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USB® HotStart-IT® FideliTaq™ DNA Polymerase and 
Master Mix [PN 71155/56]
Why should HotStart-IT FideliTaq DNA Polymerase be used?
HotStart-IT FideliTaq DNA Polymerase should be used whenever it is necessary to generate products that are longer than  
5 kb. HotStart-IT FideliTaq enzyme is a mixture of Taq DNA Polymerase and a proofreading polymerase. Taq and proofread-
ing polymerases by themselves have difficulty generating longer products. HotStart-IT FideliTaq DNA Polymerase should also 
be used when higher fidelity than Taq alone is necessary. In addition, the built-in hot start feature enhances PCR reactions 
by providing maximum sensitivity and specificity.

When should the stand-alone polymerase or the master mix be used?
Use the stand-alone polymerase for maximum control over PCR reactions, for example, if one wishes to alter the buffer and 
nucleotide concentrations. Use the master mix for maximum convenience, as the mix has all the necessary components for 
PCR except template, primers, and water.

What are the maximum product sizes that have been amplified?
Affymetrix scientists have generated a 35 kb product from lambda DNA and a 23 kb product from human genomic DNA. 
Some optimization is generally required for targets longer than 10 kb. The 35 kb product from lambda DNA was generated 
using 10 ng of template and 0.2 µM primers with the following PCR profile:

95°C 20 seconds

25 cycles of:

95°C 5 seconds

68°C 20 minutes plus extra 3 seconds per cycle

The 23 kb product from human genomic DNA was generated using 100 ng of template and 0.2 µM primers with the fol-
lowing PCR profile:

92°C 2 minutes

30 cycles of:

92°C 10 seconds

60°C 30 seconds

68°C 20 minutes plus extra 3 seconds per cycle

What is the error rate of HotStart-IT FideliTaq DNA Polymerase?
Up to a 6-fold increase in accuracy for mixtures of Taq DNA Polymerase and a proofreading polymerase over Taq DNA 
Polymerase alone has been previously reported(1-4). Using a lacI complementation assay(5) Affymetrix scientists determined 
the error rate of FideliTaq DNA Polymerase was 1.33 x 10-5 mutations per bp per duplication or 1 mutated base per 75,000 
bases synthesized in a single round of amplification. This assay yielded an error rate for Taq DNA Polymerase alone of  
4.37 x 10-5 mutations per bp per duplication or 1 mutated base per 23,000 bases synthesized in a single round of amplifi-
cation. Thus, in this particular assay, FideliTaq enzyme had over 3-fold greater fidelity than Taq DNA Polymerase alone. It is 
noted that fidelity measurements are not entirely absolute, as they are assay dependent.

How many clones should I sequence when using HotStart-IT FideliTaq DNA Polymerase?
Usually, 2-3 clones are enough to ensure that one is entirely error-free.
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Should HotStart-IT FideliTaq PCR products be cloned into TA or blunt-end vectors?
PCR products may be cloned into either TA or blunt-end cloning vectors. This is because the enzyme blend generates PCR 
products whose 3’-ends are a mixture of blunt-ends and A-tailed ends. However, Affymetrix scientists have found that 
A-tailed ends are favored over blunt ends in an approximately 3 to 1 ratio. Thus, higher cloning efficiencies generally occur 
using TA-cloning vectors rather than blunt-end vectors.

Is it necessary to purify the PCR products before the cloning reactions?
No. Minor amounts of unincorporated nucleotides and primers do not inhibit cloning reactions, whether they are ligation-
based or TOPO®-based. Keep the volume of PCR product in the cloning reaction to less than 25% of the total volume. Gel 
purification is recommended only in those situations where non-specific products appear following gel electrophoresis.

Can dUTP be used with HotStart-IT FideliTaq DNA Polymerase?
No. There is a minor amount of a proofreading polymerase from an archaebacterium in the FideliTaq mixture.These types of 
polymerases are strongly inhibited by dUTP, as they do not efficiently replicate DNA that has uracil incorporated into it(6, 7).

Is an extension temperature of 68°C essential to generate products longer than 5 kilobases in length?
Yes. Temperatures higher than 68°C will cause a marked reduction in product yield.

How should I design my primers?
Longer oligonucleotides which are greater than 25 bases in length and have melting temperatures above 60°C are recom-
mended to achieve more specific and robust amplification. We also strongly recommend using a computer program such 
as Primer3 from the Whitehead Institute (http://frodo.wi.mit.edu/cgi-bin/primer3/primer3.cgi).

What is an easy estimate of a primer’s melting temperature (Tm)?
The formula: Tm (°C) = 2*(A+T) + 4*(G+C), known as the “Wallace Rule”, may be used(8).

Are there any additives that can be used to help amplify difficult targets?
Yes. If one encounters difficulties with longer targets (> 10 kb), those with a high G+C content (> 60%), or those from 
complex templates (genomic DNA), adding certain supplements such as DMSO, glycerol, trehalose, and/or betaine to the 
PCR reaction may improve the results. DMSO and glycerol may be added at final concentrations ranging from 1% to 10% 
(v/v). Trehalose may be added to 0.6 M final concentration. Betaine (PN 77507, 5 M Stock Solution) may be added at 0.5 M 
to 2.0 M final concentration. Note that all of these solvents tend to decrease the Tm values for double-stranded DNA, thus 
their presence in reactions may result in a decrease in the optimum annealing temperature by several degrees(9-12).

What are some remedies for reactions that generate faint product or no product at all?
The following solutions are provided:

•	 Use more DNA template; verify template concentration.
•	 Increase the concentration of primers, for example from 0.2 µM to 0.5 µM or higher.
•	 Increase the number of cycles, up to 45 cycles for low-copy targets.
•	 Increase the MgCl2 final concentration in 0.25 mM increments.
•	 Test a range of annealing temperatures. Start with an annealing temperature 5-10°C below the lowest calculated 

primer Tm and increase in 1-2°C increments. Annealing temperatures that are either too high or too low can result in 
absence of product.

•	 For targets longer than 10 kb, decrease the initial and subsequent denaturation time to 10 seconds or less and/or 
decrease the denaturation temperature to 92°C. This will limit the amount of temperature-induced depurination of 
template DNA during the reaction.

•	 For targets longer than 5 kb, use an extension time of at least one minute per kb. If this fails, increase the extension 
time to two minutes per kb and also use the auto-extend feature on the thermal cycler. In addition, always use 68°C 
as the extension temperature.

•	 If all else fails, design new primers. Use a primer design computer program.

What are some remedies for reactions that generate background or nonspecific products?
The following solutions are provided:

•	 Use less DNA template; verify template concentration.
•	 Decrease the concentration of primers, for example to 0.2 µM or less.
•	 Reduce the number of cycles, in 5 cycle increments.
•	 Increase the annealing temperature in 1-2°C increments.
•	 For targets longer than 10 kb, decrease the initial and subsequent denaturation time to 10 seconds or less and/or 

decrease the denaturation temperature to 92°C. This will limit the amount of temperature-induced depurination of 
template DNA during the reaction.

•	 Use the supplements as suggested for difficult targets in a previous answer.
•	 If all else fails, design new primers. Use a primer design computer program.
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What is the composition of the 10X PCR Buffer for the stand-alone polymerase?
100 mM Tris-HCl, pH 8.6, 500 mM KCl, and 15 mM MgCl2.

What is the Affymetrix HotStart method and how does it work?
The HotStart-IT Binding Protein is the active component in the novel hot start technology designed and developed at 
Affymetrix. In general, hot start PCR methods reduce or eliminate non-specific primer-extension products formed at lower 
temperatures. During assembly of PCR reactions, the binding protein sequesters primers making them unavailable for use 
by the polymerase. This primer-sequestration technique effectively blocks DNA synthesis from mis-priming events at lower 
temperatures. Following the initial denaturation step during PCR, the protein is inactivated and the primers are free to par-
ticipate in the amplification reaction. This technique has the advantages of a short initial denaturation step (unlike chemi-
cal methods) and a low risk of introducing contaminating mammalian genomic DNA into the reactions (unlike antibody 
methods).
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