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      Abstract
The Polymerase Chain Reaction (PCR) is a fundamental laboratory technique that allows for the amplification of many 
copies of a desired DNA target sequence. Despite its prevalence, undergraduate students often have poor comprehension 
about the underlying molecular mechanisms of PCR and the components necessary to carry out the reaction. We designed 
an interactive modeling activity to help students visualize the underlying molecular processes of denaturation, annealing, 
and extension, and to see how PCR parallels in vivo DNA replication. During the activity, students mimic denaturation, 
annealing, and extension by synthesizing DNA strands from individual nucleotides and primers in the 5’ to 3’ direction. 
Because they carry out three cycles, students construct and observe the intermediate products that lead to the exponential 
amplification of the target sequence. Instructors can easily assemble kits from relatively inexpensive foam nucleotide 
pieces, and the models can be reused indefinitely. Field testing with first and second year undergraduates suggested that 
students productively interacted with the models to improve their understanding of PCR.

Citation: Donahue, C.J., Adair, A.A., Wright, L.K., and Newman, D.L. 2019. A Close-Up Look at PCR. CourseSource. https://doi.org/10.24918/cs.2019.3

Editor: Jennifer Momson, North Dakota State University

Received: 05/15/2018; Accepted: 07/24/2018; Published: 01/30/2019

Copyright: © 2019 Donahue, Adair, Wright, and Newman. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 
International License, which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited. The authors affirm 
that they either own the copyright to, utilize images under the Creative Commons Attribution 4.0 License, or have received written permission to use the text, figures, tables, artwork, abstract, 
summaries and supporting materials.

Conflict of Interest and Funding Statement: None of the authors has a financial, personal, or professional conflict of interest related to this work.  All funding came from the authors’ home 
institution. 

Supporting Materials: S1: Close-Up PCR - Instructions for Assembling Kits, S2: Close-Up PCR - Activity Worksheet, S3: Close-Up PCR - Activity Worksheet Answer Key, S4: Close-Up PCR - 
Lecture Presentation Slides for Use with Activity, and S5: Close-Up PCR - Pre/Post Assessment with Answer Key

*Correspondence to: Dr. Dina Newman, Thomas H. Gosnell School of Life Sciences, 85 Lomb Memorial Dr., Rochester, NY 14623;   Email: dina.newman@rit.edu.   

CourseSource  | www.coursesource.org 2019  | Volume 061

Lesson

INTRODUCTION

Polymerase Chain Reaction (PCR) is an integral tool in the 
biology laboratory. Developed in the 1980s, PCR is a technique 
that allows an investigator to replicate a target region of DNA, 
resulting in the amplification of a specific genetic sequence (1-
3). Because PCR can be used in a wide-range of applications 
(e.g., cloning, genotyping, phylogenetic analysis), it has become 
a standard part of most biology laboratory courses. Research 

demonstrates, however, that undergraduate students often do 
not understand the fundamental mechanisms of PCR (4-7).

Because PCR is often only one part of an experimental 
strategy, learning activities may not put enough emphasis on 
helping students learn specifically about PCR. For example, 
the activity designed by Haydel and Stout (4) combined the 
processes of PCR, restriction digests, and cloning techniques. 
While the activity overall provided a good representation of 

Learning Goal(s)

Students will understand the molecular basis of PCR.

Learning Objective(s)

Students will be able to:

• Describe the role of a primer in PCR
• Predict sequence and length of PCR product based on primer 

sequences
• Recognize that primers are incorporated into the final PCR 

products and explain why
• Identify covalent and hydrogen bonds formed and broken during 

PCR
• Predict the structure of PCR products after each cycle of the 

reaction
• Explain why amplification proceeds exponentially
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cloning, it did not provide a deep focus on the molecular 
interactions that occur during PCR. Many online resources 
about PCR exist but the viewer is usually a passive bystander 
during the tutorials.

PCR is a dynamic and complex process that involves 
repeating steps of template denaturation, primer binding, and 
incorporation of nucleotides into the growing strand in the 5’ to 
3’ direction. The dynamic nature of this process may be difficult 
for students to conceptualize when using typical textbook 
resources as illustrations and diagrams are static. Additionally, 
the explanations and illustrations of PCR designed to help 
introductory students understand the process are typically 
simplified to diagrams representing DNA with arrows and 
solid lines, rather than emphasizing the molecular nature of 
the process and complementary binding of primers to template 
(unpublished data). Research suggests undergraduates struggle 
to conceptualize the underlying molecular/submicroscopic 
scale when learning topics related to genetic information (8-
10). We suggest that when molecular-level details are missing 
from textbook and online representations of PCR (e.g. showing 
target DNA as a rectangular block), students are not primed to 
think about PCR on a molecular scale.

The DNA Triangle is a framework proposed to help 
educators and students to conceptualize and integrate the 
chromosomal, informational and molecular levels of DNA 
when thinking about complex molecular genetics concepts 
(11). Applied to PCR, the chromosomal level is akin to the 
macroscopic view of DNA during the process; the separation 
of DNA strands and the resulting expansion of the target 
DNA product. The informational level can be aligned with 
the application or underlying reason for carrying out PCR; 
to visualize the presence of a particular gene or, depending 
on the specificity of primers, the pattern of alleles present in 
a particular genome. The molecular level explains how the 
PCR process works; single stranded DNA primers bind in a 
sequence specific manner to two complementary regions 
flanking the double-stranded target sequence. We hypothesize 
most teaching resources focus on the informational and 
chromosomal levels of DNA when explaining PCR to learners 
at the expense of the molecular level.

A growing body of evidence shows the incorporation 
of physical, interactive models into course activities helps 
students understand foundational concepts in molecular 
biology and chemistry (12-14). To help students understand 
the molecular basis of PCR, we designed a model-based 
activity that allows students to “see” the underlying molecular 
interactions that are essential for PCR. To create an activity to 
help our students understand the molecular nature of PCR, 
we first created a paper-based PCR modeling activity (which 
included DNA sequence) to an honors section of Introductory 
Biology students. The activity involved cutting out DNA 
sequences from strips of paper, binding primers via taping 
paper oligonucleotides, and writing out DNA sequences. After 
we administered the activity and corresponding worksheet to 
our class, we discovered students still had a lot of confusion 
about PCR. Additionally, having students cut strips of paper 
during the activity may have led some students to conclude 
that restriction enzymes were part of PCR and that a shorter 
target product was obtained by simply cutting the longer 
template being cut.

Using feedback and observations from the early iteration of 
this activity, we revised our activity extensively and created 
an improved physical model-based activity. Using the foam 
nucleotide pieces from 3-D Molecular Design’s Flow of 
Genetic Information Kit© , we designed an interactive model 
that helps students understand denaturation, primer annealing 
and primer extension. Students use pre-designed templates 
and primers with free nucleotide pieces to complete three 
rounds of PCR. Pre-post testing and field observations during 
the activity showed improvement in understanding the 
mechanism of PCR, identifying the components of the process, 
understanding primer binding specificity and the exponential 
nature of PCR.

Intended Audience
The intended audience for this activity is novice 

undergraduate students majoring in biology or a related field; 
however, the activity could be used with advanced-level high 
school biology courses or upper level undergraduate courses 
that require a thorough understanding of PCR. The activity 
was developed for a class of 24 students in an honors-level 
Introduction to Biology course and has also been used in a 
Molecular Biology course. Whatever the course size, we 
suggest that students work in groups no larger than six for this 
activity.

Students typically come to our classes with a varied 
background of PCR experience both at the practical level and 
conceptual level. Few students seem to have a very complete 
understanding of PCR, even if they have used this technique 
in the past (e.g., through coursework or a research project). 
Because different students bring different experiences and 
perspectives, they may be able to help each other achieve 
deeper understanding during the activity.

Required Learning Time
The time needed to complete the hands-on model-based 

activity and worksheet is approximately 60 minutes.

Pre-requisite Student Knowledge
Students should have prior knowledge of nucleotide 

and DNA structure, as well as the cellular process of DNA 
replication, including a basic understanding of the function 
of DNA polymerase, helicase, primers, deoxyribonucleotides 
(dNTPs) and templates. If students have used the Flow of 
Genetic Information Kit©  (3D Molecular Designs) in the past, 
they will be familiar with the foam nucleotide pieces and 
may remember how to identify the nitrogenous base, sugar 
group, phosphate group and 3’ and 5’ ends of the molecule. If 
students are unfamiliar with the kit, the instructor should help 
students compare the foam nucleotide pieces to the chemical 
structure of dNTPs and DNA.

Pre-requisite Teacher Knowledge
Instructors must have working knowledge of the process 

of DNA replication and PCR. If instructors have not worked 
with the Flow of Genetic Information Kit©, they should take 
the time to familiarize themselves with the foam puzzle-like 
pieces that represent nucleotides and how they form a strand 
of DNA.



CourseSource  | www.coursesource.org 2019  | Volume 063

A Close-Up Look at PCR

SCIENTIFIC TEACHING THEMES

Active learning
This highly visual and kinesthetic learning activity encourages 

students to model three rounds of PCR by interacting with 
physical models. During the activity students pull apart a model 
of double stranded DNA to mimic denaturation, identify 3’ 
and 5’ ends of primers and DNA strands by examining model 
pieces, identify primer binding sites in the template DNA by 
comparing nucleotide sequences, anneal complementary 
primers to the correct locations on the template strands, 
and mimic DNA synthesis by incorporating complementary 
nucleotide pieces on the 3’ ends of annealed primers. The 
activity worksheet provides directions and scaffolding support 
for learners and allows students to reflective about what they 
experienced and draw conclusions from the activity.

Assessment
Instructors measured learning through both formative and 

summative assessment. During the model-based activity, 
students complete a worksheet that requires them to record 
primer binding sequences, draw/illustrate the comparative 
lengths of DNA sequences at various points throughout the 
PCR process, recognize PCR as a DNA synthesis reaction, 
and recognize the various steps and mechanisms within the 
PCR process. Summative assessment is facilitated by an eight-
question quiz composed of open response, forced choice, 
and multiple select questions. This assessment was designed 
to probe students’ knowledge about the mechanisms and 
products of PCR. In the assessment, students are expected 
to relate primer binding to the specificity of the reaction, 
relate PCR to the synthesis of macromolecules, explain the 
exponential nature of PCR, explain at each step how the 
different chemical bonds found in DNA are impacted, and 
predict the products of PCR.

Inclusive teaching
The model-based activity allows students to “see” a 

dynamic molecular process that is not directly visible to them. 
As groups of students work through this activity, they create 
a physical model that becomes the shared mental model for 
how PCR works. Because the modeling activity is administered 
to small groups and requires three rounds of “PCR” (template 
denaturation, primer annealing and synthesis), it encourages 
all students to get involved and contribute to the activity. The 
nature of the foam pieces (i.e., all the same shape, but different 
colors) encourages students to work together to identify primer 
binding sites and hunt for the next complementary nucleotide 
during extension. All students in the group, regardless of 
experience level or English Language status, will have 
something to point to, pick up and manipulate which allows 
for non-verbal communication to occur during the activity.

LESSON PLAN

Overview

In this lesson, students are exposed to an interactive 
modeling activity to demonstrate the process of PCR. The 
activity focuses on hands-on learning using a physical 
model. This way, students avoid dealing with cognitive 
overload or failure to notice salient details, and instructors 
can more easily assess and appropriately correct individual 

comprehension of PCR. Table 1 provides a recommended 
timeline for instructors. Table 2 provides a list of specific 
responses for instructors to employ if they notice or hear a 
student behavior while engaging with the model.

Pre-class Preparation

This activity assumes that students have already been 
introduced to the process of DNA replication, and we believe 
it is helpful to pair the activity with a laboratory exercise 
where students perform PCR for real. Instructors will need to 
dedicate time to the construction of the materials, but once 
created, they are reusable for future classes. The kits are 
assembled from foam pieces purchased from 3D Molecular 
Designs® (FGIK replacement nucleotides: each set contains 
40 deoxyribonucleotides of each type) and foam tape. Note 
that the nucleotides are not permanently altered and only 
held together with removable tape, so they can be repurposed 
for another use if desired. Multiple kits will be required per 
class; we recommend groups of three to six students per kit to 
maximize learning comprehension. Step-by-step instructions 
and visual representations on how to build the kits can be 
found in Supporting File S1: Close-Up PCR - Instructions 
for Assembling Kits. Creating the appropriate number of 
primers for each kit is essential for ensuring that students do 
not attempt to “reuse” primers and thus break them off from 
synthesized PCR products. Similarly, it is important to have 
enough nucleotides that students will not need to break apart 
their strands to make new ones.

Before class, individual activity worksheets must be printed 
for each student. To cut down on grading load and promote 
interaction among students, we recommend having each 
group turn in a single worksheet. Instructors who chose to do 
that should print a separate copy of the activity for each group 
on colored paper.

Instructors should have a full understanding of how the 
model works and the concepts covered before implementing 
the activity. Looking over the pre-and post-test questions, 
referring to the learning goals, and reviewing Supporting Files 
S2-S4 will help instructors comprehend the full extent of the 
model’s purpose so that they get the most out of the activity. 
The activity runs more smoothly with multiple instructors/
TAs facilitating, as students will often try to take shortcuts that 
counteract the lesson or fail to make important connections if 
not monitored.

If desired, the pre-test can be given at any time before the 
activity is implemented (Supporting File S5: Close-Up PCR - 
Pre/Post Assessment with Answer Key).

During Class

Instructors

Although we provide a fact sheet informing students about 
the components of the modeling activity, it is beneficial to 
explain how the foam pieces of the kit represent the nucleotides 
that are assembled into DNA during PCR to students prior 
to the activity’s start. In our class, students had used these 
pieces previously for learning about DNA replication and 
transcription, but if they are new to the students, ensuring that 
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they know which end of each piece represents the 3’ and 5’ 
ends and the nitrogenous base will help prevent confusion 
or delay getting started. In addition, showing students which 
pieces represent the template strand of DNA, which position 
the template strands should be in, and which pieces represent 
the primers also help students get started. Though we suggest 
not telling students which primer represents the forward primer 
and which represents the reverse, organizing the primers into 
two separate groups (forward and reverse) on the table or lab 
bench helps shorten the activity’s running time.

Instructors should explain that groups will receive a 
modeling kit to work with, along with an accompanying 
packet of instructions and questions to answer. It is important 
not to jump ahead of the worksheet, to let the worksheet guide 
them along the activity, and to work efficiently and effectively. 
Lastly, instructors should inform participants that everyone 
in the group must interact with the model as the activity 
progresses. Encourage students to ask clarifying questions 
along the way and pay close attention to the directions.

The instructor (and TAs if possible) should facilitate 
discussion if a group is struggling to collaborate, offer advice 
when students ask questions about the process of PCR and the 
modeling activity, ensure that students are synthesizing new 
strands of DNA properly, and keep students on track when their 
discussions start to veer towards common misconceptions. 
For a class of 24 (six groups), we had three facilitators. Table 
2 provides suggestions of how to address student questions. 
Note that most questions are not answered directly; the 
Socratic method of teaching helps guide students down the 
path to building their own knowledge, rather than trying to 
provide answers that they are then more likely to forget. After 
the students complete the lesson, review the big ideas that 
students should take away. The final slides in Supporting File 
S4: Close-Up PCR - Lecture Presentation Slides for Use with 
Activity are useful for this purpose. If desired, the instructor 
can give the post-test (Supporting File S5: Close-Up PCR - Pre/
Post Assessment with Answer Key) at any time to determine 
how well students achieved the learning objectives.

Students

Students should complete the activity in conjunction with 
the activity’s accompanying worksheet. Each student should 
have an individual worksheet on which they record their own 
thoughts and answers to each question. Students should then 
come together to discuss potential question answers as a group, 
and then record a group answer on the group worksheet, 
which is identical to each individual student worksheet except 
printed on colored paper. This worksheet will be turned in and 
graded at the end of the activity.

The worksheet functions to guide the students through the 
model. In addition to asking questions about PCR, the activity 
instructs students when to complete each component of each 
PCR cycle (denaturation, annealing, extension) with the model. 
How each of these steps should be specifically performed with 
the model is explained below.

Complete the first PCR Cycle (1 DNA molecule --> 2 DNA 
molecules; Figure 1)

1. Denature: The two strands of foam nucleotides should be 
pulled apart from each other, resulting in two single strands. 
The strands come apart very easily, simulating breaking the 
relatively weak hydrogen bonds between bases.

2. Anneal: Students should attempt to find each primer-
binding site by picking up each primer and scanning along 
the single stranded template until a match is found. Each 
foam nucleotide fits into its complementary partner with 
puzzle-like precision, and each primer binds to one specific 
location on either the A or B DNA strand. Each primer 
should be bound to the template strand by fitting the piece 
into its complementary nitrogenous bases.

3. Extend: Nucleotides should be sequentially inserted, one at 
a time, until the end of each template strand is reached. The 
first new nucleotide is added to the 3’ (arrow) end of the 
primer, according to the complementary nitrogenous base 
of the template strand. It is important that students do not 
add the complimentary nucleotides non-sequentially, as this 
does not mimic actual DNA synthesis and could create an 
incorrect mental model of the PCR process. After complete 
extension, each group should have two DNA molecules that 
are partially double-stranded and partially single-stranded.

Figure 1. First Cycle of PCR.  The top panel shows the model after the first 
denaturation step, the middle panel shows the model after primer annealing 
and the bottom panel shows the model after the first extension has been 
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Complete the second PCR Cycle (2 DNA molecules --> 4 
DNA molecules; Figure 2)

1. Denature: Each DNA molecule generated in the previous 
cycle should be broken apart, resulting in four single-strands 
of DNA.

2. Anneal: For each single strand of DNA, one primer, either 
forward or reverse, should be attached to its binding site. 
Two forward and two reverse primers will be needed to bind 
to the four single-strands of DNA.

3. Extend: Nucleotides should be sequentially added to the 3’ 
end of the primer, one at a time, until the end of each new 
template strand is reached. Upon completion of extension, 
each group should have four partially double-stranded DNA 
molecules.

Complete the third PCR Cycle (4 DNA Molecules --> 8 
DNA molecules; Figure 3)

1. Denature: Each DNA molecule generated in the previous 
cycle should be broken apart, resulting in eight single-
strands of DNA, with several different lengths.

2. Anneal: For each single strand of DNA, one primer, either 
forward or reverse, should be attached to its binding site. 
Four forward and four reverse primers will be needed at this 
stage.

3. Extend: Nucleotides should be sequentially added to the 
3’ end of the primer, one at a time, until the end of each 
new template strand is reached. At the end of this step, each 
group should have eight molecules of DNA, six of which 
are partially single-stranded and two that are completely 
double-stranded. The molecules without single-stranded 
overhangs represent the amplified target region of the DNA. 
Students should now be able to visualize what happens in 
later steps--this shortest molecule is amplified exponentially, 
the middle-sized ones increase in a linear fashion, and no 
new full length strands are ever made.

Figure 2. Second Cycle of PCR.  The top panel shows the model after the 
second denaturation step, the middle panel shows the model after primer 
annealing and the bottom panel shows the model after extension has been 
completed a second time.

Figure 3. Third Cycle of PCR. The top panel shows the model after the third 
denaturation step, the middle panel shows the model after primer annealing and 
the bottom panel shows the model after extension has been completed a third 
time.
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TEACHING DISCUSSION

Activity’s effectiveness at achieving the stated learning 
goals and objectives

We field tested the activity on students enrolled in a Cell 
& Molecular biology class (n=24), who were given the pre/
post assessment (Supporting File S5). Based on verbal and 
written feedback, after participating in the activity, students 
had a better understanding about the molecular basis of 
PCR. Even students that claimed to be familiar with and 
have experience doing PCR found the activity beneficial. The 
self-correcting nature of the activity (i.e. the single stranded 
primer is complementary to only one stretch of sequence 
in the template) allowed students to observe that primer 
binding occurs through sequence complementarity and why 
the location of primers delineates the final products of PCR. 
By incorporating new nucleotides (one at a time) at the 3’ 
end of the annealed primers, students realized why primers 
are incorporated into final PCR products. Because the foam 
nucleotide pieces from the Flow of Genetic Information Kit 
(3D Molecular Designs®) were designed to help students 
differentiate covalent bonds (stronger connections) and 
Hydrogen bonds (weaker connections) students are able to 
identify the covalent and Hydrogen bonds created during PCR. 
Table 3 illustrates how the activity and the pre/post assessment 
questions align with the stated Learning Objectives.

Pre/post assessment indicated that students improved in 
their ability to identify primers and templates, explain their 
roles in PCR, predict the structure of PCR products, and 
describe the exponential amplification of product (Figure 4). 
Questions were a mixture of open-ended and multiple select 
formats, so students could receive partial credit for each of 
the seven questions. The only question that did not show 
significant improvement was #6, which has been reworded for 
improved clarity in Supporting File S5: Close-Up PCR - Pre/
Post Assessment with Answer Key. We did not test this revised 
version of the question.

Reactions to the Lesson

In general, students liked the activity and had fun assembling 
the DNA strands. Although the activity was carefully designed 
to help students learn how PCR “works” at the molecular level, 
we emphasize that an observant instructor, TA or learning 
assistant must also be involved in the activity or students may 
try to skip steps or devise a strategy that lets them finish the 
activity very quickly that short-circuits the learning process. 
During our trial runs, we have observed students synthesizing 
new DNA strands by what we called “chunk synthesis”; 
students will build short stretches of complementary DNA 
(by looking at the sequence) without building them off of the 
template. These chunks may be randomly inserted until the 
stretch between the primers are filled in. Students may also 
try to insert all of the As at once, then all of the Gs, etc. This 
tactic may lead to poor comprehension because it does not 
demonstrate the correct 5’ to 3’ directionality of synthesis, does 
not emphasizes the role of the primer (to provide a free 3’OH 
end on which to extend) or reinforce the idea that primers are 
part of the final PCR product. Students may also try to skip 
building the intermediate DNA structures produced in rounds 
1 and 2 of PCR. This short-cut should also be discouraged 
because students won’t visualize the various intermediate 
DNA structures that form during the reaction.

Adaptations

We also implemented this activity during a laboratory 
portion of an Introductory Biology course to help prepare 
students for an upcoming wet-bench PCR experiment. 
Though the activity can be completed without a laboratory 
component, the model-based activity may help students 
achieve a better understanding of actual PCR results. It could 
easily be extended to support other activities, such as reading 
a primary literature paper, working through a case study or 
solving a forensics problem set. While we tested this activity 
with first and second year students, this model has also been 
used with a more advanced upper-division laboratory course. 
In our experience, even the upper-level students, who have 
experience running PCR in the lab, seemed to enjoy and 
learn from the activity. This activity could also be used with 
non-majors biology students, a forensics-type laboratory/
course or even an Advanced Placement (AP) or International 
Baccalaureate (IB) High school biology students. While we 
believe group size should be kept to six or fewer students, an 
instructor could scale this activity up for a large class size if s/
he had enough nucleotide pieces and Teaching Assistants to 
help. We only recommend doing this activity in a classroom 
setting if students have access to large desks or tables because 
the completed models take up so much physical space. 
Instructors of very large courses (>100 students) may consider 
using this model-based activity during recitation or review 
sessions when a smaller number of students would be present.

SUPPORTING MATERIALS

• S1: Close-Up PCR - Instructions for Assembling Kits. This file gives 
instructions with visual aids to help the instructor put together the 
materials needed for the lesson. 

• S2: Close-Up PCR - Activity Worksheet. This is the handout for 
students with instructions for carrying out the simulated PCR and 
questions for them to answer.

• S3: Close-Up PCR - Activity Worksheet Answer Key. 

Figure 4.  Students improved their understanding of the concepts after 
participating in the activity.  The assessment questions (see Supporting File 
S5: Close-Up PCR - Pre/Post Assessment with Answer Key) were designed to 
address common misconceptions related to PCR.  Question 4 was excluded 
from analysis due to a confusing typo in the original assessment. Significance 
of the differences were determined by t-tests: * p < 0.05, ** p<0.01.
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• S4: Close-Up PCR - Lecture Presentation Slides for Use with 
Activity. 

• S5: Close-Up PCR - Pre/Post Assessment with Answer Key. 
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Table 1. Close-Up PCR - Teaching Timeline

Activity Description Time Notes

Preparation for Class

Prepare models to 
administer to the 
class (only needs 
to be done once—
models are reusable)

Make one copy of the modeling kit for each group 
of 4-6 students:

1. Tape nucleotides together according to the 
provided sequences for the template strand and 
primers

2. Count out enough nucleotides for each kit and 
put in a resealable plastic bag

~15 
minutes

Provide students with notebooks and Glossary of 
terms in S2

Print out activity 
worksheets 

Make a copy for each student of the worksheet that 
accompanies the model. The handout provides 
students with instructions and guided questions to 
build understanding during the activity.

~5 
minutes

See Supporting File S2: Close-Up PCR - Activity 
Worksheet and Supporting File S3:  Close-Up PCR – 
Activity Worksheet Answer Key.

In Class - Progressing through the Modeling Activity

Pass out materials to 
groups

1. Break up students into groups of 3-6 individuals. 
2. Give each group a set of templates, primers, 

nucleotides and handouts.

~5 
minutes

• Students will work as a team to manipulate models 
and answer questions.

• Each student should fill out their own worksheet.

Introduce activity 1. Use the introductory slides provided to introduce 
the activity 

2. Provide instructions for the activity. Advise 
students to use both peers and instructors to 
explain/confirm concepts

~5 
minutes

• See Supporting File S4:   Close-Up PCR - Lecture 
Presentation Slides for Use with Activity

• Students should understand the overall purpose 
and nature of PCR.

Run the activity, 
monitor students 
and provide 
guidance 

1. Allow students to work on the modeling activity 
in their groups

2. Instructor(s) should circulate, paying close 
attention to how students interact with the model 
and how they approach questions. 

~40 
minutes

• Be sure to continually monitor student interactions 
with one another and the model. 

• Engage students by asking questions about the 
model, the specific steps they are executing, and 
extrapolating to real-world situations. (See Table 2).

• Keep your eyes and ears open to possible mistakes 
they may be making.

Conclude the 
activity

Use the final slides to ensure that all students have 
gotten the big ideas and essential concepts

~5 
minutes

• See Supporting File S4:  Close-Up PCR - Lecture 
Presentation Slides for Use with Activity

• Use completed strands from teams as 
demonstrations to point out what should have 
happened or use the photos from this paper.
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Table 2. Close-Up PCR - Suggested responses to questions asked during group work that may promote better 
understanding than a direct answer.

Question posed by student Suggested Response

What pushes the two strands of DNA apart 
during PCR? 

What type of bond holds DNA strands together? Is this bond weak or strong? What is the 
first thing that happens in the thermocycler during PCR?

What is helicase? The names of enzymes generally end with “ase” and describe their targets.

What type of bond holds the DNA helix together? Remember that when DNA replicates in the cell, it “unzips” and doesn’t break apart 
along the backbone. What does the fact that unzipping happens relatively easily suggest 
about the strength of those bonds?  Which kind of bond is weaker- covalent, ionic, or 
hydrogen? 

What is the process of the two strands coming 
apart called?

What kind of bonds hold the DNA strands together? This is the same type of bond that 
will hold the 3D shape of a protein together. What is the name of the process of proteins 
falling apart?

What makes the primers attach? In the model, how did you find where the primers attached? 

Why don’t the strands come back together after 
primer attachment? 

Try bringing the strands back together. Can you bring them all the way together? Why 
not?

Which sequence should be written out for the 
primer binding sites? 

The binding site is the sequence that the primer attaches to on the template.

Are the primers supposed to stay attached to the 
newly synthesized strand?

What sort of bond forms between nucleotides? Doesn’t this same bond form between 
the primer and the nucleotides? Is it easy to destroy? 

How do we not get the strands confused? Keep the strands spaced widely apart and in size order (largest on the outside, smallest 
in the center).

At which point do we draw the DNA molecules 
in the worksheet?

After each synthesis step. Every time you finish adding nucleotides onto the model, you 
should draw the molecules.

What region is the target region? Which is the part that you will end up making the most copies of?  Why?

Are the primers the same? Look at the sequences of the two groups of primers. Are they identical or different? Why 
are they made up of these particular sequences?


