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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 distortions'-2. These DNA endonucleases cut both strands of a
DNA heteroduplex on the 3’-side of the mismatch site* *. Insertion/deletion mismatches and
all base-substitution mismatches are recognized, but the efficiency of cleavage varies with the
sequence of the mismatch 4,

DNA endonucleases from celery have been used to detect accurately a variety of mutations and
polymorphisms in the human BRCA1 gene'-> 3. Other applications include high-throughput
screening of induced point mutations (TILLING) in Arabidopsis®”°, Lotus®, and zebrafish'?,
screening for SNPs in inbred rat strains!!, and scanning of large regions of bacterial genomic
DNA for mutations and polymorphisms (GIRAFF)* 2. SURVEYOR Nuclease has been used
to verify the presence of known mutations in a number of genes in human peripheral blood
DNA'3, to carry out screening for induced point mutations in barley'* and to screen for error-
free clones generated from a plant cDNA library by PCR-based cloning'>.

The SURVEYOR Mutation Detection Kit for LI-COR® 4200 and 4300 Instruments has been
designed to digest IRDye™ labeled DNA fragments with SURVEYOR Nuclease for
subsequent analysis using the LI-COR® 4200 or 4300 instrument and fluorescent
polyacrylamide gel electrophoresis. This kit should not be used to digest unlabeled DNA for
analysis by other methods such as standard agarose or polyacrylamide gel electrophoresis, or
HPLC using the Transgenomic WAVE® System.

TO USE THIS KIT SUCCESSFULLY, WE STRONGLY RECOMMEND THAT YOU
READ THIS MANUAL THOROUGHLY, AND CAREFULLY FOLLOW THE
INSTRUCTIONS AND GUIDELINES PROVIDED.

If you have further questions or need assistance, please contact the Transgenomic Technical
Support Hotline/Help Desk:

US — Toll Free (888) 233-WAVE (9283) or (402) 452-5400
Europe — +44 141 892 8800

US Technical Support E-mail: support@transgenomic.com

Europe Technical Support E-mail: eurosupport@transgenomic.com
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SURVEYOR Mutation Detection Kit Components

This kit is available in two sizes:
25-Reaction Kit (Catalog No. 706005)
100-Reaction Kit (Catalog No. 706000)

Component 25-Reaction Kit 100-Reaction Kit
(706005) (706000)
Amount Provided Amount Provided
SURVEYOR Nuclease L 0.03 mL 4x0.03 mL
SURVEYOR Enhancer F 0.03 mL 4x0.03mL
Stop Solution 0.25 mL 0.25 mL
Control Plasmid C 0.02 mL 0.02 mL
Control Plasmid G 0.02 mL 0.02 mL

Store all components at -20 °C.

IRDye™ labeled primers are needed to generate PCR products and SURVEYOR Nuclease
cleavage products that can be analyzed with the LI-COR™ 4200 and 4300 instruments. For the
control templates, Control Plasmids C and G, the IRDye labeled primers need to be procured
separately.

To order the primers use the primer sequences presented below.

Reverse Primer 5'-CGCCAAAGAATGATCTGCGGAGCTT-3'

This User Guide is also presented on Transgenomic’s website www.transgeneomic.com to
facilitate the direct cutting and pasting of primer sequences.
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Step-by-Step Instructions
Detecting Mutations with SURVEYOR Nuclease

This section provides detailed instructions for the detection of mutations using the
SURVEYOR Mutation Detection Kit for LI-COR® 4200 and 4300 Instruments.

The step-by-step process described can be stopped subsequent to completion of any step. DNA
should be stored at —20 °C until the next step is carried out.

Step 1 — PCR Amplification of Reference and Test Samples

THIS STEP IS CRITICAL TO THE SUCCESS OF THE SURVEYOR NUCLEASE
DIGESTION. DO NOT PROCEED UNTIL:

®* Your PCR yield is sufficiently high (>15 ng/nL).

®* Your PCR product has low background (preferably a single species).
The first step in the process is to prepare the amplified DNA samples.

Several factors must be considered carefully when preparing PCR amplified DNA to be used
as substrate for SURVEYOR Nuclease analysis. Primer placement and amplified product
quality and yield are crucial to obtaining good results. The following should be considered:

® Place primers at least 50 bp outside the region of interest to ensure that the cleavage
products are longer than 70 bp, since shorter cleavage products are not easily resolved
from potential artifactual PCR products. Amplified DNA fragments in the size range of
200 to 800 bp are most effectively resolved from potential digestion products.

® For a new PCR amplicon, the PCR amplification parameters must be optimized carefully.
The quality of the PCR product should be examined by some means. We suggest using
agarose gel electrophoresis. The PCR amplicon should appear as a single sharp band of
the expected size when analyzed by agarose gel electrophoresis. Mis-priming during the
PCR amplification process can result in the formation of spurious DNA fragments that
produce increased background during SURVEYOR Nuclease digestion. This places a
premium on the careful design of the primers, and on optimization of the PCR conditions.
Use primers that are at least 20 nucleotides long and that have a G-C content of 45-60%.
Primers that are 25 to 35 nucleotides long are preferred. If possible, use a high-fidelity
DNA polymerase to minimize the introduction of PCR errors that will result in higher
background. If after careful design of primers and optimization of PCR conditions non-
specific PCR products persist, consider using a hot-start DNA polymerase, a touchdown
PCR protocol, and/or a second round of amplifications using a set of nested primers.

® Both the amount and concentration of DNA in a SURVEYOR Nuclease reaction mixture
influence the efficiency and specificity of the SURVEYOR Nuclease digestion. An
optimal combination consists of approximately 100 to 200 ng of heteroduplex and
homoduplex DNA substrate (at a concentration of 50 ng/uL) and 1 pL of SURVEYOR
Nuclease L. If the PCR product yield is less than 15 ng/uLl, consider a second
amplification with nested primers, or concentrating the DNA by ethanol precipitation and
dissolving the DNA pellet in a smaller volume of 1X PCR buffer. Amplified DNA
fragments longer than 200 bp and cleaved by SURVEYOR Nuclease L can be analyzed
using the LI-COR® 4200 or 4300 instrument.
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Amplification of Homogeneous DNA Populations

A PCR product from a test sample that is homogeneous for a mutation must be hybridized with
a PCR product from a wild-type reference sample in order to generate mismatches for
SURVEYOR Nuclease cleavage. Both test sample and wild-type reference DNA are amplified
with the same primer pair. Test sample and wild-type reference PCR products are mixed in a
1:1 ratio to maximize the formation of heteroduplexes during hybridization.

Amplification of Heterogeneous DNA Populations

A DNA sample can be heterogeneous either because it is derived from a heterozygous
individual, or because it contains a pool of fragments derived from distinct homozygous
individuals. Such heterogeneous samples can be PCR amplified and hybridized without
mixing it with a wild-type reference DNA. The proportion of mutant to wild-type DNA in the
population should be above 10% for end-labeled DNA analysis. After hybridization, use only a
portion of the PCR product for SURVEYOR Nuclease digestion. Retain the remainder of the
hybridized PCR product as an undigested reference (control).

Continue with the Preparing PCR Products section.

Preparing PCR Products
Prepare PCR products using IRDye labeled primers and a high-fidelity DNA polymerase.

Both primers should be labeled with an IRDye™ fluorophore commonly used for the LI-COR
4200 and 4300 instruments. The use of distinctly IRDye-labeled primers will facilitate the
identification of the position of a mismatch with respect to the ends of a fragment.

Consult LI-COR literature for details concerning the appropriate use of IRD700 and IRD800
labeled primers. It may be necessary to mix a labeled primer with an unlabeled primer to
achieve good synthesis of PCR products and balanced labeling of amplicon ends. As with
other fluorescent dyes, the IRDyes are light sensitive. These dyes are also sensitive to alkaline
conditions. To make working primer mixtures, main stocks are diluted in 10 mM Tris-HCI —
0.1 mM EDTA (pH 7.4). Care should be taken to minimize the exposure of main primer stocks
and working primer mixtures to light. Aliquots of the main primer stock should be made to
minimize freeze-thaw cycles and light exposure. Working primer mixtures should be kept for
no more than 1 week at 4 °C; they may be kept for a longer period (months) at —80 °C.

We recommend Optimase Polymerase for these applications because it has higher fidelity than
other thermostable DNA polymerases. Optimase Polymerase is a proofreading enzyme that
has been developed specifically for SNP and mutation discovery applications. Optimase
Polymerase (Catalog Number 703005 or 703030) is not included in the SURVEYOR Mutation
Detection Kits, but can be purchased separately from Transgenomic.
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If you are using Optimase Polymerase, please refer to Appendix A: Preparing PCR Products
using Optimase Polymerase. If you are not using Optimase Polymerase, carry out the PCR
amplification of test sample and reference DNA using a high-fidelity thermostable DNA
polymerase according to the manufacturer’s instructions, and follow the steps below.

1 Analyze 2- to 5-pL aliquots of each product by electrophoresis in a 2% agarose gel,
prepared with high-resolution agarose such as Transgenomic’s TransOneK™ Agarose
(Catalog No. 556001) and cast the gel in 1X TBE [40 mM Tris-Borate (pH 8.3), | mM
EDTA] + 0.2 pg/mL ethidium bromide. Add 1/6 volume of a 6X loading dye buffer [10
mM Tris-HCI (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 them. Load
the samples into the wells and 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 mass DNA
ladder, such as a 100 bp DNA Ladder (New England BioLabs, Beverly, MA), as a
reference.

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

3 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
amplification further as already described in this section. The DNA concentration is
ideally ~50 ng/pL, but should be in the range of 15 to 80 ng/uL.

4 The amplified DNA can be used without further purification if its concentration is
appropriate. 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 °C for 30
min. Centrifuge the tubes at 13,000 rpm for 10 min in a microfuge. Carefully remove the
ethanol with a micro pipette, being sure not to disturb the invisible pellet on the tube
sidewall and bottom. Concentrated PCR products are resuspended in 1X PCR buffer.
Estimate the DNA concentration on an agarose gel as described above.

Once you have prepared the PCR products, continue with Step 2 — DNA Hybridization.

Step 2 — DNA Hybridization

Hybridize the test and reference DNA to form hetero- and homoduplexes. Hybridize the
reference DNA alone to form a reference control. The use of a heated-lid thermocycler is
recommended.

Because amplified PCR products are hybridized and digested with SURVEYOR Nuclease
directly in 1X PCR buffer, careful consideration must be given to the 1X PCR buffer
composition.

Read the manufacturer’s literature to determine the salt concentration of the 1X PCR
buffer before carrying out the hybridization step. The salt concentration in the PCR product
solution should be in the range of 50 to 75 mM to ensure that complete annealing of
complementary DNA strands takes place. Reaction buffers used for most PCR DNA
polymerases do not require additional salt. For example a PCR bufter for a Taq polymerase is
typically 10 mM Tris-HCI, 50 mM KCI and 1.5 mM MgCl,; for Optimase Polymerase the 1X
PCR buffer consists of 10 mM Tris-HCl, 75 mM KCl and 1.5 mM MgCl,. Therefore PCR
products amplified with these buffers can be annealed directly without the addition of KCI.
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However, if the PCR product was prepared with a low salt PCR buffer, sufficient 0.5 M KCl
should be added to adjust the final KCI concentration to be within the range of 50 to 75 mM.
Please note that KCI concentrations above 75 mM inhibit the SURVEYOR Nuclease;
therefore it is critical that KCI be added only when it is required.

Read the manufacturer’s literature to determine the other constituents of the 1X PCR
buffer before carrying out the SURVEYOR Nuclease digestion step. The constituents of
most 1X PCR buffers support efficient digestion of heteroduplex DNA by SURVEYOR
Nuclease. These include 10 to 20 mM Tris-HCl or Tris-SO,4 (pH 8.3 to 9.3), 50 to 75 mM KCI,
1 to 3 mM MgCl, or MgSQOy, 0.1% to 1% nonionic detergent, and BSA or gelatin. (NH,4),SO4
at 10 to 20 mM is also acceptable as long as the KCl concentration is <50 mM. PCR additives
such as DMSO (>5%), glycerol (>10%), betaine (>1 M), and 1X PCR, Enhancer (Invitrogen)
inhibit SURVEYOR Nuclease above the concentrations listed. If any of these or other
additives are present in the PCR reaction mixture, they must be removed before the PCR
product is treated with SURVEYOR Nuclease.

If additives are present, we suggest using ethanol precipitation to clean up the PCR product
before the hybridization step (see Preparing PCR Products section). The precipitated DNA
should be dissolved in a 1X PCR buffer compatible with the hybridization and SURVEYOR
Nuclease digestion steps, such as 10 mM Tris-HCI (pH 8.8), 1.5 mM MgCl,, and 50 mM KCIL.
If the manufacturer does not reveal the contents of the PCR buffer, precipitate the DNA
product and dissolve it in a compatible PCR buffer.

If you are using a thermocycler, go to the Performing Heteroduplex Formation using a
Thermocycler section below. If you are not using a thermocycler, go to the Performing
Heteroduplex Formation without a Thermocycler section below.

Performing Heteroduplex Formation using a Thermocycler
To perform heteroduplex formation using a thermocycler:

1 Mix equal amounts of test sample and reference PCR products in a 0.2-mL tube. Place
reference DNA alone in a separate 0.2-mL tube. For efficient annealing the final volume
should be at least 10 pL.

Note the following:
® The concentration of test sample DNA and wild-type DNA should be in the range of 15
to 80 ng/uL and ideally 50 ng/uL. About 100 to 200 ng of hybridized DNA is usually
treated with SURVEYOR Nuclease L, so that each tube should contain at least 100 ng
total DNA.
® Heterogeneous test sample DNA is hybridized by itself.
2 Place the tube in a thermocycler and run the following program:
95 °C 2 min
95°Cto 85 °C (-2 °C/s)

85°Ct025°C  (-0.1°Cls)
4°C Hold

The product is now ready to be treated with SURVEYOR Nuclease for heteroduplex analysis.
Continue with Step 3 — Treatment with SURVEYOR Nuclease.
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Performing Heteroduplex Formation without a Thermocycler

To perform heteroduplex formation without a thermocycler:

1

Mix equal masses of the two PCR products intended to generate the heteroduplex as
described above. Set up reference DNA in a separate tube as above.

Incubate the mixture at 95 °C for 5 min in a 1-liter beaker filled with 800 mL of water and
then allow the water to cool by itself to < 30 °C.

Note:Because of evaporation of liquid at the tube bottom and condensation under the tube
lid, the volume in a tube should be >20 pL so that sufficient volume is present to prevent
the concentrations of constituents in the mixture from changing substantially during the
hybridization step.

The product is now ready to be treated with SURVEYOR Nuclease for heteroduplex analysis.
Continue with the Step 3 — Treatment with SURVEYOR Nuclease.

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 the
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.

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 DNA (5—12 uL)

¢ 1 uL SURVEYOR Enhancer F

® | uL SURVEYOR Nuclease L

Note: SURVEYOR Nuclease L can be mixed with Enhancer F so that 2-pL aliquots can
be pipetted and added directly to the annealed DNA substrates. The enzyme mixture
should be used immediately after preparation and should not be stored because the
reducing agent in the Enhancer storage buffer will inactivate the SURVEYOR Nuclease
over time.

Mix by vortexing gently, by agitation, or by aspiration/expulsion in a pipette tip using a
micro-pipette.
Incubate at 42 °C for 20 min.

Add 1/10 volume of Stop Solution and mix. Store the digestion products at
—20 °C if they are not going to be analyzed immediately.

Continue with Step 4 — Analysis of DNA Fragments.
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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 L by standard non-denaturing agarose gel electrophoresis and ethidium bromide
staining. This method is not sensitive enough to detect SURVEYOR Nuclease L cleavage
products prepared as described above.

1

5

Add water to the reaction mixture and mix to bring the total volume to 30 puL. Desalt the
terminated reaction mixture using a Sephadex® G-50 spin column (MicroSpin™ G-50
Columns; Amersham Biosciences) or a Sephadex G-50 spin plate.

Add 5 pL of 27% deionized formamide containing 65 pg/mL bromophenol blue and 2.7
mM EDTA (pH 8.0) to the desalted samples and mix.

Heat at 85 °C in an open tube or plate to denature the strands and to reduce the volume of
the sample to ~1.5 uL. This usually takes about 30-60 minutes.

Load the entire sample into a well of a polyacrylamide gel mounted on a LI-COR® 4200
or 4300 instrument following the manufacturer’s recommendations.

Run the LI-COR program.

Alternatively, ethanol precipitate the DNA products without adding water to remove salts and
reduce the volume.

1
2

Add 2.5 volumes of cold ethanol and store the tube at —20 °C for 30 min.

Spin the tube at 13,000 rpm for 10 min in a microcentrifuge. Carefully remove the ethanol
without disturbing the invisible pellet on the sidewall and tube bottom. Wash the pellet
twice by running 100 pL of cold 70% ethanol down the side of the tube, centrifuging at
13,000 rpm for 2 min, and carefully removing the ethanol without disturbing the pellet.
Air dry the pellet.

Dissolve the pellet in 1.5 pL of 90% deionized formamide containing 200 pg/mL
bromophenol blue and 10 mM EDTA (pH 8.0) by vortexing. Return the contents to the
tube bottom by centrifuging briefly.

Heat the dissolved DNA for 5 min at 90 °C and chill it quickly on ice before loading the
whole sample on the LI-COR polyacrylamide gel.

Run the LI-COR program.
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Control Experiments — Using Control C and Control
G Plasmid DNA

Two DNAs, Control Plasmid C and Control Plasmid G, are provided in the SURVEYOR
Mutation Detection Kit. These two plasmids contain inserts that differ at a single base pair.
Each plasmid is provided in a separate vial in a 20 puL volume at a concentration of 5 ng/uL.
The sequence of the PCR product for Control G is shown below. Control C differs from
Control G because it has a C in lieu of the G (underlined). Primer sequences that are
recommended are based upon the underlined sequences at the 5° and 3’ end of the amplicon
sequence.

CAGAGAGACTGTCATGATCCACAtGGAGG
GAAGGACATGTGTGTTGCTGGAGCCATTCAAAATTTCACATCTCAGCTTGGCCATTTCC
GCCATGGAACATCTGATCGTCGATATAATATGACAGAGGCTTTGTTATTTTTATCCCAC
TTCATGGGAGATATTCATCAGCCTATGCATGTTGGATTTACAAGTGATATGGGAGGAAA
CAGTATAGATTTGCGCTGGTTTCGCCACAAATCCAACCTGCACCATGTTTGGGATAGAG
AGATTATTCTTACAGCTGCAGCAGATTACCATGGTAAGGATATGCACTCTCTCCTACAA
GACATACAGAGGAACTTTACAGAGGGTAGTTGGTTGCAAGATGTTGAATCCTGGAAGGA
ATGtgatgatatctctactagcgccaataagtatgctaaggagagtataaaactagect
GTAACTGGGGTTACAAAGATGTTGAATCTGGCGAAACTCTGTCAGATAAATACTTCAAC
ACAAGAATGCCAATTGTCATGAAACGGATAGCTCAGGGTGGAATCCGTTTATCCATGAT
TTTGAACCGAGTTCTTGGAAGCTCCGCAGATCATTCTTTGGCG

PCR amplification of 10 ng of each DNA solution in a 50-pL reaction should produce at least
25 ng/uL of a 632-bp PCR product.

Control C and Control G plasmids can be used to troubleshoot the PCR amplification,
hybridization, and SURVEYOR Nuclease digestion steps of the SURVEYOR Mutation
Detection Kit. Sufficient plasmid DNA is provided for 10 amplifications.

IRDye™-labeled primers for the generation of PCR products derived from these two control
plasmids are not provided in this kit. To order the labeled primers use the primer sequences
presented below.

Reverse Primer 5'-CGCCAAAGAATGATCTGCGGAGCTT-3'

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 of their amplified DNA to use in a reaction, and the expected
amount and appearance of digestion products on a LI-COR® 4200 or 4300 instrument.

Use Control G and Control C as follows:

1 Amplify 10 ng each of Control C and Control G plasmid DNA with appropriate primers in
50-pL reactions using a proofreading DNA polymerase and the PCR program described in
Appendix A: Preparing PCR Products using Optimase Polymerase (Step 4) where T, = 65
°C and the 72 °C extension time is 1 min.

2 After amplification, analyze a 2-uL aliquot of each amplified DNA and different amounts
of a DNA mass ladder [e.g. 0.25, 0.5, and 1.0 pg of 100 bp DNA Ladder (New England
BioLabs, Beverly, MA)] on a 2% high-resolution agarose gel as described in Step 1 — PCR
Amplification of Reference and Test Samples. When using Optimase Polymerase the yield
should be in the range of 50-80 ng/uL.
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3 Hybridize Control C- and Control G-amplified DNA in equal amounts (15 pL of each if
the amplified DNA concentrations are >40 ng/ul) 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 pL of the remaining Control C or Control G homoduplex in a separate
tube.

4 Digest the hybridized heteroduplex Control G/C and homoduplex Control C or Control G
with 1 pL of SURVEYOR Enhancer F and 1 pL of SURVEYOR Nuclease L. In order to
empirically determine the best digestion conditions for your DNA, set up eight 0.5-mL
reaction tubes on ice with the components listed in Table 1. Incubate the tubes at 42 °C for
20 min and then stop the digestion by adding 1/10 volume of Stop Solution.

5 Analyze the digestion products of all 8 tubes as described in Step 4 — Analysis of DNA
Fragments using either the desalting or ethanol precipitation procedure.

Table 1. Reaction Tube Components for Control Experiments

Tube Volume Required (uL)
Number

Hybridized | Control C or 1X PCR SURVEYOR SURVEYOR
Control G/C Control G Buffer Enhancer F Nuclease L

1 - 2 3 1 1

2 - 4 1 1 1

3 - 6 - 1 1

4 8 - 1 1

5 2 - 3 1 1

6 4 - 1 1 1

7 6 - - 1 1

8 8 - - 1 1

SURVEYOR Nuclease digestion of hybridized Control G/C PCR products gives rise to two
cleavage products, 217 and 415 bp in size as shown in Figure 2 below. Analysis of different
amounts of substrate digested with SURVEYOR Nuclease L 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 a
low background.
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Substrate DNA, 632 bp

415-bp Fragment

217-bp Fragment

1 288 4 5 6

4~ ¢l G .3:1 7:1 15:1

IRD700 IRD870

Figure 2. Analysis of SURVEYOR Nuclease cleavage fragments obtained by digesting
hybridized PCR products derived from Control Plasmids C and G. Note the different sizes of
the fragments labeled with IRD700 and IRD800, respectively. From left to right in each set of 6
lanes, digestion products are shown for Control C homoduplex (lane 1), Control G
homoduplex (lane 2), a 1:1 mixture of Control G and C (lane 3), a 3:1 mixture of Control G
and C (lane 4), a 7:1 mixture of Control G and C (lane 5), and a 15:1 mixture of Control G and
C (lane 6).

Keep in mind that PCR amplification of a plasmid template such as Control Plasmid C or G
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 also be taken into consideration when
preparing and digesting PCR products amplified from genomic DNA.
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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:

e Sterile, deionized water sufficient to bring the final volume to 50 pL
® 5 uL 10 X Optimase Polymerase Buffer
® Test sample or reference DNA (10 ng plasmid or 100 ng genomic DNA)

® 4 uLL ANTPs (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 uL Optimase Polymerase (2.5 units)
3 Set up PCR amplification using one of the following methods:

IF THEN
You want to use 1  Access http://www.mutationdiscovery.com.
Optimase . i )
Protocol Writer™ to 2 On MutationDiscovery.com™, click on
design a PCR protocol 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 GotostepS.

You want to calculate 1 Determine the annealing temperature (T,), for each
the annealing primer by calculating the T, using the following
temperature equation:

T, =63.728 + (0.41 x %GC) — (600/length)
%GC = percentage GC of the primer
length = length of the primer in nucleotides

T, is the average of the two primers T ;s +3 °C

2 Goto step 4.
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TIP: Please use the Optimase MasterMix Calculator at
http://'www.mutationdiscovery.com to prepare a master mix for your PCR reaction.

4 Use the following program for a heated-lid thermocycler:

16

94 °C 2 min x 1 Cycle
94 °C 30s

T, °C 30s x 30 Cycles
72 °C 30 s per 250 bp

72 °C 5 min

4°C Hold

Analyze 2- to 5-uL aliquots of each product by electrophoresis in a 2% agarose gel,
prepared with high-resolution agarose such as Transgenomic’s TransOneK Agarose
(Catalog No. 556001) and cast in 1X TBE [40 mM Tris-Borate (pH 8.3), 1 mM EDTA] +
0.2 pg/mL ethidium bromide. Add 1/6 volume of a 6 X loading dye buffer [10 mM Tris-
HCI (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 mass DNA ladder, such as a 100 bp DNA Ladder (New England
BioLabs, Beverly, MA), as a reference.

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

Use the DNA 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 amplification further as already described in this section. The DNA concentration
is ideally ~50 ng/pL, but should be in the range of 15 to 80 ng/pL.

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 °C for 30 min. Centrifuge the tubes at 13,000 rpm for
10 min in a microcentrifuge. Carefully remove the ethanol with a micro-pipette, making
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.

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

POSSIBLE CAUSE SOLUTION
Not enough template and/or too few Increase the template concentration and/or add
cycles more PCR cycles.
Suboptimal PCR parameters Do one of the following:

® Decrease the annealing temperature in
increments of 2 to 4 °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.

Problem 2 — Multiple PCR products

POSSIBLE CAUSE SOLUTION

Poor primer design Redesign the primers to improve specificity,
T,, 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

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.

Problem 4 — High background after SURVEYOR Nuclease Treatment

POSSIBLE CAUSE SOLUTION
Suboptimal hybridization step Do the following:
1 Dilute the DNA concentration to < 50
ng/uL.

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 amount
two-fold and repeat digestion.

DNA amount too low

Increase the DNA amount to > 100 ng
substrate per 1 uL 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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