
 
 

Busted by Biology 1 The International Exhibition 
Post-Exhibit Science Lesson  of Sherlock Holmes 2013 

 Busted by Biology 
Post-Exhibit Field Trip: Grades 3-5 

 
In this activity, students will extract their own DNA from their cheek cells and 

learn how DNA is analyzed and used to solve crimes. 
 

 

  

 
 Students will understand that “identity” is a combination of inherited and 

environmentally influenced traits (both nature and nurture) and that 
inherited traits are determined by DNA, the “instruction book” for living 
creatures 

 Students will understand that every individual has unique DNA  
 Students will learn the how DNA can be extracted from cells 
 Students will understand that forensic scientists use DNA to help solve 

crimes 
 

 
 
 

 
Advance Preparation Set Up   Activity   Clean Up 

                         
  15 minutes 15 minutes 50-60 minutes    15 minutes 

    the day before 

 
 
  

 
Segment 

 
Format 

 
Time 

Introduction 
DNA Clues 

Large Group Discussion 
Individual Activity  

5 min 
20 min 

Chromatography Partner Activity 15 min 
Wrap-up  Large Group Discussion 10 min 

 

TIME REQUIRED 

PROGRAM 
FORMAT

LEARNING 
OBJECTIVES 
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 Ideal to have access to a sink  

 
 
 
 

 
Practices 
1. Asking questions and defining problems  
3. Planning and carrying out investigations 
4. Analyzing and interpreting data 
6. Constructing explanations and designing 

solutions  
 

 Crosscutting Concepts 
2. Cause and effect 
3. Scale, proportion, and quantity 
4. Systems and system models 
6. Structure and function 
 

 
Disciplinary Core Ideas 

   
 Topics: Biology, Genetics, Cells, Traits, Solutions and Mixtures  

 Grade Level: 3 4 5 

Physical Science 
PS1 Matter and Its Interaction n/a n/a  
PS2 Motion and Stability: Forces and Interactions  n/a  
PS3 Energy   n/a   
PS4 Waves and Their Applications in Technologies for Information 

Transfer 
n/a  n/a 

Life Science 
LS1 From Molecules to Organisms: Structures and Processes      
LS2 Ecosystems: Interactions, Energy, and Dynamics  n/a  
LS3 Heredity: Inheritance and Variation of Traits  n/a n/a 
LS4 Biological Evolution: Unity and Diversity  n/a n/a 

Earth & Space Science 
ESS1 Earth's Place in the Universe  n/a   
ESS2 Earth's Systems    
ESS3 Earth and Human Activity    

Engineering, Technology, and Applications of Science 
ETS1 Engineering Design     

SITE 
REQUIREMENTS 

NEXT GENERATION 
SCIENCE STANDARDS 
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Permanent Supplies Amount Notes 
Freezer or a bucket of 
ice 

1 To keep rubbing alcohol cold 

Apron or smock 1 For creating “DNA” mixtures 
Cafeteria trays 
(optional) 

2 per group  

Goggles (optional) 1 per student  
Markers 1 per student For labeling 
Pencils 1 per student Could use pen or marker  
Permanent marker 1 For labeling 
Pop-top squeeze bottles 1 per group Any water or sports drink bottles 
Ruler (optional) 1 per group  
Scissors (optional) 1 per group  
Small containers with 
lids  

5 Baby food jars or plastic container 
with a sealing lid, for “DNA” mixtures 

Sponges and towels 2-3 For cleanup 
Teaspoon  1 per student A normal spoon will work  

SUPPLIES  
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Consumables Amount Notes 
Small drinking cups 1 per student Paper cups work well, to hold 

drinking water for students 
Clear cup (or test tubes) 1 per student Tall and narrow works best, for 

DNA clues experiment 
Plastic or glass cup or jar 1 per group 8-12 oz works well, to hold 

rubbing alcohol 
Dish soap approx. ½ cup Will be diluted with water 
Water 1 bottle per 

group 
Tap water will work  

Rubbing alcohol 
(isopropyl) 

approx. ¼ cup 
per student 

99% or 70% isopropyl alcohol will 
work 

Salt A few Tbs  
Popsicle stick 1 per student Or other item to stir with 
Toothpicks 3 per student  
Clear plastic or glass cup 
or jar 

1 per pair 8-12 oz works well. For 
chromatography 

Coffee filters, filter paper, 
or paper towels 

2-3 pieces per 
student 

If using paper towels, they should 
be fine-grained and white 

Food coloring 1 set of four 
colors 

Neon colors work best if available 

Disposable gloves 1 pair For creating “DNA” mixtures 
Tape 1-2 inches per 

group 
Masking or scotch tape 

Paper towels 1 roll For cleanup 
DNA Clues booklet 1 per student On page 27-28 
Chromatography booklet 1 per student On page 29-30 



Preparation
 

Busted by Biology 5 The International Exhibition 
Post-Exhibit Science Lesson  of Sherlock Holmes 2013 

 
 
 
Note: There are two separate experiments that your students may do: 1) “DNA 

Clues” and 2) “Chromatography”. These can be done on the same day or 
stretched out over two sessions. The instructions below are divided for 
each activity. 

 
Experiment #1: DNA Clues 

 
Soap solution:  
 Prepare a dilute soap solution: add 1 cup of water to ½ cup of liquid dish 

soap. (This is enough for one classroom of about 35 students.) Label this 
“soap solution”. 

 If possible, leave the soap mixture in a refrigerated place until immediately 
before use. 

 
Student Worksheets: 
 Print the DNA clues booklet (1 per student) and fold in half.  

 
Notes and Hints: 
 The isopropyl alcohol should be very cold for the experiment. Place it in a 

freezer or ice bucket until immediately before the start of the activity. 
 Tall, narrow cups or test tubes work best to see the layers of alcohol and 

cheek cell mixture. 
 This activity will be most successful if students have not recently eaten or 

chewed gum. Try to plan this activity before lunch or at the end of the day. 
 
Experiment #2: Chromatography 
 
  “DNA” Solutions: 
 You will be making five food coloring mixtures to represent the four “Suspect 

DNA” samples and the “Crime Scene DNA” sample that the students will 
test. Begin by using masking tape and a marker to label four containers 
“Suspect [#1-4] DNA”. Label a fifth container “Crime Scene DNA”. Small 
containers with lids such as a baby food jar or a plastic container with a 
sealing lid work well. 

 It is best to use gloves and an apron or smock when creating the solutions. 
Use a cafeteria tray or wax paper to protect the surface you are working on. 
Food coloring will stain clothes and carpet!  

 Make sure each mixture is made up of a different combination of food 
colors, yet is dark enough that you cannot see the difference by merely 
looking at the mixture. A suggested mixture for each suspect is included in 
the chart below. You will need about 8-10 drops of each color to create 
enough samples for one class.  

ADVANCE 
PREPARATION 
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 The “Crime Scene DNA” solution will be identical to the “Suspect 3 DNA” 
solution. To insure that they are identical, make twice as much of the 
“Suspect 3” solution (about 20 drops of each color) and transfer half of the 
solution into a separate jar labeled “Crime Scene DNA.”  

 Neon food coloring works best if available. 
 After creating all four suspect solutions and the crime scene solution, 

perform the experiment following the student procedure (on page 13). If you 
cannot clearly identify which “Suspect DNA” matches the “Crime Scene 
DNA” after performing the experiment, you will need to alter the make-up of 
your DNA solutions by trying different color combination until you can 
successfully match the suspect DNA with the crime scene DNA.  

 
Sample Suspect and Crime Scene “DNA” mixtures:  

       
  Drops of Neon Food Coloring 

 Pink Purple Green Blue 

Suspect 1 DNA 8-10 8-10 8-10  

Suspect 2 DNA  8-10 8-10 8-10 

Suspect 3 DNA 
(half of this solution will be 
used as the “Crime Scene 
DNA”) 

15-20  15-20 15-20 

Suspect 4 DNA   8-10 8-10 

 
Paper Strips: 
 Cut strips of paper from watercolor paper, coffee filters, or fine-grained 

paper towels. Alternatively, use commercially available chromatography 
paper (Whatman is a good supplier.) You will need 2-3 strips per group. 
 5 centimeters by 7 centimeters (2 inch by 3 inch) strips of paper work 

well for 8 oz. cups. The strips should be long enough to reach down 
into the cup of water after being taped to a pencil, pen, or stick that is 
laid across the top of the cup (see Figure 1). They should also be wide 
enough (about 5 centimeters (2 inches)) for students to place multiple 
marks on each strip.  

 
Student Worksheets: 
 Print the Chromatography booklet (1 per student, pages 29-30) and fold in 

half.  
  

Notes and Hints: 
 To gain practice measuring, students can cut the paper strips themselves. 

You can give them the measurements in inches or centimeters. This step 
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Figure 2. Younger students can 
use coffee filters that stand on 
their own in cups. 

will add about 10 minutes to the activity and will require rulers and scissors 
for each group.   

 Do not cut the strips longer than the cups they will hang in. Strips should be 
approximately 1 – 2 cm. (½ - 1 inches) shorter than the height of the cup. 
This technique allows the strips to hang down from the top so that their 
bottom edge is just touching the liquid in the cup.  

 Alternative method: cut the strips wider and curl them into a funnel shape 
that stands by itself in the cup (see Figure 2). 

 
 
 
 
 
 
 
 
 

 

Figure 1. Older students can 
cut strips of filter paper to 
hang from the top. 
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Cafeteria trays are an excellent way of passing out complete lab setups to each 
group. Set out trays (1 per student pair) for each activity with the following items 
on each: 
 
 

DNA Clues Tray 
For each student 
 1 paper or plastic cup with about 1 cm (½ inch) of drinking water 

labeled “drinking water” 
 ¼ cup cold isopropyl alcohol in a plastic cup labeled “alcohol” 
 ¼ cup soap solution in pop-top squeeze bottle or small cup 

labeled “soap solution.” (May be shared between students) 
 1 teaspoon measure (or spoon) 
 1 clear plastic cup or test tube (6 oz. or larger; tall and narrow 

works best) 
 1 Popsicle stick 
 1 toothpick (optional) 
 1 DNA Clues Booklet  
 1 marker 
 
At a central location (or with the teacher) 
 sponges and towels for cleanup 
 a bucket of ice or access to a freezer 
 salt 

 
 

 Chromotagraphy Tray 
For each group or partners 
 1 clear plastic cup or glass jar, 8–12 oz. size  
 2–3 cone-shaped #2 size coffee filters OR other filter paper 

strips (for example: 2" x 3" strips of watercolor paper or fine-
grained paper towels) OR filter paper, scissors, and ruler for 
students to cut their own. 

 Tap water in pop-top squeeze bottle 
 Sample of Suspect 1-4 “DNA” and Crime Scene “DNA” (or allow 

students to come to the front of the room to collect all the 
samples) 

 5 toothpicks to transfer samples to paper 
 1 Chromatography Booklet per student 

 
At a central location (or with the teacher) 
 sponges and towels for cleanup 
 DNA samples (set on tray or on top of newspaper or wax paper) 

SET UP 
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5 minutes 

 
Let students speculate before offering answers to any 
questions. The answers given are provided primarily for 
the instructor’s benefit. 
 
Suggested script is shaded.  
Important points or questions are in bold.  
Suggested answers are in italics. 
  
Today we are going to study the science behind identity, 
what makes YOU, YOU. Everybody look down at your 
hands: every single person’s hands are unique. 
Everybody wiggle your nose: no two people’s noses are 
exactly the same. Everybody say, “Science is cool!” 
Notice that every single person has a slightly different 
voice from every other person. We have different brains, 
different bodies, different likes and dislikes, even different 
skills and different fears.  
 
We know people are all different, but why? Why are 
YOU the way YOU are? (i.e., brunette, six feet tall, 
scared of snakes, good at music, etc.) Parents are 
brunette, drank lots of milk as a kid, got bitten by a snake 
once, Grandma was a famous concert pianist, etc. 
 
Some parts of your identity (such as the clothes you like 
to wear) are influenced by your experience, your choices, 
and the world around you. Other parts of your identity 
(such as your eye color) are determined by something 
called DNA. DNA is the body’s basic instructions. It tells 
your lungs how to get oxygen from the air, it tells your 
hair whether to be curly or straight, and it tells skin how to 
repair itself after a cut.  
All living things have DNA to help them survive and 
reproduce. The DNA that you and I have is mostly the 
same, but with tiny little differences. Those little 
differences make us all unique. 
 
No two people have exactly the same DNA! However, 
there is one exception. Who might be the exception? 
Identical twins, triplets, etc. For older students, you may 
wish to explain that new technologies are being created 
that can distinguish between the DNA of twins.  See the 
Background Information (page 20) for more information. 

INTRODUCTION 

Notes 
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Where do we find DNA? For younger students: DNA is 
in all parts of our body from our bones to our blood to our 
hair. For older students: our bodies are made of tiny parts 
called cells. Cells make up our muscles, blood, bones, 
skin, and more. Inside every cell is our own unique DNA. 
(Specifically, it is in the nucleus of the cell.)  
 
For older students, to give them a sense of where in the 
body DNA is located, you can draw on the whiteboard or 
chalkboard while explaining the following: 
 
Every living part of our body, from the roots of our hair to 
our skin to our large intestines, is made of cells. Most 
cells are too small to see without a microscope. They are 
surrounded by a cell wall (in plants) or a cell membrane 
(in plants and animals).  
 
 
 
 
 
 
In the middle of the cell, like the yolk of an egg, is a part 
called a nucleus, which is surrounded by a nuclear 
membrane.  
 
 
 
 
 
 
In the nucleus of that cell, we have something called 
chromosomes. Each human cell has 46 of them! You get 
23 from your mom and 23 from your dad. Every cell in 
your body has the exact same 46 chromosomes. Now we 
are getting into some really small stuff.  
 
 
 
 
 
Zooming in even farther, if we take a look at these 
chromosomes, we find they are made up of tightly coiled 
strands… 
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… And those strands in turn are made up of coils of DNA. 
Up close it looks like a twisted ladder. All the different 
molecules that make up the rungs go together in different 
combinations, like a code, making your DNA unique. We 
call sections of DNA genes. DNA is really, really tiny. 
 
 
 
 
 
 

 
 

What do you think of when you hear the term “DNA”?  
Most likely students have heard the term in daily life 
through newspapers, radio, or television. It may come up 
in stories related to crime solving, inheriting traits, 
treatments for disease, or identifying remains after an 
accident. 
 
What sorts of things have DNA? All living things have 
DNA, including plants, animals, fungi, bacteria, etc. Some 
viruses have DNA. Rocks, water, clouds, and other non-
living things do not have DNA.  
 
What role does DNA play in who we are? DNA codes 
for the way you look - like height, hair color, eye color, 
etc. You can change the way you look by using hair dye, 
piercing your ears, or getting a tattoo. Dyed hair, colored 
contacts, tattoos, etc., are not determined by DNA. Your 
personality and behavior may be influenced by DNA. For 
example, things like interests and hobbies can be 
influenced by DNA but are also affected by how people 
grow up and the choices they make. Many scientists are 
studying to learn which characteristics of people are 
determined by DNA and which are influenced by their 
environment.  
 



Activities
 

Busted by Biology 12 The International Exhibition 
Post-Exhibit Science Lesson  of Sherlock Holmes 2013 

Where do living things keep their DNA? Many 
answers are possible, but students should know that 
copies of DNA are kept in every part of their body (in 
each cell, in fact). Cells are surrounded by protective 
barriers (cell walls and membranes; see the Background 
Information on page 20) that help organize and keep the 
DNA safe.  

 
How can we get pieces of DNA from a person or plant 
or an animal? If we collect tiny samples of blood, skin, or 
saliva, there will be DNA in the cells of these samples. 
The DNA will be protected in cell walls or cell 
membranes. To get the DNA, we need to break down the 
cell walls and membranes and then separate the DNA 
out from everything else in the cell. Students will follow 
that procedure to isolate the DNA in this experiment. 
 
What do you think DNA looks like with the naked 
eye? Students can draw pictures, or write a sentence or 
two. The double helix structure might come up, or the “x-
like” structure of a chromosome. Individual molecules of 
DNA are too small to see even with microscopes 
(scientists use X-rays). On the other hand, thousands of 
strands of DNA all clumped together are visible even to 
the naked eye.  

 
 
 
 

DNA Clues 
20 minutes 

 
Today we are going to take a close-up look at our own 
DNA! Using a simple process, we can get DNA from our 
own cheek cells. If we get a large enough clump of it 
isolated (by itself) we will be able to see what it looks like 
without a microscope. 
  
Pass out the DNA Clues Tray (see Set Up on page 8) 
and the DNA Clues Booklet (on pages 27-28) to 
students. Ask students to follow along step-by-step with 
the class. For each step, help students understand why 
they are adding each ingredient and what is happening in 
the experiment.  
 

INDIVIDUAL 
ACTIVITY 
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Procedure: 
1. Label the clear, empty cup “cheek cells” and write 

your name on it. 
2. Take a sip of the water and swish it around your 

mouth for 30 seconds to remove cells from your 
cheek. 
 The skin on the inside of your cheek is constantly 

shedding dead cells (as you constantly make new 
cells). When you swish water in your mouth, cells 
from your cheek will be collected in the water. 

 Encourage students to gently rub their cheeks with 
their teeth as they swish to remove more cheek 
cells. 

 Note: This step will be most successful if 
students have not recently eaten or chewed 
gum. Try to plan this activity before lunch! 

 
3. Carefully spit the water into the clear cup labeled 

“cheek cells.”  
 You now have a solution of your cheek cells mixed 

with water. But we cannot get to the DNA yet 
because it is trapped deep inside the cheek cells 
(inside the nucleus of the cell, which is in turn 
inside the cell membrane.)  

 
4. Add one spoonful of the soap mixture to the same 

cup.  
 We use soap to wash dishes because it is excellent 

at breaking up grease. In our cup, the soap is 
breaking down the membranes of the cells, which 
are formed from molecules similar to the grease we 
cook with - fatty molecules we call lipids. The soap 
breaks down the cell membrane and the nuclear 
membrane and lets us get to all those tiny strands of 
DNA inside. 

 
5. Add a pinch of salt into cheek cell cup and stir slowly 

with a Popsicle stick. 
 Remind student to stir very slowly so that they do 

not create too many bubbles from the soap solution. 
 We add salt to the mixture in order to force the DNA 

out of the solution of water, cheek cells, and soap. 
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6. SLOWLY pour the alcohol so it runs down the side of 
the cup and gently floats on top of the cheek cell 
mixture.  
 The colder the alcohol is, the more DNA it will 

extract. It can be stored in the freezer without 
freezing solid.  

 The hardest step is layering the alcohol. Make 
sure students DO NOT pour alcohol directly on top 
of the cheek cell mixture at the bottom of the cup. 
They should tilt the cup and pour the alcohol 
SLOWLY so it flows down the side of the cup and 
floats on top. If the alcohol and water layers mix, the 
DNA will not separate (precipitate) out. 

 Alcohol is less dense than either saltwater or 
detergent, so it floats on top. DNA is also less 
dense, so it will float to the top as well. 

 Right now we cannot see the DNA because it is 
dissolved in the salt water and detergent solution 
(similar to the way salt is invisible in salt water). 
However, DNA will not dissolve in alcohol, so when 
it floats to the top where the alcohol is, we will be 
able to see it. When something that is dissolved in a 
liquid comes out as a solid, we say it precipitates.  

 
CAUTION: Rubbing alcohol is poisonous if ingested. 
 
7. Put the cup down and wait 30–60 seconds.  

 The long white strands you are looking at are a lot of 
DNA from many, many different cells. We cannot 
see individual strands with their helix shape 
because they are too small, but when enough of 
them clump together, we can see them!  

 Allow students to try to pull the DNA out of the cup 
using a toothpick or Popsicle stick to get a closer 
look. Try slowly twisting the long strands onto a 
toothpick for best results. 

 
 
 

 Chromatography 
15 minutes 

 
How do scientists analyze DNA? Scientists use a 
process called electrophoresis (ih-lek-troh-fuh-ree-sis) to 
analyze DNA. First, a natural protein called an enzyme is 

PARTNER 
ACTIVITY 
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used to cut up the DNA into small pieces based on each 
person’s unique DNA pattern. These pieces are then put 
in a gel and electricity is used to move the DNA pieces 
across the gel. The longer pieces move slower and the 
shorter pieces move faster, separating the DNA pieces 
into a unique pattern, sometimes called a “DNA 
fingerprint.” This DNA profile can be compared with the 
DNA “fingerprint” found at a crime scene. 

 
How do scientists identify DNA found at a crime 
scene? Forensic scientists take DNA samples from 
suspects, victims, and sometimes even detectives to 
ensure a sample has not been contaminated. They 
analyze this DNA, along with DNA found at the crime 
scene, using electrophoresis. Detectives can also 
compare the DNA “fingerprint” found at a crime scene 
with a catalog of known DNA, called the Combined DNA 
Index System (CODIS), to see if there is a possible 
match. 
 
Does a DNA match always identify the criminal? DNA 
may be used to prove someone is innocent or to greatly 
narrow down the possible suspects, but it usually cannot 
be used by itself to prove someone is guilty. DNA is just 
one of many types of evidence that detectives collect. It 
is important to examine other clues such as motives, 
weapons, or other information linking a suspect to the 
crime scene.  

 
We are going to analyze a sample in a similar method to 
how DNA samples are analyzed. You may want to model 
the procedure for students so they have the best success 
with the chromatography. 
 
Procedure: 
1. Use a pencil to draw a line across the filter paper ½ 

inch from the bottom edge. Then, write the numbers 1 
to 4 below the line. The numbers should be at least 
½" apart. 

 
2. Above each number and above the line, use a 

toothpick to place a small dot of each suspect’s “DNA” 
sample. Sample #1’s dot should be directly above the 
#1, and so on.  
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3. Tape the top (the opposite end from the dots) of the 
filter paper to a pencil.  

 
4. Add about ½ inch of water to the cup. Slowly lower 

the paper into the cup until the pencil rests on the 
edge of the cup, making sure that only the bottom 
edge of the strip (below the pencil line) is wet. Do not 
let the water cover any part of the samples! If the 
bottom edge of the strip does not touch the water, 
remove the pencil, add a little more water, and try 
again. Repeat this procedure until there is the right 
amount of water to touch the bottom of the filter paper 
without touching the dots on the paper. If there is too 
much water, pour some out before trying again.  

 
5. Watch the water soak upward until it is about an inch 

from reaching the pencil. Take the pencil and paper 
off the cup and set the paper aside to dry.  

 
6. On a new piece of filter paper, use a toothpick to 

place a dot of the “crime scene DNA”. Tape this piece 
to the pencil and hang inside the cup. Be careful not 
to let the water cover the sample.   

 
7. After the water reaches 1” from the top, remove the 

second strip of filter paper and allow it to dry as well. 
Compare the two strips. 

 
General Suggestions: 

 Use a pencil to label the filter paper. Ink will separate 
in this activity and labels will be ruined if they are 
written in ink. 

 The most common mistake students make is 
accidentally submerging the sample spots in the 
water. This process happens when they have too 
much water in the cup, cut the strips too long, or place 
the sample spots too low on the paper.  
 Remind students to dot their papers at least ½" 

above the bottom edge (a “finger width”). If the dots 
are too low, it is hard to keep the water from 
touching them. 

 Students should have just enough water to touch 
the bottom ¼" of the paper.  

 Students should carefully lower their papers with 
“DNA” samples into the cups to see if they have so 
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much water that it will cover up their spots. If they 
do, they should pour some water out. Alternatively, 
they can hang their paper higher.  

 Tiny sample dots work better than big dots or smears, 
which do not separate as well. Use toothpicks to 
apply a small dot. 

 Each chromatogram only takes a few minutes to run, 
so encourage students to try them several times (if 
they have supplies).  

 
CAUTION: Food coloring will stain clothes and 

carpet. Use caution when handling. 
 
 
 
 

10 minutes 

Ask for student observations. There is no correct answer. 
Let students guide the discussion and present their 
hypotheses before discussing explanations. 

 
Why did the water move up the paper? For younger 
grades, explain that the paper soaks up the water. For 
older grades, explain that the water moves up the tiny 
fibers in the paper through capillary action, just as it 
moves up the trunks of trees or a paper towel hanging 
into a wet sink. 
 
How and why did the colors move up the paper? The 
water carried them up the paper because the colors were 
able to dissolve in the water. 
 
Why do some colors move farther than others? Two 
factors affect the movement of the food color molecules: 
their size and their ability to dissolve in water. Some color 
molecules are larger and heavier, so they did not travel 
up the paper as easily. Also, those colors that did not 
dissolve well clung to the paper more, so they did not 
travel as far.  
 
How does this procedure model the way DNA is 
analyzed? In gel electrophoresis, DNA pieces are 
separated out according to the size of the molecules, just 
like the food color “DNA” was separated according to the 
size of the color molecules.  

WRAP-UP 
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Which suspect’s DNA matched the DNA at the crime 
scene? Poll the class to see how their results match. If 
students have conflicting answers, bring up possible 
sources of error, such as cross-contaminating the 
samples by dipping the same toothpick into two samples.  
 
Do you think professionals ever make mistakes when 
matching a suspect’s DNA to DNA at a crime scene? 
There are times when even the professionals get 
something wrong. For interested or older students, this 
would be a great time to talk about the ethics and 
limitation of DNA testing, research, and application. 
(More information can be found in the Background 
Information on page 20.)  

 
 

 
 

 
 

Safety and Disposal Information 

 If available, goggles are recommended for this activity. 
 Unused isopropyl alcohol should be kept away from all sparks and flames. 

The small amounts used in this experiment may be poured down the sink 
drain, along with the cheek cell and soap solution. Flush with plenty of 
water. All other materials can be thrown away as solid waste. 

 
CAUTION: Rubbing alcohol is flammable and poisonous if ingested. 

 
CAUTION: Food coloring will stain clothes and carpet. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

CLEAN UP 
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ALTERNATIVE 
DNA CLUES 

As an alternative to extracting DNA from students’ cheek 
cells, use fruit or vegetables for the extraction.  
Strawberries, wheat germ, or peas all work well. First, mash 
up the fruit or vegetable in a plastic bag, in a blender, or 
with a spoon. Then, follow the same procedure as used in 
this activity starting at step 3.  

FINGER 
PRINTING 
 
 
 
 
 
 
 
 
 

Police have been using fingerprinting as a form of 
identifying criminals for the past 100 years! 
 
Have students use a pencil to make a dark scribble on a 
piece of paper until it is fully black. Then, have students rub 
their thumb or index finger it in the black mark until the pad 
of their finger is lightly coated in graphite. Next, have them 
stick a piece of clear tape onto their coated finger. Carefully 
peel the tape off to reveal the student’s fingerprint! To keep 
the fingerprint, students can place the piece of tape on a 
piece of white paper.  
 
For pictures of the different kinds of fingerprints and more 
information on this kind of lesson, go to 
pbskids.org/zoom/activities/sci/fingerprints.html   

  
SUPER 
TASTERS 

The test to see if one can taste phenylthiocarbamide (PTC) 
is one of the most common genetic tests on humans. A 
lesson on PTC and super tasters can be a great way to 
introduce a discussion on genetics and inherited traits.  
 
To see if any of your students are supertasters, have each 
student place a PTC strip on their tongue to see what they 
taste. Non-tasters will taste paper or nothing, medium 
tasters may taste bitterness, and supertasters will taste a 
very strong bitter flavor. Record the results and see if it 
lines up with the world-wide average. (PTC strips can be 
found online in packs of 100 for under $6.) 
 
Check out this lesson at 
http://www.howtosmile.org/record/1400 for more 
information.  

OPTIONAL 
EXTENSIONS 
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Divide:  
This background information is for teachers. Modify and communicate to students as 
necessary. 
 
BACKGROUND FOR ALL GRADES: 
All living things are made of cells and each cell contains a molecule called DNA. DNA 
carries the genetic information that determines gender, physical appearance, 
vulnerability toward disease, and many other parts of who we are. Every cell in our body 
contains DNA. Even though cells can only be seen under a microscope, an uncoiled 
piece of DNA can be 2.8 inches (7.2 centimeters) long! 
 
Getting at the DNA 
Plant and animal cells store their DNA in the nucleus, a small compartment inside each 
cell that is surrounded and protected by the nuclear membrane (see Figure 1 below). A 
membrane is a flexible, thin film that only water and a few special chemicals can pass 
through. The cell membrane surrounds and protects the entire cell. Adding detergent or 
soap breaks the nuclear and cell membranes, releasing the DNA.  
 
Plant cells, but not animal cells, also have a rigid cell wall around the outside of the cell. 
The students must expose the membranes inside to the soap or detergent.  

 
 
 
 
 
 
 

Protecting the DNA 
To prevent viruses and bacteria from invading the cell with their DNA, cells have 
enzymes (called DNase enzymes) that chop up any DNA floating around outside the 

BACKGROUND 
INFORMATION 

Figure 1: Plant cells have a cell wall and a cell membrane, while animal 
cells only have a cell membrane. Both plant and animal cells hold 
their DNA inside the nucleus. 



Reference
 

Busted by Biology 21 The International Exhibition 
Post-Exhibit Science Lesson  of Sherlock Holmes 2013 

nucleus. Once the cheek cell DNA is out of the nucleus, it becomes vulnerable to these 
enzymes. The students use cold ingredients to protect the DNA from DNase enzymes. 
Since reactions are slower at lower temperatures, using cold alcohol and other cold 
ingredients slows down the DNase reactions that break down DNA. 
 
Separating the DNA 
DNA is soluble in water, but not in salty water. All the other cell contents are soluble in 
water and salt water. This difference in solubility allows students to separate DNA from 
the rest of the cell. Students add salt to the mixture to force the DNA out of the solution 
of water, cheek cells, and soap. 
 
DNA is not soluble in alcohol. Students add alcohol, which floats on top of the water, to 
lift the DNA out of the water and to separate it from the rest of the cell debris. When the 
DNA leaves the salty water mixture, it comes into contact with the alcohol and cannot 
dissolve. When DNA comes in contact with alcohol, it uncoils and precipitates (turns 
into a solid that forms from a liquid solution). It is visible as a kind of white goo. All the 
other cell contents stay in the salty water solution.  
 
Studying Mixtures 
Most substances are made of a mixture of different chemicals. For example, food 
coloring is a mixture of different colors and human cells contain mixtures of many 
different biological molecules (like DNA, proteins, sugars, etc.). 
 
To study mixtures, scientists perform chromatography, a technique that separates 
chemicals using differences in their chemical or physical properties. In this experiment, 
students use paper chromatography to separate food color mixtures into a recognizable 
pattern on a piece of paper. Each of these patterns, called chromatograms, corresponds 
to a specific mixture of food colors.  
be used to identify the marker.  
Paper Chromatography 
In paper chromatography, scientists first place tiny spots of 
chemical mixtures onto pieces of paper. They then suspend 
the papers vertically over a liquid solution, allowing only the 
bottom tip of the paper to touch the liquid. The liquid rises 
through the paper through a process called capillary action. 
(In capillary action, tiny wood fibers in the paper, like all tiny 
tubes, draw liquids up against the force of gravity.) Water rises 
up from the roots in trees in the same way.  
 
As the climbing liquid passes the spot of ink in the paper, the 
ink dissolves and carries the colored inks up the paper. 
However, two factors affect the speed the colors travel up the 
paper. First, each chemical will “stick” to the paper to a 
different extent, depending on its chemical properties. In a 
similar way, each chemical will “stick” to the liquid a certain 
amount, depending on how chemically similar it is to the liquid. 
Since the colors move at different speeds in the experiment, they will travel different 
distances and create a unique pattern. This unique pattern, or chromatogram, allows 
scientists to identify mixtures. 
 

Figure 2. Sample 
chromatogram 
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In our experiment, chemicals that stick to paper tend to remain near the bottom of the 
paper as the water passes over them. On the other hand, chemicals that dissolve very 
well in water and do not really stick to the paper will travel farther up. Chemicals that fall 
between these extremes will travel midway up the paper. 
 
Other Chromatography Processes 
A powerful technique, called gas chromatography, uses gas to carry and separate the 
chemicals in a mixture. With gas chromatography, scientists can separate and identify 
many different mixtures, including paint chips, pharmaceuticals, brands of lipstick, food 
residues, and tobacco. Forensic scientists often use this technique to analyze 
evidence left at crime scenes. 
 
Biochemists use another chromatography technique called gel electrophoresis to 
separate and analyze DNA. Biochemists insert a mixture of DNA fragments in a Jell-O-
like gel. The gel is then connected to a source of electric current. The negatively charged 
DNA travels with the current and the fragments of DNA are separated by size. Again, 
larger molecules move through the gel more slowly, while smaller molecules travel faster 
and farther. This process creates a DNA chromatogram called a DNA profile. Forensic 
scientists who use this process can match the DNA found at a crime scene to a suspect, 
just as the students did in this experiment.  
 
There are many other types of chromatography, each developed to help scientists 
understand the world. Chromatography is an extremely useful technique that is routinely 
used in the top research labs in the world.  
 
Advances in DNA Analysis 
The science of DNA analysis is an ever-growing field with breakthroughs still being 
made today.  For example, although each person’s DNA is unique, identical twins (who 
come from one single fertilized egg) have long been thought to have identical DNA.  
Scientists have recently discovered ways to differentiate between the DNA of identical 
twins.  Life experiences, such as exposure to UV light or carcinogens, can actually 
change our DNA by causing it to mutate slightly.  One twin may also carry a different 
number of copies of the same gene. These slight variations may be detected using 
recent technologies that are expanding as our understanding of DNA grows.   
 
Questions in DNA Testing 
The discovery of DNA was a scientific breakthrough and its application in solving crimes 
forever changed the field of forensics. However, DNA testing is not as simple and clear-
cut as is often portrayed on television. Crime shows often depict an investigation team 
arriving at the scene of a crime, swabbing for DNA, and, minutes later, knowing exactly 
who committed the crime. In reality, DNA analysis is a much more complex process that 
can easily be tainted by human error and can raise many new ethical questions.  
  
DNA analysis is often seen as nearly infallible evidence. While DNA evidence can be 
extremely reliable when collected and analyzed properly, there are many factors that can 
cause complications. Samples from crime scenes are often very small and may be 
degraded or contaminated in ways that make it impossible to obtain a full DNA profile. 
The likelihood of acquiring a coincidental match when using partial DNA profiles is much 
higher than when using a full profile. Other issues in DNA testing can include 
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unintentional contamination, mistakes in labeling samples, misinterpretation of test 
results, or even intentional planting of DNA evidence.  
 
DNA evidence can be contaminated when DNA from another source gets mixed with 
DNA relevant to the case. Contamination can happen as easily as when someone 
sneezes over the evidence or can even be something as uncontrollable as a single stray 
eyelash or bead of sweat falling in the area. Contamination can also occur before a 
forensics team reaches the crime scene. In Germany, there was a case where cotton 
swabs used by the forensics team (which are supposed to be sterilized before shipment) 
contained traces of a factory employee’s DNA. The lab mistakenly came to the 
conclusion that there was a single person who was committing a rash of crimes across 
Germany. For the full story visit: 
http://www.spiegel.de/international/germany/q-tip-off-police-fear-serial-killer-was-just-
dna-contamination-a-615608.html  
 
When mistakes like these occur in DNA testing, the probability of indicting the wrong 
person increases. Unfortunately, there are multiple cases in which DNA evidence has 
been used to implicate the wrong person. In one such case, a lab technician accidently 
mislabeled DNA samples, leading to the wrongful conviction of an innocent person: 
http://www.reviewjournal.com/news/crime-courts/las-vegas-police-reveal-dna-error-put-
wrong-man-prison  
 
Since DNA analysis has become commonplace in criminal investigations, the question of 
when DNA should be sampled from a person has been debated. Many states and the 
federal government are trying to decide whether or not it should be legal to collect DNA 
samples from people who have not been convicted of a crime. Currently, law 
enforcement uses a national DNA databank, CODIS (Combined DNA Index System), 
which matches DNA profiles of convicted felons with DNA found at crime scenes. 
However, there is concern over the increasingly popular tactic of collecting DNA samples 
from arrested suspects instead of only those persons actually convicted of a crime and 
prosecuting people based solely on matches to partial profiles in CODIS.  
 
Despite the many problems associated with analyzing DNA, there are also a number of 
benefits to the advancements in DNA testing. Groups such as The Innocence Project 
have dedicated their resources to reviewing cases where DNA testing was not used. 
These groups analyze DNA evidence collected at the time of the crime before DNA 
testing was available. As of 2013, over 300 people have been exonerated (freed) 
through DNA testing, 18 of whom were on death row for crimes they did not commit. 
DNA testing set these people free. DNA testing can contribute to the more accurate 
prosecution of criminals within our court system. However, great care must be taken to 
prevent inaccurate DNA testing from unintentionally convicting innocent people.  
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ART 
 
 
 
 
 
 
 
 
 

Chromatography Art  
Repeat the chromatography using entire coffee filters and 
washable markers in place of food coloring. Mark the filters 
at the centerfold and run the chromatograms. Fold the 
coffee filters out from the center to make colored flowers. 
Attach the flowers to popsicle sticks or straws to make a 
bouquet. 
 
Draw on filter paper with washable markers, and then use 
chromatography to create designs. Use the finished 
chromatograms as paper for cards. 

  
BIOLOGY Cell Biology 

Discuss the parts of the cell and their functions. 
Discuss the differences between animal and plant cells. 

  
LANGUAGE 
ARTS 

Mystery Stories 
Have students read a mystery book (e.g., Hardy Boys, 
Nancy Drew, Encyclopedia Brown, or Sherlock Holmes). 
Report on the techniques used to examine clues.  
Check the newspapers for reports of real-life criminal 
investigations. Have students write a mystery.  
 

SOCIAL 
STUDIES 

Genetically Modified Organisms 
Find articles about genetically modified organisms (GMOs). 
What products contain GMOs? What are the advantages 
and disadvantages to GMOs? Since this is a controversial 
topic, stress to students the importance of getting scientific 
summaries and not just information from advocacy groups. 
 
Discovery of DNA’s structure 
Scientists knew that information was somehow stored and 
passed on between generations but did not know the 
details of the process. Use one of the books listed in the 
Resources section (page 25) to learn about how DNA’s 
structure was discovered. 
 

 Career Connection 
Interview or invite a police detective, a criminal lawyer, or a 
forensic specialist to talk to the class. 
 
 

CROSS-CURRICULAR  

CONNECTIONS 
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Books 

DNA is Here to Stay by F. R. Balkwill 
Reading level: kindergarten to 4th grade 
This book gives a simple explanation of what DNA is and what it does in 
the body. This author also writes a series called “Enjoy Your Cells.” This 
book is scientifically accurate and good for all ages.  
 
One-Hour Mysteries and More One-Hour Mysteries by M. Carr 
Reading level: 4th to 8th grade 
Each book provides instructions for teachers and students to solve five 
different mysteries; they focus on logic as well as scientific principles to 
solve crimes. 
 
Usborne Internet Linked Introduction to Genes and DNA by A. 
Claybourne et al.  
Reading level: 4th to 8th grade  
Beautiful artwork takes you deep inside a cell. This book also explains 
genetically modified foods, the Human Genome Project, gene therapy, 
designer babies, and DNA testing.  
 
Crime Scene Investigations: Real Life Science Activities for the 
Elementary Grades by P. Walker and E. Wood 
Reading level: 3rd to 6th grade 
A teacher resource book containing instructions for 60 different activities 
related to technology, earth, life, and physical science. Students 
investigate and solve crimes through scientific activities. 
 

 
Web 

Cracking the Code of Life 
In this video, NOVA tells the story of the genome triumph and its profound 
implications for medicine and human health. 
http://www.pbs.org/wgbh/nova/body/cracking-the-code-of-life.html 

 
Build your own electrophoresis chamber 
This site explains what an electrophoresis chamber is and how it is used 
in DNA testing. It also gives detailed instructions on how to build your own 
chamber! 
http://learn.genetics.utah.edu/content/labs/gel/build_gel_box.pdf 
 
 

 
 

RESOURCES 
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Bacteria Very small organisms each made up of just one cell. 
Capillary action The tendency of small tubes to draw liquid up into them, against the 

force of gravity, due to the attraction of water to the molecules on the 
sides of the tubes. 

Cell membrane A thin barrier that surrounds the contents of plant and animal cells; 
provides structure and organization to the cell and controls the 
passage of water and other chemicals both into and out of the cell. 

Cell wall The rigid outermost barrier that surrounds the cell membrane; found 
in all plants and some algae, bacteria, and fungi; absent from all 
animal cells. 

Chromatogram A paper showing a mixture separated using chromatography. 
Chromatography A process scientists use to separate, analyze, or purify mixtures. 
Diploid Having two copies of genetic material. 
Dissolve When the molecules of a solid separate and become completely 

surrounded by the molecules of a liquid. 
Deoxyribonucleic 
Acid (DNA) 

A long molecule found in the nucleus of a cell and shaped like a 
double helix; associated with the transmission of genetic information. 

DNA profile A chromatogram of an individual’s DNA, used to identify individuals 
or to diagnose diseases. 

DNase An enzyme that breaks down DNA; “-ase” stands for enzyme. 
Enzyme A complex protein produced by cells; acts to speed up a specific 

biochemical reaction. 
Forensic scientist Someone who can use a wide variety of sciences to answer 

questions of interest to a legal system. 
Gel 
electrophoresis 

A process that uses gel and electricity to separate a mixture into its 
component parts; used primarily for DNA, proteins, or other 
biological molecules. 

Lyse To break open or split. 
Membrane A thin film that forms a barrier. 
Mixture Two or more substances that are mixed together but are not 

chemically bonded. 
Nuclear 
membrane 

Similar to the cell membrane; surrounds the contents of the nucleus, 
separating it from the rest of the cell. 

Nucleus A compartment inside the cell that contains the cell’s genetic 
information. 

Paper 
chromatography 

A process that uses paper and liquid to separate a mixture into its 
component parts. 

Precipitate To come out of a liquid solution as a solid. 
Protein A large, complex biological molecule found throughout the body; 

hormones, enzymes, and antibodies are all proteins, as are many of 
the structural parts of the body. 

Soluble Able to dissolve in a particular substance. 

GLOSSARY 









P2 P3

C H R O M A T O G R A P H Y C H R O M A T O G R A P H Y
Use a pencil to draw a line across the filter 
paper ½ inch from the bottom edge.   
Then, write the numbers #1 to #4 below the 
line. The numbers should be at least ½” apart.

Above each number, and above the line, use a 
toothpick to place a small dot of each suspects’ 
“DNA” sample. Sample #1’s dot should be 
directly above the #1, and so on. 

Tape the top (the opposite end from the dots) 
of the filter paper to a pencil.

Add about ½ inch of water to the cup. Slowly 
lower the paper into the cup until the pencil 
rests on the edge of the cup, making sure that 
only the bottom edge of the strip (below the 
pencil line) is wet. Do not let the water cover 
any part of the samples! If the bottom edge  
of the strip doesn’t touch the water, remove  
the pencil and paper, add a little more water, 
and try again.  Repeat this until there is  
just the right amount of water to touch the 
bottom of the paper without touching the dots 
on the paper.  If there is too much water, pour 
some out before trying again.

1.

2. 

3.

4. 

MAKE SURE the 
dots are at least ½” 
from the bottom

Only the very end of the paper should 
touch the water. DO NOT let water 
touch your ink spots. 

Watch the water soak upwards until it is about an inch from reaching 
the pencil. Take the pencil and paper off the cup and set the paper 
aside to dry.

Clean up your work area.

On a new piece of filter paper, use a toothpick to place a dot of the 
“crime scene DNA.”  Tape this piece to the pencil and hang inside 
the cup. Be careful not to let the water cover the sample.    
  
After the water reaches 1” from the top, remove the second strip of 
filter paper and allow it to dry as well. Then compare the two strips.

5.

6. 

7.

8. 

EXPERIMENTEXPERIMENT

HOW ARE ALL THE DNA SAMPLES THE SAME? HOW ARE THEY DIFFERENT?

WAS THERE A SUSPECT SAMPLE THAT LEFT THE SAME KIND OF PATTERN 
AS THE CRIME SCENE SAMPLE? WHICH SUSPECT DID IT COME FROM?
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DNA Clues 
Recommended group size: 1-2 

 
 Number of Students: Number of Groups:  
 

Supplies Amount Needed Supplies 
on Hand 

Supplies 
Needed 

Experiment #1    

99% isopropyl alcohol (or 70% 
rubbing alcohol) 

¼ cup per group   

Cafeteria trays (optional) 1 per group   

Freezer or bucket of ice 1 per class   

Goggles (optional) 1 per student   

Liquid dish soap ½ teaspoon per group   

Marker 1 per student   

Masking tape (for labeling) 1 roll   

Paper towels (for cleanup) 1 roll   

Permanent marker (for labeling) 1   

Popsicle stick 1 per group   

Pop-top squeeze bottles  
(e.g., water or sports drink) 

1 per group   

Salt 1-2 tablespoons per class   

Small drinking cups 1 per student   

Sponges (for cleanup) 1 (or 1 per group)   

Tall, clear, narrow plastic cups  
(8 oz. or 12 oz.) 

2 per group   

Teaspoon measure (or spoon) 1 per group   

Toothpick (optional) 1 per group   

 

Supply Worksheet continues on next page. 
 
 

SUPPLY 
WORKSHEET 
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 Chromatography 
Recommended group size: 1–3 

 
 Number of Students: Number of Groups:  
 

Supplies Amount Needed Supplies 
on Hand 

Supplies 
Needed 

Experiment #2    

Apron or smock 1   

At least four different food colors; neon 
colors work best and can be found at 
many large grocery stores 

1 set   

Cafeteria trays (optional) 1 per group   

Clear, plastic cups (8 oz. or 12 oz.) 1 per group   

Disposable gloves 1 pair   

Goggles (optional) 1 per student   

Long rigid object to lay across the top of 
cup (pencils, pens, wooden craft sticks, 
etc.) 

1–2 per group   

Paper towels (for cleanup) 1 roll   

Pencil (or pen, marker, or similar) 1 per group   

Pop-top squeeze bottles (e.g., water or 
sports drink) 

1 per group   

Ruler (optional) 1 per group   

Scissors (optional) 1 per group   

Sponges (for cleanup) 1 (or 1 per group)   

Toothpicks 1-2 per student   

Water ¼ cup per group   

Watercolor paper cut into 2" x 3" strips, or 
cone-shaped #2 size coffee filters, or 2" x 
3" strips of fine-grained paper towels 

2–3 per group   

Small containers with lids (baby food jars 
or plastic containers with sealing lids) 

5  
 

 
 
 

SUPPLY 
WORKSHEET 




