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Components of the kit
The solutions included in the USB Thermo Sequenase Cycle Sequencing Kit have been 
carefully prepared to yield the best possible sequencing results. Each reagent has 
been tested extensively and its concentration adjusted to meet USB product stan-
dards. It is strongly recommended that the reagents supplied in the kit be used. 

The following solutions are included in the kit:

Thermo Sequenase DNA Polymerase, radioactive cycle sequencing formulation, 
(blue-capped tube); 4 units/µl, 0.0006 units/µl Thermoplasma acidophilum inorganic 
pyrophosphatase; 50 mM Tris-HCl, pH 8.0, 0.1 mM EDTA, 1 mM dithiothreitol (DTT), 
0.5% Tween®-20, 0.5% Igepal™ CA-630, 50% glycerol

Reaction buffer (concentrate); 260 mM Tris-HCl, pH 9.5, 65 mM MgCl2
Control DNA, double-stranded pUC18; 0.02 µg/µl

Primer (Universal cycle primer); 0.5 pmol/µl 5'-GTTTTCCCAGTCACGACGTTGTA-3'

Cycle Mix dATP (green-capped tube); 3 µM dATP

Cycle Mix dTTP (green-capped tube); 3 µM dTTP

Cycle Mix dCTP (green-capped tube); 3 µM dCTP

Cycle Mix 7-deaza-dGTP (green-capped tube); 3 µM 7-deaza-dGTP

ddG Termination Mix (purple-capped tube); 150 µM each dATP, dCTP, 
7-deaza-dGTP, dTTP; 1.5 µM ddGTP

ddA Termination Mix (purple-capped tube); 150 µM each dATP, dCTP, 
7-deaza-dGTP, dTTP; 1.5 µM ddATP

ddT Termination Mix (purple-capped tube); 150 µM each dATP, dCTP, 
7-deaza-dGTP, dTTP; 1.5 µM ddTTP

ddC Termination Mix (purple-capped tube); 150 µM each dATP, dCTP, 
7-deaza-dGTP, dTTP; 1.5 µM ddCTP

Stop Solution; 95% formamide, 20 mM EDTA, 0.05% bromophenol blue, 0.05% 
xylene cyanol FF

This kit and all enclosed reagents should be stored frozen at -20°C (NOT in a frost-
free freezer). Keep all reagents on ice when removed from storage for use. The kit 
can conveniently be stored at +4°C for periods of up to 3 months with no loss of 
performance, but this should be avoided if it is expected that the reagents will not be 
completely consumed within 3 months.
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Quality control
All kit batches are functionally tested using radiolabeled dATP and pUC18 double-
stranded DNA template as described in this protocol. Release specifications are based 
on sequence length, band intensity, and sequence quality. The sequence must be vis-
ible up to 300 base pairs on a standardized gel with less than 24 hour exposure. The 
sequence must also be free of background bands strong enough to interfere with 
sequence interpretation.

Safety warnings and precautions
Warning: For Research Use Only. Not for use in diagnostic procedures.

All chemicals should be considered potentially hazardous. Read the MSDS (SDS) 
before handling or working with any chemical. This product should only be handled 
by those persons who have been trained in laboratory techniques and it should be 
used in accordance with the principles of good laboratory practice. Wear suitable 
protective clothing such as lab coat, safety glasses, and gloves. Care should be taken 
to avoid contact with skin and/or eyes. In the case of contact with skin or eyes, wash 
immediately with water. See the Safety Data Sheet for specific information regarding 
this product. 

Materials not supplied
Necessary reagents:
For 3-dNTP method:

α Labeled dATP*

[α-32P]dATP

[α-33P]dATP

[α-35S]dATP

*The specific activity should be 1000-1500 Ci/mmol.

For labeled primers:

γ Labeled ATP**

[γ-32P]ATP

[γ-33P]ATP

**See page 16.

T4 Polynucleotide Kinase (PN 70031) or OptiKinase™ (PN78334)—will be 
required if sequencing with radiolabeled primers is desired. (See ‘Supplementary 
information, Radiolabeled primer cycle sequencing, 5'-end labeling of primers’).

Water—Only deionized, distilled water should be used for the sequencing reactions. 

Tris-EDTA (TE) Buffer (PN 75893)—This buffer is 10 mM Tris·HCl, 1 mM EDTA, 
pH 7.5. It is used for template preparation. 

Gel reagents—Sequencing gels should be made from fresh solutions of acrylamide 
and bis-acrylamide. Other reagents should be electrophoresis grade materials. For 
convenience, RapidGel™ gel mixes are strongly recommended. RapidGel-XL for-
mulations yield up to 40% more readable sequence per gel. See ‘Related products’ 
section for range of USB Ultrapure gel products.

Specialized sequencing primers—Some sequencing projects will require the 
use of primers which are specific to the project. For most sequencing applications, 
0.5-2.0 pmol of primer should be used for each set of sequencing reactions. Always 
determine the concentration of the primer by reading the optical density at 260 nm 
(OD260). If the primer has N bases, the approximate concentration (pmol/µl) is given 
by the following formula:

Concentration (pmol/µl)=OD260/(0.01 x N) where N is the number of bases.
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Introduction
Thermo Sequenase DNA Polymerase
Thermo Sequenase is a thermostable DNA polymerase specifically engineered 
for DNA sequencing using a discovery of Tabor and Richardson(1) to construct 
exonuclease-free thermostable DNA polymerases. Like Sequenase DNA Polymerase(2, 3), 
Thermo Sequenase generates uniform and easy-to-read sequence band patterns. 
However, the thermostability of this enzyme also makes it suitable for cycle 
sequencing. Thermo Sequenase, therefore, combines thermostability and accuracy 
comparable to Sequenase DNA Polymerase. 

Cycle sequencing
DNA sequencing relies on the synthesis of a new strand of DNA starting at a specific 
priming site and ending with the incorporation of a chain-terminating nucleotide 
such as a dideoxynucleoside triphosphate(4). The relative concentrations of dNTPs 
and ddNTPs are balanced so that the majority of chains will be terminated within the 
desired length of sequence. When these fragments are separated on a suitable gel 
matrix, sequence information can be obtained from the order of the bands.

Cycle sequencing(5-12) uses repeated cycles of thermal denaturation, annealing, and 
extension/termination to increase signal levels and, therefore, decrease the amount 
of template required. For each cycle, the amount of product DNA will be equivalent 
to the amount of primed template. Thus, after ten cycles, there could be up to ten 
times as much product as template (in practice, each cycle is not 100% efficient and 
the amplification is somewhat lower than this). If a thermostable enzyme such as 
Thermo Sequenase DNA Polymerase is used, many cycles can be performed without 
the need to add fresh enzyme.

Cycle sequencing is ideally suited for applications where the amount of template may 
be limiting or where the sensitivity of the detection system is not high. The Thermo 
Sequenase Cycle Sequencing Kit is optimized for radioactive cycle sequencing.

Necessary equipment:
Thermal cycler—Sequencing will require thermally cycled incubations between 
50°C and 95°C.

Electrophoresis equipment—While a standard, non-gradient sequencing gel ap-
paratus is sufficient for much sequencing work, the use of field-gradient (‘wedge’) or 
salt-gradient gels will allow much greater reading capacity on the gel(13, 14). A power 
supply offering constant voltage operation at 2000V or greater is essential. 

Gel handling—If 35S or 33P sequencing is desired, a large tray for washing the gel 
(to remove urea) and a gel drying apparatus are necessary. Gels containing 35S or 33P 
must be exposed dry in direct contract with the film at room temperature.

Autoradiography—Any large format autoradiography film can be used. Develop 
film according to the manufacturer’s instructions.

Note: Use of 35S-labeled nucleotides in thermal cycler

Certain manufacturers of thermal cyclers have brought to our attention that some 
users are experiencing radioactive contamination of their thermal cyclers when using 
them with 35S-labeled nucleotides.
35S-labeled nucleotides are known to give rise to small amounts of volatile radioactive 
impurities on storage. Quantities of these impurities are typically less than 0.1% of 
the total activity, even after several weeks storage. Users should be aware of this and 
take suitable precautions (by opening vials and handling in ventilated enclosures, 
wearing gloves, etc.).

Use of 35S-labeled nucleotides in experimental techniques, such as thermal cycling, 
which involves exposure to high temperatures over long periods may cause increased 
levels of 35S-labeled volatile impurities to be generated, and these procedures should, 
therefore, be carried out in a ventilated enclosure. Users should be aware that there 
may be contamination of the surfaces of the thermal cycler.

While no specific data is available, 33P-nucleotides are likely to give rise to lower levels 
of labeled volatile impurities under these conditions.
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Sequencing methods for use with this kit
This kit has all the reagents necessary for generating sequences using two basic ra-
dioactive cycle sequencing methods, a 3-dNTP internal labeling method and a labeled 
primer method. DNA sequencing methods which require thermal cycling generally 
require less template DNA and so are preferred when the amount of template avail-
able varies or when using crude templates. They also have the advantage of not 
requiring separate denaturation steps for sequencing plasmid DNA templates. When 
ample template DNA (approximately 400 fmol) is available for sequencing, we rec-
ommend the non-cycle sequencing protocols used with Sequenase Version 2.0 DNA 
Polymerase which are quicker and more convenient. The options are listed in Table 1, 
with approximate template requirements.

This kit offers the choice of a 3-dNTP internal label method with α-labeled dNTPs or 
a 5'-labeled primer method. One of the methods may not be appropriate for your 
experiments, although both use the same reagents. It will be important to choose 
the method most suitable or convenient for your work. 

The 3-dNTP method requires some knowledge of downstream sequence for design 
of primers. With this method you have the choice of using [α-35S], [α-33P] or [α-32P]-
labeled dATP (or dCTP). If you have already prepared a primer, it may not be suitable 
for this method (see ‘Supplementary information, Designing a sequencing primer/
cycle mix combination’). 

The radiolabeled primer method requires production of labeled primer and so may be 
preferable only when the same primer will be used repeatedly. It also requires  
T4 Polynucleotide Kinase (PN 70031) or OptiKinase (PN 78334) and [γ-33P]- or [γ-32P]- 
labeled ATP. 

The first step of the 3-dNTP protocol actually labels the sequencing primer to high 
specific radioactivity. Thus, this protocol and the labeled-primer protocol give quite 
similar results and require similar amounts of template DNA. 

  Label Sensitivityb Special Typical Total
 Method useda µg (fmol) M13 requirements use timed

 1. Sequenase 5 µCi 1 µg (400 fmol) Reliable DNA Routine 0.5
 Version 2.0 α-dATP 0.2 µg, prep. yielding sequencing, hour
 kits (non-cycle)  (100 fmol) >100 fmol.c primer 
   with Mn  walking. 
 2. 3-dNTP, 5 µCi ≥0.01 µg Must design Direct 3–4 
 Internal label α-dATP (5 fmol) primer for sequencing hours
 cycle protocol   cycled of smallest 
    labeling. quantities 
     of less-pure 
     DNA. 
 3. Radiolabeled γ-dATP ≥0.01 µg T4 Poly- Repeated 2–3 
 primer cycle  (5 fmol) (33P) nucleotide sequencing hours
 protocol   Kinase or of similar 
    OptiKinase,  templates. 
    γ-ATP for 
    labeling primer.

Table 1. Sequencing method template requirements
a In most cases, internal (α-dATP) labeling can be performed using 35S, 33P, or 32P-labeled dATP or 

dCTP.
b Nominal minimum quantities of M13 DNA giving clear, reliable sequence with overnight exposure 

on film using 33P labeled nucleotide.
c Plasmid templates require prior denaturation.
d Including cycling time. Hands-on time is approximately 30–40 minutes for all methods.
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Protocols
Sequencing reactions are run in small plastic microcentrifuge tubes (typically 0.5 ml)  
or 96-well plates suitable for thermal cycling. Whenever possible, these should be 
kept capped to minimize evaporation of the small volumes employed. Additions 
should be made with disposable-tip micropipettes and care should be taken not to 
contaminate stock solutions. The solutions must be thoroughly mixed after each ad-
dition, typically by ‘pumping’ the solution two or three times with the micropipette, 
avoiding the creation of air bubbles. At any stage where the possibility exists for 
some solution to cling to the walls of the tube, it should be centrifuged. With care 
and experience these reactions can be completed in 15-20 minutes.

3-dNTP internal label cycle sequencing
Labeling step
For each set of four sequencing lanes, a single labeling reaction is run.

1. In a centrifuge tube suitable for the thermal cycler, combine the following:
  Primer (0.5 pmol/µl) 1 µl
  Reaction buffer 2 µl
  DNA (~0.1 µg or 0.05 pmol) 5 µl
  7-deaza-dGTP cycle mix 1 µl
  dCTP cycle mix 1 µl
  [α-35S or α-33P]dATP (10 µCi/µl,1000 Ci/mmol) 0.5 µl
  H2O 5 µl
  Thermo Sequenase DNA Polymerase  

 (add last) 2 µl
   –––––––
  Total 17.5 µl
 Mix by gently ‘pumping’ the pipettor.

2. Overlay 15 µl of mineral oil and cap the tube.
 Place the tube(s) in the thermal cycling instrument and start the cycling program.
 Note: The volumes and cycle mixes shown are appropriate for the control DNA  

included in the kit. If a smaller or larger volume of DNA solution is used, the 
balance should be made up with distilled water. If a different primer is used the 
appropriate labeled dNTP and the two unlabeled dNTP cycle mixes must be cho-
sen. (See ‘Supplementary information, Designing a sequencing primer/cycle mix 
combination’).

 Note: The specific cycling parameters used will depend on the primer sequence 
and the amount and purity of the template DNA. For the primers included in the 
kit and the suggested amount of purified DNA, the following cycling parameters 
are recommended:
 95°C, 15 seconds
 60°C, 30 seconds
 30-60 cycles (typically 50 cycles taking 1-2 hours)

3. Have on hand 4 tubes labeled G, A, T, and C. Place 4 µl of the ddGTP termina-
tion mix in the tube labeled G. Similarly fill the A, T, and C tubes with 4 µl of the 
ddATP, ddTTP, and ddCTP termination mixes respectively. Cap the tubes to prevent 
evaporation. (This is best done during the labeling reaction.)

Termination step
4. When the labeling cycles are complete, carefully transfer the reaction mixture (no 

oil) to a fresh vial. 

5. Then remove 3.5 µl and transfer it to the tube labeled G, mixing gently. Similarly 
transfer 3.5 µl of the labeling reaction to the A, T, and C tubes, mix by pipetting 
up and down several times. Overlay each vial with 10 µl mineral oil, cap the vials 
and place them in the thermal cycler. 

6. Start the cycling program. 
 Note: The specific cycling parameters used will depend on the primer sequence 

and the amount and purity of the template DNA. For the primers included in the 
kit and the suggested amount of purified DNA, the following cycling parameters 
are recommended:
 95°C, 30 seconds
 72°C, 60-120 seconds
 30-60 cycles (typically 50 cycles taking 2-3 hours)

7.  Add 4 µl of stop solution to each of the termination reactions, mix thoroughly and 
centrifuge briefly to separate the oil from the aqueous phase. Alternatively, remove 
6 µl from each termination reaction and transfer to a fresh tube containing 3-4 µl 
of stop solution. Samples may be stored frozen until ready to load the sequencing 
gel. Samples labeled with 35S can be stored at -20°C for at least 1 week with little 
degradation. Samples labeled with 32P or 33P should be run within 24 hours. 

8. Heat the samples to 75°C for 2 minutes immediately before loading onto the gel. 
Heating in open vials will promote evaporation of water from the formamide-
reaction mixture. This will increase the signal by concentrating the isotope and 
promote more complete denaturation of the DNA. Avoid overheating. Load  
2-3 µl in each gel lane. 
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Radiolabeled primer cycle sequencing
1. Have on hand 4 tubes labeled G, A, T and C.

2. Place 4 µl of the ddGTP termination mix in the tube labeled G. Similarly fill the A, 
T, and C tubes with 4 µl of the ddATP, ddTTP, and ddCTP termination mixes respec-
tively. Cap the tubes to prevent evaporation. 

3. In a microcentrifuge tube, combine the following:
 DNA  _ µl
 Water  _ µl
 Reaction buffer  2 µl
 Labeled primer  1 µl *
 Thermo Sequenase DNA Polymerase  

(add last)  2 µl
   ––––––
 Total  17.5 µl
 *For fresh 32P-labeled primers use 0.5 pmol. For 33P-labeled primers, better results 

and shorter exposure times can be obtained by using 2-3-fold more primer.

4. Remove 4 µl and transfer it to the tube labeled G (from step 2), mixing gently. 
Similarly transfer 4 µl of the labeling reaction to the A, T, and C tubes, mix by 
pipetting up and down several times. Overlay each vial with 10 µl mineral oil, cap 
the vials and place them in the thermal cycler. 

5. Start the cycling program. 
 Note: The specific cycling parameters used will depend on the primer length 

and sequence and the amount and purity of the template DNA. For the primer 
included in the kit and the suggested amount of purified DNA, the following cycle 
parameters are recommended:

 95°C, 30 seconds OR 95°C, 30 seconds
 60°C, 60-120 seconds  55°C, 30 seconds*
   72°C, 60-120 seconds
 40-60 cycles (typically 2-3 hours)
 *The annealing step of 55°C, 30 seconds may be omitted for primers of >25 

nucleotides.

6. Add 4 µl of stop solution to each of the termination reactions, mix thoroughly, 
and centrifuge briefly to separate the oil from the aqueous phase. Alternatively, 
remove 6 µl from each termination reaction and transfer to a fresh tube contain-
ing 3-4 µl of stop solution. Samples may be stored frozen until ready to load the 
sequencing gel (up to 1 week). 

7. Heat the samples to 75°C for 2 minutes immediately before loading onto the gel. 
Heating in open vials will promote evaporation of water from the formamide-
reaction mixture. This will increase the signal by concentrating the isotope and 
promote more complete denaturation of the DNA. Avoid overheating. Load  
2-3 µl in each gel lane. 

Supplementary information
3-dNTP internal label cycle sequencing
The DNA sequencing reaction is carried out in two steps. The first is the labeling step 
and the second is the chain-termination step using dideoxynucleotides.  
In the first step, the primer is extended using three of the four deoxynucleoside 
triphosphates, including one or more α-labeled dNTPs. This step is thermally 
cycled (typically 95°C-60°C, 30-60 cycles) and results in the production of labeled, 
extended primer whose length is dependent on the template sequence. In the sec-
ond step, the concentration of all the deoxynucleoside triphosphates is increased, a 
dideoxynucleoside triphosphate is added, and the reaction is again thermally cycled 
(typically 95°C-72°C, 30-60 times). DNA synthesis during this step continues until all 
growing chains are terminated by a dideoxynucleotide.

This method efficiently utilizes labeled nucleotide (5 µCi is sufficient) and can gener-
ate sequences from as little as 5 fmol of purified template DNA. 

Below is a description of the method using the sequence of the universal cycle primer 
and its corresponding site in M13 and pUC cloning vectors as an example.

Polymerization in the presence of dGTP, dCTP, and labeled dATP will result in exten-
sion of the primer by 13 nucleotides.

Repeated thermal cycling of this step will result in the production of a significant 
amount of labeled extended primer but the size of this primer will be small and 
predictable.
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Designing a sequencing primer/cycle mix combination
Within typical, non-repetitive DNA sequences, it is usually easy to find a suitable com-
bination of primer, label, and cycle mix to give sensitive cycle sequences. The primary 
objective in designing the primer is to have as many labeled nucleotides as possible 
incorporated into the extended primer during the cycled labeling step. While the 
incorporation of just one labeled nucleotide is sufficient, smaller amounts of template 
can be sequenced if more label is incorporated in each extended primer.

First, decide which label (e.g. α-dATP or α-dCTP) is to be used. Second, find an area 
in the sequence where preferably 2-3 or more of these labeled nucleotides will be 
incorporated close together. For example, using α-dCTP label and the following 
sequence, the underlined stretch contains four potential labeling sites:

5'ACAAGAGTCCAGTATTAAAGAACGTCGACTCCAACGTCAAAGG

Now scan this sequence region to find one nucleotide which is not required for the 
incorporation of the nearby labeled nucleotides. In the example above, A, C, and T 
are all underlined, but synthesis does not require dGTP. This is the nucleotide which 
will be omitted from the cycled labeling step.

You are now ready to choose the primer sequence. The 3' end of the primer must in-
clude any of the ‘omitted’ nucleotides (G in the example) upstream from the desired 
extension/labeling region. The length of the primer (and its sequence) will determine 
the melting temperature and specificity. For the cycling temperatures normally used, 
the primer should be about 18-25 nucleotides long. Choice of the following primer 
(double underlined) will allow labeling with either dCTP (4 sites) or dATP (3 sites) and 
it’s melting temperature should be in the range which works well with the cycling 
temperatures typically used.

5'ACAAGAGTCCAGTATTAAAGAACGTCGACTCCAACGTCAAAGG

It is also a good idea to check the sequence of the primer for possible self-annealing 
(dimer formation could result) and for potential ‘hairpin’ formation, especially those 
involving the 3' end of the primer. Finally check for possible sites of false priming 
in the vector or other known sequence if possible, again stressing matches which 
include the 3' end of the primer.

Cycling temperatures
The temperatures used for cycling the labeling and termination reactions should 
be determined from the characteristics of the sequencing primer and the extended 
primer produced during the labeling reaction. The universal cycle primer included in 
the kit is moderately long (23 bases), with 50% G/C content. Its melting temperature 
under sequencing reaction conditions is 73°C. When extended during the labeling 

step (in the absence of dTTP), 13 bases are added for a final length of 36 bases. This 
extended product has a melting temperature of ~90°C. Both of these melting tem-
peratures should be kept in mind when choosing labeling cycle temperatures. Thus, 
cycling with the universal cycle primer is done between 60°C and 95°C. The duration 
of the steps does not seem to be critical, even brief pauses at these temperatures 
seem to be effective. 

As another example, when the universal -40 17-mer, which has a melting tem-
perature of ~75°C, is extended 9 bases (omitting dCTP) to a 26-mer with a melting 
temperature of ~85°C, cycling between 55°C and 95°C is effective. If in doubt, 
choose a wide temperature range with brief pauses at the extremes of temperature.

The termination reaction cycles should always have a denaturation temperature 
of 95°-98°C (however avoid extended steps at 98°C since the enzyme will be 
inactivated at this temperature with a half-life of less than one hour). The extension 
temperature should be low enough to allow annealing of the extended/labeled prim-
er but need not be low enough for annealing of the unextended primer. Since the 
optimum temperature for polymerization is about 70°-75°C, this is a good choice. 
An annealing step (e.g. 55°C) is required only with very short extended/labeled prim-
ers (less than 24 bases).

Number of cycles and quantity of template
The number of cycles required will primarily depend on the amount of template 
DNA (fmol) used for sequencing. It will also depend on the purity of the DNA, the 
sensitivity of autoradiographic detection, and the number of labeled nucleotides 
incorporated into the extended/labeled primer. The minimum quantities of highly-
purified DNA which we have been able to sequence using these methods are about 
5 fmol of M13mp18 DNA and about 15 fmol of pUC19 DNA. We recommend  
10 fmol of M13 and 30 fmol of plasmid DNA as minimums for general use. 

When sequencing very small amounts of template the number of labeling cycles 
has a much greater influence on sequence intensity than the number of termination 
cycles. Increasing the number of labeling cycles from 30 to 60 increased the signal 
by about 60% whereas increasing the number of termination cycles from 35 to 65 
increased the signal by less than 20%. Increasing from 60 to 100 labeling cycles 
resulted in a more modest gain in intensity of 30%. Thus, when using moderate 
amounts of DNA (20-50 fmol), 50 labeling cycles and 50 termination cycles should 
be sufficient for overnight exposure using 35S label on dried gels. If your gels seem to 
require longer exposures, and more template is not available, increase the number of 
labeling cycles.
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Radiolabeled primer cycle sequencing
5'-end labeling of primer
You will need a supply of Kinase and a suitable reaction buffer. The following 
method is optimized for use with USB OptiKinase (PN 78334) and T4 Polynucleotide 
Kinase (PN 70031). The reaction buffer is included with the kinase.

A common difficulty with labeling primers comes from the use of too much kinase. 
Whenever 20 or more units are used in a 10 µl reaction volume, no usable labeled 
product is formed. It is essential that no more than 20 units of kinase are used in a 
labeling reaction.

 Primers are labeled using kinase as follows:
 	 γ-Labeled ATP ** 25 pmol
  Primer, 20 µM 1 µl 20 pmol 
  10X reaction buffer 1-2 µl (1X concentration)
  Kinase, 10 units/µl (add last) 2 µl 20 units
  H2O _ µl    _______
   10-20 µl
Mix well and incubate at 37°C for 10 minutes.

Heat at 95°C for 2-5 minutes to inactivate the kinase. Centrifuge the mixture briefly 
to collect any condensate. Store at -20°C. The labeled primer may be used for 2-3 
weeks.

Note: If using primer from this kit, it must be concentrated.

**Label Specific radioactivity Concentration Volume to use
[γ-32P]ATP 3000 Ci/mmol 10 mCi/ml 7 µl (25 pmol)
[γ-32P]ATP 6000 Ci/mmol 10 mCi/ml 15.6 µl (2ß5 pmol)
[γ-33P]ATP 1700 Ci/mmol 10 mCi/ml 4.5 µl (25 pmol)

Following labeling, the primer concentration is about 2 pmol/µl. No further purifica-
tion is required for most sequencing.

Special note for labeling with 35S—Cycle sequencing sensitivity with 35S labeled 
primers will be lower than that of 32P or 33P labeled primers. When labeling with 35S 
it is essential to check for complete labeling as described previously or by denaturing 
gel electrophoresis. Exposure times will be longer (2-4 days or longer) when sequenc-
ing less than 100 fmol of template DNA. Some improvement can be obtained by 
using up to 2-3 pmol of labeled primer.

Cycling temperatures
The temperatures used for cycling the reactions should be determined from the 
characteristics of the sequencing primer. The universal cycle primer included in the kit 
is moderately long (23 bases), with 50% G/C content. Its melting temperature under 
sequencing reaction conditions is 73°C. The melting temperature should be kept in 
mind when choosing cycle temperatures. If in doubt, choose a wide temperature 
range with brief pauses at the extremes of temperature. The cycles should always 
have a denaturation temperature of 95°-98°C (however avoid extended steps at 
98°C since the enzyme will be inactivated at this temperature with a half-life of less 
than one hour). The annealing or extension temperature should be low enough to 
allow annealing of the labeled primer. Since the optimum temperature for polymer-
ization is about 72°C, and the melting temperature of some long primers (more than 
about 26 bases) is 75°C, a two-temperature cycle between 95° and 70° is possible. 
When using shorter, lower melting temperature primers an annealing step 
should be included in the cycle. For example 95°C, 30 seconds; 55°C, 30 seconds; 
72°C, 1 minute.

Number of cycles and quantity of template
The number of cycles required will primarily depend on the amount of template DNA 
(fmol) used for sequencing. It will also depend on the purity of the DNA, and the sen-
sitivity of autoradiographic detection and the specific activity of the labeled primer. 
This cycling protocol can be used for sequencing as little as 10 ng of single-stranded 
M13 DNA or 50 ng of plasmid DNA. If your gels seem to require longer exposures, 
and more template is not available, increase the number of cycles. It is usually suf-
ficient to use 30-60 cycles. Increasing the number of cycles beyond this may lead to 
an increase in non-specific background signal.
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Preparation of template DNA
Preparation of single-stranded template DNA
Since cycle sequencing can be performed using very little template DNA, only very 
small amounts of detrimental impurities may be carried along with it. Thus template 
purity may not be as crucial for cycle sequencing as it is for normal sequencing. 

There are several published methods(15, 16) for preparing single-stranded DNA from 
clones in M13 vectors and in popular plasmid cloning vectors which contain the 
same lac-derived cloning region as the M13mp- vectors and a single-stranded phage 
replication origin. Production of single-stranded DNA from these vectors is similar to 
that of the M13 phage and the single-stranded DNA produced can also be used as 
template for sequencing and hybrid plasmid-phage (phagemid) vectors.

Preparation of plasmid template DNA
Sequencing double-stranded templates with the Thermo Sequenase Cycle Sequenc-
ing Kit works effectively with no changes in the sequencing reaction protocols. 
Alkaline-denaturation is not required for plasmid DNA templates. For best 
results, purified plasmid DNA must be used (CsCl gradients, PEG precipitation, 
adsorption to glass, columns, and other common DNA purification methods are suit-
able). However, since such small quantities of DNA are added to the reaction, even 
impure DNA samples can sometimes yield acceptable sequence data.

Sequencing PCR amplified DNA
It is essential that PCR products are of high quality and quantity in order to obtain 
high quality sequence information. Problems with high background, low signal 
intensity and ambiguities can often be traced to the PCR step. Not every PCR will 
yield a product which can be sequenced. Analysis of the PCR product on agarose gels 
and optimization of the PCR may be necessary to obtain quality sequences.

The key step in this method for sequencing PCR products consists of treating the 
PCR product with a combination of Exonuclease I and Shrimp Alkaline Phosphatase 
to eliminate any primer or dNTPs which were not incorporated into the PCR product. 
These enzymes are available pre-mixed (ExoSAP-IT® reagent, PN 78200) with a de-
tailed protocol for their usage. It is recommended that this enzymatic cleanup of the 
PCR product be used with this sequencing method.

Elimination of compressions
Some DNA sequences, especially those with dyad symmetries containing dG and 
dC residues, are not fully denatured during electrophoresis. When this occurs, the 
regular pattern of migration of DNA fragments is interrupted; bands are spaced 
closer than normal (compressed together) or sometimes farther apart than normal 
and sequence information is lost. The substitution of 7-deaza-dG for dG in DNA 
eliminates much of the secondary structures that produce gel artifacts(17, 18). The 
nucleotide mixtures included in the kit contain 7-deaza-dGTP which resolve many 
compression problems. Some compressions will require the use of formamide 
containing gels for complete resolution (see ‘Supplementary information, Denaturing 
gel electrophoresis’).

Denaturing gel electrophoresis
Under optimal gel electrophoresis conditions, 250-300 bases can be read from the 
bottom of a standard size sequencing gel. The length of time the gel is run will deter-
mine the region of sequence that is readable. Many factors can limit the sequence 
information which can be determined in a single experiment. Among these are the 
quality of reagents used, the polymerization, the temperature of the gel during 
electrophoresis, and proper drying of the gel after running. The greatest care should 
be given to the preparation and running of sequencing gels. The specifics of electro-
phoresis will depend on the apparatus used. The following suggestions for reagent 
composition and procedures are intended as guidelines. For specific instructions 
contact the manufacturer of the gel apparatus used.

Gel electrophoresis reagents
The following are recipes for typical sequencing gel reagents. There are many varia-
tions in current use, but these are among the most common.
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Buffers
20X Glycerol Tolerant Gel Buffer (PN 75827)
 Tris base 216 gm
 Taurine 72 gm
 Na2EDTA·2H2O 4 gm
 H2O to 1000 ml, filter (may be autoclaved)

This buffer can be used with samples containing glycerol at any concentration(19). If 
gels seem to run a bit slower with this buffer at 1X strength, use it more dilute—ap-
proximately 0.8X strength. Be certain to run glycerol tolerant gels at the same power 
(wattage) as TBE-buffered gels so the gel temperature is normal.

Gel recipes (for 100 ml of gel solution)

Standard gel    

 Gel conc. Acrylamide/ Urea 20X Glycerol Tolerant 
 (%) bis-acrylamide (7 M) Gel Buffer H2O
 6% 5.7 gm/0.3 gm 42-50 gm 5 ml* ~45 ml
 8% 7.6 gm/0.4 gm 42-50 gm 5 ml* ~45 ml

Dissolve, adjust volume to 100 ml with H2O, filter and degas. When ready to pour 
add 1 ml of 10% ammonium persulfate and 25 µl TEMED (N,N,N',N' tetramethyl-
ethylenediamine).

*Use 4 ml for faster gel migration.

Formamide gel (for resolution of compressions)

 Gel conc. Acrylamide/ Urea 20X Glycerol Tolerant 
 (%) bis-acrylamide (7 M) Gel Buffer Formamide H2O
 6% 5.7 gm/0.3 gm 42 gm 5 ml 30-40 ml ~15 ml
 8% 7.6 gm/0.4 gm 42 gm 5 ml 30-40 ml ~15 ml

Warming to 35-45°C may be required to dissolve completely.

Adjust volume to 100 ml with H2O, filter and de-gas. When ready to pour add 1 ml 
of 10% ammonium persulfate and 100-150 µl TEMED. The temperature of the 
mixture should be 25-35°C—warmer mixtures will polymerize too fast while mixtures 
below 20°C may precipitate urea. They will require higher running voltage and run 
slower than urea-only gels. Prior to drying, these gels should be soaked in 5% acetic 
acid, 20% methanol to prevent swelling. It is not necessary to add formamide to the 
electrophoresis running buffer. For more information, please refer to the TechTip at 
usb.affymetrix.com.

General guidelines for electrophoresis
1. Ultrapure or electrophoresis grade reagents should be used.

2. Sequencing gels should be made fresh. Store solutions no longer than one week 
in the dark at 4°C. Commercial preparations of acrylamide gel mixes in liquid or 
powder form (RapidGel gel mixes—see ‘Related products’) should be used ac-
cording to manufacturers’ recommendations.

3. Gels should be prepared 2-20 hours prior to use, and pre-run for ~15 minutes.

4. When reading longer sequences, it is usually convenient to run gels overnight 
with a timer-controlled power supply. Gel runs of 18-24 hours at 40-50 watts are 
often necessary for reading in the 400-600 bp range.

5. Loading 8 adjacent lanes in a pattern that abuts all pairs of lanes (e.g. 
GATCGATC) aids reading closely spaced bands. 

6. Gels should be soaked in 5% acetic acid, 15% methanol to remove the urea. 
Soaking time depends on gel thickness. Approximate minimum times are 5 
minutes for 0.2 mm gels, 15 minutes for 0.4 mm gels, and 60 minutes for field 
gradient (0.4-1.2 mm wedge) or formamide gels. Drying should be done at mod-
erate temperature (80°C) to preserve resolution.

7. If RapidGel-XL is used, the gel does not need to be soaked. In fact, soaking 
RapidGel-XL gels will cause swelling thereby affecting band resolution in the final 
result.

8. For 35S or 33P gels, exposure must be done with direct contact between the dried 
gel and the emulsion side of the film. Gels dried without prior soaking (leaving 
plastic-wrap on helps to prevent the film from sticking to incompletely-dried gels) 
will require longer drying and exposure times but give sufficient resolution for 
most purposes.

9. High quality autoradiography film can improve image contrast and resolution. 

10. In general, overnight to 36 hour exposures are sufficient when using fast film.

11. The use of tapered spacers (‘wedge’ gels) improves overall resolution and allows 
more nucleotides to be read from a single loading(4).
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Troubleshooting
Problem	 Possible causes and solutions

Film	blank	or	nearly	blank
1.  If using single-sided film, the emulsion side must be placed facing the dried gel.

2.  Quality of DNA preparation may be poor, try the control DNA supplied in the kit. 

3. Labeled nucleotide too old. 

4. Some component missing. 

5. Enzyme lost activity. 

6.  Insufficient template DNA or insufficient number of cycles. Try more DNA, more 
cycles, or longer film exposure.

7.  Incorrect temperatures for primers used. Try a lower temperature for cycling (e.g. 
50°C-95°C).

8.  Too much primer used for the 3-dNTP method. Excess primer (over 0.5 pmol) will 
dilute the signal. Try reducing the amount of primer used.

9.  Primer may be poor. Some primers form dimers, hairpins etc., interfering with an-
nealing with the template. Try a different primer.

Bands	smeared
1.  Contaminated DNA preparation; try control DNA. Thermo Sequenase DNA Polym-

erase is sensitive to salt concentration, especially above 75 mM. 

2.  Gel may be bad; gels should be cast with freshly made acrylamide solutions and 
should polymerize rapidly, within 15 minutes of pouring. Try running a second gel 
with the same samples. 

3.  Gel run too cold; sequencing gels should be run at 45-50°C. 

4.  Gel dried too hot or not flat enough to be evenly exposed to film. 

5.  Samples not denatured; make sure samples are always heated to 75°C for at least 
2 minutes (longer in a heat block) immediately prior to loading on gel.

Bands	appear	across	all	4	lanes
1. Quality of DNA preparation may be poor, try the control DNA in the kit.

2.  Excess salt in reactions (especially when this artifact is seen repeatedly from the 
bottom of the gel up to about 150 bases). Thermo Sequenase is very sensitive 
to salt which may be present in your DNA template or introduced using alkaline 
denaturation. Re-precipitate the DNA, washing the pellet 3-4 times with 70% 
ethanol. Avoid alkaline denaturation.

3.  Primer bad. Some primers form dimers, hairpins etc., interfering with annealing 
with the template. Try a different primer.

4.  Reagents not mixed thoroughly during the reactions; mix carefully after each addi-
tion, avoiding bubbles and centrifuging to bring all solution to the tip of the tube. 

5.  Gel compression artifacts. Sometimes a band in all 4 lanes indicates a gel 
compression caused by secondary structures not completely denatured during 
electrophoresis. If the gel has a region where the bands are very closely spaced, 
followed by a region where the bands are widely spaced, a compression artifact is 
indicated. Try using a formamide-containing gel.

6.  Insufficient Thermo Sequenase DNA Polymerase in the reactions or termination 
reactions extension time too short. Be careful to include the full recommended 
amount of enzyme in the sequencing reactions, especially when using 7-deaza-dGTP. 
Run the termination reactions with a 60-72°C step 2-5 minutes.

Bands	in	2	or	3	lanes
1. Heterogeneous template DNA caused by spontaneous deletions arising during 

M13 phage growth. Try control DNA and limit phage growth to less than 6-8 
hours. 

2. Insufficient mixing of reaction mixtures. 

3. The sequence may be prone to compression artifacts in the gel. Compressions 
occur when the DNA (usually G-C rich) synthesized by the DNA polymerase does 
not remain fully denatured during electrophoresis. Try using formamide-containing 
gels to eliminate gel compressions (see ‘Supplementary information, Denaturing 
gel electrophoresis’).

If problems persist please contact Technical Support for assistance at (888) 362-2447 
or USBtechsupport@affymetrix.com. For technical support outside the US, please visit 
our website for up-to-date contact information within your area.
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Control DNA sequence
The control DNA included in the kit is from pUC18, a double-stranded circular DNA 
of 3.0 kb. A partial sequence of this DNA is given below(20). Lines mark the extensions 
expected in the absence of dTTP. Note that either labeled dATP or dCTP can be used 
with these primers when dTTP is omitted. The sample of pUC18 DNA included in the 
kit should be sequenced using the cycled-labeling step protocol using either of the 
primers shown below.
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Related products
Sequencing kits

Product  Application Pack size Product number
Sequenase Version 2.0  For non-cycle radioactive  100 reactions 70770 
DNA Sequencing Kit sequencing. 
Sequenase PCR Product  For rapid sequencing 100 reactions 70170 
Sequencing Kit of PCR products. 
Sequenase Quick Denature For rapid denaturation and 100 reactions 70140 
Plasmid DNA Sequencing  sequencing of plasmid   
Kit DNA.

PCR cleanup
Product  Application Pack size Product number
ExoSAP-IT reagent Removes primers and dNTPs 20 reactions 78250 
  from PCR products 100 reactions 78200 
  500 reactions 78201 
  2,000  78202 
  reactions  
  5,000  78205 
  reactions 

USB Ultrapure reagents for DNA sequencing
Product  Application Pack size Product number
Acrylamide Gel electrophoresis 100 gm 75820 
  500 gm 
  1 kg
Ammonium Persulfate Gel electrophoresis  10 gm 76322 
  100 gm  
  1 kg 
Glycerol Tolerant Gel  Gel electrophoresis 1 L 75827 
Buffer, 20X Solution
Mineral Oil Sequencing/PCR 10 ml 71600 
  25 ml  
  1 L 
RapidGel-40% Gel electrophoresis 500 ml 75848
RapidGel-XL-6% Gel electrophoresis 500 ml 75861
TBE Buffer, 10X Ready- Gel electrophoresis 6 x 200 ml 70454 
Mixed Powder
TBE Buffer, 5X Solution Gel electrophoresis 1 L 75891 
  5 L 
TE Buffer, 1X Solution Gel electrophoresis 10 x 1 ml 75893 
  100 ml 
  500 ml

Product  Application Pack size Product number
TEMED Gel electrophoresis 100 ml 76320 
  100 gm 
  500 gm 
Tris Gel electrophoresis 500 gm 75825 
  1 kg 
  5 kg 
  10 kg 
Urea Gel electrophoresis 1 kg 75826 
  5 kg
Water, Nuclease-Free Gel electrophoresis 10 x 1 ml 71786 
  100 ml 
  500 ml 
  1 L 
  5 L
Xylene Cyanol FF Gel electrophoresis 25 gm 23513

Enzymes
Product  Application Pack size Product number
OptiKinase 5' labeling of DNA 500 units 78334 X 
  1,000 units 78334 Y 
  2,500 units 78334 Z
T4 Polynucleotide 5' labeling of DNA 500 units 70031 Y 
Kinase  1,000 units 70031 Z 
  2,500 units 70031 X

Affymetrix, Inc.
usb.affymetrix.com
USA  Europe
Cleveland, Ohio  High Wycombe, United Kingdom
(888) 362-2447 | (216) 765-5000  +44 (0)1628 55 2600

USB products distributed outside the USA: 
Please visit our website at usb.affymetrix.com for up-to-date contact information 
within your area.
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