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Preparation

• Study sections 20.1 and 20.2 in the textbook.

• Work through the slides explaining gel electrophoresis produced by Cold Spring Harbor
Lab (click here or use the link in Canvas).

• Read the Introduction and Boxes 1 through 4 in this packet.

• Before completing Section 3 on page 6, watch the video explaining the RFLPs plus
probe technique. You can launch the video from Canvas, from the “Labs” page of the
course website, or by clicking here.

1 Gel Electrophoresis

Gel electrophoresis is one of our staple tools in biology and biomedical sciences. It allows us
to measure the sizes of molecules, which allows us to understand a great deal about how those
molecules work. For example, by measuring the size of proteins, we can determine which proteins
bind with which. As explained in a later lab, we use it to sequence DNA. It’s almost impossible to
have a career in biology without knowing at least the rudiments of the technique. Here, we study
the technique by watching a researcher from Cold Spring Harbor Laboratory, one of the premier
labs in the world, perform the technique.

To complete this portion of the lab, do the following:

1. Navigate to Canvas and begin the lab.

2. Watch the video demonstrating gel electrophoresis by clicking on the link in the first question.
Alternatively, you can navigate to the video by clicking here.

3. Answer questions 1 through 16 in Canvas.

2 Outbreak!

2.1 RFLP Introduction

In 2020, the world experienced a pandemic outbreak of a virus called severe acute respiratory
syndrom coronavirus 2 (SARS-CoV-2), which causes coronavirus disease (COVID-19). Early in
the outbreak, clinicians had difficulty identifying the disease because its symptoms—coughing,
shortness of breath and fever—occur with a variety of other illnesses, including influenza (flu).
Added to that, the winter of 2020 was one of the worst influenza seasons the U.S. had witnessed
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in the previous decade.1 So, it immediately became clear that we needed a simple, reliable test
capable of distinguishing between SARS-CoV-2, influenza and other respiratory viruses.

The molecular test most commonly in use now is based on a technique called real-time reverse
transcription polymerase chain reaction, or RT-PCR. We will study the details of this technique
in a subsequent lab. Here we will learn one method of analyzing the viral DNA obtained using
this procedure. (Note: the actual test uses gel electrophoresis, but not the exact technique we
study here.)

Suppose we obtain a sample from an elderly patient experiencing respiratory symptoms that
lead us to suspect that she has COVID-19. The problem is that her symptoms are consistent
with other illnesses, including influenza, respiratory-syncytial virus (RSV), and human metapneu-
movirus (hMPV). So, we need to distinguish which virus, if any of these, is infecting her. First, we
isolate viral genes from the patient’s sample and then perform RT-PCR to convert viral RNA into
clonal DNA (cDNA) and amplify it (make multiple copies). The amplified DNA is then digested
with restriction endonucleases, or restriction enzymes, as demonstrated in the CSHL video
that you previously studied. We perform the same procedures on samples of known SARS-CoV-2,
influenza, RSV, and hMPV. The idea is to compare the unknown viral DNA with the DNA of
these other pathogens using electrophoresis.

2.2 Assignment

To help solidify your understanding of the theory we will simulate DNA fingerprints of 4 known
viruses and compare them to an unknown virus that we are trying to identify. DNA sequences of
these pathogens are shown at the end of this section.

1. For each of the following sequences, draw lines showing the locations of the cuts made by
Hpa1 and count the resulting fragment lengths.

(a) SARS-CoV-2
5′ TTACAGTTAACTTCATAGATAAGGGTTAACGCTAGTTAACTATAGGAT 3′

(b) Influenza H1N1
5′ TTACAGTTAACTTCATCGATAAGGGTTATCGCTAGTAAACTATAGGAT 3′

(c) RSV
5′ TTACACTTAACTTCATAGATAAGTTAACGCTAGTTAACTATAGGAT 3′

(d) hMPV
5′ TTACACTTAACTTCATAGATAAGTTAACGCTAGTTAACTATAGGCATAT 3′

(e) Patient sample
5′ TTACAGTTAACTATATCGATAAGGGTTAACGCTAGTTAACTATAGGAT 3′

2. Plot the DNA fingerprints of these sequences on the simulated gel of Figure 1 (next page).

3. What is your diagnosis based on the DNA fingerprint results? Submit your answer in Canvas.

4. This example shows a very rare subtlety that can nevertheless invalidate DNA fingerprint
results. This test is a false positive. In the space below explain why. (Hint: look carefully
at the sequences.) Submit your answer in Canvas.

1see: www.cdc.gov/flu/weekly/index.htm.
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Figure 1: Simulated electrophoresis gel.
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Box 1: Restriction Endonucleases
DNA fingerprinting is a technique used to distinguish individual organisms genetically. It
takes advantage of a type of enzyme made by bacteria called restriction endonucle-
ases, or simply restriction enzymes. In bacteria, these enzymes defend against viruses.
Importantly, restriction enzymes cut DNA only at very precise locations. For example, one
restriction endonuclease, called Hpa1, cleaves DNA only where it finds the following exact
sequence:

5′ . . . GTTAAC . . . 3′

3′ . . . CAATTG . . . 5′

or if we only write the sense strand,

5′ . . . GTTAAC . . . 3′.

Wherever Hpa1 finds this entire sequence, called a restriction site, it cuts the DNA
between the middle A and T, as shown by the vertical line; unlike EcoRI and HindIII, Hpa1
does not make “sticky ends.”

Suppose a particular region of DNA has the following sequence:

5′ . . . CCGTTAACAATTGGTTAACCGC . . . 3′.

There are two Hpa1 restriction sites (highlighted), so the enzyme will cut the DNA at the
points indicated by the vertical lines. As a result, what was once a single DNA molecule is
now three fragments of DNA:

5′ . . . CCGTT 3′ 5′ AACAATTGGTT 3′ 5′ AACCGC . . . 3′.

Note that the middle chunk is 11 nucleotides long.

Here’s how we use this property to distinguish among different organisms. Suppose we
are trying to identify the cause of a patient’s respiratory symptoms, which has led us to
suspect that they suffer COVID-19. Further suppose that we’ve narrowed down the possible
causes to two viruses: SARS-CoV-2 and influenza H1N1. These viruses have the following
sequences of cDNA in part of their genomes:

SARS 5′ GATAGGTGACGTGTTAACCTACCCGTACGTTAACAGTCGGA 3′

H1N1 5′ GATACGTGACGTGTTATCCTACCCGTACGTTAACAGTCGGA 3′

Note that the sequences are nearly identical because both viruses inherited their DNA
from a relatively recent common ancestor. However, there are two differences. In the 5th
nucleotide SARS has a G and H1N1 a C, and at the 17th, SARS has an A and H1N1 a T.
These differences arose due to mutations that occurred after SARS and influenza diverged.
Note that one of these mutations will have an effect on the action of Hpa1 Can you see why?
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Box 2: RFLPs Example

The two DNA sequences shown in Box 1 differ only at positions 5 and 17. If these 2 sequences
are digested by the restriction endonuclease, Hpa1, then each will be cleaved in the locations
marked below:

SARS GATAGGTGACGTGTT—AACCTACCCGTACGTT—AACAGTCGGA
H1N1 GATACGTGACGTGTTATCCTACCCGTACGTT—AACAGTCGGA

The mutation in position 5 had no effect on Hpa1 ’s action, but the second obliterated one
of influenza’s restriction sites. Therefore, we can distinguish between SARS and influenza
H1N1 by looking at the sizes of the resulting fragments using a procedure called elec-
trophoresis. Take a moment now to study BioSkill 6 on page 28 of the textbook to review
how electrophoresis works.

After digesting and electrophoresing the DNA, the resulting fragments appear on the gel as
lines or bands. For example, the SARS sequence shown above would produce three bands,
one for each DNA fragment. Two of them—the 15 nucleotide-long sequence on the left-
hand side and the middle fragment of 16 nucleotides—will be close to each other because
the fragments are almost exactly the same length. The last one, which is 10 nucleotides long,
will end up farthest away from the wells because it’s the smallest. In contrast, the H1N1
fingerprint will only have two bands: one very close to the well, representing the huge left-
hand fragment of 31 nucleotides, and one far from the wells, representing the 10 nucleotide
long fragment on the right. Since both viruses share the 10-nucleotide-long fragment, we
say they “share this band.” However, that is the only band they have in common. Here is
a sketch of how their gels would look:
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3 RFLPs in testing for genetic diseases

3.1 Introduction

In eukaryotes, RFLPs cannot be used directly on nuclear DNA because the digest creates so many
fragments that one ends up with an unreadable smear on the gel. Instead, we highlight specific
fragments using a probe that makes it stand out from the background smear. In the following
exercise, we study how this is done and how to interpret data from a RFLPs-based genetic test.
The data used for this experiment are from a real case. The case study is detailed in Box 3.
Details on the technique are outlined in Box 4.

Box 3: Case Study

In this case study, a man and woman have a daughter with cystic fibrosis, an inherited
disease that destoys the lungs. Neither parent has the disease, so cystic fibrosis is autosomal
recessive. Both parents must be heterozygous, and the child must be homozygous recessive.
The parents have a second child, a boy, and want to know his genotype.

For privacy reasons we will assign each person in the study a number instead of giving their
names. The father is number 255, the mother 256, the sick daughter number 257 and the
son is 258. We can represent this family using a pedigree, which is a chart showing how
each is related. On such a chart we represent males with squares and females with circles.
Filled shapes are individuals with the disease, open are homozygous dominant, and half-
filled are carriers. This family’s pedigree is represented below. Squares represent males,
circles females. Shading indicates genotype: full shading is homozygous recessive and half
shading is heterozygous. Individual 258’s genotype is unknown.

?

255 256

257 258
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Box 4: Technique Details—RFLPs plus Probe

As in the previous exercise, we digest DNA using restriction enzymes and then separate dif-
ferent sized fragments with electrophoresis. However, instead of identifying every fragment,
we highlight only one or maybe two using a technique called Southern Blotting, outlined in
this figure:

After digesting the DNA and running the gels (refer to the figure above), DNA bands
are then transferred (blotted) to filter paper. Next, the blot is washed with a probe,
which is a short stretch of DNA radiolabeled with 32P that binds to one specific nucleotide
sequence. After the probes are bound, the blot is placed on an X-ray photographic plate.
Only the radioactive bands—those with bound probe—will be visible on the plate, since
the radioactivity will expose only the portion of the plate just beneath it. The resulting
“picture” is called an autoradiogram, which looks like this:
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In the case of the family with cystic fibrosis, DNA was obtained from each individual,
digested with the restriction enzyme Taq 1 (“tack-one”), blotted using the Southern blot
technique, and then probed with 2 probes called MetH and MetD. Both probes were used
because they bind to genes near the cystic fibrosis gene on chromosome 7. In the father,
Taq digests his versions of chromosome 7 differently, as shown here:

Chromosome 7'

Chromosome 7''

Taq Taq Taq Taq

MetD MetH

MetD MetH

Taq Taq Taq

The arrows show where the Taq enzyme cuts his chromosome 7. For convenience, we arbi-
trarily call one chromosome number 7′ and the other number 7′′. Chromosome 7′′ is missing
a Taq cleavage site.

The MetH probe binds to the chromosome in the location shown, just to the left of the
right-most Taq cleavage site. (Probes are indicated by heavy lines in the figure.) But, since
the father is missing a Taq site on chromosome 7′′ (seven-prime-prime), his digests produce
two different-length fragments. If we electrophorese these fragments, the father will produce
two distinct bands. The longer of the two, from chromosome 7′′, will produce a band closer
to the negative electrode than the shorter fragment from chromosome 7′.

These two bands are visible on the father’s autoradiogram for the MetH/Taq combination
(Figure 2, upper left). The band labeled “1” corresponds to the shorter fragment (from 7′),
and the band labeled “2” represents the longer one (from 7′′).

Compare these results to the MetD/Taq combination. In this case, both the father’s chro-
mosomes produce the same fragment, so the resulting autoradiogram has only one band
(fragment 1, middle left on Figure 2). You can now see how different combinations of
probes and restrictions enzymes can yield different patterns for different people.
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MetH/Taq

255 256 257 258 489

1

MetH/Msp

255 256 257 258 489

11

2
2

3

MetD/Taq

255 256 257 258 489

1

MetD/Ban

255 256 257 258 489

1

MetH/Taq

255 256 257 258 489

1

3.11/Taq

255 256 257 258 489

1

2

255 256 257 258 489

1

7C22/EcoR1

255 256 257 258 489

1

2

255 256 257 258 489

2
2

Figure 2: RFLPs data for a variety of restriction endonuclease-probe pairs for the cystic fibrosis
exercise.
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3.2 Procedure

1. Figure 2 shows data for six different probe/enzyme combinations for five different individuals:
the father (255), mother (256), daughter (257), son (258) and another individual (489). A
chromosomal analysis of each parent shows that the fragments are assigned to the two
homologous chromosomes as follows. (Verify that these patterns are correct using the data
in figure 2.)

Father (255) Mother (256)
Probe Enzyme 7´ 7´´ 7´ 7´´

MetH Taq 1 2 2 1
MetH Msp 2 3 3 2
MetD Taq 1 1 1 2
MetD Ban 1 2 2 2
3.11 Taq 1 1 1 1
7C22 EcoR1 1 1 2 1

2. Fill in the data for the children in the following table. In each case, the child will receive one
chromosome from the father and one from the mother. Use the markers for each chromo-
some to determine which came from the father (paternal) and which came from the mother
(maternal). (HINT: This will take some thought. For example, from the MetH/Taq digest
we know that both the mother and father have both fragments 1 and 2. The daughter must
have received the chromosomes carrying fragment 1 from both of her parents. Now, using
the rest of the data, you have to figure out which chromosome carries fragment 1 from each
parent.)

Daughter (257) Son (258)

Probe Enzyme Paternal Maternal Paternal Maternal

MetH Taq

MetH Msp

MetD Taq

MetD Ban

3.11 Taq

7C22 EcoR1

3. When finished with this table, copy your responses into Canvas.

4. Which chromosomes from the parents carry the cystic fibrosis gene? (HINT: Since the
daughter has cystic fibrosis, we know that both of her chromosomes carry the “bad” allele.)
Submit your answer in Canvas.

5. If the son (individual 258) lives long enough to have a child with a heterozygous woman,
what is the probability that their child will have cystic fibrosis? Submit your answer in
Canvas.
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6. The individual labeled 489 is actually an analysis of cells obtained from amniocentesis of
individual 256’s current pregnancy (a third child). The woman is worried about this child’s
chance of having cystic fibrosis. Did the fetus inherit the “bad” chromosome from it’s
mother? Explain your reasoning, and write your answer in Canvas.

7. Did the fetus (individual 489) inherit the “bad” chromosome from individual 255? Explain
your reasoning, and record your answer in Canvas.
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