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Experiment Objective:

In this advanced experiment, students will use quantitative PCR amplification
and analysis to assess the effect of either UV damage or DNAse I digestion on
the integrity of plasmid DNA.

See page 3 for storage instructions.
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Experiment Components

Component
A qPCR Master Mix

Storage
-20° C Freezer (Dark)

Check (√)

❑

Contains: dNTP, Taq, MgCl2, Reaction Buffer, Chia Green Fluorescent Dye

B
C
D
E
F
G

LyphoPrimer™ Mix
LyphoTemplate™ DNA
Ultrapure Water
DNA Dilution Buffer
Lypho DNAse I Enzyme
Enzyme Dilution Buffer

-20° C Freezer
-20° C Freezer
-20° C Freezer
-20° C Freezer
-20° C Freezer
-20° C Freezer

❑
❑
❑
❑
❑
❑

Components B, C, and F are supplied in concentrated form.

This experiment is
designed for 4 lab groups.

All experiment components
are intended for educational
research only. They are not to
be used for diagnostic or drug
purposes, nor administered to
or consumed by humans or
animals.

Reagents & Supplies
Store components below at room temperature.

Component
• Snap-top Tubes
• qPCR Tubes
• 15 mL Conical Tube

Check (√)

❑
❑
❑

EDVOTEK and The Biotechnology Education Company are registered trademarks of EDVOTEK, Inc. LyphoPrimer and LyphoTemplate are trademarks of
EDVOTEK, Inc.
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Requirements

4

•
•
•
•
•
•
•
•
•
•

qPCR Thermal cycler (EDVOTEK® Cat #543 highly recommended)*
Microcentrifuge
Adjustable micropipettes with tips (filtered tips preferred): 5-50 µL (4), 20-200 µL (1), and 100-1000 µL (1)
Disposable vinyl or latex laboratory gloves
Ice buckets and ice
Electronic devices with web access and graphing software (computers, tablets, or smart phones)
2 Incubators or water baths (must be able to reach temperature of 37° C and 75° C)
UV Transilluminator (Wavelength 290 nm or higher)
Timers
10% Bleach solution

*

Reagents provided in this kit are compatible with all instruments that support either SYBR Green I or FAM fluorescence.
However, some qPCR Thermal Cyclers may require specialized tubes or trays not supplied in this kit. Check the manufacturer’s
instructions.
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Background Information
DNA is a self-replicating thread-like chain of nucleotides that contains the genetic instructions for life. As such, its
structural integrity is of central importance. However, like all molecules, DNA can and does change: neighboring
base pairs bind together, the sugar backbones break, foreign molecules insert themselves, and individual base
pairs are chemically modified (just to name a few)! Such alterations, if uncorrected, result in either portions of
DNA that are unreadable during transcription and translation or in genetic mutations. Using new technologies, like
quantitative polymerase chain reactions (qPCR), scientists can observe DNA damage at the molecular level in order
to better understand the causes, prevalence, and consequences of this universal phenomenon.

TYPES OF DNA DAMAGE
DNA damage is defined as any type of alteration in the physical or chemical structure of a DNA molecule. These
alterations can include single strand breaks, double strand breaks, pyrimidine dimers, and point mutations. Strand
breaks are one of the most common types of DNA damage. These occur when a DNA molecule’s backbone – the
bonds between the phosphate group and the sugar group of two neighboring nucleotides – disconnect (Figure
1a). Most strand breaks occur only on one side of a DNA double helix and so can be quickly repaired by using the
complementary strand as a template. However, in some instances, both strands break in close proximity to each
other (Figure 1b). Such double-stranded breaks are far more hazardous to a cell because they are difficult to accurately repair and because they can lead to genomic rearrangements.

A.

Single
Strand
Breaks

B.

Double
Strand
Breaks

C.

Pyrimidine
Dimer

D.

Nucleotide
Base Oxidation

G-analog

Figure 1: The diversity of DNA damage types.
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Pyrimidine dimers are another form of DNA damage that physically changes the shape of a DNA molecule. In
undamaged DNA, nucleotide bases (adenine, cytosine, guanine, and thymine) form base pairs by binding to
complementary nucleotides across from them. These base pairs then become the primary building blocks of DNA.
However, under stressful conditions, two neighboring nucleotides can bind to each other (Figure 1c). These incorrect bonds – called pyrimidine dimers - cause the molecule to stretch and bend which can block DNA polymerase
from copying the region or can lead to replication errors.
Replication errors can also occur when nucleotides are chemically modified (Figure 1d). For example, reactive
oxygen species (ROS) produced during cell metabolism sometimes oxidize the nucleotide guanine. The resulting
guanine-like nitrogen base remains part of the DNA molecule but no longer pairs exclusively with cytosine. The
downstream result is that during the next round of DNA replication the region can be rewritten as G-A, G-T or G-G
rather than the original G-C code.

CAUSES AND CONSEQUENCE OF DNA DAMAGE
If you’ve ever had a sunburn, your body has experienced widespread DNA damage first hand. Extended exposure
to UV radiation from the sun causes nucleotide bonds to break and reform as pyrimidine dimers. Such exposure can
increase an individual’s risk of melanoma skin cancer. Luckily, humans have also evolved a host of responses that
limit the long-term effects of UV induced DNA damage. These responses include repairing damaged DNA regions
within a cell when possible as well as a process of programmed cell death - known as apoptosis - when the damage is severe. Many of the most noticeable symptoms of sunburn such as heat, redness, itchiness, and peeling skin
are the secondary effects of multiple cells undergoing apoptosis.
In addition to UV radiation, DNA can also be damaged by exposure to ionizing radiation, thermal disruption,
viruses, environmental mutagens and carcinogens (Figure 2). These dangers are known collectively as exogenous

EXOGENEOUS

Thermal
Disruption

UV Light
Exposure
DNA Repair:
Direct Reversal
Ionizing
Radiation

DNA DAMAGE

ENDOGENEOUS

Exposure to
Mutagens, Carcinogens, & Viruses

DNA Repair:
Excision Repair

Apoptosis

Cellular
Metabolism

Senescence

Hydrolysis

Cell with DNA
Damage
Retained

Nuclease
Digestion

Figure 2: Causes and Consequences of DNA Damage.
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threats because they originate outside an organism. Normal cellular metabolism also generates chemical by-products that can cause DNA damage such as most ROSs. Such cellular by-products constitute the majority of endogenous (internal) threats. Other endogenous sources of DNA damage are the chemical breakdown of bases due to
hydrolysis and double-stranded DNA breaks caused by enzymes known as nucleases.
Given the ubiquity of these threats, it should not come as a surprise that DNA damage is incredibly common. Still,
the numbers are amazing. In humans, it’s estimated that over 2,500 DNA damaging events occur per cell per hour.
This means that over the course of a day the average human experiences over 7.2x1018 changes to their DNA!
Thankfully, the vast majority of these events have no long-lasting effect because of sophisticated systems of DNA
repair in cells.
DNA repair systems are found in all kingdoms and are highly similar – another indicator that DNA damage is, and
has been, a constant part of life. These systems monitor the integrity of a cell’s genome and are particularly active
just prior to cell division. When defects are detected, the cell can respond by either: (1) reversing the change, (2)
replacing a small section of DNA, (3) freezing the cell so it can no longer divide (senescence), or (4) self-destructing (apoptosis). The first two responses restore the DNA’s original structure and maintain the cell’s full functionality but are also prone to error. Moreover, these responses are easily overwhelmed when extensive damage occurs.
In contrast, senescence and apoptosis sacrifice the cell in order to conserve repair resources while simultaneously
ensuring that mutations are not passed onto daughter cells.
While DNA repair systems are highly efficient, the pervasiveness of DNA damage means that some changes do go
unrecognized or are incorrectly repaired. Over time these errors accumulate within a cell line. Cancer occurs when
multiple mutations occur in genes related to the cell cycle. These mutations cause the cell to start growing out of
control. Scientists have also observed a tight link between aging and the average number of DNA mutations in a
cell, although the exact chicken and egg nature of this relationship is still being untangled.

Double
stranded DNA

KEY
Primer
Target DNA
Non-target DNA
CYCLE 1
21=2

CYCLE 2
22=4

CYCLE 3
23=8

CYCLE 4
24=16

Figure 3: The Polymerase Chain Reaction
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Current DNA damage research tackles a wide range of issues including the connection between aging and DNA
damage, the cancer risk of different exogenous and endogenous agents, general prevention strategies, and ways
to bolster DNA repair. Most of these studies require a way to observe DNA damage under different experimental
conditions. Luckily, a variety of techniques exist that can measure DNA damage including comet assays, ELISAs,
chromatography, and PCR or quantitative PCR. This last technique is becoming increasingly popular because of its
sensitivity, versatility, and precision.

MEASURING DNA DAMAGE WITH PCR
AND QPCR

Box 1: In a PCR reaction, DNA is subjected to sequential heating/cooling
cycles at three different temperatures:
(1) Denaturation (94-96° C) unzips the target DNA.
(2) Annealing (45-65° C) causes the primers to base pair with the template DNA.
(3) Extension (72° C) allows Taq polymerase to add nucleotides to the
primers and synthesize a complementary strand.

In 1984, Dr. Kary Mullis revolutionized the
field of molecular biology when he devised a
simple and elegant method to copy specific
pieces of DNA by imitating the natural process
of DNA replication. The method – known as
the polymerase chain reaction (PCR) - exponentially amplifies target segments of DNA in vitro using synthetic
DNA primers and a thermostable DNA polymerase called Taq. These two components are mixed with purified
sample DNA, individual nucleotides, and a buffer containing MgCl2 and then heated through multiple temperature
Denaturation
Annealing
Extension
cycles (Box 1). Under ideal conditions, the amount of
Step
Step
Step
target DNA doubles during each cycle (Figure 3). Today,
specialized machines called a thermal cycler can rapidly
heat and cool a PCR mixture, which means that thouF
F
F
Primer
sands to millions of copies of a particular DNA segment
F
F
can be created in a very short amount of time. These copies are then visualized by agarose gel electrophoresis.
F
F
F
F
When assessing DNA damage, the DNA from differently
treated samples are amplified under identical conditions
F
Taq
and then compared to determine the extent of molecular
F
damage. In nature, DNA damage often impedes the proF
cesses of replication and transcription. Similarly, during
PCR, Taq polymerase is either unable to copy damaged
DNA or does so at a much slower rate. Consequently,
samples that have a high proportion of damaged DNA
will have a lower rate of amplification and less ampliFigure 4: qPCR Using Fluorescent Intercalating Dyes.
fied products than undamaged - or less damaged - DNA
samples. In traditional PCR, this can be observed as a
lighter bands in damaged samples or even as no amplification at all in highly damaged samples. However, to truly measure the extent of DNA damage, the sensitivity of
quantitative PCR is needed.

Quantitative PCR (qPCR) allows differences in DNA damage between samples to not only be identified but
to also be precisely described. In qPCR (also known as “real-time” PCR) DNA amplification is observed and
measured during the experiment rather than following the experiment. This is accomplished by using either
intercalating dyes that fluoresce when positioned between DNA base pairs (Figure 4) or fluorescently labeled
probes that attach to specific DNA sequences during annealing and then release a signal following extension.
Quantitative PCR is performed in specialized thermal cyclers that have been equipped with lasers (to excite the
fluorescent molecules) and detectors (to measure and record the signal that dyes or probes produce during amplification). These measurements can then be used to calculate the starting amount of intact (i.e. non-damaged)
DNA in a sample.
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QUANTIFICATION ANALYSIS IN QPCR

Fluorescence

During a qPCR experiment, an increase in the fluorescent signal directly relates to the increase in the amount of
amplified DNA in the sample (Figure 5). However, for the first several cycles, the amount of amplified DNA in the
qPCR reaction is small. Consequently, the fluorescent signal is faint and hard to distinguish from
random background noise. Luckily, as PCR continExponential phase
Non0.3
ues to create multiple copies of fluorescent DNA,
exponential
plateau
this signals becomes stronger and clearer. Then,
phase
after multiple cycles, key reagents like dNTPs
0.2
become depleted which decreases the reactions
amplification efficiency and leads to an eventual
leveling of the fluorescent signal. Thus, the best
Background Cq value
noise
0.1
time to describe the relationship between DNA
amount and a fluorescent signal is after the signal
Threshold line
has exceeded the background noise but before it
0
begins to plateau.
0

10

20

30

40

Cycle

Many qPCR experiments describe a sample in
terms of its quantification cycle (Cq). This is the
Figure 5: qPCR Amplification Curve.
cycle number where a sample’s fluorescence
matches that of an arbitrarily chosen experimental threshold line (Figure 5). If the DNA sequence
is present in a sample but at a low level and/or partially damaged it will take many cycles before the fluorescence
equals this threshold and the target will have a high Cq. Conversely, if the target DNA is abundant and/or mostly
undamaged in the sample the fluorescence will quickly reach the threshold and the target will have a low Cq. A
sample’s Cq values can, in turn, be converted into a direct description of its starting DNA amount using either relative or absolute quantification.
In relative quantification, the Cq - or similar fluorescent measure - from the target DNA region is compared to the
Cq of an internal reference gene, which is simultaneously being amplified in every sample. Good candidates for
the reference are housekeeping genes – genes that code for proteins involved in basic cellular function – because
they are expressed at a constant rate regardless of cell type, location, or experimental condition. Following qPCR,
the amount of target DNA in each sample is described in terms of how much stronger or weaker its signal was in
comparison to the housekeeping gene.
Another approach is to use several control reactions to create a standard curve that can mathematically describe
the relationship between signal and DNA concentration. This is known as absolute quantification. In these experiments, a DNA template of known concentration is diluted over several orders of magnitude and amplified alongside samples of interest. Researchers graph the Cq values of the serially diluted samples versus their known DNA
concentrations and then calculate a best-fit linear regression equation from this graph. The Cq values of the unknown samples are then entered into the equation in order to determine their DNA concentrations. An advantage
of the absolute quantification method is that it also generates a R2 value in association with the linear regression
equation. This value describes how well the linear model fits the data and can indicate if amplification has been
optimized across multiple samples.
In addition to amplification, most qPCR experiments also involve a melt curve analysis step that helps to determine
whether multiple regions were copied during amplification. This is particularly important in experiments that use
intercalating fluorescent dyes because these dyes will bind to any double-stranded DNA product. During the melt
curve analysis, the final products of a qPCR experiment are exposed to increasingly high temperatures. At these
temperatures – the exact temperature depends on the length of the DNA – the two strands of the amplified DNA
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100
Primer Dimers

75

Specific Products
KEY:
QPCR Reaction 1 = Red line
QPCR Reaction 2 = Green line
QPCR Reaction 3 = Blue line

50
25

91.9

90.4

88.9

86.4

84.9

82.5

80.0

78.5

76.1

72.1

74.6

70.6

69.2

68.7

67.2

65.8

0
63.3

Fluorescence %

molecules unzip. This releases
fluorescence and causes the
total fluorescence of a sample
to decrease. If only one PCR
product exists, there will only
be one change in fluorescence
in a melt cure graph (Figure
6). If, however, two or more
DNA products were amplified,
multiple changes in fluorescence will occur.

In this experiment, you will
Temperature (°C)
use qPCR to investigate DNA
damage in bacterial DNA. You
Figure 6: Melt Curve Analysis
will first prepare two sets of
samples: a serial dilution for
the standard curve and an
experimental set of DNA exposed to either UV light or to the nuclease DNAse I. (DNAse I is an enzyme that helps
with cleanup following cell apoptosis by causing double-stranded breaks in exposed DNA.) Next you will prepare
two qPCR reactions for each sample. These technical replicates will provide information about experimental variation. Because qPCR is highly sensitive to experimental error, duplicate or even triplicates of a sample are standard.
Following amplification, you will calculate the amount of non-damaged DNA in each sample and use this information to describe the effect of your experimental treatments. In addition, you will use melt curve analysis, your
standard curve’s R2 value, and your sample replicates to assess your confidence in the generated data.
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Experiment Overview

EXPERIMENT OBJECTIVE
In this advanced experiment, students will use quantitative PCR amplification and analysis to assess the effect of
either UV damage or DNAse I digestion on the integrity of plasmid DNA.

PRELAB QUESTIONS
1.

Determine as a group if you will test the damaging effects of UV light (an exogenous threat) or of the enzyme
DNAse I (an endogenous threat).

2.

List at least three possible sources of experimental error during the experiment. With your group, brainstorm
ways to prevent these from occurring.

3.

Choose and describe at least two ways to assess the accuracy of your qPCR experiment.

LABORATORY NOTEBOOKS
Scientists document everything that happens during an experiment, including experimental conditions, thoughts and observations while conducting the
experiment, and, of course, any data collected. Today, you'll be documenting
your experiment in a laboratory notebook or on a separate worksheet.
Before starting the Experiment:
• Carefully read the introduction and the protocol. Use this information to
form a hypothesis for this experiment.
• Predict the results of your experiment.

MODULE I: 60-70 min.
Sample Preparation

MODULE II : 45 min. prep +
60 min. cycling
Performing qPCR

During the Experiment:
• Record your observations.
After the Experiment:
• Interpret the results – does your data support or contradict your hypothesis?
• If you repeated this experiment, what would you change? Revise your
hypothesis to reflect this change.

MODULE III: 60 min.
Analysis of Results
NOTE: Experimental times are approximate.

LABORATORY SAFETY
Be sure to READ and UNDERSTAND the instructions completely BEFORE starting the experiment. If you are unsure of something, ASK YOUR INSTRUCTOR!
•
•
•

Wear gloves and goggles while working in the laboratory.
Exercise caution when working in the laboratory – you will be using equipment that
can be dangerous if used incorrectly.
Always wash hands thoroughly with soap and water after working in the laboratory.

Wear gloves
and safety goggles

Duplication of any part of this document is permitted for non-profit educational purposes only. Copyright © 2019 EDVOTEK,
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Module I-A: Preparation of the Standard Curve Samples

45 µL 45 µL

“SC Starting sample”

LABEL:
SC 1:10
SC 1:100
SC 1:1000

5 µL

SC
1:10

5 µL

SC
1:100

SC
1:100

2.
3.
4.
5.
6.
7.
8.

5 µL

DNA
Buffer
SC
1:10

SC
SC
1:100 1:1000

“SC Starting
sample”

SC
1:10

CALCULATE the DNA
concentrations for the 3 samples.

SC
1:1000

Preparation of the Standard Curve Samples
1.

45 µL

NOTE:
Accurate pipetting is essential
during Module I. If you are
unfamiliar with this technique,
review and practice before
starting this experiment.

OBTAIN a tube of SC Starting Sample from your instructor. The DNA concentration of this sample is 2 ng/µL.
LABEL three snap-top tubes “SC 1:10”, “SC 1:100”, and “SC 1:1000”.
ADD 45 µL of DNA Dilution Buffer to SC 1:10, SC 1:100, and SC 1:1000.
With a new pipette tip, ADD 5 µL of SC Starting Sample to SC 1:10. MIX by
pipetting up and down several times.
With a new pipette tip, ADD 5 µL of SC 1:10 to SC 1:100. MIX by pipetting up and down several times.
With a new pipette tip, ADD 5 µL of SC 1:100 to SC 1:1000. MIX by pipetting up and down several times.
KEEP all four standard sample tubes on ice.
CALCULATE the DNA concentrations of these three samples and RECORD your results in your lab book or in the
provided student worksheet (Appendix C). Use the equation:
Concentration1 x Volume1 = Concentration2 x Volume2
In this equation, Concentration1 is the DNA concentration of the added sample, Volume1 is the amount of
sample added (5 µL), Concentration2 is the DNA concentration in the newly created sample, and Volume2 is
the final volume in each tube (50 µL).
OPTIONAL STOPPING POINT:

The prepared standard samples can be stored in the fridge for several hours or stored in the freezer
for several days.
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Module I-B: Preparation of Experimental Samples
Select ONE condition to test. Either OPTION A: DNA Damage Using UV Light or OPTION B: DNA
Damage Using the Enzyme DNAse I.
OPTION A : DNA DAMAGE USING UV LIGHT

20 µL
C

10

20

30

C
LABEL:
UV-C
UV-10
UV-20
UV-30

“UV Plasmid DNA”

UV-C

“UV Plasmid
DNA”

20 µL

REPEAT steps 3 -5 for
UV-20 and UV-30.

C

10

10
20
“UV Plasmid
DNA”

1.
2.
3.
4.
5.
6.
7.
8.

UV-10

OBTAIN a tube of UV Plasmid DNA substrate from your instructor. This tube has a concentration of 1.8 ng/µL.
LABEL four snap-top tubes as "UV-C", "UV-10", "UV-20", and "UV-30".
TRANSFER 20 µL of UV Plasmid DNA to the UV-C tube. This is your control.
PLACE the tube of UV Plasmid DNA directly on a short wave UV Transilluminator (UV
20 µL
5 µL
light). To maximize exposure, lay the tube on its side.
to each
8 Be sure to WEAR UV goggles.
TURN ON the UV light for 10 minutes.
tube
7
8
6
7 UV-10 tube.
TURN OFF the UV light. TRANSFER
20 µL of UV Plasmid DNA to 6the
5
5
• Experimental
REPEAT
steps1 3-6 two more times for the UV-20 and UV-30 samples.
• Experimental 2
KEEP
all four3 experimental sample tubes on ice.
• Experimental
qPCR
• Experimental 4
• qPCR cocktail

30

Wear gloves and
UV safety goggles

5

Experimental
Sample 1

cocktail

OPTIONAL STOPPING POINT:
The prepared experimental samples can be stored in the fridge for several hours or stored in the freezer for
several days.
MIX
REPEAT steps 4 -5 for
remaining samples.

5

Experimental
4
Experimental
3
Experimental
8
2
7
6

5

5

6
7

8

6
7

8

Protect from
light.
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Module I-B: Sample Preparation for qPCR, continued
OPTION B: DNA DAMAGE USING THE ENZYME DNAse I
45 µL

LABEL:
Low DNAse I
Medium DNAse I

Dilution
Enzyme
High Buffer
DNAse I

45 µL

Plasmid
DNA

Dilution Enzyme
Buffer
5 µL

5 µL

MIX
High
DNAse I

Low
DNAse I

Medium
DNAse I

MIX

Medium
DNAse I

Low
DNAse I

Medium
DNAse I

1.

OBTAIN tubes of Dilution Enzyme Buffer and High DNAse I from your instructor. The starting concentration of
the enzyme is 1 unit.

2.

a.
b.
c.
d.

LABEL two snap-top tubes “Low DNAse I” and “Medium DNAse I”.
ADD 45 µL of Dilution Enzyme Buffer to both the low and medium concentration tubes.
TRANSFER 5 µL of High DNAse I to the Medium DNAse I tube. MIX by pipetting up and down several
times.
5 µL
5 µL
45 µL
TRANSFER 5 µL of Medium DNAse
I to the Low DNAse I tube. MIX by pipetting up and down several times.
to each
tube

LABEL:
Enzyme-C
Enzyme-L
Enzyme-M
Enzyme-H

C

L

M

Enzyme Plasmid
DNA

H

ADD:
5 µL
Dilution
Enzyme
Buffer

C

H
MIX
High
DNAse I

14

Enzyme-H

L

Low
DNAse I

Enzyme-C

INCUBATE
37° C

75° C
M

MIX

MIX

5 µL

C

M

L
MIX

Enzyme-L

Medium
DNAse I

C

L

H
M
99
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Module I-B: Sample Preparation for qPCR, continued
OPTION B: DNA DAMAGE USING THE ENZYME DNAse I

LABEL:
Enzyme-C
Enzyme-L
Enzyme-M
Enzyme-H

C

L

M

H

Enzyme Plasmid
DNA

ADD:
5 µL
Dilution
Enzyme
Buffer

C

H
MIX
High
DNAse I

Enzyme-H

L

M

L

Low
DNAse I

Enzyme-C

Enzyme-L

75° C
M

MIX

MIX

MIX

5 µL

C

5 µL

5 µL

45 µL
to each
tube

Medium
DNAse I

C

L

H

INCUBATE
37° C

M
99

Enzyme-M

H

Preparing the Control and Enzyme Damaged Samples
3.

LABEL four snap-top tubes as “ Enzyme-C”, “Enzyme-L”, “Enzyme-M” and “Enzyme-H” (control, low, medium,
high).

4.

OBTAIN the Enzyme Plasmid DNA from your instructor and ADD 45 µL of this solution to all four enzyme tubes.
(This tube is provided at a concentration of 2.0 ng/µL.)

5.

With a new pipette tip, ADD 5 µL of Dilution Enzyme Buffer to Enzyme-C and MIX. This is your control.

6.

With a new pipette tip, ADD 5 µL of Low DNAse I to Enzyme-L and MIX.

7.

With a new pipette tip, ADD 5 µL of Medium DNAse I to Enzyme-M and MIX.

8.

With a new pipette tip, ADD 5 µL of High DNAse I to Enzyme-H and MIX.

9.

INCUBATE the four enzyme tubes for 10 minutes at 37° C.

10. TRANSFER the samples to a 75° C water bath for 10 minutes to deactivate the enzymes.
11. KEEP all four experiment sample tubes on ice.

OPTIONAL STOPPING POINT:
The prepared experimental samples can be stored in the fridge for several hours or stored in the freezer for
several days.
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Module II: Performing qPCR
In this module you will be preparing two qPCR reactions for each sample.
Standard Curve Samples

1

qPRC
cocktail

2

3

4
9

5

6

7

10

11

8
13

20 µL
to each
tube

12

14

15

16

1

Experimental Samples
Standard Curve
Reactions

5 µL
to tubes
7&8
8

SC
1:1000

Experimental Sample
Reactions

5 µL
to tubes
5&6
7

9

5

SC
1:100

3

SC
1:10

11

12

13

8

14

15

16

5 µL
to tubes
1&2
4

MIX

10

7

Protect
from light.

5 µL
to tubes
3&4
6

MIX

qPCR
cocktail

2

5

4

3

6

2

MIX

1

MIX

SC I

PREPARATION OF REACTIONS FOR qPCR
1.
2.
3.

OBTAIN a tube of qPCR cocktail from your instructor. (This cocktail contains Taq polymerase, additional PCR
5 µL
5 µL
5 µL
5 µL
reagents,
primers, and fluorescent
dye.) Also, COLLECT your
four standard curve samples
to tubes
to tubes
to tubes
to tubes and your four experi& 16
11 & 12
9 & 10
mental15 samples.
KEEP on ice. 13 & 14
16
14
12
10 MIX
Properly LABEL sixteen
qPCR tubes* with the
(See important footnote,
below.)
MIX
MIX numbers 1 through 16.MIX
15
13
11
9
Slowly ADD 20 µL of qPCR cocktail to each qPCR tube. LIMIT light exposure of this solution to under an hour
and
UV-30KEEP on ice.
UV-20
UV-10
UV-C
or
E-H

or
E-M

Preparing Standard Curve Reactions
4.

5.

or
E-L

or
E-C

PREPARE the standard curve reactions in tubes 1-8 (see Table 1a).
from
a. With a new pipette tip, ADD 5 µL of the SC 1:1000 sample to PCR tubesProtect
7 and
8. Gently MIX the sample by
light.
pipetting up and down several times.**
b. With a new pipette tip, ADD 5 µL of the SC 1:100 sample to PCR tubes 5 and 6. Gently MIX the sample by
pipetting
WEAR up and down several times.**
SEALADD
tubes5 µL of the SC 1:10 sample to PCR tubes 3 and 4. Gently MIX the sample by
c. Withgloves
a new pipette tip,
pipetting up and down several times.**
d. With a new pipette tip, ADD 5 µL of the SC 1 sample to PCR tubes 1 and 2. Gently MIX the sample by
pipetting up and down several times.**
CLEAN the bench area where you prepared the standard curve sample with 10% bleach and
KEEP samples on ice.
1

*

**

Incorrect markings can distort the signal read between a machine and your samples. Check with your instructors that
the qPCR machine can accommodate labels and where those labels should be. If you are using the OpenPCR machine,
the provided PCR tubes can be labeled on the side. However, DO NOT mark tubes on their top.

1

YES

NO!

Bubbles introduced during mixing can also interfere with the machine’s detection ability. Avoid bubbles by gentle mixing
and careful handling. If bubbles form, briefly centrifuge the sample or gently tap the tube on your lab bench.

continued
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7

to tubes
3&4
6

MIX

5

4 MIX
2 MIX
MIX Break Through! Testing
DNA Damage Using Quantitative
PCR
3

SC
SC
Module
1:1000 II: Performing qPCR,
1:100 continued

5 µL
to tubes
15 & 16

UV-30
or
E-H

16 MIX

1

SC
1:10

5 µL
to tubes
13 & 14
15

to tubes
1&2

SC I

5 µL
to tubes
11 & 12
13

UV-20
or
E-M

14 MIX

5 µL
to tubes
9 & 10
11

12 MIX

9

UV-10
or
E-L

10 MIX

UV-C
or
E-C

Protect from
light.

WEAR
gloves

SEAL tubes

Preparing Experimental Sample Reactions
6.

7.

8.

PREPARE the experimental sample reactions (see Table 1b).
a. With a new pipette tip, ADD 5 µL of the Experimental Sample 3 (either UV-30 or Enzyme-H) to PCR tubes
15 and 16. Gently MIX the sample by pipetting up and down several times.**
b. With a new pipette tip, ADD 5 µL of the Experimental Sample 2 (either UV-20 or Enzyme-M) to PCR tubes
13 and 14. Gently MIX the sample by pipetting up and down several times.**
c. With a new pipette tip, ADD 5 µL of Experimental
Sample 1 (either UV-10 or Enzyme-L) to PCR tubes
Table 1a: Preparing Standard Curve Reactions
11 and 12. Gently MIX the sample by pipetting up
and down several times.**
Tube
Prep
Template
Cocktail
Template
Label
Order
Volume
Volume
d. With a new pipette tip, ADD 5 µL of the Control
sample (either UV-C or Enzyme-C) to PCR tubes
20 µL
5 µL
SC 1:1000
7&8
1st
9 and 10. Gently MIX the sample by pipetting up
20 µL
5 µL
SC 1:100
5&6
2nd
and down several times.**
20 µL
5 µL
SC 1:10
3&4
3rd
SEAL the tubes. PCR tubes can be tightly snapped
closed - your instructor will inform you of any specific
20 µL
5 µL
SC 1
1&2
4th
requirements for your RT-PCR machine. WEAR gloves
Table1b: Preparing Experimental Sample Reactions
during this step as fingerprints can sometimes interfere with the fluorescent signal.
Tube
Cocktail
Template
Prep
Template
KEEP the tubes on ice and protected from light until
Label
Volume
Volume
Order
ready to run the qPCR program.

OPTIONAL STOPPING POINT:
Prepared qPCR reactions can be stored covered and on
ice for several hours, in the fridge overnight, or in the
freezer for multiple days at -20° C.

5th

Exp. Sample 3

15 & 16

20 µL

5 µL

6th

Exp. Sample 2

13 & 14

20 µL

5 µL

7th

Exp. Sample 1

11 & 12

20 µL

5 µL

8th

Exp. Control

9 & 10

20 µL

5 µL
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Module II: Performing qPCR, continued
RUNNING qPCR
NOTE: The Open qPCR machine has a capacity of 16 samples. This means that in this experiment one student
group can run all their qPCR simultaneously. Work with your classmates to determine when each group will
run its samples.
1.

START your qPCR machine and SELECT the correct thermal cycle program. The time and temperature conditions
for this experiment are listed below. See Appendix A and B (or your thermal cycle's operational manual) for
specific programming instructions.
PCR cycling conditions:
Initial denaturation 94° C for 3 minutes
94° C for 30 sec.
60° C for 30 sec.*
30 cycles
68° C for 30 sec.*
Final extension 68° C for 5 min.

Melting curve conditions:
90° C for 30 sec.
50° C for 1 min.
From 50° C to 95° C with a ramp speed of 0.09° C/s
and a hold duration of 30 seconds.*
Hold at 4° C forever.

* Data gathering should be switched on at these three parts of the experiment.

Figure 7: The 381 qPCR Program on the Open QPCR user interface.

2.
3.

18

DECIDE on the locations of your 16 samples within the qPCR machine. RECORD these locations in your lab book
or in the provided student worksheet (Appendix C).
Briefly, CENTRIFUGE all sixteen PCR tubes until samples are in the bottom and until no bubbles are visible.
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Module II: Performing qPCR, continued
4.

ADD all qPCR samples to the thermal cycler and START the program.
The thermal cycler will amplify
the DNA and perform a melt curve
experiment. While the experiment
is running, REVIEW the experimental
results in real time.
NOTE: Switching between log and
linear views will to highlight different aspects of your experiment.
Log view (Figure 8a) best depicts
early amplification particularly in
the highest concentration samples.
Linear view (Figure 8b) provides a
powerful overview of all the cycles.

Figure 8a

Figure 8b

OPTIONAL STOPPING POINT:

The qPCR machine can be left to finish the programs and hold samples at 4° C until needed.

5.

Once the thermal cycler program has finished, SAVE the data for future analysis. Many platforms do this automatically. However, exporting data now as backup will guarantee access to the data even when the network
or machine is not accessible. In addition, RECORD the Cq values for each of your 16 qPCR reactions in your lab
book or in the provided student worksheet.

OPTIONAL STOPPING POINT:

Samples can be stored for multiple days at -20° C.
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Module III: Analysis of Results

In this module you will look at your replicate pairs to determine the level of experimental precision, use your
standards to create a standard curve and equation, and finally calculate the DNA concentration of each experimental sample. Remember to record all calculations and results from this analysis either in your lab book or in the
provided student worksheet.

EVALUATE REPLICATE PAIRS
1.

CALCULATE the mean of all eight reaction duplicates (16 reactions total) by adding the two Cq numbers and
dividing by two.

2.

CALCULATE the standard deviation of all sixteen reactions using the Equation 1 or instructions below.
a. For each qPCR reaction SUBTRACT the mean (m) from step 1 and then SQUARE the result (in the formula
below, each replicate is labeled as x and y respectively).
b. For each reaction pair AVERAGE the two values from step 2a and then take the SQUARE ROOT of this
value.
c. If any sample has a standard deviation of 1 or higher consider eliminating this sample from your analysis.

Equation 1:
In this equation, each replicate is labeled as x and y respectively
and m is the mean value for the sample calculated in step 1.
Standard deviation =

√ [(x-m)2 + (y-m)2]/2

NOTE:
Standard Deviation is used to quantify a data
set's variation and works best when the data set
is large. However, it is still an accurate way to
describe the precision of two duplicate samples.

NOTE: Eliminating a sample will be easiest if the sample is an experimental condition. If the sample is part
of the standard curve or the control consider using another group's data set for the remaining analysis steps.
Alternatively, if one of the replicates is an obvious outlier – for example if it is a standard curve sample but
falls above the Cq value of a lower dilution - remove it and use a single data point to describe that sample.
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Module III: Analysis of Results, continued
CREATING A STANDARD CURVE AND EQUATION
3.

CALCULATE the DNA amount for each standard curve qPCR reaction using the calculated concentration from
module I and the number of microliters added per reaction in Module II.

4.

CALCULATE the mean log amount of DNA from step 3.

5.

OPEN a graphing program (Microsoft® Excel or similar application) and ENTER the mean Cq value and
mean log amount of DNA value of each standard curve qPCR reaction as a new table.

6.

CREATE a standard curve by plotting the mean Cq value on the x-axis versus the corresponding log DNA
value on the y-axis.
a. HIGHLIGHT the Log and Cq columns.
b. CHOOSE a marked scatter graph.
c. CONFIRM that the correct x and y values are selected.
d. LABEL the x and y axis and add a graph title.

7.

ADD a linear trendline to the graph from step 6.

8.

DISPLAY the linear equation (e.g. y=ax+b) and the R2 value of the equation on the graph.

9.

EXAMINE the R2 value for your experiment and describe your confidence in calculating the DNA amount in
a sample based on its Cq value.
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Module III: Analysis of Results, continued
CALCULATE EXPERIMENTAL SAMPLES’ DNA CONCENTRATIONS
10. Use your linear equation (Step 8) and the means of the Cq values of your four experimental qPCR reaction
pairs (Step 1) to CALCULATE the mean log value of the DNA in these reactions.
11. CALCULATE the mean concentration of DNA in each of the experimental qPCR reaction pair using Equation 2.

Equation 2:
In this equation, e is the natural exponential (also known as Euler’s number) and
Log (DNA amount) is the calculated value from step 10.
Mean Concentration of DNA (ng) = 10Mean Log (DNA amount)

12. Finally, CALCULATE the relative damage of the three treatments by dividing the DNA concentration of each
treatment by the DNA amount of the control, subtracting this number from 1, and multiplying the final number by 100.
13. (Optional) SHARE your results with the class.
14. (Optional) CREATE a bar graph with DNA Damage conditions on the x-axis and the Relative Damage (%) value
on the y-axis.
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Study Questions

1.

What is DNA damage? What are the health consequences of DNA damage that goes undetected and/or uncorrected in a cell?

2.

Describe or draw a picture of one common type of DNA damage.

3.

How can a cell respond to DNA damage once it has been detected?

4.

Explain how PCR (and qPCR) can allow researchers to distinguish between non-damaged DNA, lightly damaged DNA, and heavily damaged DNA.

5.

What occurs to DNA during a melting curve program? And what do the results say about the qPCR reaction?

Duplication of any part of this document is permitted for non-profit educational purposes only. Copyright © 2019 EDVOTEK,
Inc., all rights reserved. 381.190430

23

Break Through! Testing DNA Damage Using Quantitative PCR

INSTRUCTOR'S GUIDE

EDVO-Kit 381

Instructor's Guide
OVERVIEW OF INSTRUCTOR’S PRELAB PREPARATION
This section outlines the recommended prelab preparations and approximate time requirements to complete each
prelab activity. This experiment is designed for 4 lab groups.

Module I:
Preparation of
Samples

Prepare and aliquot reagents

Anytime before Module I

30 min.

Set up and Program qPCR machine

Anytime before Module I

10 min.

Day of Module II

30 min.

Module II:
Performing qPCR

Prepare and aliquot reagents

Module III:
Analysis of Results

Procure access to graphing software

Red = Prepare immediately before module.

Anytime before Module III

Yellow = Prepare shortly before module.

Varies

Green = Flexible / prepare up to a week before the module.

NOTE: The Open qPCR machine has a capacity of 16 samples. This means that in this experiment each student group can run all
their qPCR reactions together, but the class will require four separate runs to analyze all groups. Determine beforehand when
each student group will perform their qPCR program (see page 28).

Openings for Inquiry
This experiment is set up so that each group can test the provided DNA under conditions that have been shown
to repeatedly produce pronounced DNA damage. However, each student group can also design and perform an
independent investigation. For example, groups could test an additional source of DNA damage such as pesticides
or sunlight, the effect of lower or higher levels of UV or DNAse I exposure, or the protective abilities of products like
sunscreen. Such investigations will require additional time for students to formulate their question and redesign
the experiment as well as additional outside materials. Note that the DNA in this experiment is a plasmid and so
can be less sensitive to certain types of damage. Also be sure to follow proper safety protocols when handling any
potential mutagen or carcinogen.
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General Tips and Tricks
•

qPCR experiments are powerfully sensitive and can detect even small amounts of DNA. To avoid cross contamination during the experiment change pipette tips frequently and, when possible, use filtered tips.

•

Other strategies to avoid contamination are to prepare the standard curve and experimental PCR samples
separately, move from lower concentration to higher concentration samples, and to prepare the qPCR cocktail
before the DNA samples and even in a separate room.

•

These experiments are sensitive to slight differences in reagent concentrations. Invert tubes several times or
vortex before using in order to disturb any type of concentration gradient that may have formed.

•

Make sure everyone involved is comfortable and practiced in pipetting small volumes. For example, small
droplets that remain outside of a pipette tip can affect DNA and master mixture concentrations. Use both the
soft and hard stops on adjustable volume pipettes when pipetting mixtures and immerse the top of the tip in
the mixture when possible.

•

Consider testing, and re-calibrating if necessary, all pipettes before the experiment.

•

To maintain the integrity of reagents, keep perishables in the fridge/freezer until needed and avoid unnecessary freeze-thaw cycles. Keep all thawed reagents on ice. Also protect the qPCR master mix from prolonged
light exposure by wrapping tubes in tinfoil or by keeping them shaded.
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Pre-Lab Prep for Module I
PREPARATION OF SAMPLES
Enough material is provided so that each group can select which treatment to test. Determining beforehand what
condition each group is testing can cut down on prelab preparations and help to plan for shared equipment use
(transilluminator, waterbaths, incubators, etc.)
1.

Prepare the standard curve starting sample and the plasmid DNA samples.
a. Make sure the solid material is at the bottom of the LyphoTemplate™ DNA (C). If not, centrifuge the
tube at full speed for 20 seconds or tap the tube on the lab bench.
b. Rehydrate the LyphoTemplate™ DNA by adding 200 µL of DNA dilution buffer (E) to the tube. Cap and
mix well. The solution should be clear with no solid pieces remaining.
c. Add 1800 µL of the DNA Dilution Buffer (E) to a 15 mL conical tube labeled “Diluted DNA”.
d. Add all (200 µL) of the rehydrated LyphoTemplate™ to this tube. Mix well.
e. Aliquot 20 µL of the Diluted DNA to 4 tubes labeled “SC Starting Sample”.
f. Aliquot 90 µL of Diluted DNA to 1-4 tubes* labeled “UV Plasmid DNA” and add 10 µL of Ultrapure Water
(D) to each of the four 1.5 mL snap-top tubes. Mix well. NOTE: These tubes MUST be the provided 1.5
mL snap-top tubes that are made of UV permeable plastic.
g. Aliquot 200 µL of Diluted DNA to 1-4 tubes* labeled “Enzyme Plasmid DNA”.

2.

Prepare DNAse I enzyme.
a. Make sure the solid material is at the bottom of the Lypho DNAse I Enzyme (F). If not, centrifuge the
tube at full speed for 20 seconds or tap the tube on the lab bench.
b. Rehydrate the Lypho DNAse Enzyme by adding 50 µL of Enzyme Dilution Buffer (G) to the tube. Cap and
mix well. The solution should be clear with no solid pieces remaining.
c. Aliquot 12 µL of DNASe I enzyme to 1-4 tubes* labeled “High DNAse I”.

3.

Aliquot 150 µL of DNA Dilution Buffer (E) to each group.

4.

Aliquot 100 µL of Enzyme Dilution Buffer (G) to all groups participating in Module IB.

5.

Set up a UV transilluminator.

6.

Set up water baths or incubators to 37° C and 75° C.

7.

Provide each group with a Standard Curve Starting Sample, Plasmid DNA (option A or B), DNA Dilution Buffer,
and seven or nine snap-top tubes. Groups choosing Option B should also be provided with High DNAse I and
Dilution Enzyme Buffer.

FOR MODULE I

26

Each group performing the UV treatment
(Option A) should receive:

Each group performing the enzyme treatment
(Option B) should receive:

• 20 µL SC Starting Sample
• 150 µL DNA Dilution Buffer
• 100 µL UV Plasmid DNA
• Seven snap-top tubes
• Access to UV transilluminator

• 20 µL SC Starting Sample
• 150 µL DNA Buffer
• 200 µL Enzyme Plasmid DNA
• 12 µL of High DNAse I
• 150 µL Enzyme Dilution Buffer
• Nine snap-top tubes
• Access to waterbaths/incubators set to 37° C and 75° C.
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Pre-Lab Prep for Module II
PREPARATION OF REACTIONS FOR qPCR
1.

2.
3.
4.

Prepare the primer mix.
FOR MODULE II
a. Make sure the solid material is at the bottom of the LyphoPrimer™ mix
Each group should receive:
(B). If not, centrifuge the tube at full speed for 20 seconds or tap the
• 340 µL qPCR Cocktail
tube on the lab bench.
• 16 qPCR tubes
b. Dilute the LyphoPrimer™ by adding 450 µL of Ultrapure water (H) to the
tube. Cap, mix well and place on ice. The solution should be mixed with
no solid pieces remaining.
Add all (450 µL) of the prepared primer mix to the qPCR Master Mix (A) to create a qPCR Cocktail and mix well.
Aliquot 340 µL of the cocktail to 4 snap-top tubes labeled “qPCR Cocktail”.
In addition each group should receive sixteen qPCR tubes*, pipettes, and pipette tips.

*Check your machine’s instructions to confirm that the correct plates/tubes are being used.
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Pre-Lab Prep for Module III
EQUIPMENT PREPARATIONS
1.

Reserve and set-up your qPCR machine. Detailed instructions for the Open qPCR Machine are given in
Appendices A and B.

2.

Preprogram the qPCR time and temperature conditions for this experiment (listed below) and save the
program as "qPCR I EVT 381" or similar for quick student access.

Figure 9: The 381 qPCR Program on the Open QPCR user interface.

PLAN FOR QPCR RUN TIMES
The Open qPCR machine has a capacity of 16 samples. This means that in this experiment, each student group can
run their entire qPCR experiment. The qPCR program should take ~1 hour. Additional groups can store their PCR
samples in a dark fridge while the first set of samples are running or stagger their sample preparation. Groups can
also store their PCR samples in the freezer and run on different days.
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Pre-Lab Prep for Module IV
ANALYSIS OF RESULTS
In this section, students will use the data generated in Modules I and II to graph a standard curve, generate a
linear regression equation, and determine a R2 value. Before Module III, determine which graphing software(s)
students will use and ensure they have access to this.
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Experiment Results and Analysis - Module I
These are representative results of the effects of DNAse I. With the exception of the DNA concentration of each of
the standard curve samples (below), student’s results will vary.

DNA Concentration

Sample Name

Standard Curve Starting Sample

2 ng/µL

Standard Curve 1:10

0.2 ng/µL

Standard Curve 1:100

0.02 ng/µL

Standard Curve 1:1000

0.002 ng/µL

Hypothesis:
Exposure to DNAse I will cause DNA damage in the samples. This will result in samples with higher DNAse I concentrations in them to contain less amplifiable DNA (higher Cq values).
Description of Three Treatments:
(1) DNA sample was mixed with a high DNAse I concentration and incubated for 10 minutes at 37° C before the
enzyme was deactivated.
(2) DNA sample was mixed with a medium DNAse I concentration and incubated for 10 minutes at 37° C before
the enzyme was deactivated.
(3) DNA sample was mixed with a low DNAse I concentration and incubated for 10 minutes at 37° C before the
enzyme was deactivated.
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Experiment Results and Analysis - Module II
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Experiment Results and Analysis - Module II, continued

32

Duplication of any part of this document is permitted for non-profit educational purposes only. Copyright © 2019 EDVOTEK,
Inc., all rights reserved. 381.190430

EDVO-Kit 381

Break Through! Testing DNA Damage Using Quantitative PCR

INSTRUCTOR'S GUIDE

Experiment Results and Analysis - Module III
qPCR
Reaction/
Tube #

Well
Location
(Row, Column)

Cq
Value

Mean
Cq
Value

Squared
Deviation

Keep
Sample?

Standard Curve
Starting Sample (A)

1

A1

9.73

10.38

0.65

YES

Standard Curve
Starting Sample (B)

2

B1

11.03

NA

NA

YES

Standard Curve
1:10 Sample (A)

3

A2

15.07

15.97

0.90

YES

Standard Curve
1:10 Sample (B)

4

B2

16.86

NA

NA

YES

Standard Curve
1:100 Sample (A)

5

A3

19.35

19.62

0.27

YES

Standard Curve
1:100 Sample (B)

6

B3

19.89

NA

NA

YES

Standard Curve
1:1000 Sample (A)

7

A4

24.41

23.85

0.56

YES

Standard Curve
1:1000 Sample (B)

8

B4

23.29

NA

NA

YES

qPCR
Reaction/
Tube #

Well
Location
(Row, Column)

Cq
Value

Mean
Cq
Value

Squared
Deviation

Keep
Sample?

Reaction Name

Reaction Name
Experimental
Control (A)

7

A5

11.34

11.25

0.09

YES

Experimental
Control (B)

8

B5

11.16

NA

NA

YES

Experimental
Condition 1 (A)

9

A6

18.39

17.94

0.45

YES

Experimental
Condition 1 (B)

10

B6

17.49

NA

NA

YES

Experimental
Condition 2 (A)

11

A7

23.14

22.94

0.2

YES

Experimental
Condition 2 (B)

12

B7

22.74

NA

NA

YES

Experimental
Condition 3 (A)

13

A8

0

0

0

YES

Experimental
Condition 3 (B)

14

B8

0

NA

NA

YES
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Experiment Results and Analysis - Module III, continued
Standard Curve Calculations (Module III)
Reaction
Name

Mean Cq Value

DNA in qPCR
Reaction

Log Value of DNA
Concentration in
qPCR Reaction

qPCR reactions containing
Standard Curve Starting
Sample

10.38

10 ng

1 ng

qPCR reactions containing
Standard Curve 1:10
Sample

15.97

1 ng

0 ng

qPCR reactions containing
Standard Curve 1:100
Sample

19.62

0.1 ng

-1 ng

qPCR reactions containing
Standard Curve 1:1000
Sample

23.85

0.01 ng

-2 ng

Standard Curve

The standard curve reactions in this example experiment created a standard curve with a linear equation
y=-0.2252x+3.4301 and an R2 value of 0.99203. The fact that the R2 value is >0.99 indicates that
amplification reaction was efficient and that the linear regression line fits the standard curve
data well. This indicates of a successful experiment and valid results.
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INSTRUCTOR'S GUIDE

Experiment Results and Analysis - Module III, continued
Mean Cq Value

Mean Log Value of
DNA in qPCR
Reaction

Mean DNA in
qPCR Reaction

qPCR reactions
containing
Control Sample

11.25

0.896 ng

7.881 ng*

qPCR reactions containing
Experimental
Condition 1 Sample

17.94

-0.609 ng

0.245 ng

qPCR reactions containing
Experimental
Condition 2 Sample

22.94

-1.735 ng

0.018 ng

qPCR reactions containing
Experimental
Condition 3 Sample

0†

0 ng†

0 ng†

Reaction
Name

Sample Name

Treatment

Relative Damage
(step 15)

Control Sample

NA

NA

Experimental Condition 1

Digestion with a Low
DNAse I concentration

96.9 %

Experimental Condition 2

Digestion with a Medium
DNAse I concentration

99.8%

Experimental Condition 3

Digestion with a High
DNAse I concentration

100%

Effects of DNase I Digestion on the Integrity of Plasmid DNA

* This is the total amount of DNA in the qPCR reaction. Based on plasmid concentrations and volumes added, this number
should be close to 9 for both I-A and I-B controls. It may deviate slightly because of technical errors - for example not being
able to pipette the full amount.
Inserting zero into the linear regression equation and then calculating the exponential for this value will result in a very
high number. However, biologically it is best to assume that a Cq value of zero means that no detectable DNA amplification
occurred. In this experiment this likely indicate that the DNA was completely destroyed by exposure to a high concentration of
DNAse I.

†
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Appendix A
Setting Up the Open qPCR Machine

EQUIPMENT AND SOFTWARE SETUP FOR THE OPEN qPCR MACHINE
(If using a different qPCR machine consult the manufacturers instructions.)
Open qPCR uses an IP address to interface between the machine and you the user. Follow the
instructions below to establish this connection. You may need to involve your network administrator in the process.
1.
2.
3.
4.
5.
6.

Figure 10a

Decide on and connect to a network. For a Local Area Network (LAN) connection, you
will need to insert an Ethernet cable (Figure 10a) and for a Wireless Local Area Network
(WLAN) connection you will need to insert a USB adaptor (Figure 10b).
Turn on the Open qPCR machine.
While the machine starts up, confirm that your electric devices (computers, tablets, smartFigure 10b
phones etc.) are also connected to the selected network.
Once the opening screen has loaded (Figure 12, page 35), find and record the IP address
displayed in the lower left corner of the screen. (During the lab, multiple groups will be able to simultaneously
use this address).
Open a browser, enter the IP address in the navigation window and press enter. Wait until the home page
loads (Figure 13, page 35).
If you are setting up the devise for the first time, follow screen prompts to set up a new username and password. Otherwise, enter your username and password.

NOTE: Multiple users may access the same machine. To set up additional users login to your original account and
then go to "Settings">"Manage Users">"Add User".
PREPROGRAM qPCR CONDITIONS
The following are detailed instructions. However, Open qPCR software is highly intuitive so feel free to play and
find the fastest way to program qPCR conditions for your classroom. Final conditions should be:

*

Data gathering should be switched on at these three parts of the experiment as indicated by the
graph icon (
).

1.
2.

Select “Create a New Experiment”.
When prompted enter "qPCR I (EVT 381)" or similar name for your experiment and then select “Create Experiment”.
Set initial denaturation conditions.
a. Use the left and right triangles on the screen to navigate to “Stage 1: Holding” and the “01/01 Initial
denaturing”. Alternatively, select this stage by clicking on the first circle.
b. Modify time and temperature in this stage to match the initial denaturing conditions of 94° C for 3 minutes. This can be done by changing number values at the top (orange) or bottom (white) screen section
or by dragging the circle marker up or down.

3.
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Appendix A: Setting Up the Open qPCR Machine, continued
4.

Set cycling conditions.
a. Navigate to “Stage 2: Cycling”
b. Select “O1/02 Denature”. Modify time and temperature in this stage to match the cycle denaturing conditions of 94° C for 30 seconds.
c. Select “02/O2 Anneal”. Modify time and temperature in this stage to match the cycle annealing conditions of 60° C for 30 seconds.
d. Click on “Add Step”.
e. Select “O3/03”. Modify time and temperature in this stage to match cycle extension conditions of 68° C
for 30 seconds.
f. Rename step 3 “Extension” and toggle the “Gather Data” switch to on.
g. On the top line of the white screen section click on “40x” and modify to match the experiment cycle number of 30.

5.

Set final denature conditions.
a. Click on “Add Stage” and select “Hold”.
b. Rename the “01/01 Step" “Final Extension” and modify time and temperature to match the experimental
conditions of 68° C for 5 minutes.

6.

Set melt curve conditions.
a. Click on “Add Stage” and select “Melt Curve”.
b. Select “01/03 Step 1”. Modify temperature and time to 90° C and 30 seconds.
c. Select “02/03 Step 2”. Modify temperature to starting melt curve temperature of 50° C and set time to
1 minute.
d. Select “03/03”. Modify temperature to the end melt curve temperature of 95° C for 30 seconds and ramp
speed of (0.09° C/second).
e. Confirm that the data gather symbol (
) is present between steps 2 and 3.

7.

Select low temperature hold.
a. Click on “Add Stage” and select “Hold”.
b. Set temperature to 4° C and duration to “00:00”. This should prompt the program to add an infinite hold.

8.

Navigate to the Experiment Menu by clicking on the striped box in the upper left hand corner (
) and select
“View Protocol” and confirm that all modifications and changes have been saved and are correct. The program
should match the image below. Check times, temperatures, cycle numbers, and the gather data symbol (
).

Figure 11: The 381 qPCR Program on the Open QPCR user interface.
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Appendix B
Performing qPCR Using the Open qPCR Machine
STARTING THE OPEN qPCR MACHINE
NOTE: The Open qPCR machine has well room for 16 qPCR reactions - coordinate
with your class to determine run times.
1.

2.

3.

TURN ON the machine. RECORD the IP address on the Open qPCR screen (Figure
12) and RE-ENTER the address into a browser. When the Welcome Screen loads
(Figure 13), type in your class’s user name and password.
SELECT the correct qPCR experiment. NAVIGATE to the “Experiments” list on the
right portion of the screen and CLICK ON "qPCR I (EVT 381)". If the orange and
white protocol screen does not appear (Figure 14) CLICK ON the menu bar in
the upper left hand corner (
) and SELECT “View Protocol”.
CONFIRM that the PCR cycling and melt curve conditions match the temperatures, times, and cycle numbers listed below.

Figure 12

Figure 13

* Data gathering should be switched on at these three parts of the experiment as indicated by the
graph icon (
).

Figure 14: The 381 qPCR Program on the Open QPCR user interface.
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Appendix B: Performing qPCR Using the Open qPCR Machine, continued
RUNNING THE OPEN qPCR MACHINE
4.
5.

6.
7.

SELECT the “Duplicate Experiment” box (located in the top left hand part of the screen). When prompted, ENTER a
new name.
DECIDE on the locations of your 16 samples within the Open qPCR Machine. RECORD these locations in your lab
book or in the provided student worksheet (Appendix C). With the Open qPCR platform, sample names and positions can also be saved as part of the experimental record. To do this, ENTER the sample names into the right hand
table of the screen either before the experiment or while it is running.
CLICK on the menu icon in the upper left hand corner (
) and then SELECT “Run Experiment”.
The thermal cycler will amplify the DNA and perform a melt curve experiment. While the experiment is running,
REVIEW the experimental results in real time by toggling between log and linear views.

OPTIONAL STOPPING POINT:
The qPCR machine can be left to finish the programs and hold samples at 4° C until needed.
8.

42

Once the thermal cycler program has finished, SAVE the data for future analysis. CLICK on the menu icon (
then SELECT "Export".
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Appendix C
Student Worksheets

MODULE I
Sample Preparation (Module I)
Sample Name

DNA Concentration
(Page 12, Step 8)

Standard Curve Starting Sample
Standard Curve 1:10
Standard Curve 1:100
Standard Curve 1:1000

Experimental Condition (circle one):

UV Damage or Enzyme Damage

Hypothesis:

Description of Three Treatments:
(1)

(2)

(3)
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Appendix C
Student Worksheets
QPCR Preparation and Results (Module II and Module III)

Reaction Name

qPCR
Reaction/
Tube #

(Page 16, Step 2)

Well
Location
(Row, Column)

Cq
Value

Mean
Cq
Value

Standard
Deviation

NA

NA

NA

NA

NA

NA

NA

NA

Mean
Cq
Value

Standard
Deviation

NA

NA

NA

NA

NA

NA

NA

NA

Keep
Sample?

(Page 18, Step 2) (Page 19, Step 5) (Page 20, Step 1) (Page 20, Step 2) (Page 20, Step 2)

Standard Curve
Starting Sample (A)
Standard Curve
Starting Sample (B)
Standard Curve
1:10 Sample (A)
Standard Curve
1:10 Sample (B)
Standard Curve
1:100 Sample (A)
Standard Curve
1:100 Sample (B)
Standard Curve
1:1000 Sample (A)
Standard Curve
1:1000 Sample (B)

Reaction Name

qPCR
Reaction/
Tube #

(Page 16, Step 2)

Well
Location
(Row, Column)
(Page 18, Step 2)

Cq
Value

Keep
Sample?

(Page 19, Step 5) (Page 20, Step 1) (Page 20, Step 2) (Page 20, Step 2)

Experimental
Control (A)
Experimental
Control (B)
Experimental
Condition 1 (A)
Experimental
Condition 1 (B)
Experimental
Condition 2 (A)
Experimental
Condition 2 (B)
Experimental
Condition 3 (A)
Experimental
Condition 3 (B)
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Appendix C
Student Worksheets
Standard Curve Calculations (Module III)
Reaction
Name

Mean Cq Value
(Page 20, Step 1)

DNA in qPCR
Reaction
(Page 21, Step 3)

Log Value of DNA
Concentration in
qPCR Reaction
(Page 21, Step 4)

qPCR reactions containing
Standard Curve Starting
Sample
qPCR reactions containing
Standard Curve 1:10
Sample
qPCR reactions containing
Standard Curve 1:100
Sample
qPCR reactions containing
Standard Curve 1:1000
Sample

Linear Regression Equation (page 21 step 8): _____________________________________________________________________
R2 Value (page 21 step 8): ____________________________________________________________________________________
R2 Interpretation (page 21 step 9): ______________________________________________________________________________
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Appendix C
Student Worksheets

DNA Damage Calculations (Module III)

Reaction
Name

Mean Cq Value
(Page 20, Step 1)

Mean Log Value of
DNA in qPCR
Reaction

Mean DNA in
qPCR Reaction
(Page 22, Step 11)

(Page 22, Step 10)

qPCR reactions
containing
Control Sample
qPCR reactions containing
Experimental
Condition 1 Sample
qPCR reactions containing
Experimental
Condition 2 Sample
qPCR reactions containing
Experimental
Condition 3 Sample

Sample Name
Control Sample

Treatment

Relative Damage
(Page 22, Step 12)

NA

Experimental Condition 1
Experimental Condition 2
Experimental Condition 3
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Appendix D
In-depth qPCR Analysis

When a researcher obtains a qPCR data point, they need to provide evidence that their amplification results are valid,
reliable and meaningful. Understanding of the underlying biology behind qPCR is essential to identifying potential
errors and determining the validity of experimental data. In addition, there are several ways to critically examine the
generated data. Below is a rough outline of key examination points.
1. Examining amplification curves.
Much of your data analysis will focus on a single cycle point where the amplification curve and threshold line
intersect. However, examining the amplification curve gives you an overview of the complete amplification process.
Check that each sample’s amplification curve has clear baseline, exponential, and plateau regions. Amplification
curves should also be roughly parallel and replicates should be clustered.
2. Examine the melt curve.
A melt curve with a single DNA peak strongly suggests that qPCR amplified only the target product. The presence
of multiple peaks is more ambiguous. Additional peaks can indicate nonspecific amplification (primer dimer, DNA
contamination, multiple target sites). However, additional peaks may also be the result of uneven melting in AT rich
regions of the amplified DNA. The location of the peaks can help distinguish between these two scenarios. For example, primer dimers form product peaks usually around 70° C. The clearest test for primer dimer and non-specific
amplification is running the final sample on an agarose gel.
3. Consider the slope of the standard curve
The standard curve slope can provide information about a PCR assay’s efficiency. Generally, a slope of -3.32 indicates 100% efficiency. Your experimental qPCR experiment will ideally have a slope with a value between -2.5 and
-5. For a specific estimate of efficiency calculate the efficiency value using these two equations: (1) Exponential
amplification = 10 -1/slope and (2) Efficiency = (Exponential amplification – 1) x 100.
4. Look at each samples average Cq.
This value depends on the starting amount of target DNA in each sample and experimental conditions so it will
vary between different samples. In general, the Cq values of experimental samples should fall within the range of
the standard curve. Another general rule is to flag any samples with a Cq higher than 40 as these often indicate
that you are measuring less than a molecule of starting DNA.
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Appendix E
qPCR Troubleshooting Guide
PROBLEM:

CAUSE:
Amplification not occurring.

No signal / No fluorescent detection.

Run samples on gel. If bands are visible it is likely a detection
error. Make sure that the correct PCR tubes are being used and
that the instrument’s setting is optimized for a SYBR Green
probe. Also confirm that the fluorescent dye is not degraded
from extended light exposure or extreme temperatures.

Abnormal amplification
observed (curves are
sigmoidal or negative,
lines are wavy or erratic).

High background signal.

Recalibrate the machine or manually adjust the baseline
setting to a higher value.

Samples were not adequately mixed.

Briefly centrifuge samples before adding to to machine and
carefully pipet small volumes.

Amplification begins
very late in the program.

Poor template quality in certain samples.

Keep samples on ice and carefully pipet small volumes.

Amplification begins
very early in the program.

Too much template is present in certain
samples.

The instrument is having trouble distinguishing between noise
and true amplification. Manually reset the baseline or further
dilute high concentration samples.

Incorrect DNA dilutions causing error in the
standard curve

Pipetting error during the serial dilution. Use a classmate’s
standard curve.

To little dye or probe in sample.

Make sure instrument setting for dye matches SYBR. Confirm
fluorescence is not degraded from extended light exposure or
extreme temperatures. Thoroughly mix and carefully pipet
master mix.

Sample inhibition.

Provided samples have been purified and optimized for this
reaction. If using outside samples the DNA concentration may
be too low or there may be inhibitors.

Incorrect DNA dilutions causing error in the
standard curve

Pipetting error during the serial dilution. Use a classmate’s
standard curve.

Contamination

Change tips between samples. Prepare serial dilution and
samples separately. Always start with the lowest concentration
standard dilution sample.

No amplification
detected.

Low PCR efficiency
(<80%)

High PCR efficiency
(>110%)

Replicates show high
variability.

Non-specific peaks in
the melt curve.
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ANSWER:
Run samples on gel. If no bands are visible it is likely a PCR
error. Possible causes are pipetting error or a missing reagent.
Lack of amplification can also be caused by sample or enzyme
degradation.

Too much dye or probe in sample.

Invert the master mix several times to avoid a concentration
gradient and pipet accurately. Also check that tube/well seals
are secure and no evaporation is occurring.

Evaporation

Make sure caps or other covers are securely fitted before
adding samples.

Concentration differences

Thoroughly mix and accurately pipet samples.

High primer concentration

Thoroughly mix and accurately pipet samples.

Contamination

Keep tubes sealed when possible.
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