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Amplification of human mitochondrial
DNA
Aim
This practical procedure allows you to amplify a 460 basepair fragment of DNA from within the control region of the
mitochondrial genome. This can be done using three water baths or,
if one is available, a thermal cycler (PCR machine). After it has been
amplified, the DNA is run on an electrophoresis gel.
Note: This method has been adapted from one developed by the
Dolan DNA Learning Center at Cold Spring Harbor Laboratory. More
details are available from the DNA Learning Center’s Web site:
http://vector.cshl.org/geneticorigins

Equipment and materials
Needed by each person or group
For extracting the DNA, and the PCR
•
•
•
•
•

•

•
•
•
•
•
•

Isotonic sports drink, 3–5 ml (orange-flavoured is useful, as it
stains the extracted cells so that they are easier to see)
Clean, disposable plastic or paper cup
Disposable plastic syringe (1 ml, without a needle)
Chelex resin, 500 µl (10% in buffer)
Primers, 5 µl of each (in Cresyl Red loading dye — See page 9):
5 ' - T TA AC TCC ACC AT TAG C ACC - 3'
5 ' - G A G G AT G G T G G T C A A G G G A C - 3'
Ready-prepared PCR mix, containing buffered dNTPs, Taq
polymerase and MgCl2 (e.g., an Amersham-Pharmacia ‘Ready-togo’ bead)
Sterile distilled or deionised water, 10 µl
Microcentrifuge tubes, 2 (1.5 ml)
Mineral oil (only needed if you use a thermal cycler without a
heated head plate)
Micropipette or similar device, with a 5–40 µl range
Tips for micropipette
Thermal cycler or...

For manual cycling
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• Water baths, 3 (maintained at 94, 55 and 72 °C)
• Floating holder for microcentrifuge tubes
• Stopclock
For the electrophoresis
• Agarose solution, (1.5% in TBE buffer, melted in a microwave
oven then kept molten in a water bath or incubator at 55–60 °C)
• TBE buffer
• Azure A solution for staining the gel (0.04% in 20% ethanol)
• Micropipette or similar device, with a 5–40 µl range
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• Tips for micropipette
• Gel electrophoresis equipment and power supply
• OPTIONAL: 1 kb DNA ladder solution, 20 µl in TE buffer
(containing 1 µg of DNA)
or 20 µl of Lambda DNA (containing 2 µg of DNA) digested with
HindIII.
You will also need
• Marker pen, fine tipped, permanent

Procedure
A Isolation of mitochondrial DNA
1 Rinse your mouth with the isotonic sports drink for 60–90
seconds. Use your teeth to scrape cells gently from the sides of
your mouth as you do this. Cheek cells, containing mitochondria,
will be washed into the drink. As the drink is isotonic, the cells will
be prevented from bursting open (lysing).
2 Spit the drink, with saliva and cheek cells into a disposable cup.
3 With a sterile syringe, measure 1 ml of the drink and cells into a
microcentrifuge tube. Take care to suck up some of cells from the
bottom of the cup, but try to leave any frothy saliva behind.

Fig. 1

3–5 ml

Fig. 2

Fig. 3

1 ml

4 Spin the tube for 5 minutes at 13 000 rpm.
WARNING! Ensure that the centrifuge is balanced!
5 Tip the supernatant into a waste container of disinfectant. Do
this smartly and confidently — the pellet of cells should stay
in the tube. If you do not obtain a pellet at this stage, you have
probably sucked up too much saliva and not enough cells. Repeat
steps 3, 4 and 5 until you obtain a clearly-visible pellet.
6 Leave the tube to stand, inverted, on a paper tissue so that
most of the liquid drains away. A small amount of the liquid will
remain in the tube. Dispose of the paper in the disinfectant.

Fig. 4
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Fig. 6

Fig. 5
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7 Use a syringe to add 0.5 ml of Chelex resin to the pellet. Make
sure that the beads of resin are properly suspended in the buffer
as you add them. Note: The resin beads do not dissolve in the
liquid.
8 Cap the tube, then flick it firmly to resuspend the cells. This can
be quite difficult to do, and you may have to persevere and shake
the tube aggressively! If you have access to a vortex machine,
that helps. The resin will adsorb any contaminants that could
interfere with the PCR.
9  Close the tube and lock the cap in place to stop it from popping
open. Place the capped tube in a boiling water bath or kettle for
10 minutes. WARNING! Take care not to scald yourself as you
do this! The heat will cause the cheek cells to lyse, releasing their
contents.

Fig. 7

Fig. 8

Fig. 9

0.5 ml

10 After boiling, shake the tube, then centrifuge it at 13 000 rpm for
1 minute. WARNING! Ensure that the centrifuge is balanced!
This will send the resin beads and cell debris, including the
chromosomal DNA, to the bottom of the tube. The relatively light
mitochondrial DNA (mtDNA) will remain in suspension.
11 Transfer about 40 µl of the supernatant into a clean, labelled
microcentrifuge tube. This is your DNA sample, part of which will
be amplified in the PCR.
12 Store the DNA sample on ice or in a freezer until it is required
for the next step — the PCR.

Fig. 10

Fig. 11

Fig. 12
~40 µl
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B Amplification of mtDNA
13 Take a tube containing the prepared PCR reagents. Add 5 µl of
the mtDNA solution. Using a fresh tip each time, add 5 µl of each
of the primer solutions. Finally add 10 µl of sterile distilled water,
giving a total volume of 25 µl.
14 Cap the tube and mix the contents quickly but thoroughly by
flicking the end of the tube with your finger. Tap the tube firmly
on the table to return any small drops of solution to the bottom
of the tube. Ensure that the cap is closed tightly, as heating in
the next step may cause it to pop open. Note: Usually, a drop of
mineral oil is placed on top of PCR reactants to stop them from
evaporating. If you use a thermal cycler with a heated headplate,
however, no oil is needed. Similarly, you can omit the oil if you
carry out manual cycling (with water baths), as any liquid that
condenses on the lid tends to be knocked back into the tube as it is
moved between the water baths.
15 Label the cap of your tube using a waterproof marker pen.

Fig. 14

Fig. 13

Fig. 15

Sterile water
10 µl

PCR mix, containing:
Taq polymerase
buffer
dNTPs
MgCl2

Primer A : 5 µl
Primer B : 5 µl
mtDNA : 5 µl

16 Store your material on ice or in a freezer until you are ready to
amplify it.
17 i. Using a thermal cycler
Programme the thermal cycler as follows:
Programme 1 (1 cycle)
 94 °C for 2 minutes
Programme 2 (30 cycles)
 Step 1 (denaturing) 94 °C for 30 seconds
 Step 2 (annealing) 55 °C for 30 seconds
 Step 3 (amplification) 72 °C for 30 seconds
Programme 3 (1 cycle)
 72 °C for 5 minutes, then hold at 4 °C

Fig. 16

Fig. 17i
94 °C for 30 seconds
30
cycles

55 °C for 30 seconds

72 °C for 30 seconds
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ii. Manual cycling
a Put the tube in a rack. Float the rack in the 94 °C water
bath for exactly 30 seconds. Do not leave the tube in the
water bath for too long, or the Taq polymerase may become
damaged.
 WARNING! Take care not to scald your fingers!
b Transfer the tube (in its rack) to the 55 °C water bath for
exactly 30 seconds.
c Finally, transfer the tube (again in its rack) to the 72 °C water
bath for exactly 30 seconds.
d Repeat steps a–c to give 30 cycles in total (if time permits,
use 35 cycles as this will give better results).
e Finally, hold the tube in the 72 °C water bath for exactly
5 minutes. This will ensure that all of the DNA becomes
double-stranded again.

Fig. 17ii
55 °C

94 °C

72 °C

C Electrophoresis of the mtDNA
18 Prepare the electrophoresis gel.
19 Load 10 µl of the amplified DNA solution (which will contain
Cresyl Red loading dye) into each of one or two of the wells in
the gel.
20 If desired, add 10 µl of 1 kb DNA ladder solution containing
Cresyl Red loading dye to another well. This will provide DNA
fragments of known sizes (a molecular ‘ruler’) with which the
fragments of amplified DNA may be compared.
Note: An alternative to this ‘ruler’ or ‘ladder’ is to use Lambda DNA
digested with the restriction enzyme HindIII.

Fig. 18

Fig. 19

Fig. 20

Fragment sizes in kb

11 198
10 180
8 144
6 108

12 216
9 162
7 126
5 090
4 072
3 054
2 036
1 636

1 018

506 + 517
Smaller fragments
may run off the gel
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21 Electrophorese until the loading dye reaches ~10 mm from
the end of the gel (this will take several hours; the exact time
depends upon the voltage used).
22 Disconnect the power supply and stain the gel with Azure A
solution for exactly 4 minutes.
23 Pour off the stain, and allow the coloured bands of DNA to
develop. Depending upon the thickness of the gel, this will take
between 20 minutes and 6 hours. The amplified band of DNA
will appear immediately behind the red-coloured loading dye.
After several hours, the loading dye will diffuse through the gel,
so that the DNA band can be seen more clearly.
Note: A faint band may also be visible towards the bottom of the
gel. This is caused by the primers amplifying themselves (a socalled ‘primer dimer’).

Fig. 21

Fig. 22

Fig. 23
Azure A
moves through
the gel and stains
the DNA

Safety
Good laboratory practice
The following minimum safety procedures should be adopted to
minimise the risk of transmitting serious disease:
• Do not use samples brought from home or obtained from an
unknown source;
• Do not collect samples from anyone who is obviously ill or is
known to have a serious communicable disease;
• When appropriate, everyone must wear suitable protective
equipment e.g., latex or plastic gloves, eye protection and lab
coat;
• Supernatants and samples may be disposed of down lab drains;
• Everyone must wash their hands at the end of the practical
exercise;
• Do not store samples in a refrigerator or freezer that is also used
for food.
Handling samples
The mouthwash method of DNA isolation produces liquid waste;
however, the risk of spreading an infectious agent is much less likely
than from natural atomising processes, such as coughing or sneezing.
Several elements further reduce the risk of spreading an infectious
agent that might be present in mouthwash samples:
• Students only work with their own samples.
• Each sample is sterilised during a 10-minute boiling step.
• There is no culturing of the samples that might allow growth of
pathogens.
• Samples and plasticware are discarded after the investigation.
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Water baths
Take great care when using the boiling water bath. It may be
necessary to use forceps to lift the tube rack from the water and to
wear protective gloves.
Agarose gel
Molten agarose can scald and it should be handled with care.

Ethical considerations
Consent and Confidentiality
This practical exercise raises questions about the use of personal
genetic data. For example:
•What is my DNA sample being used for?
•Does my DNA type tell me anything about my life or health?
A human DNA sample should be obtained only with the willing
consent of a donor, who understands the purpose for which it is
being collected. Thus, the practical investigation should be explained
in advance and participants given the option to refrain from
participating. Teachers may wish to ask parents to sign a consent
form if the student is under 18 years of age.
The DNA sample should be used only for the express purpose for
which it is collected. Thus, DNA samples must be thrown away after
completing the practical exercise. (In fact, the cheek cell samples are
not stable enough for long-term storage.)
All students’ mtDNA will generate identical patterns on the
electrophoresis gel — this procedure therefore reveals no personal
details.

Appendices
Preparation
If water baths are to be used for manual cycling, they must be preheated. It is sometimes difficult to maintain a water bath near to
boiling (some types will not heat water to such a high temperature),
so an alternative is to use a beaker of boiling water. Care must be
taken not to overheat the reactants however, as this can reduce or
destroy the activity of Taq DNA polymerase.
Good organisation (e.g., with one person acting as a time-keeper
while the other transfers the tubes between water baths) is essential
for success with manual cycling.
Timing
This activity takes about 90 minutes, plus preparation, running and
staining time for the gel. The PCR product may be stored in a freezer
and kept for electrophoresis at a later time should this prove to be
more convenient.
Agarose gels for electrophoresis may be prepared while the DNA is
being amplified (if a thermal cycler is used).
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Troubleshooting
It is advisable not to eat and drink for at least an hour before
attempting to isolate the mtDNA, as this can scour the mouth of
many loose cells.
It is also a good idea to swallow before washing out the mouth, to
ensure that there is not excess saliva in the preparation.
Scope for open-ended investigations
Unfortunately, there is relatively little to be gained from altering
the protocol described here. Most variations are likely to result in
no amplification of the mtDNA at all, or non-specific amplification
(where the primers bind at the wrong location — revealed by a
‘smear’ rather than a distinct band on the gel). Since the materials
used for this work are relatively expensive, experimentation of this
type is likely to be beyond the scope of most secondary schools.
However, there are now numerous inexpensive PCR preparations
available (that is, mixtures of dNTPs, Taq polymerase and MgCl2). A
comparison of these should be within the reach of many schools.
Disposal of waste and recycling of materials
Samples taken from the mouth, or plasticware contaminated
with saliva, etc. should first be placed in a suitable solution of
disinfectant. Plastic items may then be washed before disposal
— many, such as tips and microcentrifuge tubes, are made from
polypropylene, which can be recycled, but such items should not be
re-used.
All other items can be disposed of in the normal waste.
Storage of materials
The manufacturers’ and suppliers’ instructions should be followed.
Amplified DNA samples can be stored frozen at -20 °C for several
weeks, but will degrade during prolonged storage.

Further reading
Mullis, K.B. (1990) The unusual origin of the polymerase chain
reaction. Scientific American 262 (4) 36–43.
Making PCR. A story of biotechnology by Paul Rabinow (1996) The
University of Chicago Press, Chicago. ISBN: 0 226 70147 6.
Historical study of the development of the PCR.
Willmott, C. (1998) An introduction to the polymerase chain
reaction. School Science Review 80 (290) 49–54.
Betsch, D. and Berard, J. (1999) D1S80 PCR with the $25 thermal
cycler. Biochemical Education 27 (1) 45–47.
The seven daughters of Eve by Bryan Sykes (2002) Corgi, London.
ISBN: 05 5214 876 8. Popular account of the use of mitochondrial
DNA in anthropology.
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Web sites
Making PCR. Key documents describing the development of PCR.
http://sunsite. berkeley.edu/pcr
Cold Spring Harbor Laboratory’s Dolan DNA Learning Center
Animated simulations of PCR, cycle sequencing etc.
 http://vector.cshl.org
More information about PCR can be obtained from the Weizmann
Institute’s authoritative BioGuide:
 http://bioinformatics.weizmann.ac.il/mb/bioguide/pcr/
contents.html

Primer preparation
Mitochondrial DNA control region
primer / Loading dye mix
Makes sufficient for 50 PCR reactions.
May be stored, frozen, for up to a year.
For each primer mixture:
645 µl of sterile distilled water
60 µl of Cresyl Red loading dye
10 µl of primer [15 pmol/µl]
Vortex the above ingredients to mix.
Note: It will be necessary to adjust these quantities for
primers supplied at a concentration other than 15 pmol/µl.
Mitochondrial DNA control region primer sequences
5 ' - T TA A C T C C A C C AT TA G C A C C - 3 '
5 ' - G AG G AT G G T G G T C A AG G G AC - 3 '

www.bioscience-explained.org
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For the gel electrophoresis
TBE (Tris-Borate-EDTA)
buffer, pH 8.5
Used for making up agarose gel
and as the electrophoresis buffer
Makes 1 litre of 10× concentrate
May be stored indefinitely at
room temperature
1 g Sodium hydroxide
108 g Tris (hydroxymethyl)
aminomethane (Tris base)
55 g Boric acid
7.4 g Ethylene diamine
tetraacetic acid (EDTA,
disodium salt)
Add the materials listed above to
700 ml of deionised or distilled
water. Stir to dissolve. Make
up to 1 litre with deionised or
distilled water.
Note: Once made up, 1 volume
of this TBE concentrate should be
diluted with 9 volumes of distilled
water before use.

Cresyl red
loading dye

Agarose gel

For separating small fragments of nucleic acids
Makes 100 ml of 1.5% agarose solution
May be stored indefinitely at room temperature
1.5 g DNA electrophoresis-grade agarose
100 ml TBE buffer (1×)
Add the agarose powder to the TBE buffer. Heat in a boiling water
bath or microwave oven to melt the agarose. Less than a minute at
full power in a 940 W oven is sufficient to melt 100 ml of gel. The
container used to hold the molten agarose must not be sealed, but
lightly covered with plastic film that has been punctured with one
or two small holes. Swirl the gel half-way through the heating cycle
to ensure that it is thoroughly mixed. Adjust the volume of agarose
solution after microwaving by adding distilled water to make up the
mass lost through evaporation. Once molten, the agarose solution
can be kept in this state at 55–60 °C in a water bath.
Ensure that the agarose solution is mixed well before casting gels.
CAUTION!
Hot, molten agarose can scald and so it must be handled with care.
It is advisable to let the molten agarose cool until it is comfortable to
handle before pouring the gel.
Azure A solution

Used for loading DNA fragments
into the electrophoresis gel

Stain for nucleic acids

Makes 50 ml
Store at room temperature

Makes 50 ml of 2× concentrate
May be stored indefinitely at room temperature.

0.1 g Cresyl red
17 g Sucrose
50 ml sterile distilled water

0.08 g Azure A
50 ml ethanol (40% aqueous solution)
Add the Azure A powder to 50 ml of 40% ethanol. Stir to dissolve.

Add the ingredients listed above
together.

www.bioscience-explained.org

CAUTION!
The concentrated DNA stain is flammable and must not be used near
naked flames or other sources of ignition. The stain bottle must be
kept closed to prevent evaporation of the solvent. When diluted to
its working concentration (that is, 0.04% in 20% ethanol), the stain
presents no serious safety hazard, although care should be taken to
avoid splashes on the skin or eyes e.g., wear protective gloves and
glasses. Used stain may be diluted with water and washed down the
drain.
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