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Experiment Components

READY-TO-LOAD™ SAMPLES FOR ELECTROPHORESIS
Components (in QuickStrip™ format)		
Store QuickStrip™ samples in the refrigerator upon receipt.
A
B
C
D
E

Check (√)

DNA Standard Marker		
Control DNA 		
Patient Peripheral Blood DNA		
Patient Breast Tumor DNA		
Patient Normal Breast Tissue DNA		

q
q
q
q
q

Experiment #115 is
designed for 8 groups.
Store QuickStrip™ samples
in the refrigerator immediately upon receipt. All other
components can be stored at
room temperature.

REAGENTS & SUPPLIES
Store the following at room temperature.
•
•
•
•

UltraSpec-Agarose™		
Electrophoresis Buffer (50x)
Practice Gel Loading Solution		
FlashBlue™ DNA Stain		

q
q
q
q

NEW

DNA Sequencing
Module!
See Appendix D for
this optional activity.

Requirements
•
•
•
•
•
•
•
•
•
•
•
•
•

Horizontal gel electrophoresis apparatus
D.C. power supply
Automatic micropipettes with tips
Balance
Microwave, hot plate or burner
Pipet pump
250 mL flasks or beakers
Hot gloves
Safety goggles and disposable laboratory gloves
Small plastic trays or large weigh boats (for gel destaining)
DNA visualization system (white light)
Distilled or deionized water
Printouts for Sequence Anaylsis (OPTIONAL)

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.
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Background Information
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All cells divide in order to create more cells. In most cases, one
parent cell will split into two identical daughter cells. This allows
an organism to grow, to develop, and to replace old cells. In
order for a cell to divide, it must increase in volume, duplicate
its DNA and organelles, and then split all of the cellular components into two separate cells. This sequence of events, called
the cell cycle, is tightly controlled so that cells only divide when
and where they are supposed to. Cellular checkpoints block the
passage of the cell from one phase to the next, preventing cells
from dividing when they should not (Figure 1). Only when the
cell has successfully completed one step is it allowed to clear the
checkpoint and move to the next step of mitosis.

e

Chances are that you have a personal connection to cancer. Worldwide, cancer is the second leading cause of death, with
about 1 in 6 deaths caused by cancer. Many more people have been treated for cancer. This means that the likelihood is
high that a friend, family member, or colleague has been diagnosed with cancer at some point. But what is cancer, how
does it affect the human body, and how can we test for it?

The cell cycle must be carefully regulated to ensure that the cell
divides at the right time and in the right place. For example,
cells in the epidermis divide frequently to replace the outer layers of skin, whereas mature neurons in the brain divide rarely if
at all. Red blood cells, which have ejected their nuclear material,
no longer divide; instead, when they are no longer useful, they
are broken down and recycled into new cells. When mutations
in a cell’s DNA change the timing of signals that tell it when to
grow and divide, it can multiply in a rapid, unregulated way.

Figure 1: Schematic of the cell cycle.

This unregulated, abnormal growth of cells results in a group of diseases called cancer. Over time, the over-abundance
of cells forms masses called tumors. Common cancers include skin, lung, breast, and colorectal cancer, each of which has
similar characteristics.  However, different tissues respond differently, and different gene mutations affect the progression
of cancer. As the cells rapidly divide, proofreading during DNA replication becomes sloppy, creating additional mutations in
genes. This can result in cancer cells leaving their primary site and invading surrounding tissues where they form satellite
tumors in a process called metastasis.

TUMOR SUPPRESSOR PROTEINS AND ONCOGENES
The vast majority of cancers arise from mutations in genes controlling cellular growth. These mutations change the way
proteins function and the way a cell behaves and divides, eventually leading to cancer. There are two main classes of genes
that cause cancer:
1) Oncogenes: In healthy tissues, cells contain DNA that codes for proteins that promote normal cell growth and division. Mutations in the DNA sequence can cause these genes to become active at the wrong time or place. These “gainof-function” mutations cause the genes to become more active, signaling for the cell to divide uncontrollably. Many of
these mutations are dominant, meaning that only one mutant copy of the gene is necessary to cause unrestricted cell
growth. For example, in healthy tissues MYC genes code for proteins called transcription factors that turn on genes necessary for cell growth at specific times during development.  When the genes are mutated, MYC is able to continuously
turn on these pro-growth genes, resulting in uncontrolled cell proliferation.
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2) Tumor Suppressor Genes: In healthy cells, tumor suppressor proteins inhibit cell growth and prevent tumor formation. Mutations in these genes remove the barriers preventing uncontrolled cell division. Many of these mutations are
recessive, meaning that one mutant copy cannot cause uncontrolled cell growth. To promote cancer, both copies of
the gene must be mutated. One example of a tumor suppressor protein is P53, encoded by the TBP53 gene. P53 is an
important protein in tumor suppression, regulating DNA damage repair, arresting cell growth, and initiating cell death
in unhealthy cells.
It is important to remember that cancer is not one disease. Even within a single type of cancer, like breast or colorectal
cancer, different mutations can lead to the overgrowth of cells.   Furthermore, it is rare for cancer cells to contain only a
single mutation. In fact, initial mutations in pre-cancerous cells can destabilize the genome, leading to further mutations in
that cell and its daughter cells. Cancer cells will often contain one or more oncogenes combined with the inactivation of an
important tumor suppressor gene.  Since cancer changes the nature of the cells, these mutations can be identified using
modern molecular biology techniques.

MOLECULAR ANALYSIS OF INHERITED CANCER GENES
The vast majority of cancers result from acquired (somatic) mutations, which are changes in the DNA sequence that happen
during a person’s lifetime. These changes occur either through
exposure to mutagens that change the DNA sequence or
Sporadic
Hereditary
through errors in DNA replication. Now, not every change in
Somatic Mutation
Germline Mutation
a somatic cell’s DNA (i.e., non-germ cells) may cause cancer; the changes may be in non-coding DNA, or they may
be recessive to a functioning copy of the gene. But since
these mutations occur in the body’s cells, and not the germ
cells, they cannot be passed to an individual’s progeny so
there is no direct genetic link between family members. In
contrast, germline mutations are directly inherited through
DNA changes that can be passed from one generation to
Normal Gene
the next as they are present in the gametes. As a result, they
appear more frequently among family members. They can
First Somatic
be tracked by creating a diagram that describes the relationSomatic
Mutation
Mutation
ships between family members, called a familial pedigree.
Overall, familial cancers constitute a very small fraction of
the total reported cancers. Pedigrees for both somatic and
Second Somatic
inherited cancers appear in Figure 2.
Multiple Tumors
Some of the first cancer genes identified by researchers are
responsible for inherited cancers. For example:

Bilateral Tumors
Early Onset

Figure 2: Hereditary and

Mutation

Single Tumors
Unilateral Tumors
Later onset

•

The retinoblastoma (RB) Gene: a tumor suppressor
gene that slows cell cycle progression. Mutations in this
gene result in childhood cancer of the eye.

•

The Wilms' Tumor 1 Susceptibility (WT1) Gene: a tumor suppressor gene that turns on genes necessary for development of the urogenital system. Mutations in this gene
result in nephroblastoma, a cancer of the kidneys.

•

The Neurofibromatosis Type II (Merlin) Gene: a tumor suppressor gene that codes for a protein that links the cytoskeleton to itself and to the cell membrane. Cells with mutations in this gene ignore contact inhibition when growing;
that is, the signals that tell cells to stop dividing when they are touching other cells.

sporadic models of gene
inactivation.
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•

Li-Fraumeni Syndrome (P53 gene): a tumor suppressor gene that acts as a master regulator for the genes responsible
for cell division and death. This gene is often called the “Guardian of the Genome” as it plays a major role in preventing
changes to the genomic DNA. Just a single mutation in the gene greatly increases a person’s susceptibility to cancer.
Not surprisingly, p53 is the most commonly mutated gene in cancer cells.

By studying inherited cancers, cancer biologists can search for genes that are critical for normal cell development and
carcinogenesis. Using molecular biology techniques, researchers developed gene maps that describe the chromosomal
locations of genes.  These maps are used as tools for the identification of cancer-causing mutations for both inherited and
non-inherited cancers. To create these maps, researchers isolate cancer cell DNA and analyze point mutations in hot spot
areas in cancer-related genes, such as p53. Cancer genomes, or the whole DNA sequence from cancer cells, can be analyzed using techniques like Restriction Fragment Length Polymorphism (RFLP) analysis and DNA sequence analysis by chain
termination.
For RFLP analysis, researchers first amplify DNA using the polymerase chain reaction (PCR), a biotechnology technique
that quickly and accurately creates large amounts of DNA in vitro in a process similar to replication in a cell’s nucleus. The
DNA samples are heated, which separates the two strands of the DNA duplex. Short, synthetic DNA primers, designed by
researchers to target a specific sequence, bind to the DNA.  This directs the DNA-building enzyme Taq DNA polymerase to
build new DNA, starting at the primer location and continuing along the sequence. After the initial elongation, the sample
is again heated to denature the newly formed DNA duplex, then cooled to allow primer binding and extension to happen
again (Figure 3).  Each time the sample cycles through the different temperatures, the amount of DNA doubles.  This simple
cycle – anneal, extend, denature – is the basis of PCR. By repeating this sequence of heating and cooling many times, billions
of copies of a specific DNA sequence are produced in a matter of minutes.  After amplification, the DNA is digested with
restriction enzymes, which cut double-stranded DNA in a sequence-specific manner.  The fragments are analyzed using
agarose gel electrophoresis, a technique that separates DNA into discrete bands based on their molecular size.

Target
5'
3'

3'
5'

5'

3'
5'
Primer 1

Separation of two DNA strands

3'
Extension
72°C

Anneal
primers to 45°C

Primer 2
5'

5'
5'

5'
3'

Denature 94°C

5'

3'
5'

Extension
72°C

Figure 3: Polymerase Chain Reaction
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LI-FRAUMENI SYNDROME (LFS) AND P53 MUTATIONS
Two physicians, Frederick Pei Li and Joseph F. Fraumeni, Jr. first described a rare syndrome in 1969 after identifying 24 families with a history of childhood sarcomas, an uncommon bone and connective tissue cancer. Further analysis showed more
than 50% of the family members were susceptible to cancers that include brain, colorectal, breast cancers and leukemias.
To study the heredity of the syndrome, researchers took detailed patient histories and created family pedigrees tracing the
occurrences of cancer back through several generations (Figure 4). After careful analysis of the family pedigrees, researchers concluded that this syndrome followed a dominant inheritance pattern. Using the data, Li and Fraumeni established
specific guidelines for diagnosis of this familial cancer.  All three of these guidelines must be met before LFS can be diagnosed.
•

A tumor (sarcoma or other cancer common in LiFraumeni Syndrome patients) diagnosed before the
patient is 45.

•

One immediate relative (parents, siblings, or children) diagnosed with cancer before the age of 45.

•

A second relative, either immediate or second-degree (grandparents/grandchildren, aunts/uncles, or
nieces/nephews) diagnosed with cancer before the
age of 45.

With the advent of DNA sequencing in the 1990’s,
researchers were able to link this condition, now called
Li-Fraumeni Syndrome (or LFS) to the P53 gene. The
data showed that individuals with LFS have inherited one
wildtype p53 allele and one mutated allele. This means
that a single somatic mutation within the gene will result
in the inactivation of both alleles. In contrast, individuals with two wildtype copies of the P53 gene require two
sequential mutations to initiate tumors. This model is
referred to as the "two-hit" hypothesis.

BB.42

BR.36

SS.23
BB.34

CN.2

CN.36

OS.13
BB
BR
CN
LK
OS
SS

LK.2

Bilateral breast cancer
Breast cancer
Brain tumor
Leukemia
Osteosarcoma
Soft tissue sarcoma

Figure 4: Example of Li-Fraumeni Family Pedigree.

Cancer biologists have extensively studied and mapped the DNA sequence changes in P53 that cause Li-Fraumeni syndrome and other cancers and found that over 50% of cancer genomes have mutations in this gene. Homozygous loss of
P53, where mutations have arisen in both copies of the gene, is found in 65% of colon cancers, 30-50% of breast cancers,
and 50% of lung cancers. Due to the prevalence of P53 mutations, and the importance of the gene in driving cancer progression, it has become one of the most well studied cancer genes. Because of P53’s role as a master regulator in cell division
and cell death, both the DNA and protein have become the focus of many cancer biology studies.
The gene for the P53 protein is located on the short arm of chromosome 17. It was initially identified as a 53 kilodalton
(kDa) protein by SDS-PAGE, hence the name P53 (p for protein, 53 for the apparent molecular weight). After the sequence
was determined, it was discovered that the protein’s molecular weight was actually 43.7 kDa; the discrepancy in size came
from the large number of prolines in the protein sequence which affected its migration through the gel.  In the cell, P53
regulates cell division and cell death through its function as a transcriptional regulator.  Specific amino acids in the protein
(called residues) allow it to bind to specific DNA sites.  By binding the DNA, P53 activates the transcriptions of genes necessary for cell division and cell death.
The P53 protein can be divided into three main domains (Figure 5A). The N-terminal region of the protein contains the
transcriptional activation domain (TAD), which binds to and activates transcription factors. The central region of the protein
is the DNA-binding domain (DBD), which binds to a specific promoter sequence to activate gene transcription.  Sequences
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within this region are also responsible for binding to important co-factors. The C-terminal region of P53 is the most complex section of the protein. Oligomerization domains within this region allow P53 to bind to itself, and nuclear localization
sequences (NLSs) allow the protein to be transported the cell’s nucleus.

Figure 5A

Figure 5B

Figure 5A: A diagram of the P53 protein domains. Asterisks denote mutation "hot spots."
Figure 5B: DNA (orange) bound to P53 DNA-binding Domain (purple, blue).

The majority of critical mutations are located within the central region of P53, which is where the protein binds DNA and
transcriptional co-factors (Figure 5B). In human cancer genomes, mutations are detected in high frequency in these "hot
spots”; in fact, nearly 95% of P53 mutations occur within this region. By changing the DNA sequence, the amino acid sequence changes, and P53 loses its ability to function. Examples of DNA hot spots that change the p53 protein sequence are
found in the codons for residues 165 and 175 in exon 5, residues 196 and 213 in exon 6, residues 245 and 248 in exon 7,
and residues 273 and 282 in exon 8.  These mutations can change the conformation of the P53 protein, affect its ability to
bind to DNA, and increase the stability of the protein. Most mutations are recessive to the wild-type gene, meaning that for
a tumor suppressor gene such as p53 to play a role in transformation in cancer, both alleles need to be altered. However,
once both alleles have mutated, cells can grow uncontrolled.
Today, diagnosis of LFS includes sequencing to determine whether an individual has mutations in one or both copies of the
P53 gene, and where those mutations are located. Family pedigrees are constructed to identify other relatives who may
have LFS. Under the guidance of their doctors, patients with LFS will be regularly screened for common cancers, including leukemia, brain, breast, and colorectal cancer.  Furthermore, genetic counselors advise affected individuals about their
disease and counsel them for any emotional distress that may arise from the diagnosis.

IMAGE CREDITS:
Figure 5 (left) - Thomas Splettstoesser, CC BY-SA 3.0 <https://creativecommons.org/licenses/by-sa/3.0>, via Wikimedia Commons.
Figure 5 (right) - RaihaT, CC BY-SA 3.0 <https://creativecommons.org/licenses/by-sa/3.0>, via Wikimedia Commons.
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Experiment Overview

EXPERIMENT OBJECTIVE
In this experiment, students will gain an understanding of the p53 tumor suppressor gene and its role in familial cancers.

LABORATORY SAFETY
1.
2.
3.
4.
5.

Gloves and goggles should be worn routinely as good laboratory practice.
Exercise extreme caution when working with equipment that is used in conjunction with the
heating and/or melting of reagents.
DO NOT MOUTH PIPET REAGENTS - USE PIPET PUMPS.
Exercise caution when using any electrical equipment in the laboratory.
Always wash hands thoroughly with soap and water after handling reagents or biological
materials in the laboratory.

Wear gloves
and safety goggles

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.

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.
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Experiment Overview
MODULE I:
Construction of
a Family Pedigree

1
Construct
family pedigree.

MODULE II:
RFLP Analysis
of DNA Samples

2

Prepare agarose gel in
casting tray.

3
Remove end caps &
comb, then submerge
gel under buffer in
electrophoresis
chamber.

7
Analysis on
white light
source.

MODULE III:
Staining with
FlashBlue™

4
Load each
sample in
consecutive wells.

6
After electrophoresis,
transfer gel for staining.

5

Attach safety
cover & connect
leads to power source
to conduct electrophoresis.
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Module I: Construction of a Family Pedigree

Breast cancer is the second most common form of cancer in women (behind skin cancer), yet if detected early the survival
rate is very high. Most breast cancers begin when cells in the milk ducts begin to divide abnormally, though cancer cells can
develop in the glandular or other breast tissues. They may begin as small, benign (non-cancerous) growths of cells that remain in the breast for many years. In some cases, cancerous cells can form within the “lump”. These cells break away from
the growths and begin to spread into the surrounding tissue (metastasis), including the nearby lymph nodes.
Early symptoms of breast cancer tend to be mild, if noticeable. While most people will be alerted to cancer by detecting
a lump during a self-exam, other symptoms can include changes to the skin over the breast (including dimpling, redness,
or pitting), a newly inverted nipple, or peeling and flaking of the skin around the nipple.  Since these symptoms are subtle,
regular screening is important.
Once a potential tumor is identified, doctors evaluate it to determine the proper medical treatment.  This includes:
•
•
•

Detailed imaging of the breast tissue, either by mammogram (breast X-ray) or magnetic resonance imaging (MRI).
Removing small samples of tissues from the breast and surrounding lymph nodes for closer examination by doctors
(biopsy).
Whole body imaging by Positron Emission Tomography (PET scan) to determine whether the cancer has spread.

Risk factors for breast cancer include sex (female), weight, level of activity, diet, and more. (While uncommon, breast cancer
can also occur in men, as they do have the undeveloped duct and gland tissues.) Furthermore, there is a genetic risk – it is
estimated that 5-10% of breast cancers are inherited. When researchers analyzed genomic DNA from breast tumor cells,
they found that many patients had mutations in their p53 gene. Due to the mutations, individuals with Li-Fraumeni syndrome have an increased risk of developing breast cancer.
The first part of the experiment is based on the information made available as part of a diagnosis by the family physician
and the oncologist. The pedigree information that you will develop is for a young woman who is suspected to have the LiFraumeni syndrome.  A first step in the search and assignment of Li-Fraumeni syndrome is to sequence the patient’s DNA
and establish their family pedigree.

INFORMATION FOR DEVELOPING THE FAMILY PEDIGREE:
At her yearly physical, doctors idented a lump in Valerie Brown’s breast (age 44). The lump was biopsied and shown to be
precancerous. Valerie was concerned because she knew that her mother had breast cancer when she was in her late thirties. She made an appointment with her physician, who referred her to a specialist at a local cancer center, where she was
diagnosed as having breast cancer. As part of the medical work-up, the oncologist had inquired about her family history of
cancer.
Upon consultation with her mother, Valerie learned that her father and his family appeared to be free of cancer. However,
in Valerie's mother's family, several family members had been diagnosed with different types of cancer.  Given the high incidence of cancer in the family, the genetic counselor decided to chart the family’s pedigree to determine whether there was a
heredity component to the cancers.
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Module I: Construction of a Family Pedigree, continued
With the information given below, chart the family pedigree:
•
•
•
•
•
•
•
•
•
•
•
•

Her mother, Diane, was diagnosed and treated for breast cancer at the age of 39.
Valerie did not know that Diane had a sister, Mabel, who died at age 2 of a brain tumor.
Diane's brother, James (age 40), underwent surgery, followed by chemotherapy for breast cancer.		
Her maternal grandmother, Elsie, died at age 42 from bilateral breast cancer.
Her maternal grandfather, Elmer, was free of cancer and is 88 years old.
Her maternal cousin, Patrick (son of James), died of brain cancer at 14.
Her cousin (Patrick's sister), Jane, was diagnosed with childhood leukemia and subsequently died at age 2.
Patrick's two other brothers, Richard (age 28) and Curtis (age 30), are in good health and free of cancer.
Valerie's sister, Nancy (age 38), is free of cancer.
Nancy's son, Michael, was diagnosed at age 3 as having sarcoma. Recently, at age 18, he was diagnosed as having osteosarcoma.
Nancy's other son, John (age 16), and daughter, Jessica (age 8), are free of cancer.
Valerie has five children, none have been diagnosed with cancer: Justin (male, age 16), Sheila (female, age 14), Robert
(male, age 10), Angela (female, age 8), Anthony (male, age 6)

When drawing a family pedigree, the following are general guidelines to the symbols
used and their representations:
•
•
•
•
•

12

Female Male

A Circle represents a female.
A square represents a male.
A shaded circle or square refers to a person having some form of cancer.
An open (non-shaded) square or circle represents a person who is free of cancer.
A circle or square (either shaded or open) with a diagonal slash through it represents a
person who is deceased.

1)

Using the family pedigree, do you believe that there is a genetic component to Valerie’s cancer?

2)

Does Valerie meet the criteria for LFS (below)?  Why or why not?

Unaffected
Affected
Deceased
Carrier

•

a tumor (sarcoma or other cancer common in LFS patients) diagnosed before the patient is 45

•

one immediate relative (parents, siblings, or children) diagnosed with cancer before the age of 45

•

a second relative, either immediate or second-degree (grandparents/grandchildren, aunts/uncles, or nieces/nephews) diagnosed with cancer before the age of 45.
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Module II: RFLP Analysis of DNA Samples
After building a family pedigree and analyzing it using the LFS criteria, there is strong
evidence that Valerie has Li-Fraumeni Syndrome. In such a case, a secondary diagnostic test is normally conducted in the form of DNA analysis. Doctors collect a blood
sample, a tumor sample, and a sample from healthy tissue near the tumor for RFLP
analysis of the P53 gene. DNA is extracted from the patient samples and a region the
P53 gene is amplified using PCR.  The PCR sample is then digested using a restriction
enzyme that recognizes the mutant sequence of the hotspot codon at position 165.
This mutation creates the palindrome CAGCTG which is recognized by PvuII. The
normal DNA sequence at this location cannot be cut by this enzyme because it is not
recognized by the enzyme.

(TT)

(Tt)

(tt)

4282 bp
3000 bp
1282 bp
Normal p53 alleles (TT)
Heterozygous p53 alleles (Tt)
Mutated p53 alleles (tt)

In this module, you will perform agarose gel electrophoresis on Valerie’s simulated
samples.  After amplification by PCR, the PvuII restriction enzyme was used to digest
all three of Valerie’s DNA samples, together with a wild-type control that does not have the DNA mutation. The samples will
be analyzed using agarose gel electrophoresis, a biotechnology technique that uses electricity and a porous gel matrix to
separate DNA fragments by size. If Valerie is positive for Li-Fraumeni syndrome, the DNA obtained from blood lymphocytes
and the healthy tissue will show a pattern representing one normal allele and the second which is the mutant. If the mutation in the tumor cells occurred in the P53 gene, DNA analysis from the tumor tissue samples would only show the pattern
representing mutant alleles.

Related EDVOTEK® Instructional Videos

www.youtube.com/edvotekinc
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Module II: RFLP Analysis of DNA Samples, continued

Concentrated
buffer

Distilled
water

Agarose

60°C

Flask

Caution! Flask will be HOT!

WAIT

POUR

60°C

CASTING THE AGAROSE GEL
1.
2.
3.

4.
5.
6.

7.

DILUTE concentrated 50X Electrophoresis buffer with distilled water (refer to Table A for
correct volumes depending on the size of your gel casting tray).
MIX agarose powder with buffer solution in a 250 mL flask (refer to Table A).
DISSOLVE agarose powder by boiling the solution. MICROWAVE the solution on high for
1 minute. Carefully REMOVE the flask from the microwave and MIX by swirling the flask.
Continue to HEAT the solution in 15-second bursts until the agarose is completely dissolved (the solution should be clear like water).
COOL agarose to 60 °C with careful swirling to promote even dissipation of heat.
While agarose is cooling, SEAL the ends of the gel-casting tray with the rubber end caps.
PLACE the well template (comb) in the appropriate notch.
POUR the cooled agarose solution into the prepared gel-casting tray. The gel should
thoroughly solidify within 20 minutes.  The gel will stiffen and become less transparent as
it solidifies.
REMOVE end caps and comb. Take particular care when removing the comb to prevent
damage to the wells.

REMINDER:
This experiment
requires 0.8%
agarose gels cast
with 5 wells.

Individual 0.8% UltraSpec-Agarose™ Gels

Quick Reference for EDVO-Kit #115
Size of gel
casting tray

Wear gloves
and safety goggles

Groups
per gel

Placement of
comb

Wells required
per group

7 x 7 cm

1 group

1st set of notches

5

7 x 7 cm

0.6 mL

29.4 mL

0.24 g

30 mL

10 x 7 cm

1 group

1st set of notches

5

10 x 7 cm*

0.9 mL

44.1 mL

0.36 g

45 mL

14 x 7 cm

2 groups

1st and 3rd sets of notches

5

14 x 7 cm

1.2 mL

58.8 mL

0.48 g

60 mL

* Recommended
gel volumegel
forvolume
the EDGE™
Integrated
Electrophoresis System.
*Recommended
for the
EDGE™ Integrated

Electrophoresis System. (Cat. #500).
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Module II: RFLP Analysis of DNA Samples, continued

RUNNING THE GEL
REMINDER:
PLACE the gel (still on the tray*) into the electrophoresis chamber. COVER the gel with
Before loading the
1X Electrophoresis Buffer (See Table B for recommended volumes). The gel should be
samples, make
completely submerged.
sure the gel is
properly oriented
9. PUNCTURE the foil overlay of the QuickStrip™ with a pipet tip. LOAD the entire sample
in the apparatus
(35 µL) into the well in the order indicated by Table 1, at right.
chamber.
10. PLACE safety cover on the unit. CHECK that the gel is properly oriented. Remember,
the DNA samples will migrate toward the positive (red) electrode.
11. CONNECT leads to the power source and PERFORM electrophoTABLE 1: GEL LOADING
resis (See Table C for time and voltage guidelines). Allow the
Lane 1
DNA Standard Marker
Tube A
tracking dye to migrate at least 3 cm from the wells.
2
Control DNA
Tube B
12. After electrophoresis is complete, REMOVE the gel and casting
3
Patient Peripheral Blood DNA
Tube C
tray from the electrophoresis chamber.

8.

PROCEED to Module II: Staining Agarose Gels Using FlashBlue™.

4

Tube D

Patient Breast Tumor DNA

5

Tube E

Patient Normal Breast Tissue DNA

Time and Voltage Guidelines

1x Electrophoresis Buffer (Chamber Buffer)

(0.8% Agarose Gel)

EDGE™

M12 & M36

Volts

Min/Max (minutes)

Min/Max (minutes)

EDGE™

150 mL

3 mL

147 mL

150

10/20

20/35

M12

400 mL

8 mL

392 mL

125

N/A

30/45

M36

1000 mL

20 mL

980 mL

100

15/25

40/60

*Gels that have previously been removed from their trays should be “anchored” back to the tray with a few drops of molten agarose before placing into the
electrophoresis chamber. This will prevent the gels from sliding around in the trays and the chambers.
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Module III: Staining with FlashBlue™

1X FlashBlue™
Stain Solution

DILUTE
10 mL
10X FlashBlue™
Stain

SLIDE
90 mL
Distilled
water
STAIN

POUR

RINSE

1.
2.
3.

4.
5.

6.

warm
water

warm
water

DESTAIN

VISUALIZE

DILUTE 10 mL of 10X concentrated FlashBlue™ with 90 mL of distilled water in a flask. MIX well.
REMOVE the agarose gel and casting tray from the electrophoresis chamber. SLIDE the gel off
the casting tray into a small, clean gel-staining tray.
COVER the gel with the 1X FlashBlue™ stain solution. STAIN the gel for 2-3 minutes. For best
Wear gloves
results, use an orbital shaker to gently agitate the gel while staining. STAINING THE GEL FOR
and safety goggles
LONGER THAN 3 MINUTES WILL REQUIRE EXTRA DESTAINING TIME.
POUR the 1X FlashBlue™ back into the flask (the stain can be reused). COVER the gel with warm
water (40-45 °C). Gently RINSE the gel for 20-30 seconds. POUR off the water.
COVER the gel with clean, warm water (40-45 °C). DESTAIN for 5-15 minutes with gentle shaking (longer periods will
yield better results). DNA bands will start to appear after 5 minutes of destaining. Changing the water frequently will
accelerate destaining.
Carefully REMOVE the gel from the destaining liquid. VISUALIZE results using a white light visualization system. DNA
will appear as dark blue bands on a light blue background.

ALTERNATIVE FLASHBLUE™ STAINING PROTOCOL:
1.
2.
3.
4.

16

DILUTE 1 mL of 10X FlashBlue™ stain with 149 mL distilled water.
COVER the gel with diluted FlashBlue™ stain.
SOAK the gel in the staining liquid for at least three hours. For best results, stain gels overnight.
Carefully REMOVE the gel from the staining liquid. VISUALIZE results using a white light visualization system. DNA will
appear as dark blue bands on a light blue background.
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Study Questions

1.

What is the difference between tumor suppressors and oncogenes? Describe how mutations
affect each type of protein, and name specific examples.

2.

What are P53 “hot spots”, and how do they affect p53 protein structure?

3.

Why does Valerie's tumor DNA sample have fewer bands than the peripheral blood sample?

4.

What is the purpose of the experimental controls?

5.

Can a physician proceed with diagnosis of LFS based on the molecular data alone?
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INSTRUCTOR'S GUIDE

Instructor's Guide
ADVANCE PREPARATION:
PREPARATION FOR:

WHAT TO DO:

WHEN?

TIME REQUIRED:

Module I: Construction
of a Family Pedigree

Provide literature to
students.

Any time before
the experiment.

5 min.

Up to one day
before performing
the experiment.

45 min.

Prepare QuickStrips™.
Module II:
RLFP Analysis
of DNA
Samples

18

Prepare diluted
electrophoresis buffer.
Prepare molten agarose
and pour gels.

Module III:
Staining with
FlashBlue™

Prepare staining
components.

The class period
or overnight after
the class period.

10 min.

(OPTIONAL) Module IV:
Analysis of DNA
Sequences
(see Appendix D)

Print and provide
sequences to
students.

Any time before
the experiment.

10 min.
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INSTRUCTOR'S GUIDE

Pre-Lab Preparations: Module II
AGAROSE GEL ELECTROPHORESIS
This experiment requires a 0.8% agarose gel per student group. You can choose
whether to prepare the gels in advance or have the students prepare their own. Allow
approximately 30 minutes for this procedure.
Individual Gel Preparation:
Each student group can be responsible for casting their own individual gel prior to
conducting the experiment. See Module I in the Student’s Experimental Procedure.
Students will need 50x concentrated buffer, distilled water and agarose powder.
Batch Gel Preparation:
To save time, a larger quantity of agarose solution can be prepared for sharing by the
class. Electrophoresis buffer can also be prepared in bulk. See Appendix B.
Preparing Gels in Advance:
Gels may be prepared ahead and stored for later use. Solidified gels can be stored
under buffer in the refrigerator for up to 2 weeks.
Do not freeze gels at -20 °C as freezing will destroy the gels.

FOR MODULE II
Each group will need:
•
•
•
•

50x concentrated buffer
Distilled Water
UltraSpec-Agarose™
QuickStrip™ Samples

NOTE:

This kit is compatible with
SYBR® Safe Stain
(Cat #608, not included).
Instructions for preparing gels
and visualizing
results can be found
in Appendix C.

Gels that have been removed from their trays for storage should be “anchored” back
to the tray with a few drops of molten agarose before being placed into the tray. This
will prevent the gels from sliding around in the trays and the chambers.

SAMPLES FORMAT: PREPARING THE QUICKSTRIPS™
QuickStrip™ tubes consist of a microtiter block covered with a protective overlay.
Each well contains pre-aliquoted DNA.
Using sharp scissors, carefully divide the block of tubes into individual strips by cutting between the rows (see diagram at right). Take care not to damage the protective
overlay while separating the samples.
Each lab group will receive one set of tubes. Before loading the gel, remind students
to tap the tubes to collect the sample at the bottom of the tube.

NOTE:
Accurate pipetting is critical for maximizing successful experiment results. EDVOTEK
Series 100 experiments are designed for students who have had previous experience with micropipetting techniques and agarose gel electrophoresis.
If students are unfamiliar with using micropipettes, we recommended performing
Cat. #S-44, Micropipetting Basics or Cat. #S-43, DNA DuraGel™ prior to conducting this experiment.
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Pre-Lab Preparations: Module III
STAINING AGAROSE GELS USING FLASHBLUE™
FlashBlue™ stain is optimized to shorten the time required for both staining and destaining steps. Agarose gels can be stained with diluted FlashBlue™ for 5 minutes and
destained for only 20 minutes. For the best results, leave the gel in liquid overnight.
This will allow the stained gel to “equilibrate” in the destaining solution, resulting in
dark blue DNA bands contrasting against a uniformly light blue background. A white
light box (Cat. #552) is recommended for visualizing gels stained with FlashBlue™.

FOR MODULE III
Each group will need:
• 10 mL 10X concentrated
FlashBlue OR
100 mL 1x diluted FlashBlue
• Small plastic tray or weight boat
• Distilled or deionized water

•

Stained gels may be stored in destaining liquid for several weeks with refrigeration,
although the bands may fade with time. If this happens, re-stain the gel.

•

Destained gels can be discarded in solid waste disposal. Destaining solutions can be disposed of down the drain.

PHOTODOCUMENTATION OF DNA (OPTIONAL)
Once gels are stained, you may wish to photograph your results.  There are many different photodocumentation systems
available, including digital systems that are interfaced directly with computers. Specific instructions will vary depending
upon the type of photodocumentation system you are using.
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Experiment Results and Analysis
CONSTRUCTION OF A FAMILY PEDIGREE

Elmer, 88

Elsie BB, 42

James CC, 40

Diane BC, 39
Mabel CN, 2

Jane
LK, 2

Patrick
CN, 14

Justin
16

1.

Richard Curtis
38
30

Sheila
14

Robert
10

Valerie
BC, 36

Angela
8

Anthony
6

Nancy
38

Michael
CS, 3
OS, 18

John
16

Jessica
8

Using the family pedigree, do you believe that there is a genetic component to Valerie’s cancer?
Yes, the pedigree identifies that there is a genetic component to Valerie’s cancer because we can trace the frequent occurrence of different cancers among family members.

2.

Does Valerie meet the criteria for LFS (below)? Why or why not?
Yes because of the following information:
a) Valerie was diagnosed with a cancer that frequently occurs in individuals with LFS.
b) Valerie’s mother was diagnosed with cancer at age 39.
c) Several of Valerie’s second-degree relatives, including her grandmother and her aunt and uncle, were diagnosed
with cancer before the age of 45.
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Experiment Results and Analysis
RLFP ANALYSIS OF DNA SAMPLES

Lane

Tube

Sample

Molecular Weights (in bp)

1

A

DNA
Standard Markers

6751, 3652, 2827, 1568,
1118, 825, 630

2

B

Control
DNA

4282

3

C

Patient Peripheral
Blood DNA

4282, 3000, 1282

4

D

Patient Breast
Tumor DNA

3000, 1282

5

E

Patient Normal
Breast Tissue DNA

4282, 3000, 1282

Explanation of Gel Results
Lane 2: The normal (unmutated) p53 allele possesses no restriction sites for the enzyme.
Lane 3: Valerie's blood sample possesses one normal p53 allele and one mutated p53 allele that is point-mutated
to acquire a restriction site for the enzyme. As shown in Figure 2 (the "two-hit" model, page 5), she inherits one "hit" in all her somatic cells (including peripheral blood). As she still possesses a normal p53 allele
in this tissue, tumor formation remains suppressed.
Lane 4: Valerie's tumor biopsy shows only the mutated p53 pattern, present now on both alleles. She now has
acquired a second "hit" in this tissue, which then becomes cancerous as she no longer possesses a normal
p53 tumor suppressor.
Lane 5: Valerie's normal breast tissue DNA is the same as the peripheral blood DNA, with one mutated and one
normal p53 allele. This tissue is not cancerous as one normal tumor suppressor is still present.
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Appendices
A

EDVOTEK® Troubleshooting Guide

B

Bulk Preparation of Electrophoresis Buffer and Agarose Gels

C

Using SYBR® Safe Stain (OPTIONAL)

D

Module IV: Analysis of DNA Sequences to Search for P53 Mutations (OPTIONAL)

Safety Data Sheets can be found on our website: www.edvotek.com/safety-data-sheets
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Appendix A
EDVOTEK® Troubleshooting Guides

PROBLEM:

CAUSE:

ANSWER:

The gel was not prepared properly.

Ensure that the electrophoresis buffer was correctly diluted.

The gel was not stained properly.

Repeat staining protocol.

Malfunctioning electrophoresis unit or
power source.

Contact the manufacturer of the electrophoresis unit
or power source.

The gel was not stained for a sufficient
period of time.

Repeat staining protocol.

The background of gel is too dark after
staining with FlashBlue™.

Destain the gel for 5-10 minutes in distilled water.

DNA bands were not
resolved.

Tracking dye should migrate at least 3 cm
from the wells to ensure adequate
separation.

Be sure to run the gel at least 3 cm before
staining and visualizing the DNA
(approximately 15-20 minutes at 150 V).

DNA bands fade when
gels are kept at 4 °C.

DNA stained with FlashBlue™ may
fade with time.

Re-stain the gel with FlashBlue™.

There is no separation
between DNA bands,
even though the tracking
dye ran the appropriate
distance.

The wrong percent gel was used for
electrophoretic separation.

Be sure to prepare the correct percent agarose gel. For
reference, the Ready-to-Load™ DNA samples should be
analyzed using a 0.8% agarose gel.

There’s not enough
sample in my QuickStrip™.

The QuickStrip™ has dried out.

Add 40 µL water, gently pipet up and down to mix before
loading.

Bands are not visible
on the gel.

After staining the gel,
the DNA bands are faint.

Visit www.edvotek.com for additional troubleshooting suggestions.
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Appendix B
Bulk Preparation of Electrophoresis Buffer and Agarose Gels

To save time, the electrophoresis buffer and agarose gel solution can be prepared in larger quantities for sharing by the class.  
Unused diluted buffer can be used at a later time and solidified agarose gel solution can be remelted.  
Bulk Electrophoresis Buffer
Quantity (bulk) preparation for 3 liters of 1x electrophoresis
buffer is outlined in Table D.  

Bulk Preparation of Electrophoresis Buffer

+

50x Conc.
Buffer

60 mL

Distilled
Water

Total Volume
Required

2,940 mL

3000 mL (3 L)

Batch Agarose Gels (0.8%)
For quantity (batch) preparation of 0.8% agarose gels, see
Table E.

Batch Prep of 0.8% UltraSpec-Agarose™
Amt of
Agarose

+

Concentrated
Buffer (50X)

+

Distilled
Water

Total
Volume

367.5 mL

375 mL

1.

Use a 500 mL flask to prepare the diluted gel buffer.

2.

Pour 3.0 grams of UltraSpec-Agarose™ into the prepared
buffer.  Swirl to disperse clumps.

3.

With a marking pen, indicate the level of solution volume on the outside of the flask.

4.

Heat the agarose solution as outlined previously for individual gel preparation. The heating time will require adjustment due to the larger total volume of gel buffer solution.

5.

Cool the agarose solution to 60 °C with swirling to promote even dissipation of
heat. If evaporation has occurred, add distilled water to bring the solution up to
the original volume as marked on the flask in step 3.

6.

Dispense the required volume of cooled agarose solution for casting each gel. Measure
30 mL for a 7 x 7 cm tray, 45 mL for a 10 x 7 cm tray, and 60 mL for a 14 x 7 cm tray. For
this experiment, 7 x 7 cm gels are recommended.

7.

Allow the gel to completely solidify.  It will become firm and cool to the touch after approximately 20 minutes.  Solidified gels
can be stored under buffer in the refrigerator for up to 2 weeks. Do not freeze gels.  

3.0 g

7.5 mL

60˚C

NOTE:
The UltraSpec-Agarose™ kit
component is usually labeled
with the amount it contains.
Please read the label carefully. If the amount of agarose is not specified or if the
bottle's plastic seal has been
broken, weigh the agarose
to ensure you are using the
correct amount.

PROCEED to Loading and Running the Gel (page 15).

26

Duplication of any part of this document is permitted for non-profit educational purposes only. Copyright © 1989-2021 EDVOTEK,
Inc., all rights reserved. 115.210628

EDVO-Kit #115

RESTRICTION ENZYME CLEAVAGE OF PLASMID AND LAMBDA DNA

APPENDICES

Appendix C
Using SYBR Safe DNA Stain (OPTIONAL)
®

If desired, the DNA samples in this experiment can be visualized using SYBR® Safe DNA stain (Cat #608).
We recommend adding diluted SYBR® Safe stain to the liquid agarose gels while casting for easy, reproducible results.
A blue light or UV transilluminator is needed for visualizing SYBR® gels. The TruBlu™ 2 (Cat. #557) is highly recommended.

PREPARING SYBR ® SAFE STAIN
Instructors:
1. Prepare 1x Electrophoresis Buffer by combining 10 μL of 50X Concentrated Buffer with 490 μL of distilled water.
2.

Add 20 μL of the SYBR® Safe to the tube of 1X buffer from Step 1 and mix by tapping the tube several times. The diluted
SYBR® Safe Stain is now ready to be used during agarose gel preparation.

AGAROSE GEL PREPARATION
This experiment requires one 0.8% agarose gel for each student group. Instructors can choose whether to prepare the
gels in advance (METHOD A) or have the students prepare
their own (METHOD B). Allow approximately 30-40 minutes
for this procedure.

Batch Prep of 0.8% UltraSpec-Agarose™
Amt of
Agarose

+

Concentrated
Buffer (50X)

3.0 g

7.5 mL

+

Distilled
Water

Total
Volume

367.5 mL

375 mL

Instructor Preparation (METHOD A):
For quantity (batch) preparation of agarose gels, see Table E.
1.

Use a 500 mL flask to prepare the diluted gel buffer.

2.

Pour 3.0 grams of UltraSpec-Agarose™ into the prepared buffer. Swirl to disperse clumps.

3.

With a marking pen, indicate the level of solution volume on the outside of the flask.

4.

Heat the agarose solution as outlined previously for individual gel preparation. The heating time will require adjustment due
to the larger total volume of gel buffer solution.

5.

Cool the agarose solution to 60 °C with swirling to promote even dissipation of heat. If evaporation has occurred,
add distilled water to bring the solution up to the original volume as marked on the flask in step 3.

6.

Add the entire tube of diluted SYBR® Safe stain to the cooled agarose and mix well.

7.

Dispense the required volume of cooled agarose solution for casting each gel. Measure 30 mL for a 7 x 7 cm tray, 45 mL for
a 10 x 7 cm tray, and 60 mL for a 14 x 7 cm tray. For this experiment, 7 x 7 cm gels are recommended.

8.

Allow the gel to completely solidify. It will become firm and cool to the touch after approximately 20 minutes.  Solidified gels
can be stored in the refrigerator for up to 2 weeks. Place 1-2 mL of electrophoresis buffer in a sealable bag with the gels to
prevent them from drying out. Excessive buffer will cause SYBR® Safe to diffuse out of the gels. Do not freeze gels.

60˚C

PROCEED to Loading and Running the Gel (Steps 8-12 on page 15), followed by the VISUALIZATION procedures on page 29.
NO ADDITIONAL STAINING IS NECESSARY.
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Appendix C
Using SYBR Safe DNA Stain (OPTIONAL)
®

AGAROSE GEL PREPARATION, CONTINUED
Student Preparation (METHOD B):
For student preparation of agarose gels, see Table A.2.
1.

2.

DILUTE concentrated (50X) buffer with distilled water
to create 1X buffer (see Table A.2).
MIX agarose powder with 1X buffer in a 250 mL flask
(see Table A).

Individual 0.8% UltraSpec-Agarose™ with SYBR® Stain

7 x 7 cm

0.6 mL

29.4 mL

0.24 g

30 mL

30 µL

10 x 7 cm*

0.9 mL

44.1 mL

0.36 g

45 mL

45 µL

14 x 7 cm

1.2 mL

58.8 mL

0.48 g

60 mL

60 µL

3.

* Recommended gel volume for the EDGE™ Integrated Electrophoresis System.
DISSOLVE agarose powder by boiling the solution.
MICROWAVE the solution on high for 1 minute.
Carefully REMOVE the flask from the microwave and
MIX by swirling the flask. Continue to HEAT the solution in 15-second bursts until the agarose is completely dissolved (the
solution should be clear like water).

4.

COOL agarose to 60 °C with careful swirling to promote even dissipation of heat.

5.

While agarose is cooling, SEAL the ends of the gel-casting tray with the rubber end caps. PLACE the well template (comb) in
the appropriate notch.

6.

Before casting the gel, ADD diluted SYBR® Safe to the cooled agarose and swirl to mix (see Table A.2).

7.

POUR the cooled agarose solution into the prepared gel-casting tray. The gel should thoroughly solidify within 20 minutes.
The gel will stiffen and become less transparent as it solidifies.

8.

REMOVE end caps and comb. Take particular care when removing the comb to prevent damage to the wells.

60˚C

PROCEED to Loading and Running the Gel (Steps 8-12 on page 15), followed by the VISUALIZATION procedures on page 29.
NO ADDITIONAL STAINING IS NECESSARY.

28

Duplication of any part of this document is permitted for non-profit educational purposes only. Copyright © 1989-2021 EDVOTEK,
Inc., all rights reserved. 115.210628

EDVO-Kit #115

RESTRICTION ENZYME CLEAVAGE OF PLASMID AND LAMBDA DNA

APPENDICES

Appendix C
Using SYBR Safe DNA Stain (OPTIONAL)
®

VISUALIZING THE SYBR® GEL
A blue light or UV transilluminator is needed for visualizing SYBR® gels. The TruBlu™ 2 (Cat. #557) is highly recommended.

dH2O

1.

SLIDE gel off the casting tray onto the viewing surface of the transilluminator.

2.

Turn the unit ON. DNA should appear as bright green bands on a dark background.
PHOTOGRAPH results.

3.

Turn the unit OFF. REMOVE and DISPOSE of the gel. CLEAN the transilluminator surfaces with
distilled water.
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Inc., all rights reserved. 115.210628

Be sure to wear UV
goggles if using a
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Appendix D - Module IV
Analysis of DNA Sequences to Search for P53 Mutations (OPTIONAL)

BACKGROUND INFORMATION
Primed DNA-targeted sequence is exposed

DNA sequence analysis by chain termination (or Sanger
sequencing) allows researchers to specifically target and
sequence nucleotides from a specific location within a
strand of DNA. As with PCR, genes are targeted using a
short, synthetic DNA primer that base pairs with a specific
DNA sequence. The sample to be sequenced is combined
with the primer, the DNA-building enzyme DNA polymerase, and a blend of nucleotides. This mixture includes
a high concentration of deoxynucleotides (dNTPs) and a
low concentration of dideoxynucleotides (ddNTPs) (Figure 6A). During the sequencing reaction, DNA Pol I reads
the DNA template and adds nucleotides to the primer to
build a complementary strand of DNA. Most times, the
polymerase will add a dNTP to the growing nucleotide
chain. However, when DNA Pol I adds a ddNTP to the DNA
strand, it is impossible for the polymerase to add another
nucleotide to the end of growing strand. This is because
the ddNTPs lack the 3’ hydroxyl group that DNA Pol I uses
to link nucleotides to the growing DNA chain (Figure 6B).
This stops the reaction, creating a series of DNA fragments
of differing sizes.  The site of the dideoxynucleotide incorporation allows one to determine the position of that base.
The shortest fragments result from DNA strands that
terminated near the primer, whereas longer fragments
had more dNTPs linked to the growing DNA chain before
the incorporation of the ddNTP (Figure 6B). Each ddNTP
is labeled with a radioactive phosphate to allow the DNA
fragments to be detected.

T G T T

A

CT G A C T T C G A C A A

5’

3’

5’

+

PRIMER

3’
DNA (template strand)

Deoxyribonucleotides

P

P

P

ddCTP

dTTP

ddTTP

dGTP

ddGTP

30

DNA POLYMERASE I

Dideoxyribonucleotides
(radiolabeled)

ddATP

dCTP

G
P

P

P

G

G
H

OH

5’

DNA (template
strand)

3’
ddC
Shortest

ddG C
ddA G C

B

ddA A G C
Labeled
Strands

ddG A A G C
ddT G A A G C
ddC T G A A G C
ddA C T G A A G C
ddG A C T G A A G C

5’

3’

A

C

G

G

To read the sequence, the DNA fragments are separated
by polyacrylamide electrophoresis. The A, C, G, and T
samples are loaded into separate sample wells in the gel.
Well # 1 contains the “A” reaction; well # 2 the “C” reaction;
well # 3 the “G” reaction; and well # 4 the “T” reaction. The
unique sequencing polyacrylamide gels can resolve fragments which differ in size by a single nucleotide, based on
size. The smaller fragments move fastest while the larger
are slowest. After electrophoretic separation is complete,
autoradiography is performed. The polyacrylamide gel is
placed into direct contact with a sheet of x-ray film. Since
the DNA fragments are radioactively labeled with 32P,
their position can be detected by a dark exposure band on
the sheet of x-ray film. For a given sample well, the horizontal “bands” appear in vertical lanes from the top to the
bottom of the x-ray film (Figure 6C).
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Figure 6: Sanger DNA Sequencing.
(A) Setting up the sequencing reaction.
(B) Incorporation of the ddNTPs create different size
DNA fragments.
(C) Sequencing gels are run and analyzed.
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Appendix D - Module IV
Analysis of DNA Sequences to Search for P53 Mutations (OPTIONAL)

Like RFLP analysis, DNA sequencing can be used to analyze the P53 gene.  Valerie has five children.  None of the children show
signs of cancer currently. Valerie has requested that DNA sequencing be performed for each of her children to determine
whether they also have LFS.
1.
2.
3.
4.
5.

Justin (male, age 16)
Sheila (female, age 14)
Robert (male, age 10)
Angela (female, age 8)
Anthony (male, age 6)

In this part of the experiment, clinicians have taken blood samples from each child and isolated the DNA. Using Sanger sequencing, they determined the nucleotide sequence of each child’s P53 gene to determine whether there are mutations.
1.

For each of Valerie's children, READ the DNA sequence information from the gel sequence printout. The sequencing reactions have all been loaded in order: G-A-T-C. Begin analysis of the DNA sequence at the bottom of the autoradiograph with
the circled band, which is an A.

2.

COMPARE each child’s DNA sequence to the wild type sequence shown in the box below. IDENTIFY the location(s) of any
mutant nucleotides.  Which children have mutations in the P53 gene? What was the mutation?

3.

Using the information, UPDATE Valerie’s family pedigree.
Wild Type Sequence:

5’-AGCTTGGCTGCAGGTCGACGGATCCCCAGGAATTGTAAT-3’
NOTE: This is a simulation, and the DNA sequence is not that of p53. The principles of reading DNA sequences and finding the point
mutation is the same.
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Appendix D - Module IV
Analysis of DNA Sequences to Search for P53 Mutations (OPTIONAL)

ANSWER KEY:
Sheila (#2), Angela (#4), and Anthony (#5) have a normal DNA sequence for p53. Justin (#1) and Robert (#3) have a mutation in
their DNA sequence, thus increasing their chance for developing a cancer at some point during their lifetimes.
Mutant Sequence (changed nucleotide in red):

5’-AGCTTGGCTGCAGGTCGTCGGATCCCCAGGAATTGTAAT-3’
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