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1. Synopsis
In this miniPCR Learning Lab, students identify the dyes found in a mixture using two molecular
analysis techniques, gel electrophoresis and paper chromatography. Students will learn the key
principles of gel electrophoresis and chromatography, and compare the two techniques. This
lab introduces students to key concepts about molecules and molecular properties that are
relevant to important biological macromolecules such as DNA and proteins. Students will
explore how the size and charge of a molecule influence its migration through an agarose gel or
in a paper chromatography separation.
● Techniques utilized: Gel electrophoresis, paper chromatography, micropipetting
● Time required: One 45-minute period
● Reagents needed: ‘blueGelTM Electrophoresis Rainbow Lab’ reagents kit (available from
miniPCR, catalog no. KT-1501-01), gel electrophoresis reagents (See sections 5 and 10)
● Suggested skill level: Familiarity with gel electrophoresis principles, basic familiarity
with micropipetting techniques
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2. Learning goals and skills developed
Student Learning Goals – Students will be able to:
● Demonstrate that molecules vary in size, shape and charge
● Use gel electrophoresis to separate molecules of different sizes and charges
● Use paper chromatography to separate molecules of different size and polarity
● Predict the relative size and charge of dye molecules
● Compare and contrast the techniques of gel electrophoresis and paper chromatography
● Determine the components of an unknown mixture
Scientific Inquiry Skills – Students will:
● Formulate hypotheses and predict results
● Compare results to predictions and draw conclusions based on hypotheses
● Use observation to inform predictions about unknown samples
● Present data in graphical form
Molecular Biology Skills:
● Micropipetting
● Preparation of agarose gels
● Agarose gel DNA electrophoresis
● Visualization of dyes
● Paper chromatography
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3. Standards alignment
Next Generation Science Standards - Students who demonstrate understanding can:
HS-PS2-6

Communicate scientific and technical information about why the
molecular-level structure is important in the functioning of designed
materials.

HS-PS1-11(MA)

Design strategies to identify and separate the components of a mixture
based on relevant chemical and physical properties.

Common Core English Language Arts Standards
WHST.9-12.2

Write informative/explanatory texts, including the narration of historical
events, scientific procedures/ experiments, or technical processes.

WHST.9-12.9

Draw evidence from informational texts to support analysis, reflection,
and research.

RST.9-10.3

Follow precisely a complex multistep procedure when carrying out
experiments, taking measurements, or performing technical tasks,
attending to special cases or exceptions defined in the text.

RST.9-10.7

Translate quantitative or technical information expressed in words in a
text into visual form (e.g., a table or chart) and translate information
expressed visually or mathematically (e.g., in an equation) in words.

RST.11-12.7

Integrate and evaluate multiple sources of information presented in
diverse formats and media (e.g., quantitative data, video, multimedia) in
order to address a question or solve a problem.

SL.11-12.5

Make strategic use of digital media (e.g., textual, graphical, audio visual,
and interactive elements) in presentations to enhance understanding of
findings, reasoning, and evidence and to add interest.
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4. Background
Gel electrophoresis
Gel electrophoresis is a technique used to separate samples of molecules by size and charge.
The technique is most often used to analyze DNA, RNA, and proteins, but can be used for other
molecules as well. During gel electrophoresis, an electric field causes the movement of
molecules through a gel that contains small pores. A gel electrophoresis system consists of a
platform to hold the gel, a chamber for buffer, electrodes positioned on opposite sides of the
chamber, and a power supply that connects to the negative and positive electrodes and applies
an electric charge to the electrodes.
In a fully assembled gel electrophoresis system, the gel is positioned on the platform within the
chamber and submerged in buffer. The buffer conducts the electric current through the gel,
driven by an electric field that causes molecules to migrate towards the oppositely charged
electrode. Small molecules move more easily through the pores of the gel, and therefore travel
further than larger molecules of the same charge.
When separating nucleic acids, the wells of the gel are placed closer to the negative electrode.
This is because DNA and RNA have negative charges. When an electric field is applied, the
negatively charged nucleic acids will be attracted to the positive pole. In this way, all the DNA or
RNA is pulled through the gel in the same direction towards the more distant, positive
electrode.
Some of the dyes that will be used in this experiment may be negatively charged and these dyes
will move towards the positive electrode, like DNA and RNA. However, other dyes may be
positively charged and will move in the opposite direction. For this reason, it is important to
cast the gel with the wells near the center so molecules will be able to travel in both directions
in your gel.
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Why are molecules charged?
All molecules, including the dye molecules in this lab, are clusters of atoms held together by
molecular bonds. Molecules can range in size from just a few atoms, as in H2O, to the billions of
atoms found in a long DNA molecule. Different atoms have different properties and some
atoms are highly electronegative. Electronegativity is the ability of an atom to pull electrons
towards itself. Some atoms, such as oxygen, pull on electrons more strongly than others. When
an atom such as oxygen forms a covalent bond with a less electronegative atom, like hydrogen,
the electrons forming that bond associate much more strongly with the oxygen nucleus. This
allows the hydrogen nucleus (H+) to leave the molecule and associate with a different molecule.
The molecule that lost the H+ now has a negative charge. The most common electronegative
atoms found in biological molecules such as DNA and proteins are oxygen and nitrogen, which
explains why these are often negatively charged.

More about agarose gels
A gel is made of a polysaccharide extracted from seaweed called agarose. Agarose gels are
formed by adding dry powdered agarose to a buffer and melting it. The melted agarose is
poured into a tray and allowed to solidify. To make a space that will hold the molecules you are
studying, a comb is inserted into the agarose before it cools. After the agarose is solidified, the
comb is carefully removed and where the teeth of the comb were, small holes, called wells,
remain in the gel. Once solidified, the agarose gel forms a microscopic mesh, or web-like
matrix, through which the molecules travel. When the solidified gel is placed into the platform
in the electrophoresis machine and buffer is added to the chamber, the gel is submerged in the
buffer. The buffer contains ions that make it a good conductor of electric current.
_____________________________________________________________________________________
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To perform gel electrophoresis, a small amount of liquid containing the molecules you want to
study is added to the wells in the gel. When the power to the electrophoresis machine is turned
on, the electric field facilitated by the ions in the gel and the buffer pushes the molecules
through the gel. Positively charged molecules, also known as cations, are attracted by and move
towards the negative electrode (the cathode) and negatively charged molecules, also known as
anions, are attracted by and move towards the positive electrode (the anode).

How molecular size and charge affect migration
The speed at which a molecule moves through the gel depends upon its size, charge, and shape.
The mesh of the agarose gel acts like an obstacle course that the molecules must travel
through, so smaller molecules have an easier time moving through the gel than do larger
molecules. If two molecules are similarly charged, the smaller molecule will move further
through the gel. Sometimes molecules vary in both size and charge, and when this is the case,
movement through the gel is dictated by the electric charge of the molecule relative to its size
(the charge-to-mass ratio). For instance, a large molecule that is highly charged may move
more quickly than a smaller, but lesser charged molecule. Finally, shape also influences
movement of molecules in the gel. A compact molecule moves more easily though the mesh
obstacle course than does a long linear molecule.
In this gel electrophoresis lab with dyes, charge determines which direction from the wells the
dye will travel, and size plays the largest factor in distance traveled. That said, students will
discover in this lab that size is not the only determinant, which can lead them to think about
how charge-to-mass ratios and shape of the molecules influence their migration.
Please note that the most common use of agarose gel electrophoresis is to separate different
sized DNA molecules. Because the movement of linear DNA molecules through a gel is based
almost entirely on size, electrophoresis can be used to determine the size of DNA molecules
with great accuracy. Why is size the predominant factor for electrophoresis of DNA? DNA is
negatively charged due to the phosphate groups in the DNA backbone. Every nucleotide of a
DNA molecule has one phosphate group, so as DNA molecules increase in size, their total
charge increases at the same rate. The resulting charge-to-mass ratio of DNA therefore remains
constant, and the movement of linear DNA molecules through a gel during electrophoresis is
based almost entirely on size.
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Paper chromatography
The term chromatography refers to many procedures, all of which separate parts of a mixture
by passing a liquid solution through a non-liquid “stationary layer”. The different components in
a solution can be separated from each other based upon whether the substance more readily
sticks to the stationary layer (in our lab, the paper) or dissolves in, and travels with, a solvent as
it moves through the stationary layer.
In paper chromatography, the mixture to be separated is spotted on a piece of filter paper and
the edge of the paper below the spot is submerged in a solvent, usually rubbing alcohol or
water. As the solvent moves up the paper by capillary action, the components in the mixture (in
this case the dyes) dissolve in the solvent and are carried along. The distance the dye moves on
the strip depends on how soluble it is in the solvent. If both the solvent and the molecules of
the dye are very polar, then the chemical will be very soluble in the solvent; if the solvent is
polar and the chemical is non-polar, (or the other way around) then the chemical will not
dissolve well in the solvent and instead will stick to the paper. The better the sample is
dissolved, the more easily and faster the chemical will move up the paper with the solvent. If
the sample placed on the chromatographic strip is a mixture of chemicals, the chemicals will
separate based on their polarity, in other words, how well they dissolve in the solvent.
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Today’s lab
Students will analyze dyes of different colors, molecular weight, and charge using gel
electrophoresis. Students will see that the molecules that move more slowly through the gel
are larger than the molecules that move more quickly. They will also observe that the
negatively charged dyes move towards the positive electrode and the positively charged dyes
move towards the negative electrode. Below is a table detailing relevant information on the
dyes used in this lab. All of the dyes except Allura Red AC are available in solid form from
chemistry vendors, and were dissolved in 10% glycerol solution for this lab. Allura Red AC is
liquid red food dye, and was added to 10% glycerol solution to dilute it to a final concentration
of ~1% (volume/volume).
Table 1: Dyes included in this lab:
Dye

Color

MW

Charge

Concentration

Allura Red AC

Red

496.42 g/mol

-

1% v/v

Orange G

Yellow

452.38 g/mol

-

0.04% w/v

Methylene Blue

Blue

373.90 g/mol

+

0.04% w/v

Bromophenol Blue

Purple

669.96 g/mol

-

0.04% w/v

Bromocresol Purple*

Purple

540.22 g/mol

-

0.08% w/v

*Bromocresol Purple will change color to yellow if the pH of the solution falls
below 6.8. If the Bromocresol purple appears yellow, it should change back to
purple when added to the buffered solution in the electrophoresis gel.
Alternatively, adding a drop of 100mM NaOH to the stock solution will restore
the purple color.
Important note:
Along with the five dyes listed above, instructors will create three “unknowns”. These
unknowns will be different mixtures of the above dyes that students must separate and identify
through the electrophoresis process.
The kit includes a small bag that holds two empty 1.5 ml tubes, labeled “Dye 6”, “Dye 7”, and
“Dye 8” to be prepared prior to the lab session. Dyes 6, and 7, and 8 can be prepared several
hours prior to the lab, but are not stable for long term storage. Dye 6 will be a 1:1 mixture of
_____________________________________________________________________________________
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Methylene Blue and Orange G. Dye 7 will be a 1:1 mixture Methylene Blue and Bromocresol
Purple. Dye 8 will be a 1:1 mixture of Orange G and Bromocresol purple.
Paper chromatography is also included in this lab to serve as a comparison to gel
electrophoresis. The two processes are similar in that both separate samples that are a mixture
of two dyes, but the mechanism of separation is different. Gel electrophoresis separates
molecular mixtures due to differences in size and charge in response to an electric field. In
chromatography, the dyes separate based upon a difference in affinity towards a solvent. In this
way, chromatography is measuring a sample’s polarity. Unlike gel electrophoresis, in which the
dye sample can move either way on the gel depending on charge, the dyes in paper
chromatography will only travel up the paper strip, never down.
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5. Laboratory set-up manual
Reagent

●
●

20 µl each
Allura Red AC
Orange G
Methylene Blue
Bromophenol Blue
Bromocresol Purple
Dye 6
(to be mixed by the instructor)
Dye 7
(to be mixed by the instructor)
Dye 8
(to be mixed by the instructor)

Storage

Room temp.
Protect from
light
Refrigerate if
stored for
longer than
one month

0.2 g
(if using blueGelTM)

Room temp.

Electrophoresis buffer
● 1X TBE
● Available as 20X TBE through miniPCR
− Product number: RG-1502-02
− Sufficient for 100 blueGels once
diluted to 1X TBE

50 ml
(if using blueGelTM)

Room temp.

Approximately 5 ml depending on size of
beaker used

Room temp.
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0.8% Agarose gel
● Electrophoresis grade agarose
● Available through miniPCR
− Product number: RG-1500-02
− Sufficient for 100 0.8% blueGels

Rubbing Alcohol / EtOH

Teacher’s
checklist

Supplied in Kit

Dyes
●
●
●
●
●
●

Volume needed
per lab group
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Teacher’s checklist

Chromatography strip (Supplied in Kit)
Toothpicks (Supplied in Kit)

Disposable micropipette tips
Plastic tubes: 1.5 or 1.7 ml tubes (8 tubes per group)
NOTE: Three 1.5 ml tubes are provided for mixing Dyes 6, 7, and 8
Horizontal gel electrophoresis apparatus: e.g. blueGelTM
Microcentrifuge (optional, to gather dye to the bottom of 1.5 ml tubes)
DC power supply for electrophoresis apparatus (included with blueGelTM)
Scale for weighing agarose
250 ml flasks or beakers to dissolve agarose and for chromatography
Microwave or hot plate to dissolve agarose
Gel documentation system (optional, or use cell phone camera instead)
Test tubes (optional, for paper chromatography)
Plastic ruler
Piece of white paper: 5 cm x 7 cm (if using blueGelTM )
Other supplies:
● Disposable laboratory gloves
● Permanent marker
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Planning your time
This experiment has 3 stages:
A. Load gels and run gel electrophoresis
B. Perform paper chromatography
C. Size and charge determination of compounds

Preparatory activity
Dispense reagents and
prepare equipment
• 15 min
“Unknown Samples”
must be prepared no
more than 2 hours prior
to running the lab.
Pour agarose gels
• 20 min

Experimental activity
A

B

C

Load Gels and Run Gel Electrophoresis
• 30 min
Paper Chromatography
• 10 min – to be started while gel
electrophoresis runs
Interpretation
• 10 min – observation and
discussion

READ ALL INSTRUCTIONS BEFORE PERFORMING THE LAB
Quick guide: Preparatory activities
Suggested for 8 student groups (4 students per group), 32 total samples tested
A. Gel electrophoresis
● It is recommended that gels be prepared and poured prior to class. If instructors wish to teach
pouring gels as part of the gel electrophoresis process, allow an additional 15-20 minutes. Gels
take approximately 10 minutes to cool. Alternatively, gels could be prepared by students the
previous day and stored overnight (see below).
● Each lab group will use eight lanes in a gel. It is recommended that each group be supplied with
their own electrophoresis system. For classrooms with fewer, larger electrophoresis gel boxes,
groups may share gels. Be aware that gels should only use one comb per gel, as dyes run in both
directions.
− Pre-poured gels can be stored in the refrigerator, in a sealed container or in plastic wrap
● If pouring gels during the class period, have all agarose and gel casting supplies ready to pour.
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Mix Unknowns:
− Aliquot 100 µl of Methylene Blue into each of the two empty 1.5ml tubes labeled “Dye
6” and “Dye 7”.
− Aliquot 100 µl of Orange G into the tubes labeled “Dye 6” and “Dye 8”.
− Aliquot 100 µl of Bromocresol Purple into the tube labeled “Dye 7” and “Dye 8”.
− Mix the dyes thoroughly by pipetting up and down or flicking the tubes.
− You will now have 200 µl of each dye in the original tubes.
Aliquot 20 µl of Dye 6 into 8 separate 1.5 ml tubes and label tubes as “Unknown A”.
Aliquot 20 µl of Dye 7 into 8 separate 1.5 ml tubes and label tubes as “Unknown B”.
Aliquot 20 µl of Dye 8 into 8 separate 1.5 ml tubes and label tubes as “Unknown C”.
Aliquot 20 µl of Bromophenol Blue into 8 separate 1.5 ml tubes and label tubes as “BB”.
Repeat for each of the other dyes.
− Methylene Blue = “MB”
− Orange G = “OG”
− Bromocresol Purple = “BP”
− Allura Red AC = “AR”

B. Paper Chromatography
● Ensure that each lab group has:
− Chromatography paper
− Beaker
− Pencil or stirring rod
− Toothpick
− Robbing alcohol/ethanol (EtOH)
C. Interpretation
● Make sure that the supplied 5x7 cm piece of white piece of paper is below the gel chamber so
that students can better see the dyes.
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6. Instructor laboratory guide
A. Gel electrophoresis – Pouring agarose gels (can be done ahead of time)
1. Prepare a clean and dry agarose gel casting tray.
● Seal off the ends of the tray as indicated for your apparatus (not needed for blueGelTM
users).
● Place a well-forming comb at the middle of the gel (8 lanes per group).
2. For each lab group, prepare a 0.8% agarose gel using 1X TBE buffer.
● Adjust volumes and weights according to the size of your gel tray.
− For example, add 0.4 g of agarose to 50 ml of electrophoresis buffer.
− blueGelTM users: add 0.2 g of agarose to 25 ml of 1X TBE buffer.
● Mix reagents in glass flask or beaker and swirl to mix.
● If pouring more than one gel, you can dissolve all the agarose at once (e.g. 1.6 g in 200
ml for blueGelTM for 8 gels).
● sd
3. Heat the mixture using a microwave or hot plate.
● Until agarose powder is dissolved and the solution becomes clear.
● 40 seconds is usually sufficient for heating 50 ml in a microwave.
● Use caution, as the mix tends to bubble over the top and is very hot.
4. Cool the agarose solution for about 2-3 min at room temperature.
● Swirl the flask intermittently to cool evenly.
5. Slowly pour the cooled agarose solution into the gel-casting tray with comb (comb should be in
the middle of the gel).
6. Allow gel to completely solidify (until firm to the touch) and remove the comb.
● Typically, 20-25 minutes
● At this point, gels may be stored for future use. If storing gels, place in a sealed
container or plastic bag and place in the refrigerator. Stored gels should be used within
one week of pouring.
7. Once the gel is completely cool, remove the comb.
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Gel electrophoresis – Running the gel
*Gloves are not needed for this experiment because all dyes are nontoxic, but they are highly
recommended as dyes will stain skin. Dyes will come off skin by washing point of contact with
soap and water. If using gloves, put them on at this point, before loading the dyes.
1. Place your gel into the electrophoresis chamber.
2. Cover your gel with 1X TBE buffer. Make sure the gel completely submerged in electrophoresis
buffer.
● Ensure that there are no air bubbles in the wells (shake the gel gently if bubbles need to
be dislodged).
● Fill all reservoirs of the electrophoresis chamber and add just enough buffer to barely
cover the gel and wells.
● blueGelTM users: Use no more than 25 ml of 1X TBE electrophoresis buffer.
3. Load 10 µl samples of each dye into the wells in the following sequence
● Lane 1: Bromophenol Blue (BB)
● Lane 2: Methylene Blue (MB)
● Lane 3: Orange G (OG)
● Lane 4: Bromocresol Purple (BP)
● Lane 5: Allura Red AC (AR)
● Lane 6: Unknown A (Methylene Blue/Orange G (MB/OG))
● Lane 7: Unknown B (Methylene Blue/Bromocresol Purple (MB/BP))
● Lane 8: Unknown C (Orange G/Bromocresol Purple (OG/BP))
4. Place the cover on the gel electrophoresis box.
5. Insert the terminal leads into the power supply (not needed if using blueGelTM.)
6. Start electrophoresis.
● If using blueGelTM, simply press the “Run” button.
● If using other gel electrophoresis system, set the voltage to between 100 and 120 volts.
● Check that small bubbles are forming near the terminals in the box.
● Run for 15-20 minutes, or until the colored dyes have progressed to about half the
length of the gel.
7.

Electrophoresis can be considered complete when significant separation is seen between the
dyes.
● Longer electrophoresis times will result in better size resolution.
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Once electrophoresis is completed, turn the power off.
● Gels should be viewed soon after termination of the electrophoresis run as dyes will
diffuse in the gel making resolution of the bands less clear.

B. Paper chromatography
1.

Distribute 1 cm wide chromatography paper (one per lab group and included in kit), isopropyl
alcohol, and 500 ml beakers (also could use an Erlenmeyer flask or a test tube).

2.

Cut one end of paper to make a point.

3.

Make a spot about 2.5 cm above the point of the paper of Dye 6 (Unknown A) with a toothpick.

4.

Pour a small amount of alcohol into the beaker – just enough to cover the bottom, and place a
pencil or stirring rod horizontally across the top of the beaker.
● NOTE: this chromotography section can be done with water instead of alcohol, but the
use of alcohol is highly recommended as it will produce much clearer separation of dyes.
● If using an Erlenmeyer flask or test tube, the pencil is not needed

5.

Make a fold in the non-pointed end of the paper so that it can hang on the pencil. The point on
the paper should just barely be submerged in the alcohol. No more than a centimeter of the
paper should be submerged.
● If using an Erlenmeyer flask or test tube, hang the paper over the edge of the flask or
tube with the fold in the paper.
● The spot of dye drawn on the paper should not be in contact with the alcohol at the
bottom of the beaker.

Schematic of chromatography set up is included in the background section of this lab guide. (page 7)
6.

Observe the paper as the solvent (the alcohol) climbs up the paper with the pigment of the dye
with it.
● It should take about 5 minutes for the sample to separate into its two respective dyes
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C. Size and charge determination and interpretation
1. When your gel has completed running and the power is turned off, place 5x7 piece of white
paper under the buffer chamber.
● If using blueGelTM, carefully lift the buffer chamber and place the paper on the blue base.
Return the chamber to its original position.

● If using other clear gel electrophoresis apparatuses, the paper can be under the
entire chamber.
2. Observe location of dyes in the gel.
● If needed, use a flashlight or other light source to better see the dyes.
3. If you do not see clear separation between dyes, increase running time.
4. Document the size and charge of the dye chemicals.
● Using a ruler measure the distance from the well to the approximate center of each
band of dye. Record the distance in the data table.
● Fill in data in Student Data Table.
● Capture an image with a smartphone camera or other gel documentation system.
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Expected experimental results
Negative charge

Positive charge
Images show idealized (left) and actual (right) results. Abbreviations of dye names are included for
reference on left.
●

●

Intensity of the bands will depend on:
− the efficiency of gel-loading
− the length of electrophoresis
The migration patterns of the dyes will vary with
− the length of electrophoresis
− the electrophoresis voltage

Troubleshooting
The quality of your experimental results will usually vary with:
● Electrophoresis time and voltage
− Run gels long enough to achieve sufficient separation
● Make sure to be careful when loading the wells with the dyes. Dye not properly loaded may
diffuse out of the well and contaminate other samples.
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7. Student Data Table
Lane

Dye

Mol. weight
g/mol

1

Bromophenol Blue

669.96

2

Methylene Blue

373.90

3

Orange G

452.38

4

Bromocresol Purple

540.22

5

Allura Red AC

496.42

6

Unknown A

7

Unknown B

8

Unknown C

Direction
run

Distance
run

Color

Gel Diagram
Use this gel diagram for
questions 9 and 10 in the
“Questions for after gel
electrophoresis and
visualization” section.
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8. Study questions
Questions to be completed before experimental set-up
1) What is the force that causes the molecules to move in gel electrophoresis?

2) What is the purpose of the buffer solution that the gel is placed in?

3) Normally when doing DNA gel electrophoresis, the comb is placed at one end of the gel so that
wells will be closer to the negative electrode. Why did you put the comb in the middle of the
gel?

4) Imagine that you have two dyes that are the same size. After running the gel, the dyes travel
different distances. Explain how this could happen.

5) How could the same dye molecule move different distances if run by two different gel
electrophoresis experiments?
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6) Based only on the information in Table 1, fill in the table below. List the dyes in order from the
dye that you expect to travel the shortest distance to the dye that will travel the greatest
distance.
Dye(s) that will move towards the
Dye(s) that will move towards the
positive electrode
negative electrode

Questions for after paper chromatography
1) How many dyes were in the unknown sample you put on your chromatography paper? Can you
tell which dyes they are from their color?

1) What determines the rate at which the dyes move up the chromatography paper?

2) According to your results, which dye in the sample do you think is more soluble?

3) Both alcohol and water are polar solvents. Therefore, which dye in the sample is more polar?
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Questions for after gel electrophoresis and visualization
1) Which dyes are positive and which are negative? How do you know this?

2) Using only the data collected from your gel, which dyes would you expect to be the smallest and
which do you expect to be the largest molecules? How did you determine their relative sizes?

3) Based on the molecular weight of the molecules given in table 1, were you able to predict
roughly how far on the gel each dye would run relative to each other? Which dyes followed your
predictions; which ones did not? What explanations can you give for the dyes not following your
predictions?

4) Which dye ran the farthest? What was its weight and charge?

5) Unknown A was run on both the chromatography paper and on the electrophoresis gel. How
were the results of the chromatography and the gel for this mixture similar? How were they
different? Can you explain these similarities and differences?

6) Why did Bromophenol Blue and Bromocresol Purple travel roughly the same distance even
though Bromophenol Blue is almost 130g/mol heavier than Bromocresol Purple?
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7) Propose an explanation for why Methylene Blue ran in a different direction on the gel than the
other dyes used in this lab.

8) The three unknown samples should have separated into two bands, demonstrating that the
samples were made from two dyes. What dyes is each sample a mixture of?

9) Fill in the Gel Diagram found in the Student Data Table with your observed results; use markers
or colored pencils if they are available to you. Label each band with the correct name of the dye.

10) On the Gel Diagram you used in the last question, predict what you would see if you ran another
mix of dyes in the final empty lane. The dyes in the final mixture are as follows:

a) A green dye with the same weight and charge-to-mass ratio as Bromophenol Blue, but
the charge is positive instead of negative.
b) A brown dye that has the same charge-to-mass ratio as Methylene Blue but weighs half
as much.
c) A yellow dye that weighs twice as much as Allura Red and also has half the charge-tomass ratio.
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Calculating:
Instructor’s note: Calculating the answer to the following question requires an understanding of
how to use molar quantities. Younger students are likely to not have been introduced to this
concept. Calculating the number of molecules in an aliquot of dye can still be useful for younger
students as a teacher led problem. This problem will introduce students to the incredible number
of molecules that make up things in the world around us and the vastly different nature of how
things operate on a molecular scale. It is also a good exercise for practicing multiplying and
dividing using scientific notation.
1. How many individual molecules are in the 10 µl aliquot of dye that you placed in the well?
a) Use the molecular weight and the weight per volume concentration given in table one
to calculate the approximate number of total molecules placed in the well for Orange G.
You will need to use Avogadro’s number, 6.022 x 1023 (the number of molecules in a
mole) to find your answer.

*You can calculate this number for all dyes except Allura Red AC. The concentration
of Allura Red AC is given volume/volume and therefore the number of total
molecules available cannot be calculated given the data available.
b) There are roughly 7.5 billion people alive on Earth. How does the number of molecules
in your 10 µl aliquot compare to the population of Earth?
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9. Student-centered investigations and extension activities
Student-Centered Investigations
1) Analyze unknown mixed dye samples
Set up an unknown sample made of two or three dyes of your choice.
● Results should show a mix of the dyes that were stirred together. If dye 1, 2, and
5 are mixed, the mixture should separate into dye 1, dye 2, and dye 5 when
analyzed with gel electrophoresis.
● Be sure to mix dyes that will migrate significantly different distances.
● Have your students identify what dyes the mystery mixture was made of.
● Optional: Present the lab as a crime scene with each dye representing a suspect.
The dye colored black will represent DNA left at the crime scene. Run the gels
and have the students determine which suspect is guilty by observing which dye
(which suspect) matches the black dye. This option works best if each well is a
unique mixture of 2-3 dyes.

Post-Lab Extension Activities
Lab report - report on the findings of the written lab or further investigations
● Title
● Introduction
● Materials
● Procedure
● Results
● Discussion
Student writing exercise 1 - write a persuasive article about the use of biotechnology tools like gel
electrophoresis in forensics.
● Cite examples of criminal cases that have used gel electrophoresis to test the
DNA of suspects.
● State an opinion.
● Defend that opinion with facts and cited resources.
Student writing exercise 2 - write a report on the similarities and differences between gel
electrophoresis and chromatography.
● Discuss both similarities and differences between the two techniques.
● Explain in what instances one would use one technique over the other.
● State a personal opinion about which technique you liked better and why.
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Further Resources:
● Understanding gel electrophoresis
http://www.yourgenome.org/facts/what-is-gel-electrophoresis
https://www.youtube.com/watch?v=qy9bj32Fi_c
https://www.youtube.com/watch?v=XSO4ZBzu4jA
https://www.youtube.com/watch?v=uqgthJbI3r8
● Understanding chromatography
http://www.chemguide.co.uk/analysis/chromatogrmenu.html
https://www.khanacademy.org/test-prep/mcat/chemical-processes/separationspurifications/a/principles-of-chromatography

● History of the use of DNA in crime solving
https://www.forensicmag.com/article/2005/01/evolution-dna-evidence-crime-solvingjudicial-and-legislative-history
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10. Ordering information
To request blueGelTM Electrophoresis Rainbow Lab reagent kits, you can:
● Call (781)-990-8PCR
● email us at orders@minipcr.com
● visit www.minipcr.com
blueGelTM Electrophoresis Rainbow Lab (catalog no. KT-1501-01) contains:
● Allura Red AC
● Bromocresol Purple
● Orange G
● Toothpicks
● Methylene Blue
● Chromatography paper
● Bromophenol Blue
● Vials for unknowns

Materials are sufficient for 8 lab groups, or 32 students
Keep all dyes at room temperature, in a dry place, tightly closed and away from heat
Store dyes in refrigerator after one month
Dyes must be used within 24 months of shipment

Other reagents needed (not included in the kit):
●
●
●
●

Agarose (electrophoresis grade): see miniPCR website
(http://www.minipcr.com/product/agarose-electrophoresis-grade-20-gr/ )
Gel electrophoresis buffer: see miniPCR website (http://www.minipcr.com/product/20x-tbeelectrophoresis-buffer-250-ml/ )
Distilled or deionized H2O (to dilute 20X TBE buffer concentrate)
Isopropyl or rubbing alcohol if using for chromotography
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11. miniPCRTM Learning Labs
This Learning Lab was developed by miniPCRTM in an effort to help more students understand concepts
in molecular biology and to gain hands-on experience in real biology and biotechnology
experimentation.
We believe, based on our direct involvement working in educational settings, that it is possible for these
experiences to have a real impact in students’ lives. Our goal is to increase everyone’s love of DNA
science, scientific inquiry, and STEM.
We develop Learning Labs to help achieve these goals, working closely with educators, students,
academic researchers, and others committed to science education.
The guiding premise for this lab protocol is that a 1-hour lab plan developed around a real-life
biotechnology application provides the right balance between intellectual engagement,
experimentation, inquiry, and discussion. The design of this lab has simplified certain elements to
achieve these goals. For example, we use dyes instead of DNA in gel electrophoresis in order to teach gel
electrophoresis in its simplest form. The different colors and charges of the dyes create an agarose gel
with great visual differences. Similar designs have been incredibly effective for other very successful
educational lab courses, to which we owe inspiration1.
Starting on a modest scale working with Massachusetts schools, miniPCRTM Learning Labs have been
received well, and their use is growing rapidly through academic and outreach collaborations.

Authors: Ezequiel Alvarez Saavedra, Ph.D., Sebastian Kraves, Ph.D., Bruce Bryan, and Allison Walter

1

See, for example: "Molecular Rainbow: Dye Electrophoresis": Understand how to study something too small to
see, even with a microscope. Students will explore molecules and use gel electrophoresis to identify the
composition of a mixture. Massachusetts Biotechnology Education Foundation. 2017 March.
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