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Protocol— 
Cryptosporidium Genotyping Kit 
Catalog nos. A10387,  A10382, A10382EU, A10382UK, A10390, A10390EU, and 

A10390UK 

Materials 
Provided 

The following components are included with these kits. 

Basic Kit Starter Kit Complete 
System 

  

Component A10387 
A10382 

A10382EU 
A10382UK  

A10390 
A10390EU
A10390UK

Volume 
Provided 

Storage

Primary PCR Primer —  
Forward (18s) • • • 150 μl (10 μM) –20°C 

Primary PCR Primer —  
Reverse (18s) • • • 150 μl (10 μM) –20°C 

Secondary PCR Primer — 
Forward (18s) • • • 150 μl (10 μM) –20°C 

Secondary PCR Primer — 
Reverse (18s) • • • 150 μl (10 μM) –20°C 

Platinum® PCR SuperMix • • • 4 × 1.125 ml –20°C 

Platinum® Blue PCR 
SuperMix • • • 8 × 1.125 ml –20°C 

Ssp I Restriction Enzyme plus 
buffer • • • 100 tests –20°C 

Vsp I Restriction Enzyme plus 
buffer • • • 100 tests –20°C 

Dde I Restriction Enzyme plus 
buffer • • • 100 tests –20°C 

C. hominis PCR control/ RFLP 
marker • • • 50 μl –20°C 

C. parvum PCR control/ RFLP 
marker • • • 50 μl –20°C 

ChargeSwitch® Forensics gDNA 
Kit • • • 100 tests RT 

2% E-Gel® Pre-Cast Gels  • • • 36 gels (12 
lanes) 

RT 

100-bp ladder • • • 1 vial (100 rxn) RT 

E-Gel® iBase™  • • 1 unit RT 

Dynabeads® anti-Cryptosporidium 
Kit   • 10 ml (100 tests) 4–8°C 

Dynal® Spot-On Slides   • 100 slides RT 

L10 tubes   • 5 tubes RT 

Note: The E-Gel® iBase™ Power System is supplied as a US, EU, or UK version, depending on the catalog 
number. 
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Additional Materials Needed 
 

Additional 
Materials 
Needed 

The following materials are supplied by the user: 

• Adjustable pipettes and aerosol barrier tips 

• 1.5-ml and 2.0-ml locking-cap microcentrifuge tubes 

• Sterile 16-18 mm cell scraper (BD/Falcon Prod. No. 353085 or equivalent) 

• Optional: Cryptosporidium oocyst control (BTF EasyPC™ or equivalent) 

• Water baths and/or heat blocks 

• Liquid nitrogen 

• Dynal® MPC-S magnet (Invitrogen catalog no. 120-20D) 

• Spectrophotometer, or other means of measuring DNA yield 

• Thermal cycler 

• Sterile PCR tubes 

• UV illuminator 

• Microcentrifuge 

 Continued on next page 
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Protocol 
 

Starting 
Material 

Cryptosporidium oocysts from slides after fluorescent antibody (FA) enumeration. 
Alternatively, oocysts purified by immunomagnetic separation (IMS). 

 
Introduction The Cryptosporidium genotyping kit provides a simple-to-use molecular method for detecting 

Cryptosporidium spp. oocysts captured during water testing following immunomagnetic 
separation (IMS). The kit is used following the detection stage (immunofluorescent 
microscopy) as described in US Environmental Protection Agency (EPA) Method 1622, 1623 
and UK Drinking Water Inspectorate (DWI) regulations 2000, si no. 3184 (England) the water 
supply (water quality) regulations 2001, si no. 3911 (w.323) Wales. This kit allows the user to 
purify and concentrate nucleic acid extracted from oocysts after a freeze-thaw process. An 18s 
ribosomal DNA (rDNA) target is amplified via nested PCR to generate sufficient product for 
detection. The PCR amplicons are visualized on a 2% E-Gel® gel, a compact, bufferless gel 
electrophoresis system. The end products are then digested by different restriction enzymes, 
which cut the DNA into fragments of different lengths. These fragments from each species 
produce a unique pattern when run on an agarose gel. The kit includes Cryptosporidium 
parvum and Cryptosporidium hominis material as a PCR/RFLP control. Instructions for a 
Cryptosporidium parvum extraction control are provided as well. The kit has been shown to 
detect as few as 10 oocysts per slide when following this protocol. 

 
Removing 
Oocysts from 
Slides 

Instructions for removing Cryptosporidium oocysts from slides after fluorescent antibody (FA) 
enumeration are provided below: 

Materials Needed: 

Supplied by the user: 
Cryptosporidium oocysts on slides 

Adjustable pipettes and aerosol barrier tips 

1.5-ml locking-cap microcentrifuge tube 

Sterile 16-18 mm cell scraper (BD/Falcon Prod. No. 353085 or equivalent) 

Optional: Cryptosporidium oocyst control (BTF EasyPC™ or equivalent) 

Supplied in the kit (ChargeSwitch® Forensics gDNA Kit box): 
Lysis Buffer (L13) 

Procedure: 

1. Remove any sealing material (e.g., nail polish) from the slide. 

2. Gently lift the edge of the slide coverslip using a razor blade, while stabilizing the 
opposite side of the coverslip with your finger. It is important to minimize side-to-side 
motion of the coverslip. 

3. Lift the coverslip straight up and off the slide. 

4. Apply 20 μl of Lysis Buffer (L13) to the underside of the coverslip and gently scrape 
away any material with a pipette tip. Use the same pipette tip to transfer the scraped 
material and liquid to a sterile 1.5-ml locking-cap microcentrifuge tube. Set the coverslip 
aside. 

5. Gently dry the coated area of the slide surrounding the well with an absorbent tissue. 
Leave all liquid within a few millimeters of the well edge. 

6. Add 50 μl of Lysis Buffer (L13) to the slide well (for Dynal® Spot-On Slides, this is the 
9-mm well and area just around it). Scrap the surface of the slide with a sterile cell 
scraper or sterile culture loop. Remove all liquid and transfer to the same 1.5-ml 
microcentrifuge tube as in Step 4. 

Procedure continued on next page 

Continued on next page 
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Protocol, continued 
 

Removing 
Oocysts from 
Slides, 
continued 

Procedure continued from previous page 

7. Add a second 50-μl volume of Lysis Buffer to the well and scrape the surface of the slide 
with the same cell scraper or sterile culture loop. Transfer to the same collection tube. 

Note: Make sure to scrape all areas of the well thoroughly to ensure that all oocysts are 
removed. 

8. Apply a final 100 μl of Lysis Buffer to the slide and scrape the well once more. Transfer 
the liquid to the collection tube. 

9. Check the slide for additional oocysts. If any remain, add up to two 50-μl rinses to 
remove them before proceeding to the Sample Preparation section. 

Extraction control (optional): 

Note: The user can perform an extraction control to determine if the sample matrix is 
interfering with the PCR process. This is optional. 

1. Spike a small sample of your clarified sample matrix (post-filtration) with 100 oocysts 
(e.g., BTF EasyPC™ or Waterborne Accuspike™).  

2. Stain and enumerate the oocysts as with other samples. 

3. Scrape oocysts from the slide well as described above.  

4. Process sample as you would any other sample. 

Proceed to Preparing the Sample for Purification. 

 
Preparing the 
Sample for 
Purification 

Follow the steps below to prepare the isolated Cryptosporidium oocysts for genomic DNA 
purification. Read all steps before starting the procedure. 

Note: The protocol below is a modified version of the standard protocol provided with 
the ChargeSwitch® Forensics gDNA Kit. 

Materials Needed: 

Supplied by the user: 
Isolated Cryptosporidium oocysts 

Sterile 2.0-ml microcentrifuge tubes with locking caps 

Adjustable pipettes and aerosol barrier tips 

Water bath or heat block set to 65ºC 

Water bath or heat block set to 55ºC 

Liquid nitrogen (LN2) and container for storage 

Supplied in the kit (ChargeSwitch® Forensics gDNA Kit box): 
Lysis Buffer (L13) 

Proteinase K 

Procedure: 

1. Perform 15 freeze thaws of the sample by carefully placing the tube in liquid nitrogen 
(LN2) for 1 minute, then removing and placing in a 65ºC water bath or heat block for 
1 minute. 

Warning: Liquid nitrogen is dangerous and should not be used except by experienced 
laboratory personnel. Use all appropriate safety precautions. Take care when 
placing the heated tube back into LN2 to avoid splashing. 

2. Following freeze-thaws, let the tube stand at room temperature for 2 minutes. Add 10 μl 
of Proteinase K to each sample, gently tip mix, then incubate sample in a 55ºC water bath 
or heat block for 1.5 hours. 

3. After incubation, carefully open the tubes and add Lysis Buffer (L13) to bring final 
volume to 1 ml. 

Proceed to Purifying the DNA. 

Continued on next page 
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Protocol, continued 
 

Purifying the 
DNA 

Instructions for purifying the genomic DNA are described below. 

Materials Needed: 

Supplied by the user: 
Sample lysate prepared as previously described 

Dynal® MPC-S magnet (Invitrogen Cat. No. 120-20D) 

Sterile 1.5-ml microcentrifuge tubes 

Adjustable pipettes and aerosol barrier tips 

Supplied in the kit (ChargeSwitch® Forensics gDNA Kit box): 
ChargeSwitch® Magnetic Beads 

ChargeSwitch® Purification Buffer (N5) 

ChargeSwitch® Wash Buffer (W12) 

ChargeSwitch® Elution Buffer (E5) 

Binding the DNA: 

1. Add 200 μl of Purification Buffer (N5) to your sample tube followed by 20 μl of 
ChargeSwitch® Magnetic Beads to the tube. Tip mix 5 times to evenly suspend the beads. 

Important: Avoid forming bubbles by ensuring that the pipette tip is submerged 
during mixing, and by pipetting up and down gently. 

2. Incubate at room temperature for 5 minutes to allow the DNA to bind to the beads. Mix 
the tube gently once at 2.5 minutes. 

3. Place the sample on the MPC-S magnet (magnet in vertical position) until the beads have 
formed a tight pellet and the supernatant has cleared. This will take approximately 
1 minute. 

4. Without removing the tube from the magnet, carefully aspirate and discard the 
supernatant without disturbing the pellet of beads by angling the pipette such that the 
tip is pointed away from the pellet. Proceed to Washing the DNA. 

Washing the DNA: 

1. Remove the tube from the magnet. There should be no supernatant in the tube. 

2. Add 500 μl of Wash Buffer (W12) to the tube. Using a 1-ml pipette tip set to 300 μl, pipet 
up and down gently at least 5 times to resuspend the beads. Take care not to create 
bubbles. 

3. Place the sample on the magnet for 1 minute, or until the beads have formed a tight 
pellet and the supernatant is clear. 

4. Without removing the tube from the magnet, carefully aspirate and discard the 
supernatant without disturbing the pellet by angling the pipette such that the tip is 
pointed away from the pellet. Remove the tube from the magnet. 

5. Add 500 μl of Wash Buffer (W12) to the tubes and pipette up and down 5 times to 
resuspend the beads. 

6. Place the tube back on the magnet for 1 minute until a tight pellet has formed and the 
supernatant is clear. 

7. Without removing the tube from the magnet, carefully aspirate and discard the 
supernatant without disturbing the pellet by angling the pipette such that the tip is 
pointed away from the pellet. Remove the tube from the magnet, and proceed to Eluting 
the DNA. 

Procedure continued on next page 

Continued on next page 
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Protocol, continued 
 

Purifying the 
DNA, continued 

Procedure continued from previous page 

Eluting the DNA: 

1. Remove the tube from the magnet. There should be no supernatant in the tube. 

2. Add 50 μl of Elution Buffer (E5) to the tube and pipette up and down gently 10 times to 
resuspend the magnetic beads. 

Note: Pre-warming the Elution Buffer to 55-60°C can increase the DNA yield. 

3. Incubate at room temperature for 1 minute. 

Tip: For maximum yield, incubation can be extended to 5 minutes with gentle tip 
mixing after 2 minutes of the incubation. 

4. Place the sample on the magnet for 1 minute or until all of the beads have formed a tight 
pellet and the supernatant is clear. 

5. Without removing the tube from the magnet, carefully transfer the supernatant 
containing the DNA to a sterile microcentrifuge tube without disturbing the pellet by 
angling the pipette such that the tip is pointed away from the pellet. 

6. Discard the magnetic beads. Do not reuse the magnetic beads. 

Store the purified DNA at –20°C or proceed to Analyzing DNA Yield and Quality. 

 
Analyzing DNA 
Yield and 
Quality 

Analyze the yield of purified total DNA by checking the UV absorbance at 260 nm. 

UV Absorbance 

1. Measure the A260 of the solution using a spectrophotometer blanked against 10 mM Tris-
HCl, pH 8.5 (Elution Buffer E5). 

2. Calculate the amount of DNA using the formula: 

 DNA (μg) = A260 × 50 μg/(A260 × 1 ml) × dilution factor × total sample volume (ml) 

 For DNA, A260 = 1 for a 50 μg/ml solution measured in a cuvette with an optical path 
length of 1 cm. 

Note:  Pure DNA should have a 260/230 ratio of ≥1.8 

Continued on the next page 
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Protocol, continued 
 

Primary PCR 
Reaction 

Following purification, you amplify the DNA from Cryptosporidium oocysts in a two-step 
nested PCR reaction. The first (primary) PCR reaction is described in this section. A second 
PCR reaction using product from the first reaction as template is described in the following 
section. 

Two-Step Nested PCR 

In two-step nested PCR, the product from the primary PCR reaction is used as template in the 
secondary PCR reaction. This is necessary to provide ample product for restriction digestion 
and RFLP analysis. Nested PCR allows detection down to approximately 10 intact oocysts 
that have been captured, lysed, and processed according to the instructions in this manual.  

Important Precautions 

Nested PCR is a very sensitive tool for detecting low copy numbers of your target. It can also 
create a source of contaminating DNA template if proper care is not taken to reduce aerosols, 
carryover, and other contaminations. Perform all PCR setup in a DNA-free area to minimize 
potential contamination of reagents. If such an area does not exist, prepare PCR reactions in 
an area separated from the nucleic acid preparation area. Standard practices should be used 
to minimize the contamination risk of PCR reagents, such as using dedicated pipettes, aerosol 
barrier tips, and wiping down equipment and areas with 5% bleach before and after set-up.  

See Appendix A on page 13 for more information on preventing contamination. 

Materials Needed 

Supplied by the user: 
Purified DNA from Cryptosporidium sample (from page 6) 

Sterile PCR reaction tubes 

Adjustable pipettes and aerosol barrier pipette tips 

Thermal cycler 

Sterile, DNase-free water 

Supplied in the kit: 
Platinum® PCR SuperMix 

Primary PCR Primer — Forward 

Primary PCR Primer — Reverse 

C. hominis PCR control/ RFLP marker 

C. parvum PCR control/ RFLP marker 

Definitions: 
PCR SuperMix: PCR buffer containing all components needed for PCR, less primers and 
template. The mix contains dNTPs (ACGT), magnesium, and Taq polymerase in an optimized 
buffer formulation. 

PCR master mix: Final PCR mix needed to complete PCR. This mix contains the PCR 
SuperMix, plus necessary primers at the appropriate concentration. 

1. Thaw Platinum® PCR SuperMix, C. hominis PCR control/ RFLP marker, C. parvum PCR 
control/ RFLP marker, and Primary PCR Primers on ice. 

2. Make a PCR master mix, containing enough Platinum® PCR SuperMix and Primary PCR 
Primers for each sample. You will need 45 μl of PCR master mix per tube. For example, 
for 5 samples you would need: 

 43 μl × 5 = 215 μl of Platinum® PCR SuperMix 
1 μl × 5 = 5 μl of Primary PCR Primer — Forward 
1 μl × 5 = 5 μl of Primary PCR Primer — Reverse 

Procedure continued on next page 

Continued on the next page 
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Protocol, continued 
 

Primary PCR 
Reaction, 
continued 

Procedure continued from previous page 

3. Aliquot 45 μl of the PCR master mix into each PCR reaction tube.  

4. Add 5 μl of purified, quantitated DNA from page 6 to each sample tube. 

5. Prepare 2 tubes of positive controls and one of negative control, as follows:  

Positive controls: C. hominis and C. parvum PCR controls are provided as positive 
controls. For each positive control, instead of 5 μl of sample DNA, add 1 μl of positive 
control template plus 4 μl of water. 

Important: The positive controls are high-concentration plasmids containing target 
sequences for two important organisms. Be careful to avoid contaminating 
your real samples with these controls. We recommend setting up the 
controls in a different area to minimize the risk of cross-contamination.   

 Negative control: Instead of 5 μl of sample DNA, add 5 μl of water. 

6. Place the reaction tubes into the thermal cycler, pre-warmed to 94ºC. 

7. Run the following cycling program: 

 94ºC hold for 2 minutes 

 35 cycles of: 
 94ºC for 45 seconds 
 55ºC for 45 seconds 
 72ºC for 60 seconds 

 72ºC hold for 10 minutes. 

  4ºC hold 

Store the DNA at –20°C or proceed to Secondary PCR reaction. 

Note: Do not run the sample on a gel at this point. Unless you are starting with a very 
large number of oocysts, a PCR product will not be visible at this stage. 

Continued on next page 
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Protocol, continued 
 

Secondary PCR 
Reaction 

The secondary PCR reaction described in this section uses product from the primary PCR 
reaction as template. The Platinum® Blue PCR SuperMix used in this reaction includes blue 
tracking dye in the mix, for subsequent gel analysis. Be careful to follow all the PCR 
precautions listed in the Primary PCR Reaction section and Appendix A. 

Supplied by the user: 
Product from the primary PCR reaction (previous page) 

Sterile PCR reaction tubes 

Adjustable pipettes and aerosol barrier pipette tips 

Thermal cycler 

Sterile, DNase-free water 

Supplied in the kit: 

Platinum® Blue PCR SuperMix 

Secondary PCR Primer — Forward 

Secondary PCR Primer — Reverse 

1. Thaw Platinum® Blue PCR SuperMix and the Secondary PCR Primers on ice. 

2. Make a PCR master mix containing enough Platinum® Blue PCR SuperMix and 
Secondary PCR Primers for each sample. You will need 90 μl of PCR master mix per 
tube. For example, for 5 samples you would need: 

 88 μl × 5 = 440 μl of Platinum® PCR SuperMix 
1 μl × 5 = 5 μl of Secondary PCR Primer — Forward 
1 μl × 5 = 5 μl of Secondary PCR Primer — Reverse 

3. Aliquot 90 μl of the PCR master mix into each PCR reaction tube.  

4. Add 10 μl of amplified DNA from each Primary PCR Reaction, previous page, to each 
tube. 

5. Place the reaction tubes into the thermal cycler, pre-warmed to 94ºC. 

6. Run the following cycling program: 

 94ºC hold for 2 minutes 

 35 cycles of: 
 94ºC for 45 seconds 
 55ºC for 45 seconds 
 72ºC for 60 seconds 

 72ºC hold for 10 minutes 

 4ºC hold 

Store the DNA at –20°C or proceed to Gel Analysis of the PCR Reaction. 

Continued on next page 
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Protocol, continued 
 

Gel Analysis of 
the PCR 
Reaction 

Next, analyze the PCR product on a 2% E-Gel® pre-cast agarose gel as described below. 

Materials Needed 

Supplied by the user: 
Amplified DNA from the previous procedure 

Adjustable pipettes and aerosol barrier pipette tips 

UV illuminator 

Supplied in the kit: 

2% E-Gel® Pre-Cast Gel 

E-Gel® iBase™ 

100-bp Ladder 

Procedure: 

1. Mix 2 μl of the 100-bp ladder with 18 μl of sterile DNase free water. Load this into the 
first lane of the E-Gel® Gel. 

2. Load 20 μl of PCR products from the Secondary PCR Reaction, including the C. parvum 
and C. hominis positive controls, previous page, into the remaining lanes of the E-Gel® 
Gel. Load 20 μl of sterile water in any empty lanes. 

Note: The C. parvum and C. hominis PCR controls should be run once for a batch of 
samples (i.e., samples run at the same time). This only needs to be loaded onto 
one gel if multiple gels are used. 

3. Insert the E-Gel® into the iBase™ and run for 30 minutes, then visualize on a UV 
illuminator. Follow the instructions for using the iBase™ that are provided in the iBase™ 
manual. 

4. Identify all lanes containing a band of approximately 800 bp. These PCR reactions are 
positive for the 18s target. 

Store the DNA at –20°C or proceed to Restriction Digestion with all positive samples. 

Continued on next page 
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Protocol, continued 
 

Restriction 
Digestion 

In this step, the 18s PCR product is digested by three restriction enzymes to differentiate 
between species and genotypes of Cryptosporidium.  

Materials Needed 

Supplied by the user: 

Thermal cycler 

Microcentrifuge 

Adjustable pipettes and aerosol barrier pipette tips 

Supplied in the kit: 

Ssp I enzyme and REact® buffer 

Vsp I enzyme and reaction buffer 

Dde I enzyme and REact® buffer (for differentiation of C. andersoni and C. muris) 

Procedure: 

1. Remove the Vsp I,  Ssp I, and Dde I restriction enzymes and reaction buffers from storage 
and thaw on ice. 

2. Create a separate master mix for each enzyme, since each has a unique reaction buffer. 
Prepare enough master mix for each sample to be tested (including positive controls). A 
reaction volume for a single sample is provided below: 

Component Volume 
Water 10 μl 
10x Reaction Buffer 2 μl 
Restriction enzyme 0.1 μl (1 U) 

Note: The reaction buffer is specific to each enzyme. Be sure to use the correct reaction 
buffer for the enzyme that is being used. 

3. Aliquot 12 μl of each enzyme mix into a reaction tube and add 8 μl of PCR product from 
each Secondary PCR Reaction that is positive for the 18s target, as determined by the gel 
analysis (Step 4, previous page). Also prepare digests for the C. parvum and C. hominis 
positive controls. Mix by flicking the tubes, and then centrifuge tubes briefly to ensure all 
liquid is at the bottom. 

4. Incubate the Ssp I, Vsp I, and Dde I reactions in a thermal cycler at 37ºC for 1 hour.  

5. Allow samples to cool briefly (approximately 5 minutes) and then perform gel 
electrophoresis immediately. 

Store the samples at –20°C or proceed to RFLP Analysis. 

Continued on next page 
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Protocol, continued 
 

RFLP Analysis Next, perform RFLP analysis using a 2% E-Gel® pre-cast agarose gel as described below 

Materials Needed 

Supplied by the user: 

UV illuminator 

Supplied in the kit: 

2% E-Gel® Pre-Cast Gel 

E-Gel® iBase™ Power System 

100-bp Ladder 

Procedure: 

1. Insert the 2% E-Gel® Gel in the iBase™ and pre-run for 2 minutes 

2. Mix 2 μl of the 100-bp ladder with 18 μl of sterile water, and load in the second lane of 
the gel. 

3. Load 20 μl per lane of each positive control (C. hominis and C parvum) from the restriction 
digestion reaction (previous page) onto at least one gel per round of PCR. 

4. Load the entire 20-μl volume of each sample from the restriction digestion reaction onto 
the remaining lanes of the gel. Load any empty lanes with 20 μl of sterile water. 

5. Run the 2% E-Gel® for 26 minutes, following the instructions provided with the iBase™, 
and visualize the restriction products on a UV illuminator.  

6. Match RFLP patterns to the patterns specified in the table below or to published data to 
identify species or genotype of Cryptosporidium.  

Note: The patterns should be considered a preliminary result and are suitable for 
screening purposes. To verify the isolates identity, we recommend sequencing of 
the PCR products in both directions. 

 
Table 1. RFLP patterns for some common/uncommon Cryptosporidium species/genotypes* 

Species Source Amplicon (bp) Ssp I Digestion Vsp I Digestion Dde I Digestion

Cryptosporidium hominis Predominately 
humans 

837 111, 254, 449 104, 561 NA 

Cryptosporidium parvum Humans and cattle.  834 108, 254, 449 102, 104, 628 NA 

Cryptosporidium 
andersoni 

Cattle 834  385, 448 731, 102 156, 186, 470 

Cryptosporidium muris Rodents 833 385, 448 731, 102 156, 186, 224, 247

Cryptosporidium felis Cats 864 390, 426 102, 104, 182, 476 NA 

Cryptosporidium baileyi Birds 826 254, 572 104, 620 NA 

Cryptosporidium 
meleagridis 

Birds 833 108, 254, 449 104, 182, 476 NA 

Cryptosporidium wrairi Guinea pig 834 109, 254, 449 102, 104, 628 NA 

Cryptosporidium serpentis Snakes and lizards 831 370, 414 102, 729 NA 

 
*Restriction fragments below 100 bp not listed. These products would be too small to visualize on the gels 
provided. 
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Appendix A. Contamination Prevention Suggestions 
 

Contamination It is critical in any procedure that can detect only a few molecules to be absolutely scrupulous 
in avoiding contamination from exogenous nucleic acids. This protocol explicitly states 
several precautions one can take to avoid contamination. They are summarized below in 
order of importance. 

1. Never prepare DNA or PCR reagents or assemble PCRs in the same place used to handle 
large amounts of plasmid DNAs or PCR products. PCR products are the worst possible 
contaminants because they give rise to more of themselves faster than normal DNA. If 
possible, perform the two different procedures in different rooms, avoiding even the 
presence of PCR products in the room where DNA is prepared or PCRs are assembled. 
In addition, try preparing DNA and PCR reagents and assembling PCRs in a laminar 
flow hood equipped with a UV light to inactivate contaminating DNA. 

2. If possible, use only sterile disposable plasticware for preparing and storing reagents. If 
glassware must be used, try to ensure that it has not been contaminated with plasmid or 
genomic DNAs. Autoclaving of glassware is a convenient method of ensuring 
contaminating DNAs are removed. 

3. Most pipetting devices can be readily contaminated by the aerosols that they produce. 
This protocol was originally developed using sterile disposable microcapillary pipettes 
with a separate bulb for each reagent and sample type. This degree of caution may be 
extreme. A more expensive, but more convenient, alternative may be to use positive 
displacement pipetting devices with disposable tip and plunger, but even then, be sure 
not to use the same device for handling PCR products. The least expensive, most 
convenient approach is to use disposable tips with barriers and a standard micropipettor 
to minimize aerosol contamination. 

4. Reagents should be sterile whenever possible and stored as small aliquots. 

5. Wear disposable gloves and change them frequently during preparation of DNA and 
assembly of PCR. 

6. Be careful of static electricity and avoid aerosols from opening tubes. As outlined in the 
protocol above, keep all tubes closed except those receiving sample DNA. If possible, 
prepare only equivalent DNA samples at the same time. The use of screw-cap tubes can 
be helpful. It may also be useful to dedicate a microcentrifuge solely to PCR assembly. 

7. As stated in the protocol, it is critical to include a sufficient number of negative controls 
(≥3) including a zero-copy reconstruction, which can help assess reagent contamination, 
as well as controls for DNA preparation. 

8. If contamination by genomic DNA or PCR products is suspected, it can be confirmed or 
ruled out using appropriately chosen sets of primers. 

9. Aside from PCR products and plasmid DNAs, be suspicious of other sources of 
contamination, including various pieces of lab apparatus that come into contact with 
large amounts of target sequence. This extends to tools used to extract specimens. In 
addition, contamination from the investigator should be avoided. Some have found that 
wearing a mask and hair covering is helpful. Paranoia can be a positive character trait in 
this situation. 

10. Several investigators have used nucleases or UV light to inactivate contaminants in 
solutions. These methods can be useful but have their limitations, especially if the 
contaminating DNA is short and thus represents a small target. The best method for 
reducing contaminates is not to generate them in the first place. Also, bleach is effective 
at cleaning areas potentially contaminated with DNA. 
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Purchaser Notification 

Limited Use Label 
License No. 14:  
Direct Inhibition by 
Anti-polymerase 
Antibodies

Licensed to Life Technologies Corporation, under U.S. Patent Nos. 5,338,671; 5,587,287; and foreign equivalents for use in 

research only. 

Limited Use Label 
License 
No. 358:  Research 
Use Only

The purchase of this product conveys to the purchaser the limited, non-transferable right to use the purchased amount 

of the product only to perform internal research for the sole benefit of the purchaser.  No right to resell this product or 

any of its components is conveyed expressly, by implication, or by estoppel. This product is for internal research 

purposes only and is not for use in commercial applications of any kind, including, without limitation, quality control 

and commercial services such as reporting the results of purchaser’s activities for a fee or other form of consideration.  

For information on obtaining additional rights, please contact outlicensing@lifetech.com or Out Licensing, Life 

Technologies, 5791 Van Allen Way, Carlsbad, California 92008.

©2006–2008, 2010 Invitrogen Corporation. All rights reserved. 
For research use only. Not intended for any animal or human therapeutic or diagnostic use. 
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