
Introduction
Transgenomic SURVEYOR™ Mutation Detection Kits use a new mismatch-specific plant
DNA endonuclease to scan for known and unknown mutations and polymorphisms in
heteroduplex DNA. SURVEYOR Nuclease, the key component of the kit, is a member of the
CEL family of plant endonucleases that cleave DNA with high specificity at sites of base-
substitution mismatch and other distortions1, 2. These DNA endonucleases cut both strands of
a DNA heteroduplex on the 3’-side of the mismatch site3, 4. Insertion/deletion mismatches and
all base-substitution mismatches are recognized, but the efficiency of cleavage varies with the
sequence of the mismatch 1, 4.

DNA endonucleases from celery have been used to detect accurately a variety of mutations and
polymorphisms in the human BRCA1 gene1-2, 5. Other applications include high-throughput
screening of induced point mutations (TILLING) in Arabidopsis6-7, 9, Lotus8, and zebrafish10,
screening for SNPs in inbred rat strains11, and scanning of large regions of bacterial genomic
DNA for mutations and polymorphisms (GIRAFF)3, 12. SURVEYOR Nuclease has been used
to verify the presence of known mutations in a number of genes in human peripheral blood
DNA13, to carry out screening for induced point mutations in barley14 and to screen for error-
free clones generated from a plant cDNA library by PCR-based cloning15.

The SURVEYOR Mutation Detection Kit for Fluorescent Capillary Electrophoresis has been
designed to digest ABI fluorophore end-labeled DNA fragments with SURVEYOR Nuclease
for subsequent analysis using fluorescence detection with an ABI PRISM® Genetic Analyzer.
This kit should not be used to digest DNA for analysis by agarose or polyacrylamide gel elec-
trophoresis or with a WAVE® System. For detection of mutations in DNA fragments labeled
with other fluorophores for analysis on alternative platforms, see the kits listed in Table 1. A
protocol for SURVEYOR Nuclease digestion of DNA fragments labeled with WellRED dyes
for analysis on the Beckman CEQ 8000 CE System is provided in Appendix C.

FOR SUCCESSFUL USE OF THIS KIT, WE RECOMMEND STRONGLY THAT YOU 
READ THIS MANUAL THOROUGHLY AND FOLLOW THE INSTRUCTIONS AND 
GUIDELINES PROVIDED. FIRST TIME USERS SHOULD PERFORM THE CONTROL 
EXPERIMENTS OUTLINED IN THE SECTION ON USING CONTROL G AND 
CONTROL C PLASMID DNA.
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SURVEYOR Mutation Detection Kit Components
The kit is available in two sizes:

25-Reaction Kit (Catalog No. 706015)

100-Reaction Kit (Catalog No. 706010)

Store all components at -20 ºC.

Primers for PCR amplification of target sequences labeled at the 5’ end with ABI dyes must be
purchased by the kit user. 

Table 1. SURVEYOR Nuclease Mutation Detection Kits for 
Digestion of Fluorophore-labeled DNA

Component 25-Reaction Kit 
(706015)

100-Reaction Kit 
(706010)

Amount Provided Amount Provided

SURVEYOR Nuclease F 0.03 mL 4 x 0.03 mL

SURVEYOR Enhancer F 0.03 mL 4 x 0.03 mL

Stop Solution 0.25 mL 0.25 mL

Control FAM-C 0.02 mL 0.02 mL

Control FAM-G 0.02 mL 0.02 mL

Primers Separation Platform SURVEYOR Nuclease 
Mutation Detection Kit

5’-end labeled with ABI 
dyes FAM, NED, HEX, 
VIC, TET, or PET

ABI PRISM Genetic 
Analyzers

For Fluorescent CE
(#706010; #706015)

5’-end labeled with 
WellRED® dyes

Beckman CEQ 8000 CE 
Systems

For Fluorescent CE
(#706010; #706015)
(For protocol see Appendix 
C)

5’-end labeled with 
IRDyes™

LI-COR 4200 and 4300 
PAGE Instruments

For LI-COR 4200 and 4300 
Instruments (#706000; 
#706005)

Universal primer with 
internal fluorescein label

ABI PRISM Genetic 
Analyzers
Amersham MegaBACE™ 
DNA Analysis CE Systems

For Universal Primer 
Fluorescent CE (#706070; 
706075)
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Detecting Mutations with the Transgenomic 
SURVEYOR Mutation Detection Kit

An Overview
Mutation detection and confirmation with SURVEYOR Nuclease involves four steps: 

Step 1 - Prepare fluorescently labeled PCR amplicons from mutant (test) and wild-type
(reference) DNA. 

Step 2 - Mix equal amounts of test and reference DNA; hybridize them by heating and cooling
the mixture to form hetero- and homoduplexes.

Step 3 - Treat the annealed heteroduplex/homoduplex mixture with SURVEYOR Nuclease.
The reference DNA alone, treated similarly, serves as a background control.

Step 4 - Analyze the DNA fragments with fluorescent capillary electrophoresis. The formation
of new cleavage products indicates the presence of a mutation, while their size indicates the
location. 

The combination of these four steps is outlined in the flow chart in Figure 1.

Figure 1. A schematic representation of mutation detection using SURVEYOR Nuclease.

Step 3. Treatment with S
SURVEYOR™ Mutation Detection Kit for Fluorescent Capillary Electrophoresis 3



Example of Results
An example of results obtained using the Transgenomic SURVEYOR Mutation Detection Kit
for Fluorescent Capillary Electrophoresis is shown in Figure 2 below. In this example, the
four-step process outlined in the flowchart on the previous page was followed carefully.

Figure 2. SURVEYOR Nuclease digestion products of amplicons derived from 129/Sv and
C57BL/6J mouse DNA. The 275-bp PCR products were amplified with FAM-labeled primers
and Optimase® Polymerase. Amplified 129/Sv DNA was annealed either alone or in
combination with C57BL/6J DNA. DNA (200 ng) was digested by addition of 1 µL of
SURVEYOR Enhancer F and 1 µL of SURVEYOR Nuclease F and incubation for 20 min at 
42 ºC. After adding Stop Solution, the DNA was ethanol precipitated, dissolved in 10 µL of
HiDi formamide containing ROX 1000 Ladder (Applied Biosystems) and heated at 95 ºC for 2
min. A portion (estimated to be 10-20 ng) was analyzed by CE on an ABI PRISM 3100 Genetic
Analyzer. The amplicon contained a single SNP (C/G; fragments were 80 + 195 bp long).
Digestion products from cross-hybridized DNA (upper panel; arrows) and 129/Sv DNA alone
(lower panel) are shown in blue and size standards are shown in red.

SURVEYOR Nuclease F in combination with sizing platforms designed to detect fluorophore
end-labeled fragments can be used to identify single or multiple mutations in fragments <800
bp long. Figure 2 shows SURVEYOR Nuclease digestion products from 275-bp DNA labeled
at both ends with FAM and amplified from C57BL/6J mouse DNA and annealed to labeled
DNA amplified from 129/Sv mouse DNA. The cross-hybridized fragment contains a G/C
mismatch 80 bp from one end. FAM-labeled digestion products were analyzed on an ABI
PRISM® 3100 Genetic Analyzer. Notice the similarity in the background peak pattern of
SURVEYOR Nuclease digested DNA derived from self-hybridized 129/Sv DNA and cross-
hybridized 129/Sv/C57BL/6J mouse DNA. Visual comparison of electropherograms of
SURVEYOR Nuclease digestion products of self-hybridized reference DNA and cross-
hybridized test DNA should always be made to distinguish background from digestion
products derived from a mutation.
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Factors Affecting the Quality of Results 
The two key factors influencing the quality of results are signal and noise (background):

Signal
The magnitude of the signal depends upon

• The quality of the PCR amplified DNA.

The presence of high concentrations of primer-dimers in PCR products dramatically
inhibits SURVEYOR Nuclease cleavage at mismatch sites. Examine each amplified DNA
product by gel electrophoresis before digestion to be sure it is a single species of the
expected size.

• The relative proportion of mutant (test) to wild-type (reference) DNA in the
hybridized sample.

Whenever possible test and reference PCR products should be hybridized in equal
proportion to maximize the amount of heteroduplex DNA available for digestion. After
hybridization of equal amounts of mutant test and reference DNA, on average half of the
resulting DNA molecules will reanneal as homoduplexes and the other half as heterodu-
plexes; the heteroduplex population will contain two distinct heteroduplexes, each
representing approximately 25% of the total population.

• The efficiency of heteroduplex cleavage.

SURVEYOR Nuclease cleaves heteroduplexes with efficiencies that can vary over a broad
range. However, each substrate with a mismatch will have at least one heteroduplex
species that will be efficiently cleaved at an ideal rate for analysis as described here.

• Protection of DNA ends.

SURVEYOR Nuclease also has 5’-exonuclease activity that attacks the ends of double-
stranded DNA, causing the loss of signal with 5’ end-labeled substrates16. This activity
can be partially suppressed by the presence of SURVEYOR Nuclease Enhancer without
otherwise negatively affecting the reaction. SURVEYOR Nuclease Enhancer is included
in this kit.

Noise (Background)

• The fragment pattern obtained by digesting heteroduplex DNA can also reveal the
presence of fragments derived from PCR artifacts, e.g. primer-dimers, products from
primer mis-priming and errors introduced by the DNA polymerase itself. A nearly
identical background should be present in the digestion pattern of reference DNA, and this
background can be identified by visual comparison of test and reference digestion patterns
(see Figure 2). When the quality of the PCR product is poor, the background after
SURVEYOR Nuclease digestion can reach a level high enough to obscure the signal.
Examine each amplified DNA product before digestion by gel electrophoresis to be sure it
is a single species of expected size. If it is not, optimize the PCR conditions until you
obtain good quality PCR product. To reduce background due to PCR errors, use a
proofreading DNA polymerase such as Optimase Polymerase (Transgenomic Catalog
Numbers 703005, 703030 or 703045).
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Step 3 — Treatment with SURVEYOR Nuclease 
Once you have prepared the test sample/reference hetero/homoduplex mixtures and hybridized
reference control, you must treat them separately with SURVEYOR Nuclease directly in
appropriate 1X PCR buffer (for details see Step 2 – DNA Hybridization).

1 Digest the test hetero/homoduplex DNA samples and reference control DNA in separate
tubes.

2 For each digestion, add the following components in the order shown to a nuclease-free
0.2-mL tube (kept on ice):

• 200 ng (5 to 15 µL) hybridized DNA

• 1 µL SURVEYOR Enhancer F

• 1 µL SURVEYOR Nuclease F

3 Mix by vortexing gently, by agitation, or by aspiration/expulsion in a pipette tip using a
micro-pipetter.

4 Incubate at 42 ºC for 20 min.

5 Add 1/10 volume of Stop Solution and mix. Store the digestion products at
–20 ºC if not analyzed immediately.

Note the following:

• To reduce the number of manipulations, SURVEYOR Enhancer F and Nuclease F can
be mixed at 1:1 and a single 2-µL pipetting can be done. The mixture should be used
immediately after preparation and should not be stored, since reducing agent in the
Enhancer storage buffer will inactivate SURVEYOR Nuclease over time.

• When a heterogeneous DNA sample is analyzed, a portion of the hybridized
heterogeneous DNA is not digested with SURVEYOR Nuclease and is run as a control
in Step 4 — Analysis of DNA Fragments (below).

Continue with Step 4 – Analysis of DNA Fragments.

Step 4 — Analysis of DNA Fragments
Digested samples must be denatured and analyzed on a size separation platform capable of
measuring and recording signals from fluorescently end-labeled single-stranded DNA. 

Note: You should not attempt to assess mismatch cleavage of DNA treated with SURVEYOR
Nuclease F by non-denaturing agarose gel electrophoresis with ethidium bromide
staining of DNA, since this method is not sensitive enough to detect SURVEYOR
Nuclease F cleavage products prepared as described above.

1 Mix 1 µL of a reaction mixture or 1 µL of undigested, hybridized heterogeneous DNA
with 0.5 µL of appropriate ABI ROX size standard and 9.5 µL of ABI Hi-Di Formamide
in a 0.2-mL tube.

2 Heat the tube at 95 ºC for 2 min, and immediately place the tube on ice.

3 Transfer the tube contents to an autosampler plate and run the GeneScan program.
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Note: Desalting digested products increases the efficiency of electrokinetic sample
loading. Concentrating digestion products before analysis also increases signal
strength. For applications requiring higher mutation detection sensitivity, ethanol
precipitation of the samples before denaturation serves both to concentrate the
sample and to reduce salt.

To ethanol precipitate DNA, treat the samples as described below.

1 Transfer the terminated reaction mixture to a 1.5-mL microcentrifuge tube, add 2.5
volumes of cold ethanol, and place the tube at -20 ºC for 30 min.

2 Centrifuge the tube at 13,000 rpm for 10 min in a microcentrifuge.

3 Carefully remove the ethanol without disturbing the invisible pellet and air dry the pellet.

4 Dissolve the pellet in 9 µL of ABI Hi-Di Formamide containing 0.5 µL of ABI ROX size
standard and heat at 95 ºC for 2 min.

5 Transfer the tube contents to an autosampler plate and run the GeneScan program.
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Control Experiments — Using Control FAM-G 
and Control FAM-C Plasmid DNA
Two DNAs, Control FAM-G and Control FAM-C, are provided in the SURVEYOR Mutation
Detection Kit. These two control DNAs are plasmids with inserts that differ at a single base
pair. They are provided in separate vials each at a concentration of 5 ng/µL; FAM-labeled
forward and reverse primers needed for PCR amplification are already combined with the
plasmid templates. The sequence of the PCR product for Control FAM-G is shown below.
Control FAM-C differs from Control FAM-G because it has a C in lieu of the G (underlined).
Primer sequences are underlined at the 5’ and 3’ end of the amplicon sequence.

ACACCTGATCAAGCCTGTTCATTTGATTACCAGAGAGACTGTCATTGATCCACAT
GGAGGGAAGGACATGTGTGTTGCTGGAGCCATTCAAAATTTCACATCTCAGCTTG
GCCATTTCCGCCATGGAACATCTGATCGTCGATATAATATGACAGAGGCTTTGTT
ATTTTTATCCCACTTCATGGGAGATATTCATCAGCCTATGCATGTTGGATTTACA
AGTGATATGGGAGGAAACAGTATAGATTTGCGCTGGTTTCGCCACAAATCCAACC
TGCACCATGTTTGGGATAGAGAGATTATTCTTACAGCTGCAGCAGATTACCATGG
TAAGGATATGCACTCTCTCCTACAAGACATACAGAGGAACTTTACAGAGGGTAGT
TGGTTGCAAGATGTTGAATCCTGGAAGGAATGTGATGATATCTCTACTAGCGCCA
ATAAGTATGCTAAGGAGAGTATAAAACTAGCCTGTAACTGGGGTTACAAAGATGT
TGAATCTGGCGAAACTCTGTCAGATAAATACTTCAACACAAGAATGCCAATTGTC
ATGAAACGGATAGCTCAGGGTGGAATCCGTTTATCCATGATTTTGAACCGAGTTC
TTGGAAGCTCCGCAGATCATTCTTTGGCG

PCR amplification of 2 µL of each DNA solution in a 50-µL reaction should produce >25 ng/
µL of a 632-bp PCR product. Sufficient DNA is provided to perform ten PCR reactions with
each control.

Control FAM-G and Control FAM-C plasmids can be used to troubleshoot the PCR
amplification, hybridization, and SURVEYOR Nuclease digestion steps of the SURVEYOR
Nuclease Kit. Control FAM-G and Control FAM-C are intended for use with ABI PRISM CE
instruments.

WE STRONGLY RECOMMEND THAT FIRST TIME USERS PERFORM THE
CONTROL EXPERIMENTS OUTLINED BELOW. 

Successful completion of the control experiments will give the user an appreciation for: the
yield and quality of PCR product obtained with their amplification system, the optimal amount
of SURVEYOR Nuclease and their amplified DNA to use in a reaction, and the expected
amount and appearance of digestion products on an ABI PRISM 3100 Genetic Analyzer. 

Use Control FAM-G and Control FAM-C as follows with an ABI PRISM CE instrument.

1 Amplify 2 µL each of Control FAM-G and Control FAM-C DNA in 50-µL reactions using
a proofreading DNA polymerase and the PCR program described in Appendix A:
Preparing PCR Products using Optimase Polymerase (Step 4) where Ta = 65 ºC and the
72 ºC extension time is 1 min.

2 After amplification, analyze a 2-µL aliquot of each amplified DNA and different amounts
of a DNA mass ladder [e.g. 0.25, 0.5, and 1.0 µg of 100-bp DNA Ladder (New England
BioLabs, Beverly, MA)] on a 2% high-resolution agarose gel as described in Step1 – PCR
Amplification of Reference and Test Samples. The yield with Optimase Polymerase is in
the range of 50-80 ng/µL.
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3 Hybridize Control FAM-G- and Control FAM-C-amplified DNA in equal amounts (15 µL
of each if the amplified DNA concentrations are >40 ng/µL) as described in Step 2 – DNA
Hybridization. This produces a population of molecules containing 50% homoduplex,
25% heteroduplex with a C/C mismatch, and 25% heteroduplex with a G/G mismatch.
Also self anneal 30 µL of the remaining Control FAM-G or Control FAM-C homoduplex
in a separate tube.

4 Digest hybridized Control FAM-G/C and Control FAM-G or Control FAM-C homoduplex
with 1 µL of SURVEYOR Enhancer F and 1 µL of SURVEYOR Nuclease F. In order to
determine empirically the best conditions for digesting your DNA with SURVEYOR
Nuclease F, set up 8, 0.5-mL reaction tubes on ice with the components listed in Table 2.
Incubate the tubes at 42 ºC for 20 min. Add 1/10 volume of Stop Solution. 

5 Analyze 1 µL of the digestion products of all 8 tubes as described in Step 4 – Analysis of
DNA Fragments. Ethanol precipitate the remainder of the digested DNA in each tube and
analyze the ethanol concentrated digestion products as described in Step 4 – Analysis of
DNA Fragments.

Table 2. Reaction Tube Components for Control Experiments

Tube 
Number

Volume Required (µL)

Hybridized 
Control 
FAM-G/C

Control FAM-
G or Control 
FAM-C

1X PCR 
Buffer

SURVEYOR 
Enhancer F

SURVEYOR 
Nuclease F

1 - 2 8 1 1

2 - 5 5 1 1

3 - 5 - 1 1

4 10 - 1 1

5 2 - 8 1 1

6 5 - 5 1 1

7 5 - - 1 1

8 10 - - 1 1
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SURVEYOR Nuclease digestion of hybridized Control G/C PCR products gives rise to two
cleavage products, 217 and 415 bp in size, which are clearly distinguishable by ABI PRISM
CE as shown in Figure 3. Analysis of different amounts of substrate at various concentrations
digested with SURVEYOR Nuclease F provides an opportunity to establish the optimal ratio
of enzyme to DNA with DNA amplified with your PCR enzyme. The optimal ratio produces
the maximum amount of cleavage products while maintaining low background. Carrying out
product analysis with and without ethanol precipitation demonstrates the impact of
concentrating and desalting digested DNA on signal intensity. The results in Figure 3 were
produced by carrying out the digestion and analysis of Control G/C and Control G as described
in Table 2 and the text. The concentrations of undiluted, amplified Control G/C and Control G
were 50 ng/µL before addition to reaction mixtures. Notice the vertical scale of fluorescence
intensity changes from top to bottom as the amount of digestion products injected increases:
top panel, 0 to 300; next 4 panels, 0 to 400; and the bottom 3 panels, 0 to 9,000. Several
observations can be made from the data in Figure 3. When digestion products were denatured
directly in formamide (1 µL products in 9.5 µL formamide): signal from digestion of 100 ng
was difficult to detect (tube 5; top panel); signals from digestion of 250 ng in 10 µL (tube 6;
second panel from the top), 250 ng in 5 µL (tube 7; third panel from the top), and 500 ng in 10
µL (tube 8; fourth panel from the top) were seen easily; and the best signal to noise was
obtained when 250 ng in 5 µL was digested (tube 7; third panel from the top). When digestion
products were ethanol precipitated and the precipitates were dissolved in formamide (10 µL):
signal increased dramatically for all samples (bottom four panels) including the signal from
digestion of 100 ng (tube 5; fifth panel from the top); and background increased when larger
amounts of digestion products were injected (bottom three panels).

Keep in mind that PCR amplification of a plasmid template such as Control FAM-G or FAM-C
will result in higher yields of DNA product than amplification of a comparable amount of
genomic DNA template. Using 5 to 10 times more genomic DNA (50 –100 ng) should give
comparable yields of PCR product. This should be taken into consideration in preparing and
digesting DNA amplified from genomic DNA.
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Figure 3. SURVEYOR Nuclease digestion products of fluorescently labeled Control FAM-G/C
heteroduplex (blue line) and Control FAM-G homoduplex (green line) prepared as described in
Table 2 and the text were run on an ABI PRISM 3100 Genetic Analyzer. Heteroduplex Control
FAM-G/C and homoduplex Control FAM-C samples were run separately and the electrophero-
grams were superimposed. From top to bottom, the amounts of digested DNA loaded were
estimated to be 1.5, 3.8, 6.3, 7.5, 18.5, 46.2, 43.8, and 92.5 ng based upon the DNA
concentration of the sample and assuming the equivalent of 2 µL out of 10 µL was injected.
ABI DNA Standards were run as markers (red line). DNAs were digested with 1 µL of
SURVEYOR Nuclease F and 1 µL of SURVEYOR Enhancer F for 20 min at 42 ºC. The
expected digestion products of 217 and 415 bp were obtained from a 632-bp amplicon. The
samples run in the top four panels from top to bottom were taken from tubes 1 and 5, 2 and 6, 3
and 7, and 4 and 8, respectively, in Table 1. The samples in the bottom four panels were
derived from the same tubes after ethanol precipitation and dissolution of the pellets in 10 µL
of formamide.

 

217 bp 415 bp 
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Appendix A: Preparing PCR Products using 
Optimase Polymerase
To prepare PCR products using Optimase Polymerase:

1 Isolate test sample and wild-type (reference) DNA by standard methods.

2 Add the following components to each of the two 0.2-mL tubes (kept on ice). One tube
will be used for test sample DNA and the other for reference DNA:

• Sterile, deionized water sufficient to bring the final volume to 50 µL

• 5 µL10X Optimase Polymerase Buffer   

• Test sample or reference DNA (10 ng plasmid DNA or 100 ng genomic DNA)

• 4 µL dNTPs (2.5 mM each of dTTP, dATP, dCTP and dGTP; final concentration of each
dNTP is 0.2 mM)

• 15 picomoles sense primer (~120 ng of a 25-mer)   

• 15 picomoles antisense primer   

• 1 µL Optimase Polymerase (2.5 units) 

3 Set up PCR amplification using one of the following methods:

TIP: Please use the Optimase MasterMix Calculator at 
http://www.mutationdiscovery.com to prepare a master mix for your PCR
reaction.

IF THEN
You want to use 
Optimase 
ProtocolWriter™ to 
design a PCR protocol

1 Access http://www.mutationdiscovery.com.

2 On MutationDiscovery.com™, click on 
ProtocolWriter™ under Optimase. The 
ProtocolWriter entry window appears.

3 Enter the appropriate information and click the 
Develop PCR Protocol button. The PCR protocol 
appears for a heated-lid thermocycler. Perform PCR.

4 Go to step 5.
You want to calculate 
the annealing 
temperature

1 Determine the annealing temperature (Ta) by 
calculating the Tm for each primer using the following 
equation:

Tm = 63.728 + (0.41 x %GC) – (600/length)

%GC = percentage GC of the primer 

length = length of the primer in nucleotides

Ta is the average of the two primers Tms +3 °C

2 Go to step 4.
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4 Use the following program for a heated-lid thermocycler: 

94 °C 2 min x1 Cycle

94 °C 30 s
Ta °C 30 s x 30 Cycles
72 °C 30 s per 250 bp

72 °C 5 min
4 °C Hold

5 Analyze 2- to 5-µL aliquots of each product by electrophoresis in a 2% agarose gel,
prepared with high-resolution agarose such as Transgenomic TransOneK Agarose
(Catalog No. 556001) and cast in 1X TBE [89 mM Tris-Borate (pH 8.3), 1 mM EDTA] +
0.2 µg/mL ethidium bromide. Add 1/6 volume of a 6 X loading dye buffer [10 mM Tris-
HCl (pH 8.0), 10 mM EDTA (pH 8.0), 50% (w/v) sucrose, 0.15% (w/v) bromophenol
blue] or your loading dye buffer of choice to the aliquot and mix. Run the gel in 1X TBE
at 5 V/cm until the bromophenol blue has run 2/3 of the length of the gel. Run several
different amounts of a DNA mass ladder, such as a 100 bp DNA Ladder (New England
BioLabs, Beverly, MA), as a reference.

6 Visualize the DNA bands using a UV transilluminator at 250 to 300 nm and photograph
the gel.

7 Use the ladder to estimate the concentration of the amplified DNA by visual inspection. If
a single band is visible in each sample, proceed; if not, consider optimizing the PCR
further as already described in this section. The DNA concentration is ideally ~50 ng/µL,
but should be in the range of 15 to 80 ng/µL.

8 The amplified DNA can be used without further purification. Alternatively, the DNA can
be concentrated by ethanol precipitation. To precipitate DNA, transfer the reaction
mixtures to microcentrifuge tubes that can be centrifuged at high speed. Add 2.5 volumes
of ethanol and store the tubes at –20 ºC for 30 min. Centrifuge the tubes at 13,000 rpm for
10 min in a microcentrifuge. Carefully remove the ethanol with a micro-pipetter, being
sure not to disturb the invisible pellet on the tube sidewall and bottom. Concentrated PCR
products are suspended in 1X PCR buffer. Estimate the DNA concentration on an agarose
gel as described above.
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Appendix B: Troubleshooting
Effective use of the SURVEYOR Mutation Detection Kit depends upon successful completion
of a number of steps. One of the most critical is PCR amplification that must result in the
production of specific, uniform-sized DNAs in sufficient quantity to be detected after
hybridization and cleavage. Also critical is matching the amount of DNA and SURVEYOR
Nuclease used. If you are a first-time user, you should process the control DNAs provided
through all of the steps as described in Control Experiments – Using Control FAM-G and
Control FAM-C Plasmid DNA. 

The control DNAs should also be used to troubleshoot various steps in the procedure. 

This appendix section covers a list of issues that you might encounter when using the
SURVEYOR Mutation Detection Kit and how to resolve them.

Problem 1 – Low PCR yield or no PCR product

Problem 2 – Multiple PCR products

POSSIBLE CAUSE SOLUTION
Not enough template and/or too few 
cycles

Increase the template concentration and/or add 
more PCR cycles.

Suboptimal PCR parameters Do one of the following:
• Decrease the annealing temperature in 

increments of 2 °C.

• Increase the extension time. For 
Optimase Polymerase, use 30 sec per 
250 bp.

Suboptimal DNA polymerase for target Use a high yield and/or hotstart PCR DNA 
polymerase.
Increase the polymerase concentration.

POSSIBLE CAUSE SOLUTION
Poor primer design Redesign the primers to improve specificity, 

Tm and GC content.
Annealing temperature too low Increase the annealing temperature in 

increments of 2 °C.
Extension time too long Reduce the extension time. For Optimase 

Polymerase, use 30 s per 250 bp.
Suboptimal PCR conditions Use a hot start PCR and/or touchdown PCR 

protocol.
Cycle number too high Reduce cycle number in increments of 2.
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Problem 3 – No cleavage products observed upon analysis 
after SURVEYOR Nuclease treatment of known heteroduplex

Problem 4 – High background after SURVEYOR Nuclease 
treatment

POSSIBLE CAUSE SOLUTION
Proportion of mismatched target too low If mixing potential targets, increase the 

proportion of mismatched target, if 
possible.

The cleavage site is too close to the end of 
PCR product

Redesign the primer set to move the target 
site away from both ends.

Inactive SURVEYOR Nuclease Perform the Control reaction to verify 
enzyme performance.

Too little enzyme Increase the amount of SURVEYOR 
Nuclease two-fold and repeat the digestion. 

Too little substrate Concentrate the PCR product by ethanol 
precipitation before annealing.

POSSIBLE CAUSE SOLUTION
Suboptimal hybridization step Do the following:

1 Dilute the DNA concentration to ≤ 50 
ng/µL. 

2 Repeat the hybridization step, taking 
care to cool the annealing mixture 
slowly.

3 Add 1X PCR reaction buffer to 
precipitated products before annealing.

Errors introduced by PCR enzyme Use a high fidelity PCR enzyme, such as 
Optimase Polymerase. 

Too many mismatch sites Redesign the amplicon to reduce the number 
of mismatch sites to 1 to 3 per amplicon. 

Incubation time too long Reduce the SURVEYOR Nuclease digestion 
time by 5 min increments.

Too much SURVEYOR Nuclease Reduce the SURVEYOR Nuclease two-fold 
and repeat digestion.

DNA amount too low Increase the DNA amount to ≥ 100 ng 
substrate per 1 µL of SURVEYOR Nuclease 
used.

Nonspecific PCR products Optimize the PCR parameters to increase 
specificity. Always use an appropriate 
substrate as a control to identify background.
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Appendix C: Treatment with SURVEYOR 
Nuclease of WellRED Dye-labeled DNA for 
Analysis on a CEQ 8000 CE Platform
WellRED® dye-labeled primers are needed to generate PCR products and SURVEYOR
Nuclease cleavage products that can be analyzed with the Beckman CEQ® 8000 CE Systems.
For the control templates, Control Plasmids C and G, the WellRED labeled primers need to be
purchased separately. Control Plasmid C and G DNAs without primers present will be supplied
upon request by Transgenomic.

To order Control G and C primers use the primer sequences presented below.

Forward Primer 5'-ACACCTGATCAAGCCTGTTCATTTGATTAC-3'
Reverse Primer 5'-CGCCAAAGAATGATCTGCGGAGCTT-3'

To digest WellRED dye-labeled PCR products with SURVEYOR Nuclease for analysis by
Beckman CEQ8000 CE, SURVEYOR Nuclease reaction conditions must be modified.

Prepare PCR amplified test and reference DNA with primers labeled at the 5’ end with
WellRED dye(s). Cross hybridize the DNAs to form hetero/homoduplexes and self hybridize
test or reference DNA to form homoduplex controls.

1 Digest the test hetero/homoduplex DNA samples and reference control DNA in separate
tubes with SURVEYOR Nuclease directly in appropriate 1X PCR buffer (for details see
Step 2 – DNA Hybridization)

2 For each digestion, add the following components in the order shown to a nuclease-free
0.2-mL tube (kept on ice):

• 100-200 ng (4 to 15 µL) hybridized DNA

• 1 µL SURVEYOR Enhancer F

• 0.2 µL SURVEYOR Nuclease F

3 Mix by vortexing gently, by agitation, or by aspiration/expulsion in a pipette tip using a
micro-pipetter

4 Incubate at 45 ºC for 5 to 15 min

5 Add 1/4 volume of a stop solution with the following composition and mix: 10 mM EDTA
(pH 7.5), 1.2 M NaOAc, 15% glycogen, and 1.7% Pellet Paint®, NF Co-precipitant
(Novagen).

6 Add 2.5 volumes of cold 95% ethanol and centrifuge at 13,000 rpm for 10 min in a
microcentrifuge.

7 Carefully remove the ethanol without disturbing the colored pellet on the sidewall and
tube bottom. Wash the pellet 2X with 70% ethanol. Air dry. Dissolve the pellet in 20 µL of
CEQ Sample Loading Solution. 

8 Establish the optimal amount of digested DNA to inject by mixing several different
volumes of the dissolved pellet solution with CEQ Sample Loading Solution to achieve a
final volume of 30 µL, e.g. 1, 2, and 4 µL of digested DNA plus 19, 18, and 16 µL of
Loading Solution, respectively. Add 10 µL of CEQ DNA Size Standards to each sample
dilution and mix. 

9 Load all 40 µL of each in the sample well of the CEQ8000. Run according to
manufacturer’s recommendations. 
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Note the following:

• If necessary, SURVEYOR Nuclease F can be diluted in 50 mM Tris-HCl (pH 7.5), 100
mM KCl, 10 µM ZnCl2, 0.01% Triton X-100 and larger volumes added to the reaction
mixture.

• Alternatively and to reduce the number of manipulations, 1 µL of SURVEYOR Enhancer
F and 0.2 µL of Nuclease F can be mixed and a single pipetting of 1.2 µL can be done. The
mixture should be used immediately after preparation and should not be stored, since
reducing agent in the Enhancer storage buffer will inactivate SURVEYOR Nuclease over
time.
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