
© 2013, RAFT  http://www.raft.net/raft-idea?isid=699  

 

 

 

 

 

Curriculum topics: 

 Base-pairing 
 Biotechnology 

 DNA replication 
 Exponential 

functions (applied) 
 Forensics 

 

 

Subject: 

Life Science, Math 

 

 

Grade range: 7 – 12  

 

 

 

 

 

 

 

 

Who we are: 

Resource Area for 

Teaching (RAFT) helps 

educators transform the 

learning experience 

through affordable 

“hands-on” activities 

that engage students 

and inspire the joy and 

discovery of learning.  

 

For more ideas and to 
see RAFT Locations 
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PCR CYCLE MODELS 
Understanding the polymerase chain reaction 
 

                        

 
 
Automated DNA replication using the polymerase chain reaction (PCR) 
allows scientists to make multiple copies of DNA inside a test tube.  
Modeling PCR cycles helps students practice base-pairing rules, 
appreciate and apply exponential numbers, and understand the roles of 
the components involved in DNA replication.  The models can help 
teachers assess student readiness for class lab experiences with PCR. 

 
 
 

 

 

 

DNA samples Thermocycler Amplified DNA 

Long products 
(One strand has 
a “hanging end”) 

Total products = Short products + Long products 

Short products 
(Strands are 
equal lengths at 
both ends) 

Completed PCR Cycle Model 
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Materials required 
Per pair of students: 
 

 PCR Components Sheet -copy onto 
cardstock, cut into horizontal strips, and sort 
by color (or length if a black & white copy) 

 Paper, legal size (8” x 14”) or longer 

 Tape or glue 

 Scissors 

 PCR Script & Vocabulary Sheet 
 

[Masters for the PCR Components Sheet and PCR Script & Vocabulary Sheet be downloaded at 
http://www.raft.net/raft-idea?isid=699.] 
 

Using the activity with students 
This activity works best in a DNA unit following lessons on basic DNA structure, Chargaff’s rule, steps of 
DNA replication, and the role of enzymes in replication.  It works well as a stand-alone activity but can 
serve as a readiness assessment preceding a real PCR lab.   
Have students use the PCR Script & Vocabulary Sheet to describe each step below in terms of mixture 
components and temperature-dependent steps (see also Science behind the activity). 
 

To do and notice 
 

 Align the template DNA pieces (long).  Separate the pieces, leaving 5 cm (2”) between them. 
 

   
 

 Place the 3-letter primers in the appropriate positions along the template DNA strands as shown, 
being sure to correctly pair the nitrogenous bases according to Chargaff’s rule (see below). 

 

 
 

 Use the matching polymerized extensions of the correct length and sequence to complete the 
new DNA strands along the templates, starting from the primers.  This completes one cycle. 

 
 

 
 
 
 

 Separate the new pairs of DNA strands.  One strand from each pair 
contains a primer and a polymerized extension (see below-right). 

 
 

 Repeat steps 2 - 4 until three cycles are completed. 
 

 

 Glue or tape the model to a piece of paper. 
 

 

 Count the following: total DNA pairs (amplified products),  long 
products, short products (see illustration on page 1). 

 
 

 Discuss the mathematical relationship between the number of PCR cycles and the number of 
long and short products observed.  How does this help scientists make larger DNA samples?

1 

2 

3 

4 

5 

6 

7 

8 

Primers 

Adenine Thymine 
 

Guanine Cytosine 

Polymerized extension (x 2) 
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The science behind the activity 
 

Applications of PCR 

The Polymerase Chain Reaction (PCR) technique was invented in 1985 by biochemist Dr. Kary B. 
Mullis.  The PCR process revolutionized many aspects of research, earning Dr. Mullis the Nobel Prize in 
chemistry in 1993.  Scientists can make billions of DNA copies using PCR, allowing them to efficiently 
diagnose genetic defects, detect viruses such as HIV in human cells, and more!  PCR also benefits 
evolutionary studies; DNA can be produced through PCR from fossils containing only trace amounts. 
 
Key content 
In cells, DNA replication is chemically controlled.  By contrast, replication during PCR is controlled using 
a machine called a thermocycler, which subjects DNA samples to varying temperatures.  The necessary 
components required in a test tube mixture for PCR to work are outlined below: 
 

 Template DNA aka “the sample” (with known target sequence to be copied) 

 Primers (shorter DNA strands made in the lab) 

 Deoxynucleotide triphosphates (dNTPs – nitrogenous bases [A, T, C, G]) 

 DNA polymerase (enzyme that binds nitrogenous bases to template strand - polymerization) 
 

PCR is a cyclic process with a repeated sequence of temperature-dependent steps (outlined below).  
Modeling PCR cycles provides a practical demonstration of how the process amplifies (copies) an 
original DNA sample and how to calculate the number of amplified products after each cycle (see box). 
 

 Step 1 (~ 25C) – Mixture is started in thermocycler 

 Step 2 (94-98C) - Template DNA strands separate (denature) 

 Step 3 (37-70C) – Primers bind (anneal) to the denatured template strands 

 Step 4 (72-75C) – DNA polymerase adds new bases to the primer (polymer extension) 
 

 
 
Connection to History 
On July 18, 1918, Tsar Nicholas II and his family were executed during Russia’s Communist revolution.  
The bodies were supposedly burned to ash but in 1991 a shallow grave was found many miles from the 
execution site.  Bone fragments from a man, woman, and children were found.  The bone DNA was 
amplified using PCR and analyzed, revealing that the people were related to each other and were 
descendants of the Tsar. 
 

Math Connection: 
 
Calculate the number of PCR products 
as follows: 
 

 Total Products = 2
n
 

 

 Long products = 2n 
 

 Short (even-ended) products =  
target sequence = (2

n
 – 2n) 

 
The variable n is the number of cycles. 

30 – 35 cycles 
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Curriculum 
Standards: 
 
Develop models to 
describe genes 
mutations (DNA) 
(Next Generation 
Science Standards: 
Middle School, Life 
Science, 3-1) 
 
Gathering information 
on technologies that 
change human 
influence on inheritance 
(Next Generation 
Science Standards: 
Middle School, Life 
Science, 4-5) 
 
Evolution supported by 
multiple lines of 
empirical evidence 
(Next Generation 
Science Standards: 
High School, Life 
Science, 4-1) 
 
Build a function that 
models a relationship 
between quantities 
(Common Core Math 
Standards: High School, 
Building Functions) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Additional standards at: 
http://www.raft.net/raft-
idea?isid=699 
 

Learn more 
 Compare numbers of short and long products for 5 vs.10 cycles 

 Examine, compare, or explore real-world examples of PCR applications 

 Create new templates, primers, and extensions with different base pair 
arrangements 

 Design a faux crime scene investigation and have students use PCR 
models to justify keeping or rejecting a suspect 

 
 
 
 
 
 
 
Related activities: See RAFT Idea Sheets: 
 

Codon Necklaces –  
http://www.raft.net/ideas/Codon Necklaces.pdf 

 
Modeling DNA -  
http://www.raft.net/ideas/Modeling DNA.pdf  

 
Strawberry DNA Illustrated -  
http://www.raft.net/ideas/Strawberry DNA Illustrated.pdf  
 
Who’s the Daddy? -  
http://www.raft.net/ideas/Who is the Daddy.pdf 

 
Who’s Your Mummy? -  
http://www.raft.net/ideas/Who is Your Mummy.pdf  
 
 

  
 
 
 
 
 

Resources 
 

Visit www.raft.net/raft-idea?isid=699 for “how-to” video demos & more ideas! 
 

 DNA Learning Resources - http://www.dnalc.org/resources/spotlight 
 

 PCR Virtual Lab – http://learn.genetics.utah.edu/content/labs/pcr/ 
 

 PCR Animation - https://www.youtube.com/watch?v=_YgXcJ4n-kQ 
 

 PCR in medicine – 
http://www.medicinenet.com/pcr_polymerase_chain_reaction/article.htm 
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