution, remove the swab completely. 

2. Screw the cap on the tube and vortex the solution for 10 seconds. Incubate the tube at 
65° C for 1 minute. 

3. Vortex the tube for 15 seconds. 
4. Place in boiling water bath for 2 minutes. The tube now contains “template DNA” for 

PCR. 
 

Part 2. Species-Specific Amplif ication of DNA Samples 
 Two different multiplex reactions will be performed in lab today: one that identifies human 
samples and one that identifies equine samples. Each pair should decide which multiplex reaction 
they are doing, with the other pair at that bench doing the other one. Each reaction amplifies a 
fragment of the cytochrome b (cyt b) locus, producing a 359 base pair product in all organisms. 
The human-specific reaction also amplifies a fragment of the 16S rRNA locus, producing a 157- 
base-pair product only in humans. The equine-specific reaction amplifies a fragment of the 
cytochrome oxidase (COX) locus, producing a 235-base-pair product only in horses. Each group 
should test the following samples: commercial horse DNA standard, commercial human DNA 
standard, 1:1 mix of horse and human standards, DNA from the sample collector, DNA from 
Rhettador Z’s hoof and hair DNA, and DNA from the urine sample. Following electrophoresis, you 
will share your data. 
 
A. Preparation of Master Mixes 
 When working with multiple samples, it can be useful to create a master mix of the 
solution(s) needed for amplification. This mix can then be aliquoted into your PCR tubes along 
with the template DNA from your extraction. This not only makes for more consistent 
conditions but also reduces the need for pipetting tiny volumes.  
 See below for the PCR master mix recipes, good for one reaction as written. Multiply by the 
number of samples you will be amplifying, then add 1/2 volume more of each reagent. Each lab 
pair should prepare either Master Mix #1 or #2 right before thermocycling.  Scale up according 
to the total number of samples to be tested. Make sure to keep your Master Mix on ice! 
 
1. Human-Specific Master Mix Recipe (good for one sample; scale up by multiplying by the 

number of samples plus ½) 
2.5 µL dNTPs (at 2 mM) 
5.0 µL 5x LongAmp PCR buffer (final concentration of Mg2+ is 2 mM in this buffer)  
8.5 µL sterile dH2O (spin tube briefly to mix before adding Taq) 
1.5 µL EACH of the forward and reverse 16S primers (at 10 µM) 
1.0 µL EACH of the forward and reverse cytochrome b primers (at 10 µM) 
1.0 µL LongAmp Taq polymerase (add last; vortex briefly to mix) 
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2. Equine-Specific Master Mix Recipe (good for one sample; scale up by multiplying by the 
number of samples plus ½) 
2.5 µL dNTPs (at 2 mM) 
5.0 µL 5x LongAmp PCR buffer (final concentration of Mg2+ is 2 mM in this buffer)  
10.8 µL sterile dH2O (spin tube briefly to mix before adding Taq) 
1.0 µL EACH of the forward and reverse COX primers (at 10 µM) 
0.35 µL EACH of the forward and reverse cytochrome b primers (at 10 µM) 
1.0 µL LongAmp Taq polymerase (add last; vortex briefly to mix) 

 
B. Amplif ication  

1. Add 22 µL Master Mix and then 3 µL of each template DNA extract or standard DNA (at 
1 ng/µL) to separate 0.2 mL PCR tubes.  

2. Tap the tubes down firmly on the bench to ensure that there are no bubbles.  
3. Make sure that the tubes are firmly closed and labeled. Number your tubes on the side 

and the top, noting what samples correspond to what numbers. 
4. For the human-specific reaction, thermocycle under the following conditions: 94ºC / 1 

min; 40 cycles of (94ºC / 5 sec, 50ºC / 30 sec, 72ºC / 40 sec); 72ºC / 3 min; 4ºC / ∞. 
(The “human-16S” program.) 

5. For the equine-specific reaction, thermocycle under the following conditions: 95ºC / 5 
min; 30 cycles of (95ºC / 30 sec, 55ºC / 30 sec, 72ºC / 1 min); 72ºC / 6 min; 4ºC / ∞. 
(The “equine-COX” program.) 

 

Week 2. Analysis of Species-Specific Products via Agarose Gel Electrophoresis 
Part 3. Agarose Gel Electrophoresis of PCR Products 
 Each pair will run their own agarose gel, prepared as follows. 
 
A. Preparation of 2.0% Agarose Gel 

1. Add 40 mL running buffer to 0.8 g agarose in a 250-mL Erlenmeyer flask. Loosely plug 
the neck of the flask with a Kimwipe. 

2. Microwave for 30 seconds to dissolve the agarose, being careful not to boil over.  
3. Allow the dissolved agarose solution to cool on the benchtop. 
4. When cool enough to handle, add 3 µL of Diamond Nucleic Acid Dye. 
5. Pour the solution into the casting tray, being careful to minimize bubbles. 
6. Set the comb in the tray to create the wells, and let gel solidify.  Gel will be slightly 

cloudy when finally set. 
7. Place the agarose gel and support deck into the electrophoresis chamber. 

 
B. Loading and Electrophoresis of Samples 

1. Reserve the first lane of the gel for size markers. Prepare these by combining 3 µL size 
markers, 12 µL sterile dH2O, and 3 µL 6x loading dye in a microcentrifuge tube. Spin 
briefly to mix. This standard (New England Biolabs PCR marker) contains several bands 
(766 bp, 500 bp, 300 bp, 150 bp, and 50 bp) that can be used to assess the sizes of 
your PCR products. Load all 18 µL of the size markers. 

2. Add 5 µL of 6x loading dye to each PCR reaction. Vortex and then spin briefly.  
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3. Load 25 µL of each PCR reaction directly into its own well on the gel.  
4. Carefully submerge the gel completely with running buffer. 
5. Place the cover on the chamber with the black lead nearest the wells so that the DNA 

will run toward the anode (red lead).  Electrophorese at 80 V for at least 1 hour.   
 

C. Visualizing PCR Products 
1. After each gel has finished electrophoresis, remove the entire casting tray and place it 

onto the ChemiDoc.  
2. Use the Quantity One software to visualize your gels. Make sure you obtain an electronic 

copy of the image for your records. Share your image with the other group at your 
bench. 

3. Briefly interpret the gels in order to report to your instructor whether you need a 
protocol for profiling human DNA, horse DNA, or both. 

 

Data Analysis  
For the agarose gel, plot the log of the MW (in bp) versus the distance travelled (in mm) for 

the size markers to generate a standard curve. Annotate your gel image with lane 
assignments and email the gel and standard curve to your instructor within 24 hours.  

For your pre-lab assignment, use your standard curve to calculate the sizes of the PCR 
products for each sample. Prepare a summary table that reports the product sizes for 
each sample. Consider the following questions: 

a. Why did you use the cyt b primers, since they give the same-sized PCR product 
in all samples? 

b. Why did each lab bench do a human-specific multiplex reaction and a horse-
specific multiplex reaction? Wouldn’t just one of these multiplex reactions be 
enough to tell you the origin of an unknown sample? 

c. What evidence did you use to support your preliminary conclusions about the 
source of the urine? 
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