
 

PCR Optimizer™ Kit 
 

Cat. No. K1220-01 Size: 100 reactions 
 Store at -20°C 

Description 
The PCR Optimizer™ Kit provides 10 5X PCR buffers with different pH and Mg++ concentrations, as shown in the table below. You can use 
these buffers in a three-stage optimization scheme to determine the optimal buffer formulation for use with Taq DNA polymerase and your 
templates and primers. 

In addition to the PCR buffers, the kit provides reagents (excluding Taq DNA polymerase) for 100 amplification reactions. 

Kit Contents 
Each 5X Buffer includes 300 mM Tris-HCl and 75 mM ammonium sulfate, in addition to MgCl2 at the concentrations listed below. 

Component Cap Color* Composition Amount
5X Buffer A red 7.5 mM MgCl2, pH 8.5 1.2 ml 
5X Buffer B red 10 mM MgCl2, pH 8.5 1.2 ml 
5X Buffer C red 12.5 mM MgCl2, pH 8.5 1.2 ml 
5X Buffer D red 17.5 mM MgCl2, pH 8.5 1.2 ml 
5X Buffer E blue 7.5 mM MgCl2, pH 9.0 1.2 ml 
5X Buffer F red 10 mM MgCl2, pH 9.0 1.2 ml 
5X Buffer G blue 12.5 mM MgCl2, pH 9.0 1.2 ml 
5X Buffer H blue 17.5 mM MgCl2, pH 9.0 1.2 ml 
5X Buffer I blue 7.5 mM MgCl2, pH 9.5 1.2 ml 
5X Buffer J red 10 mM MgCl2, pH 9.5 1.2 ml 
2.5 mM dNTP Mix purple 2.5 mM each of dNTP, pH 8.0 0.5 ml 
PCR Water clear sterile water, 3 x 1.7 ml 5.1 ml 
DMSO green -- 0.6 ml 

*Cap colors are provided to help you choose the right buffers for the first stage (red) and second stage 
(blue) of the optimization scheme (see page 2). 

Product Qualification 
All reagents included in the PCR Optimizer™ Kit are free of detectable DNA and DNase contamination. The pH of the 5X buffers is correct to 
0.05 pH units. 
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Purchaser Notification 
Limited Use Label License No. 4: Products for PCR that include no rights to perform PCR 
This product is optimized for use in the Polymerase Chain Reaction (PCR) covered by patents owned by Roche Molecular Systems, Inc. and F. 
Hoffmann-La Roche, Ltd. (“Roche”). No license under these patents to use the PCR process is conveyed expressly or by implication to the 
purchaser by the purchase of this product. A license to use the PCR process for certain research and development activities accompanies the 
purchase of certain reagents from licensed suppliers such as Invitrogen, when used in conjunction with an Authorized Thermal Cycler, or is 
available from Applied Biosystems. Further information on purchasing licenses to practice the PCR process may be obtained by contacting the 
Director of Licensing at Applied Biosystems, 850 Lincoln Centre Drive, Foster City, California 94404 or at Roche Molecular Systems, Inc., 1145 
Atlantic Avenue, Alameda, California 94501. 
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Recommendations and Guidelines 
Magnesium and pH 
These two variables affect enzyme fidelity and activity, primer-template specificity, and denaturation temperature. Use the buffer system in 
this kit to optimize these variables with each new primer-template combination. 

dNTPs 
The dNTP mix included in the kit contains 2.5 mM each of dATP, dCTP, dGTP, and dTTP at pH 8.0, for a final concentration of 250 µM per 
dNTP. This concentration is recommended for most reactions. However, a successful PCR product can be produced with dNTP 
concentrations between 20 µM and 250 µM. In some cases, a lower dNTP concentration has been shown to improve results. For example, 20 
µM of each dNTP should be sufficient to generate >2 µg or about 2 pmoles of a 1-kb amplified fragment. 

dNTPs from other sources are not recommended for use with this kit. 

DMSO 
The addition of organic solvents (e.g., DMSO) is believed to increase the specificity of PCR (Filichkin, et al., 1992). We have found that DMSO 
rarely improved the quality or quantity of a PCR product when that product was obtainable, even if poorly, without DMSO. DMSO has been 
found to be beneficial in some instances when reactions were completely unsuccessful after changing buffer pH or MgCl2 concentrations 
alone. DMSO concentrations >10% show considerable inhibition of Taq polymerase. 

Primers 
Use between 0.1 and 0.5 µM final concentration of each primer. Higher concentrations can generate non-specific PCR product. A primer 
titration may be necessary for certain targets. Typical primers are 18–30 bases in length, 50–60% GC content, and have a Tm between 50°C and 
80°C. To design custom primers for your specific target sequence, we recommend using OligoPerfect™, available online at 
www.invitrogen.com/oligos. 

When designing PCR primers, avoid palindromic sequences, runs of ≥3 G's or C's at the 3´ end, mismatches near the 3´ end (although 
mismatches and non-complementary extensions are tolerated near the 5´ end), and sequences in the primer that are complementary to each 
other. 

Template 
The template DNA is likely to be the largest variable in PCR. It is often difficult to control the quality as well as determine the precise 
concentration of the template. In general, we have had success with 5–50 ng of plasmid DNA or cDNA per reaction and 1–2 µg of total 
genomic DNA. For PCR, we recommend the Easy-DNA™ Kit (Cat. no. K1800-01) to purify genomic DNA or the PureLink™ HQ Mini Plasmid 
Purification Kit (Cat. no. K2100-01) to purify plasmid DNA. To isolate total RNA for use in RT-PCR, we recommend TRIzol® Reagent 
(Cat. Nos. 15596-026/-018) or the Micro-to-Midi Total RNA Purification System (Cat. no. 12183-018). 

DNA Polymerase 
The PCR Optimizer™ buffers are designed for use with Taq DNA polymerase. We have found that approximately 1 unit of Taq polymerase in a 
50-µl PCR reaction works well for most reactions. For further optimization, we recommend testing enzyme concentrations between 0.25 and 
2.5 units per 50-µl reaction. Too much enzyme leads to nonspecific background and smearing on an agarose gel. Too little enzyme results in 
low yield of the desired product. 

Invitrogen sells a number of DNA polymerases that come with their own optimized PCR buffers, including Platinum® Taq DNA Polymerase, 
with proprietary antibodies that allow for an automatic hot start in PCR, providing increased specificity and higher yields. See page 4 for 
ordering information. 

Cycling Parameters 
Cycling parameters will vary depending on the template and primers. Refer to the procedure on page 3 for general parameters that may be 
used as a starting point. 

Annealing: Most primers will anneal best at 55°C for 30 seconds, although the ideal annealing temperature is the primer Tm minus 5°C. 
Higher annealing temperatures increase the stringency and may help increase the specificity of your PCR reaction. 

Extension: The optimal temperature for extension with Taq polymerase is 72°C. The time varies with the length of the desired PCR product—
typically 30–60 seconds for fragments up to 2 kb, and longer for larger products. Longer extension times may help for low amounts of 
template.  

Denaturation: Denature at 95–97°C for 15–30 seconds.  A higher temperature may be required for GC-rich templates. 

Number of Cycles: 25 to 35 cycles is recommended. If > 40 cycles are required, then the PCR conditions are sub-optimal. Single-copy 
sequences should be amplified in < 40 cycles. Cycling should conclude with a final extension at 72°C for 5–7 minutes. Reactions are stopped 
by chilling on ice and/or by adding EDTA to 10 mM (e.g., in the form of gel loading dye). Samples can be stored at -20°C with or without gel 
loading dye. 

Hemoglobin Contamination 
Hemoglobin, a common contaminant in genomic DNA isolated from blood samples, inhibits the activity of Taq polymerase. When using 
genomic DNA from blood in PCR reactions, assemble all of the components except the dNTPs and enzyme and incubate them for 10 minutes 
at 95°C. Let the reaction components cool to about 80°C, add the dNTPs and enzyme, then proceed to the thermocycler. 
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Three-Stage Optimization 
We recommend using the buffers in the kit in a three-stage optimization scheme to determine the best amplification conditions for a specific 
template and primer set. The table below shows which buffers are used for each stage. The shaded boxes indicate the buffers used in Stage I, 
while the white boxes indicate the buffers used in Stage II. All buffers are used in Stage III with DMSO. 

 1.5 mM Mg2+ 2.0 mM Mg2+ 2.5 mM Mg2+ 3.5 mM Mg2+ 
pH 8.5 A B C D 
pH 9.0 E F G H 
pH 9.5 I J   

 

Stage One: Set up amplification reactions using the size red-capped reaction buffers (A, B, C, D, F, and J). If one or more of these buffers 
produce a discreet PCR product of the expected size, there is no need to experiment with more buffers. 

Stage Two: If further optimization is required, set up amplification reactions using the four blue-capped buffers (E, G, H, and I). If any of 
these buffers produce a discreet PCR product, there is no need to proceed further. 

Stage Three: If further optimization is required, all 10 buffers (A through J) may be re-tested with the addition of DMSO at a final 
concentration of 10%. 

PCR Procedure 
Use the following procedure as a starting point and guideline when setting up your PCR reactions using this kit. Note the reaction variables 
under Recommendations and Guidelines on the previous page. 

Since PCR is a powerful technique capable of amplifying trace amounts of DNA, appropriate precautions should be taken to avoid cross-
contamination. Ideally, amplification reactions should be assembled in a DNA-free environment. Use of aerosol-resistant barrier tips is 
recommended. Avoid contamination with the primers or template DNA used in individual reactions.  Analyze PCR products in an area 
separate from the reaction assembly area. 

1. Use the table below to set up 50-µl PCR reactions according to the three-stage optimization guidelines listed above. Use red-capped 
buffers in Stage I, blue-capped buffers in Stage II, and all buffers plus DMSO in Stage III. 

Component Stage I (red) Stage II (blue) Stage III (all) 
Template* ~1.0 µl ~1.0 µl ~1.0 µl 
Primers 0.25 µg each 0.25 µg each 0.25 µg each 
5X Buffer 10 µl 10 µl 10 µl 
DMSO -- -- 5.0 µl 
PCR Water to 44.0 µl to 44.0 µl to 44.0 µl 
Taq Polymerase (1 unit/µl) 1 unit 1 unit 1 unit 
*Suggested range: 5–50 ng of plasmid DNA or cDNA, 1–2 µg of genomic DNA. 

2. Place tubes in a heat block at 80°C. 

3. Immediately add 5 µl of the 2.5 mM dNTP mix to each PCR reaction (final volume is 50 µl). Overlay with 50 µl of mineral oil, if needed.

4. Program the thermal cycler as follows. Because primers are unique for each user, the annealing temperature may differ for each PCR 
experiment. 

Initial denaturation: 94ºC for 3 minutes 

25–35 cycles of: 
 Denaturation: 94ºC for 45 seconds 
 Annealing: 55°C for 30 seconds 
 Extension: 72ºC for 1 minute, 30 seconds 

Final extension: 72ºC for 10 minutes 

5. Maintain the reaction at 4°C. The samples can be stored at -20°C until use. 

6. Analyze the amplification products by agarose gel electrophoresis and visualize by ethidium bromide staining. Use appropriate 
molecular weight standards. 
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