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ExPERIMENT OBjECTIVE:  

The objective of this experiment module is to develop an under-
standing of the principles of DNA mapping using various restric-

tion enzymes to generate DNA fragments.
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READy-TO-LOAD™ DNA SAMPLES
 FOR ELECTROPhORESIS

 A Standard DNA Fragments 
 B Plasmid cut with Enzyme 1  
 C Plasmid cut with Enzyme 2
 D Plasmid cut with Enzyme 1 and Enzyme 2

REAgENTS & SuPPLIES

 • UltraSpec-Agarose™ powder
 • Concentrated electrophoresis buffer
 • FlashBlue™ DNA Stain
 • InstaStain® Blue cards
 • Practice Gel Loading Solution 
 • 1 ml pipet
 • Microtipped Transfer Pipets

Note:  If you ordered Experiment #105-Q, the experiment components in-
clude InstaStain® Ethidium bromide instead of FlashBlue™ and InstaStain® 
Blue DNA stains. 

DNA samples are stable at 
room temperature.  However, 
if the experiment will not be 
conducted within one month of 
receipt, it is recommended that 
the DNA samples be stored in 
the refrigerator.

DNA samples do not require 
heating prior to gel loading.

Experiment Components

Requirements

 • Horizontal gel electrophoresis apparatus
 • D.C. power supply
 • Automatic micropipets with tips
 • Balance
 • Microwave, hot plate or burner
 • Pipet pump
 • 250 ml flasks or beakers
 • Hot gloves
 • Safety goggles and disposable laboratory gloves
 • Small plastic trays or large weigh boats (for gel destaining)
 • DNA visualization system (white light)
 • Distilled or deionized water
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Background Information

The Human Genome and other genome projects are extremely significant accomplish-
ments with important applications to biology and medicine.  The explosion of this new 
information is leading to dramatic changes in the way we are able to improve life.  Part 
of the challenge in dealing with the enormous amounts of data is to determine what 
genes are responsible for different functions.  Scientists must determine the location of 
genes through DNA mapping, and then begin the arduous task of determining what the 
individual genes do.  

Mapping the positions of restriction enzyme cleavage 
sites on a DNA molecule is an important prerequisite to 
DNA sequencing, which provides the primary nucleotide 
sequence information in DNA.  Mapping involves the de-
termination of the relative distances between restriction 
enzyme cleavage sites.  An illustrative analogy would 
be somewhat similar to the following:  If DNA mapping 
were compared to identifying the streets on a city map, 
then DNA sequencing would be analogous to identifying 
the specific houses on the streets.

DNA mapping is performed by determining the size of 
the DNA fragments generated by single or combina-
tions of restriction enzyme digestions, and subsequent 
construction of a DNA map.  For example:

Figure 2:
Determining the DNA map 
based on experimental DNA fragments obtained.
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Figure 1:
Plasmid with single restric-
tion enzyme sites for three 
enzymes - A, B, & C.

B

A

C

5,000 bp

• Consider a 5000 base pair, circular plasmid DNA contain-
ing single recognition sites for enzymes A, B, and C (Fig-
ure 1).  

• Going in a clockwise direction from A, the distances be-
tween

 
 A and B is 500
 B and C is 1500
 C and A is 3000

These assignments are made based on the size of the entire 
circular plasmid, which is 5,000 base pairs (Figure 2).

To obtain a reference point, the cleavage site at A will be arbi-
trarily assigned as position zero.  All three enzymes will cleave 
the plasmid once to produce a linear molecule of 5000 base 
pairs.  Different combinations of these enzymes will produce 
the following DNA fragments (in base pairs):

  A+B A+C B+C A+B+C
  4500 3000 3500   3000
      500 2000 1500   1500
         500
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Background Information

This data shows that the cleavage site at B is closest to A since cleavage A+B generated 
the smallest fragment (500) out of all the pairs of enzymes.  The shortest distance be-
tween A and C is 2000 base pairs since the smallest fragment in the A + C pair is 2000.  
Similarly, the shortest distance between B and C is 1500 base pairs.  It remains to be deter-
mined if B is in between A and C  (Figure 1) or alternatively, B is between C and A (going 
in a clockwise direction from A around the plasmid, Figure 3).

If C was in between A and B, the 500 base pair fragment would have been cleaved into 
two smaller fragments.  However, when all three enzymes are used, the 500 base pair 
fragment remains.  In addition, only the 2000 base pair fragment found in the A + C pair 
is cleaved into 1500 and 500 base pair fragments when all three enzymes are used, verify-
ing the location of B.  This kind of logic enables the construction of a map, as previously 
shown, from DNA fragment sizes.  

Note that the data from this experiment cannot tell us the absolute orientation of the 
cleavage sites since it can lead to an alternative map as shown in Figure 2.  However, the 
relative positions are still the same (B is in between A and C).   The assignment (Figure 1 
or Figure 3) can be  made upon further analysis. 

Unknown DNA fragment sizes are determined by comparing the relative mobilities of 
DNA fragments of known size as standards.  DNA fragments, from plasmid digests, and 
standard DNA fragments (also known as markers) are electrophoretically separated in 
parallel on the same agarose gel.  After electrophoretic separation, DNA fragments are 
stained for visualization, and migration distances of known and unknown fragments are 
measured.  

Figure 3:
Construction of a 
plasmid map using three 
enzymes.
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Background Information

Standard fragments are used to make a standard curve by plotting their size on the y-axis 
versus the migration distance on the x-axis.  The size of the fragments on the y-axis are 
expressed as the log of the number of base pairs they contain or the log of their molecu-
lar weight.  Most of the plotted data obtained from the markers will yield a straight line.  
The migration distance of the unknown DNA fragment(s) are located on the X-axis and 
their size is estimated from the standard curve.

After determining the size of the DNA fragments generated by single and combinations 
of restriction enzymes, a DNA map is constructed as previously described.

In this experiment, you will determine the relative locations of three restriction enzyme 
cleavage sites on a circular plasmid DNA.  The plasmid has been cleaved with three  re-
striction enzymes.   Enzyme 1 cleaves the plasmid once at site A.  Assume that the Enzyme 
1 site is at position 0.  Enzyme 2 and 3 also cut the plasmid once at sites B and C.  The 
objective is to calculate the distances in base pairs between the points of cleavage and to 
determine whether the Enzyme 1 site is in between the Enzyme 2 sites.
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Quick Reference:

A standard curve will be 
made on semi-log graph 
paper. The following 
are the Standard DNA 
fragment sizes, which are 
expressed in base pairs.

 23130 9416 6557
 4361  3000 2322  
 2027 725 570
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Experiment Overview and general Instructions

ExPERIMENT OBjECTIVE:  

The objective of this experiment module is to develop an understanding of the principles 
of DNA mapping using various restriction enzymes to generate DNA fragments.

LABORATORy SAFETy

1. Gloves and goggles should be worn routinely as good 
laboratory practice.  

2. Exercise extreme caution when working with equipment 
that is used in conjunction with the heating and/or melting of reagents.

3. DO NOT MOUTH PIPET REAGENTS - USE PIPET PUMPS. 

4. Exercise caution when using any electrical equipment in 
the laboratory.

5.  Always wash hands thoroughly with soap and water 
after handling reagents or biological materials in the 
laboratory. 

LABORATORy NOTEBOOK RECORDINgS:

Address and record the following in your laboratory notebook or on 
a separate worksheet.

Before starting the Experiment:

 • Write a hypothesis that reflects the experiment.
 • Predict experimental outcomes.

During the Experiment:
 
 • Record (draw) your observations, or photograph the results.

Following the Experiment:
 
 • Formulate an explanation from the results.
 • Determine what could be changed in the experiment if the experiment 
  were repeated.
 • Write a hypothesis that would reflect this change.
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After electrophoresis, 
transfer gel for staining

Analysis 
on white 

light 
source

 FlashBlue™
DNA stain

Attach safety 
cover,connect 
leads to power 

source and conduct 
electrophoresis

Load each
sample in 

consecutive wells

Remove end 
blocks & comb, 
then submerge 

gel under buffer in 
electrophoresis 

chamber

Prepare 
agarose gel in 

casting tray

6

5

4

3

2

1

Gel pattern will vary 
depending upon experiment.

( - )

( + )

1 2 3 4 5 6

Experiment Overview:  Flow Chart
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Prepare the gel

1. Prepare an agarose gel with specifications 
summarized below.  Your instructor will 
specify which DNA stain you will be using.

 • Agarose gel concentration required:  0.8%

 • Recommended gel size: 7 x 7 cm or 7 x 14 cm (two gels)

 • Number of sample wells required: 4

 • Placement of well-former template:   first set of notches ( 7 x 7 cm)
     first & third set of notches
          (7 x 14 cm)

Reminders:

During electrophoresis, 
the DNA samples migrate 
through the agarose gel to-
wards the positive electrode.  
Before loading the samples, 
make sure the gel is properly 
oriented in the apparatus 
chamber.

+
Black Red

Sample wells

–

Agarose gel Electrophoresis

Lane Tube 
 1   A Standard DNA Fragments 
 2  B Plasmid cut with Enzyme 1
 3  C Plasmid cut with Enzyme 2
 4  D Plasmid cut with Enzyme 1 and Enzyme 2

Run the gel

3.  After DNA samples are loaded, connect the apparatus to the D.C. power 
source and set the power source at the required voltage. 

4. Check that current is flowing properly - you should see bubbles forming 
on the two platinum electrodes.  Conduct electrophoresis for the length of 
time specified by your instructor. 

5.  After electrophoresis is completed, proceed to DNA staining and visualiza-
tion.  Refer to Appendix E, F, G, or H for the appropriate staining instruc-
tions.

6. Document the results of the gel by photodocumentation.  

 Alternatively, place transparency film on the gel and trace it with a permanent 
marking pen.  Remember to include the outline of the gel and the sample 
wells in addition to the migration pattern of the DNA bands.

For gels to be stained with 
FlashBlue™ or InstaStain® 
Blue, prepare gels accord-
ing to Appendix A.

For gels to be stained 
with InstaStain® Ethidium 
bromide, prepare gels ac-
cording to Appendix B.

Step-by-step guidelines 
for agarose gel prepara-
tion are summarized in 
Appendix D. 

Wear 
Gloves & goggles

Load the Samples  

2. Load the DNA samples in tubes A - D into the wells in consecutive order.  

 • For gels to be stained with FlashBlue™ or InstaStain® Blue, fill wells 
with 35 - 38 µl.

 • For gels to be stained with InstaStain® Ethidium Bromide, fill wells 
with 18 - 20 µl.
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This exercise focuses on the first step for mapping DNA restriction sites, which is to 
determine the size of "unknown" DNA fragments generated after electrophoresis.  The 
assignment of sizes for DNA fragments separated by agarose gel electrophoresis can have 
± 10% margin of error.  The sizes of the "unknowns" will be extrapolated by their migra-
tion distances relative to the Standard DNA Fragments (Sample A), for which the frag-
ment sizes are known.

1. Measure and record the distance traveled in the agarose gel by each Standard DNA 
fragment (except the largest 23,130 bp fragment, which will not fit in a straight line 
in step 4).  

 In each case, measure from the lower edge of the 
sample well to the lower end of each band.  Record the 
distance traveled in centimeters (to the nearest millime-
ter).

2. Label the semi-log graph paper:

 A. Label the non-logarithmic horizontal x-axis "Migra-
tion Distance" in centimeters at equal intervals. 

 B. Label the logarithmic vertical y-axis "Log base 
pairs".  Choose your scales so that the data points are 
well spread out.  Assume the first cycle on the y-axis 
represents 100-1,000 base pairs and the second cycle 
represents 1,000-10,000 base pairs. 

3. For each Standard DNA fragment, plot the measured 
migration distance on the x-axis versus its size in base 
pairs, on the y-axis.  

4. Draw the best average straight line through all the 
points.  The line should have approximately equal num-
bers of points scattered on each side of the line.  Some 
points may be right on the line (see Figure 1 for an 
example).

5. Measure the migration distance of each of the "un-
known" fragments from samples B, C, and D.

Figure 1 

6. Using the graph of the Standard DNA fragments, determine the sizes in base 
pairs of  each "unknown" fragment.  

 • Find the migration distance of the unknown fragment on the x-axis.  
Draw a vertical line from that point until the standard graph line is inter-
sected.  

 • From the point of intersection, draw a second line horizontally to the 
y-axis and determine the approximate size of the fragment in base pairs  
(refer to Figure 1 for an example).

Quick Reference:

Standard DNA fragment 
sizes - length is 
expressed in base pairs.

 23130 9416 6557
 4361  3000         2322  
 2027 725 570
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The size of the plasmid used in this experiment is 4300 bp.

1.   Draw a circle representing a 4300 bp plasmid on a transparent sheet of 
acetate.

2. Mark the positions of Enzyme #2 (Lane 3) sites corresponding to the sizes 
of fragments obtained upon digestion of the plasmid on the gel. 

3. Draw a second circle representing a 4300 bp plasmid on a transparent 
sheet of acetate.

4. Mark the position of the Enzyme #1 (Lane 2) site at the top (12:00 
o'clock).

5. To draw a composite map of both enzymes, 
overlay the Enzyme #2 map on top of the 
Enzyme #1 map.  

6. Keeping the Enzyme #1 site at the 12:00 
o'clock position, rotate the Enzyme #2 map 
until the relative distances between the sites 
approximate the relative sizes of the frag-
ments of Enzyme #1 and #2 combined. 

7. Specify, in base pairs, the distances between 
all the sites.

4,300 bp

Enzyme 1

4,300 bp

Enzyme 2
3,650

650
overlay

Mapping of DNA Restriction Sites
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Material Safety Data Sheets
Full-size (8.5 x 11”) pdf copy of MSDS is available at www. edvotek.com or by request.
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