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CASE OF THE BROKEN BEAKER OBJECTIVES 

� Understanding of how biotechnology can be used in traditional forensics 

� Use PCR to test for specifics species DNA in an unknown sample 

� Analyze the results of PCR using agarose gel electrophoresis 

MARYLAND SCIENCE CORE LEARNING GOALS 

Goal 1.0 Skills and Processes 

Primary focus:  1.3.1, Addresses:  1.2.6, 1.2.7, 1.3.2, 1.3.3, 1.3.4, 1.4.2, 1.5.1, 1.5.4, 1.5.5, 1.7.1, 1.7.5 

Goal 3.0 Concepts of Biology 

Primary focus:  3.3.3, Addresses:  3.1.1, 3.4.2 
 

Visiting the MdBioLab 

Case of the Broken Beaker is a 
laboratory activity developed for 
use on the mobile bioscience 
laboratory, MdBioLab.  Students 
work as forensic scientists and use 
molecular techniques to analyze 
DNA using PCR and agarose gel 
electrophoresis.   

The MdBioLab is a state-of-the-art 
mobile laboratory for high school 
teachers and students, designed to 
bring new opportunities in science 
education and training to schools 
interested in expanding their 
current science curricula.  This 
educational tractor-trailer and 

instructors are capable of hosting 
32 students in a variety of 
innovative hands-on laboratory 
investigations.   Visit 
www.mdbiolab.org for more info. 

Teachers and students must first 
complete a pre-laboratory 
classroom activity introducing the 
conceptual aspects of the 
curriculum before visiting the 
MdBioLab.  There is a pre-
laboratory classroom activity 
included in this document, 
although teachers may use 
whatever additional materials they 
feel is appropriate for their own 

classroom to introduce the 
laboratory activity and concepts.  
Suggestions for extension 
activities are also included for the 
opportunity to expand and solidify 
the students’ understanding of the 
concepts and/or to apply to real 
world situations or problems. 

MdBioLab will supply all reagents, 
equipment, appropriate personal 
protective equipment and 
instruction for the laboratory 
activity.  Teachers and students 
will be required to supply their own 
pencils and copies of the student 
laboratory handout. 

 

 

Section I - Pre-Laboratory Classroom Activity 

� Students will explore how restriction enzymes work 

� Students will model gel electrophoresis as a tool to visualize DNA fragments 

Section II - Laboratory Activity (on the MdBioLab) 

� Students will perform a restriction digest and analyze the results using agarose gel electrophoresis to 
model DNA profiling; students will identify which (if any) of three suspect DNA samples match a DNA 
sample found at a crime scene 

Section III - Post-Laboratory Extension Activities 

� Electrophoresis role play 

� School mystery & Describe it in their own words 
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Perhaps the most interesting of forensic techniques 
to the general public is DNA profiling (otherwise 
known as DNA typing instead of DNA fingerprinting 
to distinguish it from traditional skin fingerprinting) 
which first made its appearance in US courtrooms in 
1987. 
 
When used correctly, DNA profiling is a powerful 
forensic tool that may be used to eliminate a suspect 
and save time searching for perpetrators.  In 
addition, it provides compelling evidence to support 
a conviction.  Probably the most useful attribute of 
DNA profiling is that it reduces the chances of a 
wrongful conviction. 
 
However, DNA profiling also has uses outside of 
crime labs.  Not only has it been used to identify 
different strains of infectious diseases such as 
tuberculosis or anthrax, zoos use the technique to 
learn more about an animals, its origins and even its 
relatives or evolutionary history. 
 
For example, Omaha’s Henry Doorly Zoo 
(http://www.omahazoo.com/) is using DNA profiling 
to discover origins of mysterious apes.  At the 
Smithsonian National Zoological Park 
(http://nationalzoo.si.edu/) they used DNA profiling 
and found that even though most birds are socially 
monogamous, many produce offspring with several 
mates;  
 

 

HOW DO YOU TELL THEM APART? 
 
DNA profiling itself has gone through a lot of 
evolution as new technologies become increasingly 
more available. 
 
When law enforcement officials first began using 
DNA profiling it relied on DNA markers that 
distinguish individuals from one another with the 
discovery of a Restriction Fragment Length 
Polymorphism (RFLP) on chromosome 14.   
 
An RFLP is a genetic mapping technique that 
analyzes the specific sequence of bases (or 
nucleotides) in a piece of DNA.  Since the specific 
sequence of bases of their DNA is different for each 
individual (due to DNA polymorphisms, or genetic 
alternatives in the sequence of their DNA), RFLPs 
can be used to map DNA molecules.  This map 
would be a diagram showing the relative sequence 
and position of different sizes of fragments created 
when the DNA is digested with the restriction 
enzyme.   
 

Restriction enzymes are produced by bacteria as a 
natural defense.  They protect bacterial organisms 
from attacks from viruses.  When a virus attacks a 
bacterial organism it shoots its own DNA into the 
bacterial cell.  The cell fights back by attacking the 
DNA of the virus with a restriction enzyme.  The 
restriction enzyme reads the sequence of bases on 
the viral DNA and cuts the DNA into smaller 
fragments at specific sites denoted by the base 
sequence. 
 
When a restriction enzyme is used to cut different 
DNA molecules, the sizes of the fragments 
generated will be unique to each molecule and 
depends entirely on the sequence of bases for that 
piece of DNA. 
 
The map used for DNA profiling was created when 
DNA from individuals is digested with the restriction 
enzyme EcoRI (which was found in E. coli) and 
ordered according to their size by separation on an 
agarose gel using gel electrophoresis.  The bands 
are detected by Southern blot analysis using a 
radioactive probe for the D14S1 locus.  Analysis of 
the Southern blot would show the fragments ordered 
according to their size and compared among 
individuals; each individual would have a different 
banding pattern, or different collection of fragments 
of varying sizes. 
 
The different sizes and numbers of fragments are 
characterized by length variations and are called 
alleles, or alternative forms of the DNA.  These 
alleles are inheritable traits resulting from either the 
presence or absence of the EcoRI restriction site at 
the D14S1 locus. 
 
As our knowledge of DNA increased and 
technological advances became available, forensic 
scientists also expanded their analysis of DNA for 
personal identification.   
 
A new class of DNA profiling markers known as 
Variable Number Tandem Repeats (VNTRs) 
became available in 1985.  These markers 
contained many alleles at each individual locus, not 
due to the presence or absence of a restriction sit, 
but rather, variability in the number of copies of a 15 
– 70 base consensus DNA sequence tandemly 
repeated within a neighboring pair or restriction 
sites.  Thousands of Southern-based DNA 
polymorphisms were used to generate genetic maps 
during the late 1980’s and early 1990’s.   
 
A forensic technician using VNTRs could double or 
triple the amount of unique bands created for an 
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individual as compared to the RFLP technique of 
DNA profiling. 
 
Shortly thereafter Short Tandem Repeats (STRs) 
were discovered.  STRs have the same basic 
structure at VNTRs but the tandemly repeated 
consensus sequences are only two to four bases 
long.  The shorter repeat lengths of STR markers 
make them more compatible with the use of the 
polymerase chain reaction (PCR).  This advantage 
has made them popular and useful markers for 
recent genetic maps and more importantly, DNA 
profiling. 
 
There are more than 2,000 STRs in the human 
genome.  Forensic technicians typically use 13 
STRs for DNA profiling. 
 
All of the markers used for DNA profiling have been 
tested for reliability and reproducibility with the 
utmost importance.  When doing scientific research, 
a mistake is simply something that can be reviewed 
and corrected.  However, the life of one or more 
people will be altered by the outcome of forensic or 
paternity analysis. 
 

 

DNA RESTRICTION ANALYSIS 
 
DNA restriction analysis is based on the following 
assumptions: 
 
� DNA molecules can be identified by a 

difference in the sequence of bases 
 
� Enzymes, which are produced naturally by 

bacteria, cut DNA molecules at specific sites 
denoted by base sequences 

 
When a restriction enzyme is used to cut different 
DNA molecules, the size of the fragments generated 
will be unique to each molecule.  As shown in Figure 
1, both DNA 1 and DNA 2 are cut with HaeIII, an 
enzyme that cuts between the base pairs GG|CC 
and CC|GG. 
 
After being cut by restriction enzymes, DNA 
fragments remain mixed in solution and 
indistinguishable from one another.  One way to 
distinguish between the different fragments created 
is to compare them by size.  Different size fragments 
of DNA can be separated using gel electrophoresis. 
 
Gel electrophoresis is a technique for separating 
molecules based on the differential movement of 
charged particles through a matrix when subjected 
to an electric field.  In non-technical terms, DNA is 
negatively charged – thus, when in the presence of 
an electric current, DNA will travel according to size 

(smallest pieces first) towards the positive electrode.  
By comparing the resulting pattern of DNA 
fragments on the gel, the DNA strands can be 
differentiated. 
 

 

THE ACTIVITY 
 
This lesson is organized into two parts - a pre-
laboratory and a laboratory investigation.  Following 
the pre-laboratory, students work in the laboratory 
where they apply the concepts acquired in the pre-
laboratory to determine paternity. 
 
This classroom activity, or pre-laboratory simulates 
DNA profiling using restriction enzymes.   The 
classroom activity leads participants through a 
simulated crime with four suspects.  The students 
each act as a restriction enzyme and digest (cut with 
scissors) the four suspects and crime DNA samples 
at specific sequences of nucleotides.  The students 
then order the different DNA samples according to 
the resulting DNA fragments size (simulate gel 
electrophoresis). 
 
The laboratory activity uses a restriction enzyme 
digest to determine the paternity of an animal born 
at the zoo.  Participants then use gel electrophoresis 
to separate and order the fragments from each 
individual according to their size.  The gel is stained 
with methylene blue to make the DNA fragments 
visible.  Participants will compare the different 
banding patterns, or DNA profiles, of each individual 
to determine which potential parents created the 
DNA profile of the animal. 
 

 

 

 

 

 

 



  CASE OF THE BROKEN BEAKER  |  INSTRUCTOR’S VERSION  |  PAGE 4 

SECTION 1 - Pre-Laboratory Classroom Activity 

Prior to doing the laboratory activity, it is suggested to use a pre-laboratory activity to introduce the 
topic and stimulate students’ thinking.  As an instructor, you may choose if the pre-laboratory activity 
is appropriate for your classroom or supplement with an activity you choose that is appropriate for 
introducing restriction enzymes and gel electrophoresis. 

The purpose of the pre-laboratory activity is to explore how the unique sequence of bases in DNA 
can be used to identify individuals.  It provides students the opportunity to investigate the application 
of restriction enzymes and gel electrophoresis to generate evidence of similarities or differences 
among DNA molecules.  The objectives of the pre-laboratory are: 
 
� Identify a need for DNA restriction analysis 

� Model the concept of DNA restriction analysis 

� Apply DNA restriction analysis to the identification of DNA fragments 

� Work cooperatively to analyze the results of the DNA restriction analysis 
 
Pre-laboratory Materials 
 
For each group: 

Scissors 
Set of envelopes labeled Suspect #1, Suspect #2, Suspect #3, Suspect #4 and Crime Scene 
DNA 

Inside envelopes:  Appropriate labeled DNA strips for each 
Handout with gel 
Glue stick 

 
Pre-laboratory Engagement (10 – 15 minutes) 
 
Organize students into five groups (no more than five students per group).  Tell the students that 
they are now part of a forensics team.  Have each team read the introduction of the handout tell 
them that their job is to solve the crime on the basis of the evidence that will be given to them. 
 
Pre-laboratory Exploration (30 – 40 minutes) 
 
Prepare one set of five evidence envelopes (see pre-laboratory materials) for each group by cutting 
out the DNA base fragments into DNA Strips and putting the cut outs of the DNA sequences in their 
respective envelopes with a DNA Evidence Evaluation sheet.  Provide the students with the 
evidence needed for their investigation of the crime by providing a set of evidence envelops for each 
group, one envelope per student.  Tell the students to follow the instructions to try to solve the crime.  
The instructions will guide them through the process of DNA restriction analysis.  As facilitator, be 
prepared to assist the students and address any misconceptions.  Encourage students to help each 
other but to work only on the DNA fragment in their envelope. 
 
Provide each group with a poster-size chart like that shown on page two of the DNA Evidence 
Evaluation.  As students complete the activity as instructed, they will tape the resulting DNA 
fragments on the poster-size chart. 
 
Pre-laboratory Explanation (20 – 30 minutes) 
 
After each group has finished putting the DNA fragments on the chart, have each team analyze their 
results and form their own opinions about the data, results and recommendations.  Lead a class 
discussion regarding their conclusions and the process they employed to obtain evidence based on 
DNA.  Possible discussion questions could be: 
 
� This process is often referred to as DNA fingerprinting.  Why do you think this term is used? 

� Why use DNA as evidence? 

� What purpose do the restriction enzyme serve? 
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� Does a match of the suspect DNA fragments with the crime DNA fragments mean the 
suspect is guilty?  Why or why not? 

 
Emphasize that the distinguishing characteristic of DNA is the sequence of nucleotide bases.  Note 
that the technique modeled does not sequence the DNA.  The technique, DNA restriction analysis, 
provides indirect evidence that sequence of DNA samples are the same or different from one 
another.  If the restriction enzymes cut the DNA sample into identical size fragments, the DNA 
samples are probably the same.  If the restriction enzymes cut the DNA samples into different size 
fragments, the DNA samples are probably different. 
 
Assessment (optional) 
 
Give an index card to each student.  Have them describe in their own words what they learned from 
the activity and discuss briefly other applications for which DNA restriction analysis could be used. 
 
 

 



  CASE OF THE BROKEN BEAKER  |  INSTRUCTOR’S VERSION  |  PAGE 6 

SECTION II – Laboratory Activity 

The purpose of the laboratory component of this unit is to apply the concepts developed in the pre-
laboratory to use DNA restriction analysis to determine if one of the two suspects were at a fictitious 
crime scene.   

Before proceeding with the laboratory investigation, it is necessary to make a logical connection to the 
concepts developed in the pre-laboratory.  In doing so, the laboratory component becomes a tool in the 
continuum of an ongoing problem rather than an isolated end in itself.  The transitional activity that 
follows links the pre-laboratory concepts to the ensuing laboratory investigation. 

Describe a crime scenario to the class with one crime sample and two suspects.  Present three 
microcentrifuge tubes with DNA from the crime and two suspects.  Ask the class how DNA can be 
used to obtain evidence in the case.  Pursue a line of questioning which facilitates a discussion of how 
the DNA samples can be differentiated, i.e. “How are we going to distinguish one DNA sample from 
another?”  Students should be reminded to reflect on the pre-laboratory exercise.  Ask whether 
students can tell if either suspect’s DNA is the same as that found at the crime scene by visually 
inspecting it.  Because the samples look exactly alike, a tool is needed to determine if either of the 
samples could match that found at the crime scene. 

Each student receives three DNA samples, one from the crime scene and one from each of the two 
suspects.  Tell students that they will now apply the concepts they have learned in the pre-laboratory 
activity to the real DNA in the laboratory.  The crime samples need to be prepared by the instructor 
before beginning the laboratory activity; instructions for the crime samples follow the laboratory 
overview protocol. 

A photo of expected gel results are included in the PROCEDURE section. 

OBJECTIVES 
� Model the process of DNA restriction analysis 

� Perform a restriction digest and agarose gel electrophoresis 

� Analyze the results of the completed DNA agarose gels 

TIME REQUIRED 

15 – 30 minutes to set-up restriction digest (depending on discussion) 
20 – 30 minutes to run the agarose gel 
15 – 20 minutes to stain the agarose gel 
2 hours – overnight for gel results to be visible 

MATERIALS 

DNA Samples HindIII restriction enzyme & buffer 
Agarose Scale/balance 
1X TG Agarose gel loading dye 
Gel electrophoresis box Electrophoresis power supply 
Erlenmeyer flask Micropipette & tips (for 2 – 20 µL) 

MATERIAL PREP 

Crime Scene DNA:   

Suspect 1 DNA: 

Suspect 2 DNA: 

1X TG:  The 1X TG is used to make the agarose gel and as an electrophoresis buffer.  It is 
made by diluting a more concentrated stock of TG solution (combine 100 mL of 10X TG with 900 
mL of distilled water).  This should be prepared just before use.  To prepare a liter of 10X TG 
stock solution (later diluted with to 1X TG before use), dissolve the following in 700 mL of 
distilled water: 

Tris 160 g 
Glycine 72g 

Once the reagents have dissolved, add distilled water to bring the final volume to 1L. 
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Agarose Gel:  If available, use E-gels to run the samples (Invitrogen, 0.8% or 1.2% General 
Purpose, Single Comb Agarose E-Gel).  Follow the manufacturer’s recommendations for loading 
and running the gels.  If E-gels are not available, prepare a 1% agarose gel by combining 1g of 
agarose for every 100 mL of 1X TG buffer.  Heat in a microwave until the agarose has 
completely dissolved.  Allow the agarose to cool and pour into the gel mold for the 
electrophoresis box. 

PROCEDURE 

Step 1 – Mixing the DNA with restriction enzyme 

Add the DNA, water, buffer and enzyme together in a microcentrifuge tube and spin in a 
microcentrifuge for five seconds to collect the contents at the bottom of the tube.  Incubate 

the samples at 37°C. 

NOTE:  This may be a stopping point.  Samples may be removed from the incubator and 

stored at 2 to 8°C (refrigerated) for up to 24 hours.  Samples may be stored at –15 to -25°C 
(frozen) for up to one week.   

Step 2 – Prepare a 1 % agarose gel 

Prepare a one percent agarose gel by combining 1 g of agarose for every 100 mL of 1X 
TAE (TBE or TG may be substituted for the electrophoresis buffer).  Heat in a microwave 
until the agarose has completely dissolved.   

Allow the agarose to cool to approximately 55 °C.  Prepare and seal the ends of the gel 
mold according to the manufacturer’s instructions.  Also position the desired comb to cast 
the wells.  Pour the cooled, liquefied agarose into the gel mold and allow it to solidify.  Gels 
should be 5 –0 8 mm thick. 

After the gel has solidified place it in the electrophoresis chamber and carefully remove the 
comb.  Add a sufficient volume of the buffer used to make the gel to the electrophoresis 
chamber to cover the gel by 1 – 2 mm. 

Step 3 – Prepare and load the DNA samples; electrophorese the samples 

Add loading dye to the DNA samples.  Put 15 µL of the crime DNA and 15 µL of each 
suspect DNA into separate wells on the gel.  Connect the cables and run the gels at 100 
volts until the blue portion of the loading dye migrates about 30 mm from the wells (20 – 45 
minutes). 

Step 4 – View the results of gel electrophoresis 

Several different staining methods are available to stain the DNA bands.  The easiest 
method is to use is InstaStain® Methylene Blue from Edvotek (follow the manufacturer’s 
guidelines to stain the gel). 

A methylene blue solution may also be used to stain the gel.  To stain manually, place the 
gel in a plastic container, which is a little larger than the gel.  Add enough 0.025 percent 
methylene blue solution to cover the gel about one quarter of an inch.  Stain the gel for 20 – 
30 minutes.  Carefully pour off as much of the methylene blue solution as possible; the 
entire gel will appear deep blue.  Rinse the gel in running tap water.  Let the gel soak 
covered with water for approximately 10 minutes.  Rock the tray occasionally to help de-
stain the gel.  Repeat three to four times.  The DNA bands will become more distinct as the 
gel de-stains. 

Photograph or sketch the gel (gels may also be viewed on an overhead projector).  Gels can 
be stored in plastic zip lock bags in the refrigerator for up to three days. 

Step 5 - Interpretation 

After staining, the pattern of DNA bands resulting from restriction analysis from one suspect 
will match the crime scene, as shown in Figure 3.  Students write their analysis in a lab 
notebook with evidence to support their results.  To facilitate discussion, choose a 
representative gel and put it on an overhead projector.  Highlight the bands projected on the 
board with a marker.   
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DISCUSSION 

� What can be inferred from the results of the test? 

� Can you presume guilt by showing that the bands of DNA match after restriction analysis? 

� What affects the distance the bands have traveled? 

� What is happening in the agarose gel once the power is turned on? 

� What would have happened if the wells in the gel were closest to the positive electrode? 

� What is the comb used for?  Why is the gel submerged in electrophoresis buffer? 

� How does the agarose separate the DNA fragments?  What would happen if a higher 
concentration of agarose were used?  A lesser concentration? 
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SECTION III – Extension Activity Suggestions 

ELECTROPHORESIS ROLE-PLAY 

A role-play can be used to reinforce the concepts of restriction digestion and electrophoresis.  
Divide the class into three equal groups and have the students come to the front of the room, 
standing together as a group.  Each group represents a single stranded DNA molecule and each 
person in a group represents a nucleotide.  Model phosphate bonding by instructing the students 
to lock arms.  Designate one group the crime sample, one group suspect one, and the other 
group suspect two.  Hand each person a piece of paper with A, C, T or G written on it.  Be sure 
to arrange the groups in the following order: 

 

Group One ACCGGTAT 

Group Two CCGGATCA 

Group Three ACCGGTAT 

 
Ask each group to form the DNA fragments that would be created if HaeIII, the enzyme that cuts 
between the C and G in the pattern CCGG, cut them.  Point out that the fragments are still mixed 
together after cutting and challenge the students to determine how to separate the pieces.  
Illustrate this concept by telling the class to imagine the classroom as an electrical field with the 
positive pole at the back of the room and the negative pole at the front of the room.  Put the DNA 
groups at the negative end and ask the student to predict how the DNA would react in the 
electric field.  Remind students that the DNA has a net negative charge and will, therefore, be 
attracted to the positive pole.  The smaller resulting fragments should move more quickly to the 
positive pole than those DNA strands that are large.  Pretend to turn on the electricity and have 
the students imitate the migration of the DNA fragments.  Ask them to determine which suspect 
DNA is the same as the crime sample. 
 

 
SCHOOL MYSTERY 
 

Stage a mystery in the school such as the theft of the school mascot.  Include as part of the 
evidence DNA from the crime scene and suspects.  Other clues may involve the chemistry, 
English and history departments.  If possible, invite the participation of other school 
communities, i.e. the school newspaper and photography club.  Assign students to role as a jury, 
prosecutor, defense, scientific expert and media.  After all the evidence is collected, hold court in 
which each department presents the analysis of its evidence.  Have the attorneys write a brief for 
the court and prepare testimony debating the strengths and weaknesses of the DNA evidence. 

 
 
DESCRIBE IT IN THEIR OWN WORDS 
 

Ask the students to write a letter to a friend who knows nothing about DNA restriction analysis 
describing their results. 

 
 
 

 


