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Student Notes

| ntroduction
Recently, DNA fingerprints (more accurately called DNA profiles) have figured prominently in
several nationally publicized court cases.

How does DNA finger printing work? What does DNA fingerprinting really prove?
To gain insight into answers to these questions, consider the following scenario:

The Scenario

There has been a burglary. Someone smashed the window in the front door of a business,
reached through the broken window, unlocked the door, entered the shop and stole a large
amount of merchandise. But in reaching through the broken glass, the burglar received a deep
gash in the arm and bled profusely on the floor of the shop. The break-in was discovered soon
after it happened, before the blood had dried. Samples of the blood were collected, yielding
enough leukocytes to allow isolation of a DNA sample.

The police have identified three suspects. Each suspect has been advised of his/her rights, and
each has consented to have a blood sample drawn for DNA analysis. The DNA from the crime
scene and DNA isolated from the three blood samples have been sent to your laboratory for
analysis and comparison.

Summary of the Activity
To examine the blood samples from the crime scene and from the suspects, you will use the
following simulated procedures:

1. Use restriction enzymes (EcoRI and Haelll) to cut DNA samples into fragments.

2. Separate the fragments using simulated electrophoresis. This will yield the banding

patterns, which we call the "fingerprint" or "profile".
3. Compare the fingerprint from the crime scene with those from the three suspects.
4. Interpret the results.

Materials and Supplies Needed

* 2 pages containing the DNA samples (2 pages/pair or group).

* 2 restriction enzyme templates (small clear plastic sheets with a certain pattern of DNA
nucleotides--one labeled EcoRI and one labeled Haelll). Each team gets a set of
templates. See Figure 2.

* 8 electrophoresis gel blanks (8.5" by 11" pieces of paper with two slanting solid lines and
many dashed alignment lines). See Figure 3.

» cellophane tape (one roll/pair or group)

* pencils, scissors (one/student or two/group)

Explanation of Simulated Materials

The DNA samples are represented as base pair sequences printed on strips of paper. For
convenience, all four DNA samples are printed on one page. To avoid mixing up the fragments
after they are cut, each sample is color coded along the length of the DNA sample. This coding
will help you keep track of the source of the sample after it has been cut from the page and "cut"
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by the enzymes. If your teacher has not yet color-coded these pages, do that now as follows: The
crime scene sample should be yellow, and suspects 1, 2, & 3 should be color-coded orange, green
and pink respectively.

Any set of appropriate symbols could have been used to represent the four nucleotides guanine,
cytosine, adenine, and thymine. In fact, first letters of each (G, C, A, T) are commonly used. For
the sake of easy recognition, we have used the following symbols:

Guanine=G = * (Gingerbread Man) Adenine = A = (Avocado)

Cytosine=C = ‘ (Coronary) Thymine=T = v (Tree)

Figure 1. Nucleotide symbols

Procedure
1. Work with a partner or in a group. One partner or part of a group chooses the EcoRI template

and the other chooses the Haelll template.

2. Each partner (or part of a group) takes one of the sheets of DNA samples and cuts the
samples apart, cutting on the outside edge line. From this point on it isimportant not to mix
the DNA samplesfrom one sheet with the DNA samples from the other sheet.

3. Next run the EcoRI template along each of the four DNA samples from one sheet until you
find a match between the base pairs on the template and the base pairs on the sample. When
matches are found, use a pencil to mark the cut sites along the dashed lines as shown in Figure 2.
Complete this process for the yellow, orange, green and pink samples respectively. Run the
Haelll template along each of the DNA samples from the other sample sheet. Repeat the process
of marking the cut sites. It may be a good idea here for each partner to check the other's work
before the samples are cut into fragments (#4 below). Don't mix the samplesfrom thetwo
sheets.

ﬁdl%% AYVOOY
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Figure 2. Restriction Enzyme Templates. Note that the cut sites
and cutting patter ns (dashed lines) are different for each enzyme.

4. When all cut sites have been marked, cut the samples using the distinctive cut patterns (the
dashed lines in Figure 2). Haelll cuts both DNA strands straight across, producing what
scientists call a "blunt end," while EcoRI cuts the DNA strands in a zigzag pattern producing
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what are called "sticky ends." Remember, take care not to mix samples, which you have cut
with EcoRI with those you cut with Hael 11!

5. Explanation of Electrophoresis In actual electrophoresis, a mixture of DNA fragments
produced by cutting the crime scene sample is placed in a small hole (called a "well") at one end
of a wet, jelly-like slab (called a "gel"). The mixture of fragments from suspect #1's DNA is
placed in a well next to the crime scene well, etc. Placing samples in the wells is called "loading
the gel." When each sample has been loaded (each sample in its own well), direct current is
applied across the gel. The direct current causes the charged fragments of DNA to move out of
the well and migrate through the gel. Smaller DNA fragments travel farther, longer DNA
fragments travel the least distance. Fragments of the same size travel the same distance. This
separation, followed by staining techniques or detection with a radioactive label, produces the
distinctive pattern we call a "fingerprint" or "profile."

To simulate this process prepare two sets of gels (four lanes each) by taping four gel-lane pages
side-by-side, being careful to match the dashed lines and align the tops and bottoms of the sheets,
as shown in Figure 3. The gel lanes are represented by the heavy solid angled lines set wide apart
at the top (starting point) and sloping in at the bottom.

Crime Scene DNA Suspect #1 DNA Suspect #2 DNA Suspect #3 DNA

Figure 3. Gel lanesfor separating DNA fragments

A sample is "run" in each lane by sliding the DNA fragments down the lane until the center of
each end is aligned on the slanting lane lines. The shortest fragments will therefore be lowest on
the page (farther along the gel lane) and the longer fragments will be nearer the starting point.
The dashed lines will help you keep the fragments aligned squarely on the page. Fragments of
similar length will be placed on top of or over-lapping each other. When the fragments are
properly aligned, you will tape them down to hold them in place.

Next each partner or group should "run" the samples, using Haelll fragments on one gel (one set
of four lanes) and EcoRI fragments on the other set of four lanes. Begin with the yellow coded
sample (crime scene sample) in the first lane and the orange, green and pink (suspects 1, 2, and
3) in lanes 2, 3, & 4, respectively. Once the fragments have been positioned, tape the fragments
down.
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Interpreting Results

Compare the pattern of DNA fragments from the crime scene with the pattern for each suspect
for one of the enzymes. How do they compare? Write a descriptive statement for each.

Now, repeat the above interpretative process for the other enzyme and record your answers.

Next compare the results for the two sets. What can you conclude? Describe your conclusions
below:

When you compared the Haelll fragments for each suspect with the Haelll fragments from the
crime scene, which suspect(s) did not match the crime scene? You probably noted that suspect
#3 did not match. Write your conclusion about #3 in the space below.

Since suspect 3's DNA fragments did not match those from the crime scene, you should have
concluded that the blood at the crime scene did not come from suspect #3. Suspect #3 was not
the person who left blood at the crime scene because the restriction fragments of #3 do not match
those from the crime scene. But examination of the Haelll fragments does not allow us to
eliminate either of suspects 1 or 2. What if we had not had suspect #2, but only #1 and #3? We
might have concluded that #1 was guilty. As we will see in a moment, that conclusion is not
justified.
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Now consider the EcoRI fragments. What do these patterns tell us?

We can again eliminate suspect 3, but what about the others? Did you say that #1 could be
eliminated? Yes, #1 can be eliminated. Does this prove that #2 is the burglar? Write your
answer in this space.

Recall how you eliminated Suspects 1 & 3. You eliminated them by using restriction enzymes
that gave DNA fragment patterns that were different from those found in the crime scene sample.
Thus, the process you have just experienced can provide proof for eliminating suspects. Does
elimination of suspects 1 & 3 prove that suspect 2 was the burglar? No, it only means that #2
remains a suspect. This is different from proving that #2 committed the crime. In order to
convict #2 of the burglary, a prosecutor would need stronger evidence. How could we strengthen
the case against #27?

Use another enzyme? Yes, that might strengthen our case, or it might eliminate #2 as a suspect.
Suppose digestion with the additional enzyme once again produced a match between the crime
scene pattern and suspect 2's pattern. Can we now conclude that #2 is guilty? No, we still have
not proven that #2 is the guilty person. For each enzyme there is a certain probability that
samples drawn from two different persons would yield the same pattern of fragments. Each
additional enzyme applied to the same sample decreases the probability of such an accidental
match. Thus the probability that two different persons were involved can become very small,
but it never reaches zero. By using appropriate statistical analyses, we can estimate the
probability that such an accidental match might occur. We may become very confident that #2
is the burglar, but we can never be absolutely certain. No matter how many times we repeat the
digestion with a different enzyme and obtain a match between the suspect's pattern and the crime
scene pattern, we can never prove that he is the burglar, because it can always be argued that if
we tried just one more enzyme, we would get a mismatch.

It is important to limit our conclusions to those which are clearly justified by the evidence. For
example, we are justified in saying that #2 has not been eliminated from suspicion by the Haelll
and EcoRI enzymes. But this is different from saying that we have proven that #2 is the burglar.
Further, it is important to distinguish evidence as being circumstantial. As we use additional
restriction enzymes on suspect #2's DNA, the number of persons likely to have that fragment
pattern is decreased drastically. Even then, we are justified only in saying that the blood at the
crime scene had a certain probability of being that of the suspect, while we may not be justified
finding a guilty verdict on this type of test alone. Someone might have managed to frame #2 by
depositing blood at the crime scene.

This exercise was developed by Dr. C.O. Patterson, Dept. of Biology, Texas A&M University, and Dr. R.K. James,
Dept. of Education Curriculum and Instruction, Texas A&M University, College Station, Texas 77843. This exercise
is part of the Texas Biotechnology Teacher Enhancement Project (BTEP).
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Teacher Notes

|ntroduction
This is a simulation of the process of DNA fingerprinting. In this exercise, students will
simulate:

* preparation of restriction fragments from samples of DNA, and

* separation of these fragments by gel electrophoresis.

These processes yield evidence regarding a crime, and students are asked to use the results of
their simulated gel separations to infer which suspect's blood was left at the scene of the crime.
News reports have publicized numerous crime events involving the use of DNA evidence. In
spite of the publicity, much of the underlying science is not well understood by most people. As
you will see, this is not a simple activity, but includes several advanced concepts. It assumes
prior knowledge of the structure of DNA and its components, as well as some understanding of
the enzymatic function of proteins. Finally, interpretation of results requires a careful analysis of
some rules of logic.

Conceptsin this Activity

The concepts emphasized in this activity include:

The use of restriction enzymes to prepare DNA fragments.

The use of gel electrophoresis to separate molecules of different sizes.

The meanings of the terms "sticky ends" and "blunt ends."

The reasons why multiple tests, using different restriction enzymes, are needed for DNA

evidence.

5. The logic of scientific procedure (hypotheses may be rejected, but they may not be
proven).

6. The use of statistical analysis to estimate the probability that a conclusion is correct.

b=

|nitiating the Activity
A crime scenario is described in the student instructions to introduce this activity. To save space,
this scenario is not repeated here.

Summary of the Procedures
Students will work in pairs or groups. They will:
1. Simulate the use of restriction enzymes (EcoRI and Haelll) to cut DNA samples into
fragments.
2. Separate the fragments using simulated electrophoresis. This will yield the banding
patterns which we call the "fingerprint," or more properly the "profile."
Compare the fingerprint (profile) from the crime scene with those of three suspects.
4. Interpret the results, deciding which, if any, of the suspects might have left the blood at
the crime scene.

(98]
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Advance Preparation

1.

Review of Student Procedures.
Review the student procedures carefully. If you have not yet completed the activity, you will
want to do a run through so that you are familiar with the concepts and materials.

Pairs or Groups.
Decide whether to have students work in pairs or groups. Using groups may decrease the
amount of time required to manipulate materials--marking, cutting, taping, interpreting, etc.

If students are not comfortable working in groups, you may want to structure some group
activities to facilitate their work. For example, you might assign roles: project leader,
materials manager, record keeper, and reporter. If you use groups of four, you will want to
assign two students to work on EcoRI and two to work on Haelll.

Further, you might have your students practice social skills needed to complete this activity
such as listening, sharing information, providing positive leadership and sharing the work
load. You have probably noted that accomplishing these behaviors requires more than telling
students to do it. Some teachers have found it valuable to discuss these skills with students,
and then ask them to describe ways they can demonstrate them. A third and very important
step is for the teacher or member of the group to monitor the use of these skills, and to
provide feedback to the group about their use of these social skills.

Also, remember that your role as teacher in group learning is to monitor all groups,
intervening to help them meet their goals. Some teachers have found it helpful in working
with student groups to allow only one person in the group to ask questions, forcing an intra-
group discussion prior to the asking of each question.

Time Requirements.

Students who understand the directions and concepts can carry this activity through the
completion of the gels in one 50-minute period. An additional period will be needed to
record observations and interpret data.

Preparing materials

1.

Make the following copies:

For each student group, 2 sets of gel lanes with 4 lanes per set (crime scene lane, suspect #1
lane, suspect #2 lane, suspect #3 lane). A master for each lane is provided. Each lane may be
copied on a single 8.5x11" sheet of paper. Sets of four lanes will be taped together edge to
edge to form a complete gel.

Make two copies of the DNA sample sheets for each pair or group. They must be printed on
17x11” paper, preferably on a color printer. Since students will use Haelll on one sheet of
samples and EcoRI on the other, there is some chance that the samples might become mixed.
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Therefore, you may want to run half of these on white and half on a lightly colored paper, and
supply one white and one colored page to each pair or group.

Copies of the restriction enzyme templates. Two master copies are provided: one for the
EcoRI enzyme, and one for the Haelll enzyme. Run each of the two masters on transparency
material (heavier is better). Make sufficient copies of the enzyme templates to provide one
copy of each enzyme for each pair or group. Since they are small and easily lost, a few extra
copies should be available.

2. Ifyou don’t have a color printer, code the DNA sample sheets with a highlighter (or crayon)
by drawing a colored line on each sample. This will ensure that students will be able to
distinguish between fragments from the crime scene and from the suspects once they have
been cut apart. You may choose to have students mark these materials if you have enough
markers. For consistency with the student directions, use the following colors:

réa_scene | _
ok %00 4
'H“?f:{ ¥--'I-'l-

CM&  from Suspect #1

suspect #1 — orange ::Hllﬂ. :MIH'* :H..:J 4!#

Sipect 8

suspect #2 — green .*'. % .,. 4,-4'- "*
gu:-t:v M I'“'

crime scene — yellow :H'H‘ b

DA e :w--rl. Ir'.-'

* #'U#-'l"l l'l #l# lll 4-
ﬁl!-lﬁt*l‘-‘l‘l‘l’ l'l i‘r

Suspect #3 - pink

3. Assemble the electrophoresis gel blanks. Four lanes are lined up side by side as indicated in
the student instructions, and taped together. To save time, you may wish to have students
assemble these in advance.

Crime Scene DNA Suspect #1 DNA Suspect #2 DNA Suspect #3 DNA

4. Secure sufficient pencils, scissors & cellophane tape for each group to operate smoothly.

Teacher Notes
Page 3



TxCETP Course Component: DNA Fingerprinting, “Who Done [t?"

This material is based on work supported by the National Science Foundation under Grant No. DUE 9987332.

5. Prepare the restriction enzymes templates. Cut the transparencies of enzymes into small

rectangles. For ease in marking the cutting sites and patterns (see student procedure) it will
be a good idea to use a hole-punch to punch a hole at the cut site on either side of the enzyme
as indicated below.

* * " Make notches with

a hole punch here * .
A X ¥

EcoRI

Additional Hints and Expansion

1.

You may wish to extend this activity and materials into a courtroom simulation. That might
provide broader appeal to students and give them opportunity to participate in role-playing
activities (lab technician who analyzed the DNA samples, police officer who collected the
blood samples, prosecutor who must explain to the jury what the test results mean, etc.).
Perhaps teachers and classes in social studies would like to team up to examine the law,
courtroom procedures, etc., in cases involving DNA evidence.

It frequently happens in running this exercise that students make mistakes, in identifying the
exact cut sites of the enzymes, in carrying out the physical cutting, or in positioning the
fragments on the gel lanes. Analogous mistakes are sometimes made by scientists and
technicians in labs carrying out real restriction fragment analysis. Your students may wish to
discuss whether it should be required that any DNA evidence used in a trial must be double-
checked by being run independently in at least two separate labs.

After completing this exercise, students will probably recognize that interpretation of DNA
evidence is more complex than most people realize. Given the increasing popularity of DNA
evidence in trials, should it be required that all lawyers and judges receive training in
molecular biology to ensure that DNA evidence is used honestly and fairly? Should
prospective jurors be questioned about their understanding of DNA, to ensure that they can
interpret the evidence fairly?

This exercise offers several possibilities for cross-curricular expansion, in addition to those
mentioned above. For example, chemistry and physics material can easily be incorporated
into this exercise. What are gels made of? What sort of structure do they possess which
allows DNA fragments to move through them? Why are DNA fragments electrically
charged? Why was it specified that a direct current must be applied to the gel to separate the
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fragments? Why couldn't an alternating current be used? Connections may also be made to
mathematics classes. How can we describe the geometry of the DNA molecule? What is a
double helix? What do we mean when we say that there is a certain probability that
restriction fragment patterns from different individuals might accidentally match? How can
this probability be calculated? Why do multiple tests using different enzymes decrease the
probability of an accidental match?

Background

Fingerprinting vs. Profiling. "DNA Fingerprinting" is the term commonly used in media and
conversation, but scientists refer to this technique by the more correct term, DNA "Profiling."
By its nature, a "fingerprint" is believed to be unique to an individual. Thus an identified
fingerprint at a crime site is inferred to mean that the individual touched the surface where the
print was found. For any DNA profile there always exists a probability that there might be two
or more individuals with the same profile. This probability is virtually 100% in the case of
identical twins, but has a certain finite probability for any two individuals in a population. These
probabilities are calculated, based on estimates made by scientists of the occurrence of a
particular DNA fragment in the population from which the DNA sample was drawn.

Restriction Enzymes. Students are sometimes curious about the strange names given to these
enzymes. EcoRI received its name because it was the first restriction enzyme (number 1)
isolated from the R strain of Escherichia coli. Haelll received its name because it was the third
enzyme (number III) isolated from Haemophilus aegyptius (strain designations are not used for
Haemophilus species). More than 300 different restriction enzymes have now been discovered
and characterized. A list of some of the most frequently used of these enzymes is provided in an
appendix.

L eukocytes. You may wish to ask the students why the scenario emphasized that the crime scene
DNA was prepared from leukocytes (white blood cells) collected from the crime scene blood.
Why not use red blood cells, which are far more numerous in any blood sample? The reason is
that in all mammals (including humans), the red blood cells contain NO DNA. By the time red
blood cells are released into circulation, their chromosomes and the nuclei in which the
chromosomes are found, have been extruded from the cells. Without the DNA-containing
chromosomes, red blood cells cannot divide and have only limited ability to repair themselves,
and will gradually deteriorate. But by the time any red blood cell is removed from circulation by
filtering in the liver, it will have been replaced by another red cell, also lacking DNA.

I nterpretation of Results

Now we turn to the interpretation of the results. What conclusions can we draw from the results
of the two simulated digestions and electrophoretic separations? Most students will infer that
suspect #2 is guilty. When asked to explain or justify this conclusion, students will point out that
following digestion with EcoRI, only suspect #2's DNA restriction pattern matches that of the
crime scene blood; therefore suspect #2 is the burglar. But is this a valid conclusion?
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Let us look carefully at our experimental results. Following digestion with Haelll, it should be
obvious that Suspect #3 cannot be the burglar; the restriction fragments from Suspect #3's DNA
clearly do not match those from the crime scene. But BOTH Suspect #1 AND Suspect #2 yield
restriction fragment patterns matching the pattern from the crime scene. We cannot distinguish
between them, based on this information. When we do another digestion, using EcoRI, we
obtain a fragment pattern from Suspect #1 which clearly does not match that from the crime
scene. Thus we are able to eliminate Suspect #1 from consideration. Only Suspect #2 remains --
but does this prove he is the burglar?

Contrary to most students' expectations, this does NOT prove that Suspect #2 must be the
burglar. It only demonstrates that we have not proven that suspect #2 is not the burglar. Suppose
that we repeated the digestion procedure with still another enzyme -- perhaps we would now
obtain a fragment pattern from Suspect #2 that would not match that from the crime scene. Now
we could conclude that Suspect #2 is not the burglar after all, even though our first two digestion
procedures produced apparent matches between his DNA and that from the crime scene. But
what if this third digestion again produced a fragment pattern from Suspect #2 which did match
that from the crime scene -- have we now proven that he is the burglar? No, we still have not
proven that he is the burglar. We have only failed to prove that he is not the burglar. This is a
subtle point, one which students, teachers, and scientists sometimes fail to grasp.

Many people suppose that in testing hypotheses, only two possibilities exist: we either prove or
we disprove the hypothesis. In fact, there are three possibilities: we may prove the hypothesis, or
we may disprove the hypothesis, or we may fail to disprove the hypothesis. Failure to disprove
the hypothesis is NOT the same as proving the hypothesis. In fact, in experimental science, it is
most often impossible to prove a hypothesis (although absolute proof can be obtained in some
mathematical systems). We can only disprove or fail to disprove the hypothesis. Returning to
our restriction fragment patterns, we recognize that a mismatch between a suspect's pattern and
the crime scene pattern disproves the hypothesis that the suspect is the burglar. But a match
between a suspect's pattern and the crime scene pattern only means that we cannot exclude the
possibility that the suspect is the burglar; we have failed to disprove the hypothesis that the
suspect is the burglar. And in fact, no matter how many times we repeat the digestion and obtain
a match between the suspect's pattern and the crime scene pattern, we can never prove that he is
the burglar, because it can always be argued that if we tried just one more enzyme, we would get
a mismatch.

Of course, we would like to achieve more certainty. For many human activities, we need more
certainty than just failing to disprove a hypothesis. In a criminal case, as well as in many
scientific investigations, we need to draw definite conclusions. We need to be able to make a
stronger statement than merely saying that we cannot prove that a hypothesis is false. For this
reason, statistical techniques have been developed which allow us to estimate how likely or how
probable it is that a particular result or set of data might have occurred by chance. In other
words, techniques are available which allow us to estimate that there is (for example) an 80%
probability that chance alone might have produced data which fit our hypothesis, or a 95%
probability that results in agreement with our hypothesis could not have arisen by chance alone
(another way of stating this is to say that in only 5% of cases could the data have occurred by
chance). This is still not the same as saying that it is 100% certain that a hypothesis is true, but at
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least it suggests how close we may be to certainty. In general, if statistical techniques indicate a
95% or greater probability that chance alone could not have produced the data, we say that the
data support the hypothesis. Notice the language: we say the data support the hypothesis, not that
the data prove the hypothesis.

By analyzing DNA samples from many individuals in a population, we can find out how
frequently particular sequences occur. The more frequently a particular sequence occurs in the
population, the more likely it is that the sequence might be found in any DNA sample. If we use
restriction tests which recognize common sequences, we might get accidental matches quite
often. If we know that a particular sequence occurs with a frequency of only 0.1% (one
individual out of 1000 carries this sequence), then in a city of 500,000 people there might be as
many as 500 people whose DNA includes that sequence. On the other hand, if we use restriction
enzymes which recognize relatively rare sequences, and if we carry out not just one test but
several, we can greatly decrease the likelihood of accidental matches. But suppose we calculate
that the chance of an accidental match between DNA samples from two individuals is only
0.00001% (one chance in ten million of an accidental match). The population of the U.S. is more
than 250 million people. This means that approximately 25 individuals in the U.S. have DNA
sequences that would match in these particular digestions. If you were serving on a jury and
were given evidence that this suspect is one of about 25 people whose DNA might have this
pattern, would you think this evidence strong enough to send the suspect to prison? Obviously
not every person in the U.S. population is a suspect. Should we ask instead how many people in
the state or in the city where the crime occurred have this DNA pattern? Arguments of this sort
supply the reason why evidence in addition to DNA profiles must be presented in a criminal case.
Is there evidence that the suspect was in the vicinity when the crime was committed? Remember
that not all 250 million U.S. residents are actually near the crime scene! Was any of the loot
from the burglary found in the suspect's car or home? Are there additional pieces of
incriminating evidence which lead a reasonable person to conclude that this suspect committed
the crime?

After repeated digestions with different enzymes, each producing a match between the suspect's
DNA and that from the crime scene, we might become very confident that he is the burglar. But
we can never achieve absolute certainty, we can never prove that he is the burglar, because the
possibility always remains that one more test would produce a mismatch. This exercise
illustrates a general point about the testing of hypotheses: we can never achieve absolute
certainty; we can never prove a hypothesis. We can disprove a hypothesis. We can fail to
disprove a hypothesis. But failure to disprove does not equal proof. All our conclusions must
remain tentative, subject to revision in light of subsequent discoveries. This tentativeness, this
willingness to revise our ideas in light of additional information, is one of the hallmarks of true
scientific procedure.

This exercise was developed by Dr. C.O. Patterson, Dept. of Biology, Texas A&M University, and Dr. R.K. James,
Dept. of Education Curriculum and Instruction, Texas A&M University, College Station, Texas 77843. This exercise
is part of the Texas Biotechnology Teacher Enhancement Project (BTEP). Support for BTEP is provided by the
National Science Foundation.
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Appendices

A short list of some additional restriction enzymes and their recognition sequences and cut sites.
This is not a complete list of all restriction enzymes now known; and more are being discovered.
For the first five enzymes, both strands of the DNA recognition sequence are shown. For the
remaining enzymes, only one strand of the recognition sequence is shown. Can you determine
which of the enzymes listed below would produce blunt ends, and which would produce sticky
ends?

Enzyme Recognition Sequence Enzyme  Recognition Sequence

Alul AG|CT Pvull CAG|CTG
TC1GA

Aosl TGC|GCA Rsal GT|AC
ACG1CGT

Asull TT|CG AA Sacl GAGCT|C
AA CG1TT

BamHI G|GATC C Sacll CCGC|GG
C CTAG1G

Bell TIGATC A Sall G|TCGAC
A CTAGIT

Bglll A|GATCT Smal CCC|GGG

Clal AT|CGAT Sphl GCATG|C

FnuDII CG|CG Sstl GAGCT|C

Hhal GCG|C Taql T|CGA

HindIII A|AGCTT Thal CG|CG

Hpal GTT|AAC Xbal T|CTAGA

Hpall C|CGG Xhol C|TCGAG

Kpnl GGTAC|C Xmal ClCCGGG

Mbol |GATC Xmalll C|GGCCG

Mspl C|CGG Xorll CGATC|G

Pstl CTGCA|G






