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11.1. INTRODUCTION

Until recently, the development of genetic maps of eukaryotic genomes has been limited
by the availability of markers. The earliest maps of human chromosomes were developed using
a variety of markers, including blood group antigens, serum protein polymorphisms, and
erythrocyte enzymes. These markers were generally quite uninformative and required a diverse
range of biochemical and immunological techniques for analysis. This changed rapidly after the
discovery of widespread restriction fragment length polymorphisms (KFLPs), which can be
analyzed using Southern blot hybridization. Markers based on RFLPs proliferated rapidly during
the early 1980s and were soon supplemented by the more informative minisatellite or variable
number of tandem repeat (VNTR) polymorphisms. Low-resolution maps of the human and mouse
genomes have been completed using RFLPs and VNTRs but are limited in their usefulness
because of the relatively low informativeness of most RFLPs and the non-random distribution
of VNTRs in the human genome.

The recent discovery that simple sequence length polymorphisms (SSLPs), or
microsatellites, are highly polymorphic has provided a rich source of genetic markers for the
development of high-resolution maps. SSLPs are ideal markers because they are widely
distributed throughout eukaryotic genomes and can be efficiently analyzed using the polymerase
chain reaction (PCR). Each SSLP is based on the variable numbers of di-, tri-, or tetranucleotide
repeats at a particular location and can easily be characterized (genotyped) using PCR primers
that anneal to single-copy DNA flanking the repetitive element. Thousands of SSLPs have now
been characterized for the human genome. In contrast to Southern blotting, PCR technology is
easily automated and permits very-high-throughput typing of the many samples necessary for
development of high-resolution maps of eukaryotic genomes. The recent development of
moderate-resolution maps of both human and mouse genomes built entirely with SSLPs reflects
the rapid conversion from manual Southern blot-based markers to semi-automated PCR-amplified
markers during the last few years. Furthermore, these markers can also be used as 'sequence-
tagged sites' (STS) in physical maps and provide a direct connection between the genetic and
physical maps of eukaryotic chromosomes.

From the diagnostic point of view, the large numbers of highly polymorphic SSLP markers
provide an extremely useful tool for the diagnosis of genetic disorders in the absence of any
detailed knowledge of the exact molecular defect in each family. However, the use of such
markers in diagnosis requires careful consideration of a number of factors, including:

(1) The markers should be closely linked to the gene of interest to minimize the risks of
recombination. Intragenic SSLP markers are the most useful, and the risks of recombination
can be reduced to a minimum when such markers are used in combination with markers at
the 5' and 3' ends of the gene. However, quite often, only a limited number of markers may
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be available at some distance from the gene, so a careful evaluation of the chances of
recombination may be necessary.

(2) Highly polymorphic SSLPs tend to show some instability, with the emergence of new
alleles not found in either parent. Sufficient family members should be analysed to detect
such errors and avoid taking them into consideration for diagnosis.

(3) Most importantly, the use of SSLP markers in diagnosis depends on the accuracy of the
clinical diagnosis and on the analysis of sufficient family members to establish
unambiquously linkage between the markers being used and the disease under study.

Despite these difficulties, the identification of an ever- expanding number of genes and the
disorders associated with them, forces diagnostic laboratories to look for gene-specific rather than
mutation-specific approaches, since the latter approach requires a detailed knowledge of the exact
molecular defect in each family. The ability to automate to a large extent the analysis of
microsatellites means on the other hand that different families may be analysed simultaneously
with the same SSLP markers. It is likely that in the future a minimum number of micro satellite
repeats will be available for disease causing genes, while mutation specific approaches will be
used only in those cases where particular mutations are found at high frequency, or where the
family structure doe not allow the use of SSLP markers.

This unit describes basic methods for analysis of SSLP markers. Additional methods more
commonly used for the analysis of mutations at disease-related loci may also be used for
genotyping families. These include analysis of specific mutations by allele-specific hybridization,
analysis of single-stranded conformation polymorphisms (SSCP), denaturing gradient gel
electrophoresis (DGGE) and restriction analysis of PCR products (RFLPs).

11.2. PROCEDURE

Typical time schedule

Day 1

Labelling of one PCR primer from each pair to be used with [-32P]-ATP using
polynucleotide kinase. Setting up of PCR reactions, to be run overnight on thermal cycler.
Preparation of sequencing gel, preferably left to polymerize overnight.

Day 2

Preparation and loading of PCR samples for electrophoresis on sequencing gel.
Electrophoresis of samples. Recovery of sequencing gel and autoradiography.

Day 3

Visual analysis of autoradiograms and evaluation of the results.

Labelling of PCR primers by [-32P-ATP1 and setting up of PCR reactions

Specific simple sequence length polymorphisms (SSLPs) are amplified from genomic DNA
using a -32P-end-labelled primer in the PCR mix. PCR products are denatured and resolved on a
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denaturing polyacrylamide gel, which is then used to expose autoradiographic film. SSLP
genotypes are determined by visual examination of band patterns on the autoradiogram.

Radiation precautions: [-32P] ATP is used in the procedures described below. Observe
precautions for radiation handling diligently, so as to avoid contamination of yourselves,
equipment and lab facilities. Use safe pipetting procedures to minimize creation and
spreading of microdroplets and geiger counters for monitoring radioactivity in the working
area. Use double gloves and dispose outer pair as soon as any contamination on hands is
detected.

Reagents/Consumables for labelling of PCR primers with [-32P]-ATP

- 20 uM solution for each primer to be labeled

- lOx T4 polynucleotide kinase buffer (no ATP)

500 uCi [-32P]ATP (10 mCi/mL, 3000 Ci/mmol)

- T4 polynucleotide kinase (10 U/ul)

Sterile H2O

One set of automatic pipettes: P2, P20, P200, P1000

Radiation badge

Sterile eppendorf tubes and tube opener

Radiation protection block for holding 1.5-2.0 mL tubes

- Radiation shield

- Benchkote or similar bench cover

- Solid radiation waste container

- Gloves

Ice bucket and supply of fresh ice

Heating block (water bath) at 37°C

Heating block (water bath) at 65°C

Thaw [-32P]ATP in hood behind radiation screen and put on ice as soon as it is ready. Thaw
other reagents on ice. Label tubes for PNK reaction. Place in perspex blocks for radiation
protection. PNK reaction mix, order of addition of reagents (labelling oligo sufficient for 10 PCR
reactions, allow 10% excess for wastage during pipetting):
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2.0 uL 5x T4 polynucleotide kinase buffer

4.0 uL H2O (adjusted as necessary to give final volume of 10 ul)

2.0 uL forward or reverse primer (20 uM) (adjust volume as necessary according to
concentration)

1.0 uL 10 mCi/mL [-32P]ATP (3000 Ci/mmol) (1 uCi/reaction, fresh)

1.0 uL 10 U/uL T4 polynucleotide kinase (PNK) (Total volume 10 uL)

Water bath, incubate 30 min. at 37°C.

Heat block, incubate 10 min. at 65°C to heat inactivate polunucleotide kinase.

Transfer to ice.

It does not usually matter which primer is end labelled. If one primer has sequence
homology to a repetitive DNA element (e.g., Alu), the PCR products detected may include
numerous inter-repeat PCR products that interfere with the analysis of the desired SSLP. In such
cases end labelling the other primer will often produce a cleaner banding pattern.

The labelled primer may be stored at -20°C for a few days, but it is better to use it as soon
as possible. No further purification of the labelling reaction mixture is necessary prior to PCR.

Reagents/consumables for setting up of PCR

Genomic DNA: 5 to 20 ng/uL DNA in TE buffer or H2O (not denatured)

20 uM solutions of two pairs of forward and reverse primer, one from each pair labelled
by [-32P]ATP as above

1 Ox PCR amplification buffer

1.25 mM4dNTP mix

5 U/uL Taq polymerase

light mineral oil

2x formamide loading dye

Sterile 0.2 mL or 0.5 mL PCR tubes (preferably 0.2 mL)

Radiation protection block for holding 0.2-0.5 mL tubes

DNA Thermal Cycler (preferably with heated lid, e.g. Perkin Elmer 9600 model or MJR,
capable of holding 96 x 0.2 mL samples or 48 x 0.5 mL samples)
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Prepare PCR mix (sufficient for 10 x 25 uL PCR reactions, allow 10% excess for wastage
during pipetting) in PNK reaction tube:

10 ^L PNK reaction mix with labelled forward or reverse primer (1 uL per sample)

25 uL lOx PCR amplification buffer (2.5 uL per sample) (no Mg)

7.5 uL MgCl2 solution (50 mM)

15 uL 1.25 mM 4dNTP mix (1.5 uL per sample, final 75 uM)

2 uL 20 uM unlabelled reverse or forward primer, (adjust volume as necessary according
to concentration)

- 2 uL 5 U/uL Taq polymerase (1 U per sample)

137.5 uL H2O (adjust volume as necessary to give 20 uL per sample)

Mix gently

Label clearly required number of 0.5 mL or 0.2 mL PCR tubes. Pipet 5 uL template DNA
into each tube. It is good practice to keep DNA samples in numerical order.

Transfer 20 uL of each PCR mix to appropriate tube already containing the DNA. Follow
good pipetting practice, avoid creation of microdroplets.

Overlay each tube with 60 uL light mineral oil (not necessary for 0.2 mL tubes on thermal
cyclers with heated lid). Centrifuge the tubes briefly at 1000 to 2000 rpm, 4°C to ensure that all
reagents are below the oil layer.

Program thermal cycler

Program thermal cycling parameters in accordance with the primers selected and the
thermal cycling device used. Typical PCR conditions for a reaction containing primers with a Tm
of 60°C are shown below. Usually, an annealing temperature 5°C below the minimum Tm of the
PCR primers should be tried. This can be gradually adjusted upwards if nonspecific bands are
identified.

Step Conditions

1. Initial denaturation 94°C/5 min

2. Cycling 94°C /30 sec
55°C/1 min
72°C/1 min
24 cycles

3. Last cycle 94°C /2 min
55°C/2 min
72°C/5 min

4. Soak at 4°C
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Start thermal cycler without tubes. When block temperature reaches 94°C, add tubes to
thermal cyclers quickly, press down well (caution, block is hot!) and complete PCR reactions
overnight. Adding the tubes to the block after it is hot reduces the chance of primer misannealing,
which can lead to artifacts.

Once PCR is completed, transfer PCR reactions from thermal cycler into Plexiglass block.
Open very gently. Add 25 ul of 2x formamide loading buffer to each well. Because of its higher
density, the buffer will descend below the oil layer and mix with the PCR reaction. There is no
need to remove the oil or to add the buffer below overlay. Store tubes containing PCR reactions
at -20°C in a Plexiglas box before or after addition of formamide loading buffer. Maximum signal
is obtained when samples are run on gel immediately, but sample remains usable when stored
<=2 weeks at -20°C.

Formamide loading buffer, 2x

Deionized formamide
0.05% (w/v) bromphenol blue
0.05% (w/v) xylene cyanol FF
20 mM EDTA
Do not sterilize
Store at -20°C

CAUTION: Formamide is hazardous!

Preparation of denaturing polyacrylamide gel

Reagents/consumables for making and running sequencing gels and for autoradiography:

PCR samples for electrophoresis in formamide loading buffer

- 70% ethanol or isopropanol in squirt bottle

- 5% (v/v) dimethyldichlorosilane (Sigma) in CHC13 or equivalent lint-free paper towel

40% denaturing acrylamide gel solution (19:1) (see recipe)

TEMED

10% (w/v) ammonium persulfate (make fresh weekly and store at 4°C)

lx TBE buffer, pH8.3 to 8.9 (see recipe)

- 3Ox 40-cm front and back gel plates

- 0.4 mm uniform-thickness spacers

Large book-binder clamps

60 mL syringe

0.4 mm shark's-tooth or preformed-well combs

Sequencing gel electrophoresis apparatus

- Power supply with leads

95°C heating block or water bath
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- 46 x 57-cm gel blotting paper (e.g., Whatman 3 mM)

Kodak XAR-5 X ray film or other comparable film

Automatic or manual X ray film processor

IOXTBE electrophoresis buffer, 1 liter

108g Tris base (890 mM)

55g boric acid (890 mM)

40 mL 0.5 M EDTA, pH8.0 (20 mM)

CAUTION: Dimethydichlorosilane, acrylamide gel solution, TEMED, and formamide are
hazardous!

Assemble the gel sandwiches

Meticulously wash front and back 30 x 40-cm gel plates with soap and water. Rinse well
with deionized water and dry. Wet plates with 70% ethanol or isopropanol in a squirt bottle and
wipe dry with Kimwipe or other lint-free paper towel.

Apply a film of 5% dimethyldichlorosilane in CHC13 to one side of each plate by wetting
a Kimwipe with the solution and wiping carefully. After the film dries, wipe plate with 70%
ethanol or isopropanol and dry with a Kimwipe. Check plates for dust and other particulates.
(Siliconizing of bottom plate is usually sufficient in most cases and ensures that gel sticks to the
top plate during plate separation (see below)).

Assemble gel plates according to manufacturer's instructions, with the silanized surfaces
facing inward. Use 0.2 to 0.4 mm uniform-thickness spacers and large book-binder clamps,
making certain side and bottom spacers fit tightly together.

Prepare denaturing acrylamide gel solution as indicated in the following table:

Preparation of denaturing acrylamide gel solution

Reagent
4%

Acrylamide concentration
6% 8%

Urea (ultrapure, gr)
38% acrylamide/2% bisacrylamide (mL)
lOxTBE(mL)
H2O (mL)
Total volume (mL)

25.2
6.0
6.0
27
60

25.2
9.0
6.0
24
60

25.2
12.0
6.0
21
60

To speed dissolution of urea, the gel mix can be heated; however, to prevent degradation
of acrylamide and urea, do not heat over 55°C. Filter solution through Whatman no. 1 filter paper.
Store 2 to 4 weeks at 4°C. Quantities are for a single sequencing gel. If gels are poured daily,
make solution in large quantities (e.g., make 1 liter by multiplying above quantities by 16.7).
Solutions of acrylamide deteriorate quickly, especially when exposed to light or left at room
temperature.
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CAUTION: Acrylamide and bisacrylamide are hazardous; observe proper guidelines
on handling, storage, and disposal.

Thoroughly mix 60 uL TEMED, then 0.6 mL of 10% ammonium persulfate, into 60 mL
acrylamide solution of desired concentration immediately before pouring gel. To achieve slower
polymerization, reduce amounts of TEMED and ammonium persulfate to 40 uL and 0.4 mL,
respectively, or use solution at 4°C.

Pour gel immediately. Gently pull acrylamide solution into a 60 mL syringe, avoiding
bubbles. With short plate on top, raise upper edge of gel sandwich to 45 angle from the benchtop
and slowly expel acrylamide between plates along one side. Adjust angle of plates so gel solution
flows slowly down one side.

When solution reaches top of short plate, lower gel sandwich so that the top edge is ~5 cm
above benchtop. Place an empty disposable pipet-tip rack or stopper underneath the sandwich to
maintain the low angle. Insert flat side of a 0.2 to 0.4 mm shark's-tooth comb into the solution
2 to 3 mm below top of short plate, being very careful to avoid bubbles. Use book-binder clamps
to pinch combs between plates so that no solidified gel forms between combs and plates. Layer
extra acrylamide gel solution onto comb to ensure full coverage. Cover gel top with saran wrap.
Put weight over the comb and allow to polymerize overnight.

Alternatively, insert teeth of preformed-well comb into gel solution and clamp as above.
Rinse syringe with water to remove acrylamide.

11.3. ANALYSIS OF PCR PRODUCTS ON SEQUENCING GELS

Set up the electrophoresis apparatus

When gel polymerizes, remove bottom spacer or tape at bottom of gel sandwich. Remove
extraneous polyacrylamide from around combs with razor blade. Clean spilled urea and
acrylamide solution from outer plate surfaces with water. Remove shark's-tooth comb gently from
gel sandwich without stretching or tearing top of gel. Clean comb with water so it will be ready
to be reinserted as below.

If preformed-well comb was used, take care to prevent tearing of polyacrylamide wells.
This comb will not be reinserted.

Fill bottom reservoir of gel apparatus with lx TBE buffer so that gel plates will be
submerged 2 to 3 cm in buffer. Place gel sandwich in electrophoresis apparatus and clamp plates
to support. Sweep out any air bubbles at bottom of gel by squirting buffer between plates using
syringe with a bent 20-G needle.

Pour lx TBE buffer into top reservoir to ~3 cm above top of gel. Rinse top of gel with lx
TBE buffer using a Pasteur pipet.

Reinsert teeth of cleaned shark's-tooth comb into gel sandwich with points just barely
sticking into gel. Using a Pasteur pipet, rinse wells thoroughly with lx TBE buffer to remove
stray fragments of polyacrylamide. If a preformed-well comb is used, this step is omitted.
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Preheat gel -30 min by setting power supply to 45 V/cm, 1700 V, 70 W constant power.

Load and run the gel

Rinse wells with lx TBE buffer just prior to loading gels, to remove urea that has leached
into them.

Samples containing 50% formamide loading dye are heated prior to electrophoresis to
denature the DNA. The simplest way to heat samples is to program the thermal cycler to hold at
94°C for the specified period of time, then place the tubes on ice. Load 2 to 3 uL sample per well.
Keep sequence of samples as for original DNA samples. Rinse sequencing pipet tip twice in
lower reservoir after dispensing from each reaction tube.

Run gels at 45 to 70 W constant power. Maintain a gel temperature of ~55-60°C. Observe
migration of marker dyes to determine length of electrophoresis as indicated in the following
table.

DNA fragments (in bp) that migrate with dyes in denaturing polyacrylamide gels

%gel BPB XC

5 35 130

6 26 106
8 19 75

10 12 55
20 8 28

Temperatures >65°C can result in cracked plates or smeared bands; too low a temperature
can lead to incomplete denaturation. To ensure even conduction of the heat generated during
electrophoresis, an aluminum plate (0.4 cm thick, 34 x 22 cm) can be clamped onto the front glass
plate with the same book-binder clamps used to hold the gel sandwich to the apparatus. The
aluminum plate must be positioned so that it does not touch any buffer during electrophoresis.
Newer versions of sequencing equipment from most companies include a back plate in direct
contact with a water or buffer chamber for better heat uniformity.

Process and dry the gel

Fill dry ice traps attached to gel dryer (if required) and preheat dryer to 80°C.

After electrophoresis is complete, drain buffer from upper and lower reservoirs of apparatus
and discard liquid as radioactive waste.

Remove gel sandwich from apparatus and place under cold running tap water until surfaces
of both glass plates are cool. Lay sandwich flat on paper towels with short plate up. Remove
excess liquid and remaining clamps or tape. Remove one side spacer and insert long metal spatula
between glass plates where spacer had been. Pry plates apart by gently rocking spatula.

If only the back plate was siliconized, the gel should stick to the top plate. Slowly lift top
plate from the side with inserted spatula, gradually increasing the angle until the top plate is
completely separated from the back plate.
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Once plates are separated, remove second side spacer and any extraneous bits of
polyacrylamide around gel.

Hold two pieces of dry 46 x 57 cm blotting paper together as one piece. Beginning at one
end of gel and working slowly towards the other, lay paper on top of gel. Take care to prevent air
bubbles from forming between paper and gel.

Peel blotting paper up; gel should come off plate with it. Gradually curl paper and gel away
from plate as it is being pulled away.

Wrap gel and support with Saran wrap, so that gel is completely covered in plastic. Monitor
the gel with a Geiger counter. Carry out autoradiography for 2 to 24 h at -70°C using one
intensifying screen. It is not necessary to dry the gel when 32P is used. This is necessary only for
35S and 33P. Autoradiography at -70°C increases signal and also prevents labeled DNA molecules
from diffusing in the gel during exposure.

If it is necessary to dry the gel, place paper and gel on preheated gel dryer. Cover with
plastic wrap. Remove any bubbles between plastic wrap and gel by gently rubbing covered
surface of gel from middle toward edges with a Kimwipe. Dry gel thoroughly 20 min to 1 h at
80°C. When gel is completely dry, the plastic will easily peel off without sticking.

Remove plastic wrap and place dried gel in X ray cassette with Kodak XAR-5 film in direct
contact with gel. Autoradiograph at room temperature. After sufficient exposure time (usually
overnight), remove X ray film and process.

A labelled DNA size marker should be loaded on each gel to orient the film and to permit
comparison of specific alleles on different gels. A simple ladder that is suitable for most purposes
is a -32P-labelled Mspl digest of pBR322; this contains 12 bands in the 100 to 250 bp range,
which is appropriate for most SSLPs.

To compare PCR products for a large set of DNAs run on different gels, either the PCR
products of one or two reference DNAs or a 1-bp-resolution -32P-labelled Ml 3 sequencing ladder
should be loaded on each gel.

After autoradiography, visually examine autoradiogram, determine alleles present in each
sample with each marker examined and place on the pedigree to construct the genotype.

11.4. USEFUL GUIDELINES FOR DESIGNING PCR ASSAYS

One of the most important elements in designing PCR assays is the selection of primer-pair
sequences. A systematic approach in selecting primer pairs-to improve the percentage of
functioning assays and to standardize conditions for amplification-is particularly crucial for
generating a large number of PCR assays for physical and genetic mapping. A variety of
computer programs (that can be operated on personal computers), both commercial and freely
distributed, are available to assist in primer selection. Some programs are designed solely to assist
in the design of PCR primers, and some include this capacity as part of a larger set of programs
for DNA analysis. Current computer-assisted strategies for primer selection routinely produce
assays that are >90% successful. Important features for computer-assisted analysis of DNA
sequences prior to primer selection are described below.
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Analyzing DNA sequence

An ideal PCR assay for genetic and physical mapping amplifies a DNA product that
corresponds to a unique DNA site. DNA sequences obtained from genomic or chromosome-
specific clones usually represent random tracts of DNA derived from either unique or repetitive
DNA sequences. PCR assays derived from repetitive DNA sequences (e.g., Alu and LINE in the
human genome) will usually give a multitude of products that do not allow detection of a specific
locus. Therefore, the DNA sequence obtained from a specific clone should be analyzed as follows
before proceeding with primer-sequence design.

11.4.1. Search for duplicate sequences

When clones obtained from a particular genomic, short-insert, or chromosome-specific
library are sequenced, duplicate sequences may often be identified. Several factors can introduce
bias in the selection of clones that are used to generate sequences for sequence-tagged sites
(STSs). Repeated growth of the library selects for faster-growing clones, thus enriching the
library for this subset of clones. PCR amplification of the DNA insert using Alu primers or linker
primers selects for all Alu- or linker-containing sequences, which may include similar sequences
in different clones; and picking the same clone more than once produces duplications.

11.4.2. Search for vector sequences

Sequences that contain no insert or short inserts must be identified systematically to avoid
designing primers that include vector sequences.

11.4.3. Search for repetitive DNA sequences

Analysis of DNA sequence for repetitive sequences (e.g., Alu or LINE) requires computer
assistance. Current data obtained from sequencing random clones from short-insert human
genomic DNA libraries shows that -15% of sequences contain known repetitive DNA sequences
(e.g., Alu, LI, or alphoid repeats). Specific regions of the human and other genomes can contain
a higher proportion of repetitive sequences. Screening of known repeats using homology-
identification programs (e.g., FASTA or BLASTN) will significantly reduce the proportion of
unusable assays.

11.4.4. Determine the length of the repetitive element

The length of the repetitive element is predictive of the informativeness of the SSR.
Informativeness-as measured by heterozygosity or polymorphic information content (PlC)-is
correlated with the minimum length of uninterrupted repeats. Therefore, it is desirable to screen
out sequences with short or interrupted repeats before developing PCR primers. Analysis of large
numbers of human (CA)n repeats (the best-characterized SSR in human genomic DNA) has
demonstrated that repeats with <12 dinucleotides are usually monomorphic and that most (CA)n
repeats with n>20 have heterozygosities >70%. The repeat length of tri- and tetranucleotide
repeats also appears to be related to informativeness but there is still insufficient data to establish
the predictiveness of repeat length for each class of repeat. The average length of (CA)n repeats
appears to be greater in the mouse genome than in the human. However, -90% of murine (CA)n
repeats with n>10 are informative in M. musculus x M. spretus backcrosses and 50% are
informative in crosses between inbred strains of one species.
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11.4.5. Selecting primer pairs or sets

The ideal set of PCR primers should all amplify using identical PCR conditions. Designing
primers for use in assays that employ uniform conditions permits routine testing of numerous
samples and multiplex amplification of PCR products in the same reaction. Primer design is much
facilitated by computer-assisted analysis of DNA sequences. The analysis should take the
following elements into account:

1. Annealing temperature (Tm)

Simply determining the GC content of specific sequences does not provide an accurate
estimate of Tm; the program should compute the Tm of the proposed primer sequences and
identify those of suitable length that have a Tm in the desired range. If many forward and reverse
oligonucleotides are possible from a given sequence, primer pairs with the most similar Tms are
recommended.

2. Complementarity

Complementarity within or between primer sequences can lead to unwanted secondary
structures or primer-dimer formation, both of which can interfere with the assay. The program
should recognize unwanted complementarity of the oligonucleotides to themselves or each other.

3. Product length

The program should select primers that generate PCR products of the desired length.

4. Position of primer relative to repeat sequence

Polymorphic markers derived from microsatellite repeat sequences (SSLPs) require that the
primers be derived from the sequence that flanks either side of the repeat. It is useful for the
program to be able to recognize simple sequence [e.g. (CA)n] repeats and target them to be
included within the PCR product. Primers selected >=50 bp from the repeat have a lower
tendency to produce 'stutter' bands.

Extensive testing of parameters for SSLP and STS primers has indicated that 18 to 24 mer
primers with Tms of 58-62°C routinely work well. Such primers are capable of generating 100-
to 250 bp PCR products for SSLPs analyzed on polyacrylamide gels and 150 to 300 bp products
for STSs analyzed on agarose gels.

11.4.6. Testing the primer pairs

Testing of new primer pairs involves an initial screening of genomic DNA by PCR
amplification at several annealing temperatures, Mg2+ concentrations, and cycling times to
determine the optimal reaction conditions for each primer pair. Thermal cyclers used for PCR
have different operating characteristics (ramping times, tendency to overshoot or undershoot
temperatures, and accuracy of temperature settings) and these influence optimal conditions for
a given assay. Once optimal conditions are determined by experimental trials, they are usually
reproducible for assays designed using similar primer parameters. Assays that do not work under
standard conditions are unsuitable for laboratories interested in high-throughput PCR testing. It
may be possible to improve weak or negative PCR assays by increasing or decreasing annealing
temperature by 5°C or modifying the Mg2+ concentration of the reaction buffer. It is advisable
to abandon assays that are not improved by these modifications because it is unlikely that the
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assay will be robust, even with optimized conditions, when experimental DNA preparations are
tested.

11.4.7. Maximizing throughput

Large-scale use of SSLPs is facilitated by the use of two simple and inexpensive items that
can increase throughput dramatically - a 12-channel pipettor and 96-well microtiter plates. A
more expensive but extremely useful tool is an electronic, programmable multichannel pipettor.
Routinely used genomic DNA templates can be stored at the concentration used in the PCR
reactions (e.g. 5 to 20 ng/uL) in 96-deep-well microtiter plates with appropriate covers
(Beckman). These DNA templates can then be transferred to 96 well PCR plates using a 12
channel pipettor. PCR mix can be loaded using a repeating pipettor. Mineral oil and 2x
formamide loading buffer can be added from a reservoir using a 12-channel pipettor. Gel loading
is more rapid and accurate using a 12 channel Hamilton syringe and shark's-tooth combs (Owl
Scientific) that are correctly spaced for the 96 well format.
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