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Preparation

• Study section 20.2 in the textbook.

• Study the PCR video from DNALC at Cold Spring Harbor. You can navigate to it
via Canvas, the course webpage (“Labs”) or by clicking here.

• Read the Introduction and Boxes 1 and 2 along with Example 1 in this packet.

• Study BioSkill 6, starting on page 28 of your textbook.

1 Introduction

In the first decade of the 21st Century, 30,000 year old remains of an infant Neanderthal were dis-
covered in a Russian cave northeast of the Black Sea. Even though technically a fossil, researchers
successfully extracted a tiny amount of DNA from one of its ribs. Although the researchers wanted
to compare it to modern human DNA, the bone yielded too small a DNA sample to perform the
comparison directly. So, the scientists turned to a technique developed by Kary Mullis in 1983
called Polymerase Chain Reaction or simply PCR to amplify the Neanderthal sample. PCR
allows one to make an indefinite number of copies of a specific DNA sequence quite rapidly. The
researchers applied the technique to the Neanderthal sample and were able to generate enough
DNA copies that standard methods could be used to obtain a DNA sequence for at least one
Neanderthal.

In previous labs, we used the same PCR technique for a different purpose and not on anything as
exotic as Neanderthal bone. Instead, students amplified a genetic marker on your own chromosome
16. This marker, called PV92, does not exist on all human chromosomes—some chromosomes have
it and some do not. Therefore, the marker is polymorphic (literally, “many forms” because not
everyone has the same genotype). Two alleles exist in the human population: PV92+ (marker is
present) and PV92− (marker is absent). Therefore, we all have one of three possible genotypes:
PV92+/+, PV92+/− and PV92−/−. After collecting cells from the inside of their cheeks (it’s
painless), students used PCR to amplify the specific region of chromosome 16 where this marker
is found and then determined their genotypes using gel electrophoresis.

The basic theory is laid out in Box 1. Box 2 gives more information about the PV92 marker.
Study these boxes before starting the experiment.

When you are ready to begin, start working through the questions and exercises in Canvas.
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Box 1: PCR Theory

The polymerase chain reaction (PCR) procedure uses natural DNA replication to make huge
numbers of copies of a specific section of DNA. The procedure comprises the following steps:

1. DNA isolation: A DNA sample containing your entire genome is isolated from your
cells and added to a “master mix” that includes the chemicals needed to perform PCR.

2. Denaturation: The DNA sample is denatured by heating to 94◦C.

3. Annealing: Engineered RNA primers are encouraged to bind (anneal to) the DNA
by cooling the sample to 60◦C after denaturation.

4. Extension: We heat the sample to 72◦C to turn on a DNA polymerase called Taq,
which makes new DNA starting at the primers.

Take a moment to study BioSkill 10 in the textbook to learn details about each step.

Thermal cycling: We repeat steps 2, 3 and 4 around 35 times. Each new copy acts as a
template the in the next cycle, so the number of DNA copies increases almost exponentially.
Specifically, after n cycles we have approximately

2n − 2(n+ 1) (1)

precise-length DNA fragments per original DNA template. If the number of cycles, n, is on
the order of 10 or more, then equation (1) is well approximated by the simpler formula 2n.
To explore how such calculations are used in front-line research, see Lalam (2009).

The master mix that we use in PCR contains the following reagents:

1. DNA nucleotides: Adenosine, guanosine, cytidine and thymidine, which are the
nucleotide monomers needed to construct new nucleic acid copies.

2. Taq DNA polymerase: This enzyme catalyzes the semi-conservative replication
of DNA; that is, it constructs a complementary DNA strand from an existing DNA
template. The new DNA is constructed 5′ → 3′ while the template is read 3′ → 5′.
Taq DNA polymerase is isolated from a species of bacteria, Thermus aquaticus, that
thrives in very high temperature water (to 80◦C) like the geysers and thermal pools
of Yellowstone National Park. We use it in PCR because we denature the DNA with
heat, which Taq, unlike human DNA polymerase, can withstand.

3. 2 DNA oligonucleotide primers: Each of these primer sequences are engineered
to complement and therefore bind to sequences that flank PV92 on either side. They
give PCR its specificity since the vast majority of DNA replicated is the sequence
between the two primers.

4. Buffer: This provides the optimal pH and ionic conditions for Taq DNA polymerase.
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Example 1: Defined-length sequences

Suppose our PCR protocol calls for 35 cycles. Using formula (1), we plug in n = 35 and get

235 − 2(35 + 1) ≈ 3.44× 1010,

or about 34.4 billion copies of the original DNA sequence.

Box 2: Alu Polymorphisms in Humans

The PV92 maker is a DNA sequence of about 300 base pairs. About a million copies
are scattered throughout the human genome. In a sense, this sequence, called the Alu
insertion,a is a sort of genetic parasite that makes up over 10% of our DNA. The particular
parasite we will study today—one of those on chromosome 16—is PV92. Other copies of the
parasite have different names. For example, one found in intron 8 of a gene called PLAT (for
the plasminogen activator protein) is called TPA25. The figure below shows these insertions
diagrammatically.

aThe sequence is called Alu because it houses a sequence recognized by the restriction enzyme AluI.
Recall from the Applied Genetics Lab that restriction enzymes (restriction endonucleases) cleave DNA at
specific, short sequences. AluI cuts DNA at the sequence, 5′ . . .AG|CT. . . 3′.
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2 PCR Exercises

Graphing Exercise

Use equation (1) and spreadsheet software to plot the theoretical yield in the last 10 cycles
of PCR. Submit this figure with its caption along with this packet.

1. The table below shows the accumulated data from BIO 181 students over several years.
Use goodness-of-fit to test the hypothesis that the PV92 alleles are in Hardy-Weinberg
equilibrium. Ignore unreadable data. The critical value for a 0.05-level test in this situation
is 5.991. Fill in the table, use it to calculate χ2 and record your calculation in Canvas.

Genotypes Observed # Expected # (Obs− Exp)2/Exp

PV92+/+ 37

PV92+/− 93

PV92−/− 362

2. In Canvas, record your interpretation of these results. Be specific and complete, and be
careful to refer to our previous discussions on how to interpret χ2 properly.

3. Selvaggi et al. (2010) published results from a study precisely like this one performed on
people living in Northern Italy. In their study, 6 people were PV92+/+, 64 were PV92+/−

and 193 were PV92−/−. Do these results agree with yours? (HINT: Compare χ2 tests. After
that, for extra credit, compare the two data sets with a goodness of fit; in other words,
instead of testing against the Hardy-Weinberg hypothesis, test the data sets against each
other.)

4. What proportion of the final yield was produced in the last 5 cycles of your PCR procedure?
(HINT: This calculation can be made using the data from the yield figure you produced;
alternatively and more directly, you can use equation (1)). Whatever technique you use,
explain how you obtained your answer.
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