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Preface

We must unashamedly admit that a large part of the motivation for editing
Genomics Protocols was selfish. The possibility of assembling in a single volume
a unique and comprehensive collection of complete protocols, relevant to our
work and the work of our colleagues, was too good an opportunity to miss.
We are pleased to report, however, that the outcome is something of use not
only to those who are experienced practitioners in the genomics field, but is
also valuable to the larger community of researchers who have recognized the
potential of genomics research and may themselves be beginning to explore
the technologies involved.

Some of the techniques described in Genomics Protocols are clearly not
restricted to the genomics field; indeed, a prerequisite for many procedures in
this discipline is that they require an extremely high throughput, beyond the
scope of the average investigator. However, what we have endeavored here to
achieve is both to compile a collection of procedures concerned with genome-
scale investigations and to incorporate the key components of “bottom-up”
and “top-down” approaches to gene finding. The technologies described extend
from those traditionally recognized as coming under the genomics umbrella,
touch on proteomics (the study of the expressed protein complement of the
genome), through to early therapeutic approaches utilizing the potential of
genome programs via gene therapy (Chapters 27-30).

Although a number of the procedures described represent the tried and
trusted, we have striven to include new variants on existing technologies in
addition to exciting new approaches. Where there are alternative approaches
to achieving a particular goal, we have sought assistance from an expert in the
field to identify the most reliable technique, one suitable for a beginner in the
field. Unique to the Methods in Molecular Biology series is the “Notes” section at
the end of each chapter. This is a veritable Aladdin’s cave of information in
which an investigator describes the quirks in a procedure and the little tricks
that make all the difference to a successful outcome.

The first section of the volume deals with the traditional positional cloning
approach to gene identification and isolation. The construction of a high-reso-
lution genetic map (Chapter 1) to facilitate the mapping of monogenic traits
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Vi Preface

and approaches to the analysis of polygenic traits (Chapter 2) are described.
Identification of large numbers of single-nucleotide polymorphisms (Chapter
3) will pave the way for the construction of the next generation of genetic
maps. Also described are such comparatively new technologies as genomic
mismatch scanning (Chapter 4), for the mapping of genetic traits, and compar-
ative genomic hybridization (Chapter 5), for the identification of gross differ-
ences between genomes.

Such studies are a prelude to the screening of large genomic clones, or
clone contigs (Chapter 7). These transitions are made possible by the locali-
zation of genomic clones (Chapter 8) and the integration of the genetic and
physical maps (Chapter 9) achieved by STS mapping. Identification of cDNAs
mapping to the genomic clones implicated (Chapters 12—14) is the next step
toward candidate gene identification. With the desire to acquire cDNAs capable
of expressing authentic proteins, the emphasis in cDNA library construction
is placed on a technology capable of delivering full-length cDNAs (Chapter 10).

One of the consequences of genome-scale sequencing programs has been
the need to annotate large stretches of anonymous sequence data, and this has
been the impetus for an explosion of bioinformatics programs targeted at gene
prediction (Chapter 16). The use of model organisms (Chapter 17) to expedite
gene discovery, on the basis of coding sequence similarites between genes
with similiar functions, is another tool accessible to the gene hunter.

As an alternative to genetic studies, expression profiling seeks to iden-
tify candidate genes on the basis of their differential patterns of expression,
either at the level of transcription or translation. A number of technologies,
based on subtractive hybridization, differential display, and high throughput
in situ hybridization are thus described (Chapters 18-22).

Functional characterization of isolated cDNAs is the next stage in estab-
lishing the likely candidature and thus potential utility of genes isolated as
targets for therapeutic intervention. Predictions of protein structure and function
(Chapter 23), mutagenesis (Chapter 24), or knockout studies (Chapter 25) can
enable predictions of gene function. The yeast two-hybrid system (Chapter 26)
is described at the level of monitoring interaction between individual proteins,
but also on a potential genome scale.

In compiling Genomics Protocols, the aim—as with all other volumes in
the Methods in Molecular Biology series—has been to produce a self-contained
laboratory manual useful to both experienced practitioners and beginners in
the field. We trust that we have been at least moderately successful. We must
conclude by giving a vote of thanks to all the contributing authors, and to John
Walker and the staff at Humana Press for seeing this project through.

Michael P. Starkey
Ramnath Elaswarapu
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1

Construction of Microsatellite-Based,
High-Resolution Genetic Maps in the Mouse

Paul A. Lyons

1. Introduction

The mapping of genes underlying either simple mendelian or complex traits
can be broken down into a number of distinct stages—initial detection of
the locus in a genome scan, determination of the most likely map location
for the gene, and finally fine mapping of the locus. A number of experi-
mental strategies for mapping genes in experimental organisms are avail-
able and their relative merits have been reviewed recently (1). Whatever
strategy is chosen, an essential prerequisite for any gene identification
project is the ability to construct a high resolution genetic map around the
locus of interest.

The focus of this chapter is the construction of such genetic maps using
microsatellite markers in the mouse, however, the methodology described here
is applicable to most experimental organisms for which microsatellite markers
are available. The mapping process can be broken down into a number of dis-
crete steps. The first step is selecting the experimental strategy and determin-
ing the numbers of mice required to give the desired resolution. For the purpose
of this chapter it is assumed that a suitable experimental strategy has been
chosen and the requisite number of mice have been bred. The next step is
selection and polymerase chain reaction (PCR) optimization of a panel of
microsatellite markers from the region of interest that are variant between the
mouse strains being used. Subheading 3.1. of this chapter discusses criteria
for selecting markers and provides sources of microsatellite markers available
in the public databases. In Subheading 3.2. protocols are provided for the PCR
optimization of selected microsatellite markers. The next step in the procedure
is the preparation of DNA from samples for genotyping. Subheading 3.3.

From: Methods in Molecular Biology, vol. 175: Genomics Protocols
Edited by: M. P. Starkey and R. Elaswarapu © Humana Press Inc., Totowa, NJ
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2 Lyons

describes a protocol for the rapid extraction of DNA from mouse tails that is of
a suitable quality for PCR analysis. Sections 3.4.-3.6. describe protocols for
genotyping these DNA samples using either fluorescent or nonfluorescent-
based approaches. The final step in the procedure, as outlined in Subheading
3.7., is the construction of a genetic map from the genotyping data that has
been obtained.

2. Materials

1. Tail buffer: 50 mM Tris-HCI, pH 8.0, 100 mM ethylenediaminetetraacetic acid
(EDTA), 100 mM NaCl and 1% (w/v) sodium dodecyl sulfate (SDS).
Proteinase K solution (10 mg/mL). Store in aliquots at —20°C.
Saturated NaCl1 solution.
IX TEy,: 10 mM Tris-HCI, pH 8.0, 0.1 mM EDTA.
4 mM deoxyribonucleoside triphosphate (dNTPs).
Thermocycler (MJ Research, Watertown, MA).
PCR mix: Make 2000 reaction batches of PCR mix as follows. To 9.5 mL of
dH,0 add 3 mL of 10X TaqGold buffer (PE Biosystems, Warrington, UK) and
1.5 mL of 4 mM dNTPs. Mix and store at 4°C.
8. TaqGold DNA polymerase (PE Biosystems).
9. Nusieve agarose (Flowgen, Lichfield, UK).
10. Agarose loading buffer: 10 mM Tris-HCl, pH 8.0, | mM EDTA, 1% (w/v) SDS,
40% (w/v) sucrose, xylene cyanol, and bromophenol blue.
11. GS500 tamra-size standards (PE Biosystems).
12. Long-Ranger acrylamide/urea sequencing gel mix (Flowgen).
13. Acrylamide loading buffer: 90% (v/v) deionized formamide, 50 mM EDTA, pH
8.0, and dextran blue.
14. Deep-well titer plates (Beckman, High Wycombe, UK, cat. no. 267004).
15. Genescan and genotyper software (PE Biosystems).
16. ABI 377 Automated Sequencer (PE Biosystems).

NowAwN

3. Methods

Microsatellites are regions of DNA made up of repeating blocks of nucle-
otides where the length of the repeated unit is either 2 bp (dinucleotide repeats),
3 bp (trinucleotide repeats), or 4 bp (tetranucleotide repeats). Microsatellites
are widely distributed throughout the mouse genome with the (CA)n dinucle-
otide repeat estimated as occurring 100,000 times (2). In addition to being
widely distributed, the number of repeat units, and hence the size of the
microsatellite, varies between mouse strains, even among closely related inbred
mouse strains. This variation in size can be readily followed by PCR amplifi-
cation and gel electrophoresis, which makes microsatellites an ideal source of
markers for genetic map construction (3).
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3.1.

1.

Microsatellite Marker Selection

Sources of microsatellite markers: Over the past decade a large effort has gone
into generating, characterizing, and mapping microsatellite markers. The largest
effort has come from Eric Lander and colleagues at the Whitehead Institute in
Cambridge, MA, who have generated a map of over 6000 markers, with an aver-
age spacing of one every 0.2 cM, throughout the mouse genome (4). Information
regarding microsatellite markers developed at the Whitehead Institute, including
primer sequences, chromosomal location, and allele sizes in a panel of inbred
strains is readily accessible via the Internet (5). Another major source of marker
information is the Mouse Genome Database, which is maintained by the Jackson
Laboratories (6). This database acts as a central repository for mouse genetic
mapping data, including marker information, and is updated on a regular basis.

Marker selection: An important consideration when selecting microsatellite
markers for use is how the genotyping will be performed, that is, whether mark-
ers will be analyzed using fluorescence-based gel systems or nonfluorescence-
based systems. For nonfluorescence-based genotyping analyzed on agarose gels, the
allele sizes need to vary by at least 10% to be resolvable. For fluorescence based gel
systems, this is not a consideration, as differences as small as 2 bp can be resolved.
Another consideration is whether or not markers will be pooled for gel electrophore-
sis in which case markers with nonoverlapping allele size ranges should be chosen.

. PCR Optimization of Microsatellite Markers

Prepare 10X working dilutions of each microsatellite primer pair as follows:
Dilute the forward and reverse stock primers together in a single tube to a final
concentration of 25 pg/mL of each primer.

. For each microsatellite primer pair being titrated, prepare a master mix as follows:

a. Aliquot 105 pL of PCR mix into a microfuge tube.

b. Add 22.5 uL of 10X primer dilution and 1.5 uL. of TaqGold polymerase.

c. Mix by vortexing briefly and place on ice.

Set up PCR reactions in three microtiter plates as follows at room temperature:
For each primer pair being titrated, aliquot 5 pl. of mouse genomic DNA (8 pg/mL)
into four wells of the microtiter plate. To each well add 1.5 pL of either 10 mM,
20 mM, 30 mM, or 40 mM MgCl, solution and 8.5 pL of master mix (final reac-
tion volume 15 pL). If appropriate, overlay with one drop of mineral oil.
Centrifuge the microtiter plates briefly and place on a thermocycler.

. PCR the first microtiter plate as follows: 94°C 10 min followed by 36 cycles of

94°C for 10 s, 55°C for 20 s, and 72°C for 20 s. For the two subsequent PCR
plates, adjust the 55°C annealing temperature to 53°C and 50°C, respectively
(see Note 1).

Prepare a 2% (w/v) agarose gel in 1X TBE buffer.

- Add 1.5 pL of agarose loading buffer to the samples in each microtiter plate and

centrifuge briefly to mix. Load 10 pL of sample onto a 2% agarose gel and elec-
trophorese until the xylene cyanol dye has migrated approx 2 cm.
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Determine the optimal PCR conditions by visualizing the PCR products on a
UV-transilluminator. Select the Mg?* concentration and annealing temperature
that gives a strong, discrete band of the expected size PCR product (see Note 2
and Fig. 1A).

3.3. DNA Extraction from Mouse Tails

10.

11.
12.

13.

14.

Cut 1 cm of tail and place in a 1.5-mL microfuge tube on ice (see Note 3).

To each tail sample add 400 pL of tail buffer and 10 UL of proteinase K solution.
Incubate at 42°C overnight in a shaking incubator.

To each sample add 200 pL of saturated NaCl solution. Mix well by shaking for
30 s, do not vortex.

Centrifuge at 18,000g for 20 min at room temperature in a benchtop centrifuge.
Transfer the DNA containing supernatant to a fresh 1.5-mL microfuge tube being
careful not to disturb the pellet.

Add 800 pL of 100% ethanol to each sample and mix by gentle inversion (see
Note 4).

Pellet the DNA precipitate by centrifuging at 18,000g for 3 min at room
temperature.

Remove the supernatant and wash the pellet with 500 pL of 70% ethanol to
remove excess salt.

Centrifuge at 18,000g for 1 min, carefully remove the supernatant and allow the
DNA pellet to air dry briefly.

Gently resuspend the DNA pellet in 200 pL of 1X TE,, (see Note 5).

Measure the DNA concentration of each stock solution at OD,g, with a
spectrophotometer.

Prepare a working dilution (8 pug/mL) of each sample by diluting in 1X TE, . To
facilitate downstream sample processing, prepare the dilutions in 96-well format
deep-well titer plates.

Store the working dilutions at 4°C and the stock DNAs at —20°C.

3.4. PCR Amplification

1.

For each microsatellite to be genotyped, prepare a master mix as follows: For
each DNA sample add 7 uL of PCR mix, 1.5 puL of 10X MgCl, (as previously
determined in Subheading 3.2.), 1.5 pL of 10X primer dilution and 0.1 pL of
TaqGold polymerase. Mix by vortexing.

Aliquot 5 pL of genomic DNA (8 pg/mL) into a microtiter plate, add 10 ML of
master mix and overlay with a drop of mineral oil, if necessary.

Centrifuge briefly and place on a thermocycler.

Perform PCR as follows: 94°C for 10 min followed by 36 cycles of 94°C for 10's,
X°C for 20 s and 72°C for 20 s, where X equals the optimal annealing temperature
determined in Subheading 3.2. (see Note 1).

Store PCR products at —20°C prior to analysis.
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A 12 3 45 6 7 8 910111213

B 1234567 8

Fig. 1. PCR optimization of microsatellite markers. (A) Magnesium titrations of
DINds31 (lanes 2-5), DINds32 (lanes 6-9), and D4Nds26 (lanes 10—13) at 1 mM Mg?+
(lanes 2, 6, and 10), 2 mM Mg+ (lanes 3, 7, and 11), 3 mM Mg?* (lanes 4, 8, and 12),
and 4 mM Mg?* (lanes 5, 9, and 13). Lane 1 molecular-weight markers. (B) Amplifica-
tion of C57BL/10 (lanes 2 and 5), NOD (lanes 3 and 6), and (NODxC57BL/10)F1
(lanes 4 and 7) DNA with D3Nds6 using TaqGold (lanes 2-4) or Amplitaq (lanes 5-7)
DNA polymerase. Lanes 1 and 8 are molecular-weight markers.

3.5. Analysis of PCR Products by Gel Electrophoresis
3.5.1. Agarose-Resolvable PCR Products

1. Prepare a 3% (w/v) Nusieve agarose/1% (w/v) agarose gel in 1X TBE.
2. Using a multichannel pipet add 1.5 UL of agarose loading buffer to each sample
and centrifuge briefly to mix.



