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INTRODUCTION

The availability of high-quality DNA from
a large number of individuals is a prereq-
uisite for the success of genetic variation
studies. This requirement has spurred
major technological advances in DNA
extraction methods. Twenty years ago,
large-scale manual extractions took more
than 3 days to complete. Large-scale prepa-
rations can now be completed within
3 hours using automated extraction plat-
forms—without the need for toxic
reagents and often with higher yields than
in the past. Our laboratories developed an
inorganic, salt precipitation method
(Madisen et al. 1987; Lahiri et al. 1992) for
DNA extraction from moderate to large
sample volumes (3—30 ml of whole blood
or 1 X 107 to 2 X 108 cultured cells). This
method eliminates the hazards of phenol
exposure to laboratory personnel and the
environment, and all reagents are prepared
in-house. We used this procedure for over
15 vyears, but, for convenience and
increased productivity and reliability, we
switched to commercial reagents about
5 years ago. Comparative studies have
shown that DNA obtained using the in-
house manual extraction procedure is of
equal quality to that obtained using com-
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104 / Chapter 9

mercial reagents. The drawback of commercial reagents is that laboratory personnel know very lit-
tle about the chemical composition of the reagents and kits they are using. We now use the in-house
procedure as a backup, and we present it here for the benefit of laboratories that may find the pur-
chase of commercial reagents or of automat/ed equipment too costly.

Choice of Tissue

The amount of DNA that will eventually be required for a given project is unpredictable. Thus, we
prefer to extract DNA primarily from lymphoblastoid cell lines (LCLs) and secondarily from
blood. Human LCLs are established using Epstein-Barr virus (Neitze 1986; Caputo et al. 1991).
DNA from these sources has been successfully assayed at multiple genotyping centers using a vari-
ety of analytical platforms (Alarcon et al. 2002; Holmans et al. 2004; Prasad et al. 2005; Suarez et al.
2006). With the recent development of two technologies, whole-genome amplification (WGA)
and array-based analyses, it has been suggested that large amounts of genomic DNA may not
always be necessary (Dean et al. 2002; Langmore 2002; Fathallah-Shaykh 2005; Dunphy 2006;
Li et al. 2006; Quackenbush 2006; Reis-Filho et al. 2006; Tomlins et al. 2006).

There are many options for DNA extraction on a small scale (e.g., <0.5 ml of blood, dried
blood spots, saliva, buccal cells, mouthwashes) (McEwen and Reilly 1994; Lum and Le Marchand
1998; Feigelson et al. 2001; Garcia-Closas et al. 2001; Heath et al. 2001; Steinberg et al. 2002).
Specimens such as saliva, which can be collected using noninvasive procedures, may be viable
alternatives to blood (Steinberg et al. 2002; Rylander-Rudqyvist et al. 2006). Buccal swabs and
mouthwashes have been used in several epidemiology studies, but the DNA yield from these
sources, especially buccal swabs, is significantly lower than from saliva samples. Saliva preserved in
Oragene solution (DNA Genotek, Ottawa, Ontario, Canada), as described in this chapter, is also
easier to transport than mouthwash samples. Protocols for DNA extraction from buccal swabs or
mouthwash samples have been documented in several publications (Lum and Le Marchand 1998; |
Feigelson et al. 2001; Garcia-Closas et al. 2001; Heath et al. 2001; Steinberg et al. 2002).

Choice of Anticoagulant

EDTA is the anticoagulant of choice for blood collection for DNA extractions, since it inhibits
DNase activity and does not introduce volume changes. ACD tubes can be used for blood collec-
tion, but it is important to fill them to the mark to avoid causing changes in osmolarity, which can
affect cell lysis. Heparin should be avoided, as it can bind to DNA during purification and can
inhibit Taq polymerase used for PCR. Irrespective of the anticoagulant, the Vacutainer tube should
be inverted several times to mix the blood. Blood can be shipped at ambient temperature, but if
the delay between collection and extraction is more than 3 days, there will be some degradation of
DNA and the yield will be lower than that from fresh blood.

Summary of Extraction

All DNA extraction procedures involve cell lysis, protein removal, and recovery of DNA. An RNA
removal step may be included, depending on sample type. When DNA is isolated from whole
blood, for example, nonnucleated red cells are first lysed to separate them from white cells. The ' l
white cells are then lysed using an anionic detergent, which solubilizes the cellular components.
This is done in the presence of a DNA preservative that limits the activity of DNases. Cytoplasmic |
and nuclear proteins are removed by salt precipitation. Genomic DNA is precipitated with alcohol |
and dissolved in TE buffer. A portion of the DNA is diluted to a specified concentration, and the |
stock and diluted samples are stored in small aliquots at —70°C. This avoids repeated freezing and '
thawing of a large sample, which can lead to precipitate formation. Water is not used for storage

because of the risk of acid hydrolysis of DNA. Any contaminants in the water may also cause DNA

degradation. |
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DNA Quantity and Quality

For accurate DNA quantification, absorbance measurements should be taken in the range of 0.1
to 1.0. The sample dilution factor should be adjusted if the absorbance falls outside this range.
Also, measurements should be taken in slightly alkaline buffer (10 mM Tris-HCI, 1 mM EDTA [pH
8.0]), since absorbance measurements and hence the A, .. ratio are pH dependent (Willinger
et al. 1997). Lower pH can cause DNA degradation and can also result in a lower A, . ratio and
reduced sensitivity to protein contamination. Water should not be used for this purpose because
of the wide variability in pH. In addition, the calculation factor (1A, = 50 pg/ml DNA) is pH
dependent and is not strictly valid when water is used for dilution.

DNA concentrations are routinely determined by UV spectroscopy. This method is cheap,
rapid, robust, and semiautomated, but it measures total UV-absorbing material, which may
include RNA in the case of DNA isolated from cell lines. (There is very little or no RNA in DNA
isolated from blood.) Thus, in some cases, UV measurements may underestimate the amount of
DNA. When the amount of DNA is limited, UV absorbance measurements can be made using the
NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies, Wilmington, Delaware). This
instrument requires 1 pl of sample, and measurements can be made without dilution.

Automated procedures, such as those based on fluorescence, can also be used for determina-
tion of DNA concentration. Fluorescence-based methods such as PicoGreen have much greater
sensitivity and specificity than UV-based methods, but the method of choice for a particular sam-
ple depends on the concentration range for that sample. Thus, PicoGreen would not be suitable
for measuring “stock” DNA concentrations, and UV would be unsuitable for measuring “working”
DNA concentrations. Alternatively, quantitative PCR (qPCR) can be used for estimating DNA
concentrations where the concentration of the sample is expected to be quite low, as in forensic
studies or recovery of DNA from fixed tissue (see Protocol 12).

Electrophoresis in 1% agarose gels shows that DNA isolated using the methods described in f
this chapter is typically >23 kb in size and is thus suitable for Southern blotting and other molec-
ular biological procedures, as well as PCR (Lahiri et al. 1992). DNA yield depends on the size, type,
age, and quality of the starting material. A sample consisting of small cells, such as transformed
lymphoblasts, will have a higher cell density and hence a higher DNA content than the same-sized
sample consisting of larger cells.

Protein, RNA, and Other Contaminants

Good-quality DNA has a 260/280 ratio between 1.8 and 2.0. In the event a sample has a 260/280
ratio less than 1.6 (indicative of protein contamination), it should be re-precipitated to improve
its purity (Manchester 1995, 1996; Glasel 1997). An AZGO/280 ratio above 2.0 is indicative of RNA
contamination, but this usually is not a problem with blood samples. RNase A treatment may be
especially important when analyzing pooled DNA samples (e.g., for direct estimation of allele fre-
quencies), to ensure that the pool contains equal amounts of each DNA. Any RNA contamination
of the DNA will appear as a diffuse band near the dye front in gel electrophoresis. We have found
that phenol-chloroform extraction is rarely required for further DNA purification and never
since we began using the Gentra automated extraction procedure. PCR amplification shows that
DNA extracted from saliva is contaminated with mycoplasma DNA (A. Sahota et al., unpubl.) and
contains variable amounts of bacterial DNA, which may interfere with genotyping assays, espe-
cially those involving multiplex platforms. These contaminants have not been observed in blood
or cell-line DNA.

Digestion with Restriction Enzymes

As a further check on quality, we digest each DNA sample with two different restriction enzymes
and determine the extent of digestion with reference to a control DNA sample (cell line K562)
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known to be completely digested with these enzymes. We use both a 6-base (EcoRI) and a 4-base
(HaellI) recognition sequence restriction enzyme. These digests give rise to fragment sizes span-
ning different molecular-weight ranges on agarose gels. Partial digestion with one or both
enzymes is readily seen as higher-molecular-weight fragments outside the expected size ranges.
Complete digestion with EcoRI also indicates that the input DNA is free of salt contamination,
since this enzyme is highly susceptible to variations in salt concentration. Any DNA sample that
does not show complete digestion is re-precipitated with high salt and isopropanol, and the diges-
tion process is repeated.

This chapter presents a series of protocols for extraction of DNA from various sources includ-
ing cell lines, tissues, blood, and saliva. The chapter also includes methods for whole-genome
amplification and extraction of DNA for forensic studies. The mention of a product or company
name does not imply endorsement by the authors; equally effective products may be available
from other companies. The ultimate test of the quality of a DNA sample is analysis in multiple,
independent laboratories. DNA prepared using the methods described here has been distributed
to numerous laboratories worldwide for genotyping studies without any problems (Alarcon et al.
2002; Holmans et al. 2004; Prasad et al. 2005; Suarez et al. 2006).

ACKNOWLEDGMENTS

We thank the following colleagues for their scientific and technical contributions: Douglas A.
Fugman, David A. Toke, Qi Wang, Laura Wilde, David Keller, and Hiep Tran. The work of the
Rutgers University Cell and DNA Repository (RUCDR) is supported by grants and contracts from
the National Institutes of Health and private organizations. RUCDR serves as the National Cell
Repository for the Collaborative on the Genetics of Alcoholism project (NIAAA), Center for
Collaborative Studies of Mental Disorders (NIMH), Center for Genetic Studies (NIDA), Genetic
Repository (NIDDK), and the Cell and DNA Repository for several private organizations.

Petitioner [llumina, Inc., EX1016, p. 106



Petitioner Illumina, Inc., EX1016, p. 110



Petitioner Illumina, Inc., EX1016, p. 111



Petitioner Illumina, Inc., EX1016, p. 112



Petitioner Illumina, Inc., EX1016, p. 113



Petitioner Illumina, Inc., EX1016, p. 120



Petitioner Illumina, Inc., EX1016, p. 121



Petitioner Illumina, Inc., EX1016, p. 122



Petitioner Illumina, Inc., EX1016, p. 123



Petitioner Illumina, Inc., EX1016, p. 124



Petitioner Illumina, Inc., EX1016, p. 125



Petitioner Illumina, Inc., EX1016, p. 126



Petitioner Illumina, Inc., EX1016, p. 127



Petitioner Illumina, Inc., EX1016, p. 128



Petitioner Illumina, Inc., EX1016, p. 221



Petitioner Illumina, Inc., EX1016, p. 222



Petitioner Illumina, Inc., EX1016, p. 223



Petitioner Illumina, Inc., EX1016, p. 224



Petitioner Illumina, Inc., EX1016, p. 225



Petitioner Illumina, Inc., EX1016, p. 226



Petitioner Illumina, Inc., EX1016, p. 227



Petitioner Illumina, Inc., EX1016, p. 228



Petitioner Illumina, Inc., EX1016, p. 229



Petitioner Illumina, Inc., EX1016, p. 230



Petitioner Illumina, Inc., EX1016, p. 231



Petitioner Illumina, Inc., EX1016, p. 232



Petitioner Illumina, Inc., EX1016, p. 233



Petitioner Illumina, Inc., EX1016, p. 234



Petitioner Illumina, Inc., EX1016, p. 235



Petitioner Illumina, Inc., EX1016, p. 236



Petitioner Illumina, Inc., EX1016, p. 237



Petitioner Illumina, Inc., EX1016, p. 238



Petitioner Illumina, Inc., EX1016, p. 239



Petitioner Illumina, Inc., EX1016, p. 240



Petitioner Illumina, Inc., EX1016, p. 241



Petitioner Illumina, Inc., EX1016, p. 242



Petitioner Illumina, Inc., EX1016, p. 243



Petitioner Illumina, Inc., EX1016, p. 244



Petitioner Illumina, Inc., EX1016, p. 245



Petitioner Illumina, Inc., EX1016, p. 246



Petitioner Illumina, Inc., EX1016, p. 247



Petitioner Illumina, Inc., EX1016, p. 248



Petitioner Illumina, Inc., EX1016, p. 249



Petitioner Illumina, Inc., EX1016, p. 250



Petitioner Illumina, Inc., EX1016, p. 251



Petitioner Illumina, Inc., EX1016, p. 252



Petitioner Illumina, Inc., EX1016, p. 253



Petitioner Illumina, Inc., EX1016, p. 254



Petitioner Illumina, Inc., EX1016, p. 255



Petitioner Illumina, Inc., EX1016, p. 256



Petitioner Illumina, Inc., EX1016, p. 257



Petitioner Illumina, Inc., EX1016, p. 258



Petitioner Illumina, Inc., EX1016, p. 259



Petitioner Illumina, Inc., EX1016, p. 260



Petitioner Illumina, Inc., EX1016, p. 261





