
BIO 181 Laboratory Exercise Name:

Applied Genetics Instructor:
John Nagy

Preparation

Before coming to the lab,

� read the Introduction and Boxes 1 through 4 in this packet;

� study sections 20.1 and 20.2 in the textbook;

� complete the pre-lab assignment starting on page 4 of this packet.

1 Outbreak!

1.1 RFLP Introduction

The Center for Disease Control and Prevention (CDC) in Atlanta has recently received a series
of disturbing reports from sentinel hospitals in Seattle. Physicians there reported clusters of 1
to a few young, otherwise healthy patients with unexplained pneumonia-like symptoms. Patients
typically arrived in the emergency room with a severe cough and difficulty breathing. In each case
the course of disease was the same—patients responded poorly to antibiotic treatment, and after
a few days most experienced respiratory failure and died. Ominously, the geographic distribution
and ages of the victims suggest intentional release of a bioterror weapon.

Immediately upon recognizing the epidemic, the CDC asked the reporting hospitals to send
them blood and tissue samples from the patients so the pathogen could be identified as quickly
as possible. You now work as an infectious disease detective for the Bioterrorism branch of CDC,
and you’ve been given the samples for identification. The clinical information and other tests
have narrowed down the possibilities to three: 1) Bacillus anthracis, the bacterium that causes
anthrax; 2) the pneumonic form of the black plague, caused by the bacterium Yersina pestis ; and
3) a disease called tularemia, caused by a third type of bacterium, Francisella tularensis. The only
way to distinguish among them is with a molecular test.

Other members of the lab have already begun the analysis. In particular, they isolated bacteria
from the blood and tissue samples sent by the hospitals and amplified the bacterial DNA using
polymerase chain reaction (PCR). The amplified DNA of the unknown bacterium was then
digested with a battery of enzymes called restriction endonucleases. In addition, samples of
known B. anthracis, Y. pestis and F. tularensis from CDC’s genome library were also digested
with the same enzymes. The idea is to compare the unknown bacterial DNA fingerprint with the
DNA fingerprints of B. anthracis, Y. pestis and F. tularensis. (See the reading assigned as your
lab preparation for descriptions of PCR and the use of restriction endonucleases. Boxes 1, 2 and
3 provides more information.)
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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. For example, 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 these three chunks 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 hemorrhagic fever, which is a really nasty type of
disease in which victims bleed so much that their blood eventually stops clotting. Further
suppose that we’ve narrowed down the possible causes to two viruses: Ebola and Marburg.
These viruses have the following sequences of cDNA in part of their genomes:

Ebola 5′ GATAGGTGACGTGTTAACCTACCCGTACGTTAACAGTCGGA 3′

Marb. 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
Ebola has a G and Marburg a C, and at the 17th, Ebola has an A and Marburg a T. These
differences arose due to mutations that occurred after Ebola and Marburg 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:

Ebola GATAGGTGACGTGTT—AACCTACCCGTACGTT—AACAGTCGGA
Marb. GATACGTGACGTGTTATCCTACCCGTACGTT—AACAGTCGGA

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

After digesting and electrophoresing the DNA, the resulting fragments appear on the gel as
lines or bands. For example, the Ebola 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 Marburg
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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1.2 Pre-lab 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. Complete this portion of the lab
before arriving in lab, detach these pages and hand them in at the start of lab.

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. Upload a
picture of your completed gel in Canvas.

3. What is your diagnosis based on the DNA fingerprint results? Submit your response 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 provided in Canvas explain why. (Hint:
look carefully at the sequences.) Submit your answer in Canvas.

1.3 RFLP Procedure

Now, it’s your turn to produce the viral DNA fingerprints and identify what weapon the bioter-
rorists chose to use in Seattle.

1. Cast the Agarose Gel

(a) Seal the ends of the casting tray and insert well-forming comb. Place the gel-casting
tray out of the way on the bench so the gel can set undisturbed. Do not move the tray
again until the gel has set.

(b) Carefully pour enough agarose solution (from the warm water bath) into the casting
tray to fill to a depth of about 5 mm. The gel should cover no more than 1/2 of the
height of the comb teeth. Move bubbles or solid debris off to the side with the pipette
tip. IMPORTANT: Make sure there are no objects or bubbles in the middle of the
gel.
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Figure 1: Simulated electrophoresis gel.
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(c) Let the tray sit until the gel solidifies. After no more than 10 minutes the gel will turn
cloudy, indicating that the agarose has set. Do not move or jar the tray while the gel
sets. IMPORTANT: Part of your grade for this lab depends on the quality of your
gel. While waiting for the gel to set, you can begin practicing your pipetting technique
(see procedures below.)

(d) After the gel has set, unseal the casting tray and place it in the gel box so that the
comb is at the negative (black) end of the box.

(e) Fill the box with TBE (tris-borate-EDTA) buffer so that it just covers the surface of
the gel.

(f) Carefully remove the comb. Be very gentle to avoid ripping the wells.

(g) Make sure the sample wells are completely covered by TBE buffer. If you notice “dim-
ples” in the surface of the buffer above the wells, add a little more buffer until those
dimples disappear.

2. Load the Gel

(a) Obtain an artificial practice gel and place it in a watch glass half full of water. Practice
transferring exactly 9 µL of simulated DNA into the artificial well with the micropipette.

IMPORTANT: Before continuing you must be “certified” in pipette technique by your
instructor. Do not begin pipetting real DNA until your instructor has approved your
technique.

(b) Draw a sample of digested B. anthracis DNA into the micropipette.

(c) Steady the pipette over well #1 with two hands.

(d) Dip the pipette tip through the surface of the buffer, position it over the well and
carefully expel the mixture into the well. IMPORTANT: Do not overfill the well.
Sucrose has been added to the loading mixture so that it will sink to the bottom of the
well. Be careful not to punch the pipette tip through the bottom or into the sides of
the well.

(e) Repeat this procedure to fill well #2 with digested Y. pestis DNA, well #3 with digested
F. tularensis DNA and well #4 with the unknown bacterial DNA. IMPORTANT:
Use a fresh pipette tip for each sample.

3. Electrophoresis

(a) Close the top of the electrophoresis chamber and connect the electrical leads to the
power supply anode to anode (red to red) and cathode to cathode (black to black).

(b) The instructor will set the proper voltage and begin the electrophoresis. The results
will be ready before the end of class.

1.4 RFLP analysis

What can you conclude based on your analysis? (You cannot answer this question until you read
your gels after the electrophoresis is complete.) Submit your answer in Canvas.
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2 DNA isolation (PCR prep)

2.1 Introduction

Suppose a drop of blood is found at the scene of a violent crime. Forensic scientists want to
determine if it comes from the victim, a suspect or someone else. In principle, RFLPs could be
used to identify whose blood we found. But the technique we used doesn’t work in practice, for
two reasons. First, the amount of DNA in the blood sample typically is so small that the bands
would be too light to see. Second, so many bands are produced that it looks like a smear on the
gel. In the next 2 sections we learn how to solve both problems.

To solve the first problem we will make many, many exact copies of the DNA present in the
blood drop. But, the haploid human genome comprises 3 billion bases. Trying to compare such
enormous sequences among 3 samples (blood, victim and suspect) is simply infeasible. So, one has
to choose subsequences to compare, which means you have to find a biochemical reaction that will
identify the same sequence region in all 3 samples. In other words, you have to align homologous
sequences. And here’s yet another problem. Humans are not that different genetically. Take DNA
from two people, align a randomly chosen DNA sequence from each and you almost never find
even a single difference in the bases. So, your procedure will only work if you align carefully chosen
base sequences known to vary among people. In summary, you face three problems: (1) the DNA
must be amplified; (2) but only specific DNA sequences must be amplified; (3) and these must be
known in advance to vary among people. The technique that solves all three problems is called
polymerase chain reaction or PCR.

Details of PCR theory and technology will come in a subsequent lab. The following procedures
will isolate some of your DNA and begin the PCR procedure so that we can compare you’re DNA
to everyone else’s in class.

2.2 DNA Isolation Procedure

Since PCR is sensitive to contamination, wear gloves and handle solutions and materials carefully.

1. Obtain 1 screwcap tube that has already been preloaded with 200 µl of InstaGeneTM so-
lution, one 1.5 ml Eppendorf tube (flip-top) and a cup with 10 ml of 0.9% saline solution.
Label each with your initials.

2. Rinse your mouth vigorously for 30 seconds with the saline solution and expel the saline
back into the cup.

This procedure washes cells from your cheek into the cup and causes them to burst from
osmotic shock.

3. Pipette 1 ml of your oral rinse into the Eppendorf (flip-top) tube. Close the tube.

4. Spin your sample in the Eppendorf tube with the small centrifuge for 2 minutes. Make
sure the centrifuge is balanced before spinning.

5. Remove your tube from the centrifuge and look for a small, white pellet of cell debris at the
bottom. It should be large enough to see, approaching the size of a small match head. If
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you cannot see it or it looks too small (check with your instructor), then pour off the saline
supernatant, add more of your rinse and centrifuge the sample again.

6. Pour off the supernatant into the sink—it’s the pellet we want. Carefully blot the tube on
a paper towel, but take care not to lose the pellet. It’s normal for some saline to remain in
the tube.

7. Vortex the closed tube to resuspend the cellular debris. Continue until no clumps can be
seen.

8. With a micropipette, transfer as much of the resuspended cell debris as you can into the
screwcap tube containing InstaGeneTM, honoring the trademark as you do so.

9. Screw the cap securely onto the InstaGene tube, and vortex to mix.

10. Place your thoroughly mixed tube into the 56◦C heat block for 5 minutes. Remove and
vortex several times. Then return to the 56◦C heat block for an additional 5 minutes.

This procedure mixes the cell debris into a solution that acts to free the DNA from the nucleus
and strips the chromatin of its proteins, leaving the native DNA free in solution.

11. Remove the tube and vortex again.

12. Place the tube in the 100◦C heat block for 5 minutes.

This step denatures proteins that damage DNA. The heat doesn’t hurt the DNA.

13. Remove the tube from the 100◦C heat block, vortex again and place the tube in the micro-
centrifuge, which despite its name is the larger of the two centrifuges we are using. Make
absolutely certain that the centrifuge is balanced before spinning or else the lab
may end prematurely in spectacular fashion. Close the lid and spin at 12,000 rpm for 1
minute.

14. Obtain a PCR tube and capless Eppendorf tube. Label the PCR tube with your initials
both on the side and the lid. Also write your initials on the capless Eppendorf.

15. Carefully pipette 20 µl of the InstaGene tube supernatant to the bottom of the PCR tube.
Be sure not to transfer any of the matrix beads at the bottom of the InstaGene tube.

16. With your instructor’s help, transfer 20 µl of master mix, which is a yellow solution, into
the bottom of the PCR tube. Mix this solution with your DNA sample by pipetting up and
down a few times.

17. Securely cap the PCR tube, place it inside the capless tube and put them on ice until the
rest of the class is ready to place their PCR tube in the thermocycler (”PCR machine”).

18. When the class is ready, remove your tube from the ice and place it in a spot in the ther-
mocycler. Once the thermocycler is completely loaded, the instructor will start the PCR
program, which takes several hours. Once finished, the lab technicians will remove your tube,
place it in an ultracold freezer and store it there until a later lab, when we will continue with
the analysis.
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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 bioterrorism section, we digest DNA using restriction enzymes and then sepa-
rate different 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.

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
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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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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.

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
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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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