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PRi‘IFACE

Fhis manual is a compilation ol many ol the everyday
methods used in the average molecular biology laboratory,
with emphasis on the techniques for large-scale DNA
sequencing. Various forms of the manual have been in
usc in our laboratory for several years, and this latest
version has been updated to include more detailed DNA
sequencing protocols and DNA - scquencing automation
techniques.

This manual has been written in a protocol format, with
little  theorcetical discussion. For theory and  additional
information, uscrs ol this manual arc referred back to the

original literature, or to other textual manuals such as
that published by Sambrook, Fritsch and Maniatis (1989)
sce reference 1, Chapter 1.

The following persons are acknowledged for contributing
methods and suggestions during the assembly of this
manual: Stephanie Chissoe, Sandy Clifton, Dennis Burian,
Rick Wilson, Din-Pow Ma, James Wong, Leslie Johnston-
Dow, Elaine Mardis, Zhili Wang, Kala lyer, Steve Toth,
Guozhang Zhang, Hua Qin Pan and other members of the
Roe laboratory, both past and present.

Bruce A. Roe

Preface



SATETY

Attention to safety aspects is an integral part of all Tabora-
tory procedures and national legislations impose  legal
requirements on those persons planning or carrying out
such procedures. While the authors, editor and publisher
believe that the recipes and practical procedures, as set
forth in this book, are in accord with current recommenda-
tions and practice at the time of publication, they accept no
lepal responsibility for any errors or omissions, and make
no warranty, expressed or implied, with respect to material
contained herein. It remains the responsibility of the
reader to ensure that the procedures which are followed
arc carricd out in a safe manner and that all necessary
safety instructions and national regulations are imple-
mented.

In view of ongoing research, equipment modifications and
changes in governmental regulations, the reader is urged to
review and evaluate the information provided by the man-
ufacturer, for each reagent, piece of equipment or device,
for any changes in the instructions or usage and for added
warnings and precautions.

These are freely aceessible using:
http://joule.pel.ox.ac.uk/MSDS/.

Other safety infomation on the Internet can be accessed on:
gopher://atlas.chem.utah.cdu/1 1/MSDS
gopher://ginfo.cs.fit.edu:70/Im/salety/msds
http://physchem.ox.ac.uk/MSDS

http//www fisherl.com/Fischer/Alphabetical Index: htiml
http://www.pp.orst.edu

You are actively encouraged to check these data sheets 1o
confirm our assignments and for more detailed information
on individual hazards; however the author, editor and puh-
lisher can accept no responsibility for any material con-
tained in these data sheets. Furthermore, you must alwavs
follow the precautions outlined on labels and data shects
provided by individual manulacturers.

Radiation. The use of radioisotopes is subject to legishation
and requires permission in most countries. Furthermore,
national guidelines for their use and disposal must be
rigorously adhered to. The procedures in protocols that
use radioisotopes must only be carried out by individuals



A procedures mentioned within tns book must be carried
ot under conditions ol good laboratory practice m accor-
dance with local and national guidelines. Some procedures
involve specitic hazards, including but not hnnted 1o haz-
ards m the tollowing categories:

Chiemical. A number of the reagents are known to be car-
cinogenic, mutagenic, toxic, inllammable, highly reactive or
otherwise hazardous. Substances known to be hazardous
have been marked with the symbol A in the list of reagents
(but not subsequently) for cach protocol, or il they appear
as alternatives to the main protocol, the first time they
appear in the notes. The reader should consult the salety
notes on these pages before embarking on any ol the pro-
cedures covered. This is in no way meant to imply that
undesignated chiemicals are nonhazardous, and all laboia-
tory chemicals should be handled with extreme caution.

Iniormation is not available on the possible hazads of

many compounds. The eriteria we have generally used for
denoting a substance with A is based upon a hazard level
ol 2 or more (on a scale 0-4) in any ol the categories in
the Baker Sal-I-Data™  system used in the material
satety data sheets (MSDS) held at the University ol
O.lord, UK.

Xi

who have received training i the use ol such material
using the appropriate facilities, protection and personal
monitoring procedures.

Biological. Antibodics, sera and cells (particularly, but not
exclusively, those of human and nonhuman primate origin)
pose a significant biological hazard. All such materials,
whatever their origin, may harbor human pathogens and
should be handled as potentially infectious material in
accordance with local guidelines. Any recombinant DNA
work associated with protocols is likely to require permis-
sion from the relevant regulatory body and you must con-
sult your local safety officer before embarking upon this
work.

Electrical. Many of the procedures in this book usc clec-
trical cquipment. Electrophoresis techniques may present
particular hazards ol this nature.

Lascrs. Flow cytometers and certain other types ol labora-
tory cquipment contain lasers. Users should cnsure they
arc lully aware ol the potential hazards of using such
cuipiment.

Safely
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I GENERAL MIETIHHODS
Methods available

Phenol extraction of DNA samples (sce Protocol 1)

Phenol extraction is a common procedure used to purify a DNA
sample [1]. Typically, an cqual volume of TE-saturated phenol is
added to an aqueous DNA sample in a microcentrifuge tube. The
mixture is vortexed vigorously, and then centrifuged to achieve phase
separation. The upper, aqueous layer is removed carcfully to a new
tube, avoiding the phenol interface, and is then subjected to two
ether extractions to remove residual phenol. An equal volume of
water-saturated ether is added to the tube, the mixture is vortexed
and the tube is centrifuged to allow phase separation. The upper,
ether layer is removed and discarded, including phenol droplets at
the interface. Alter this extraction is repeated, the DNA s concen-
trated by cthanol precipitation. '

Concentration of DNA by ethanol precipitation (scc Protocol 2)

Typically, 2.5-3 volumes of an cthanol/acctate solution is added to
the DNA sample in a microcentrifuge tube, which is placed in an ice-
walter bath for at least 10 min. Frequently, this precipitation is per-
formed by incubation at -20"C overnight [1]. To recover the
precipitated DNA, the tube is centrifuged, the supernatant  dis-
carded, and the DNA pellet is rinsed with a more dilute ¢thanol

1
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solution. After a second centrifugation, the supernatant again is dis-
carded, and the DNA pelletis dried in a Savant Speed Vac,

Restriction digestion (sec Protocol 3)

Restriction enzyme digestions are performed by incubating double-
stranded DNA molecules with an appropriate amount of restriction
enzyme, in its respective bulfer as recommended by the supplicr, and
at the optimal temperature for the specific enzyme. The optimal
sodium chloride concentration in the reaction varies for different
enzymes, and a set of three standard buffers containing three con-
centrations of NaCl are prepared and used when necessary. Typical
digestions include a unit of enzyme per microgram of starting DNA,
and one enzyme unit usually (depending on the supplicer) is defined
as the amount of enzyme needed to digest one microgram of double-
stranded DNA completely in 1 h at the appropriate tcmperature.
These reactions usually are incubated for [--3 h, to ensure complete

digestion, at the optimal temperature for enzyme aclivity, typically
37°C. )

Agarose gel electrophoresis (scc Protocol 4)

Agarose gel electrophoresis |2] is employed to check the progression
of a restriction enzyme digestion, to determine quickly the yield and
purity of a DNA isolation or polymerase chain reaction (PCR) and
to size-fractionate DNA molecules, which then could be eluted from

Protocols provided
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Kestriction digestion
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the gel. Pror o gel casting, diicd agarose s dissolved in buller by
heating, and the warnm gel solution then s poured mito a mold (made
by wrapping clear tape around and extendmy above the edges ol an
18 cin < 18 e glass plate), which s fitted with a well-forming comb.
The pereentage ol agarose in the gel varies. Although 0.7% agarose
gels typically are used, in cases where the accurate size-lractionation
ol DNA molccules smaller than 1 kb is required, a 1%, 1.5% or 2%
agarose gel is prepared, depending on the expected size(s) ol the
fragment(s). Ethidium bromide is included in the gel matrix 1o
enable fluorescent visualization ol the DNA fragments under ultra-
violet (UV) light. Agarose gels are submerged in clectrophoresis
buiter in a horizontal electrophoresis apparatus. ‘The DNA samples
arc mixed with gel tracking dye and loaded into the sample wells,
Llcctrophoresis is usually at 150- 200 mA for 0.5-1 h at room tem-
perature, depending on the desired separation. When low-melting
agarosc is used for preparative agarose gels, clectrophoresis is al
100120 mA tor 0.5-1 h, again depeading on the desired separation,
and a lan is positioned such that the heat generated is dissipated
rapidly. Size markers are co-clectrophoresed with DNA samples,
when appropriate for fragment size determination. T'wo size markers
arc used, X174 cleaved with restriction endonuclease Haelll to
identily Tragments between 0.3 and 2 Kb and A phage cleaved with
restriction endonuclease Hind1 o identily fragments between 2
and 23 kb, Alter clectrophoresis, the gel s placed ona UV light box

3

/ \
/ )
mollen agaiose ‘ ~— '
| g, o
gel tray ) l
)/ e

lape”

Figure 1. Preparation of a mold tray for agarose gels
using plastic tape. Figure reproduced from Jones, P.,
Qui, J. and Rickwood, D. (1994) RNA Isolation and
Analysis published by B1OS Scientific Publishers,
Oxford.

General methods



and a picture of the fluorescent ethidinm bromide <tained DNA sep-
aration pattern is taken with a Polaroid camera.

Flution of DNA fragments from agarose (sce 'rotocol §)

DNA fragments are eluted from low-melting temperature agarose
gels using an unpublished procedure first developed in our labora-
tory. Here, the band of inferest is excised with a sterile razor blade,
placed in a microcentrifuge tube, frozen at =70°C and then melted.
Then, TE-saturated phenol is added to the melted gel slice, and the
mixture is again frozen and then thawed. After this second thawing,
the tube is centrifuged and the aqucous layer removed to a new tube.
Residual phenol is removed with two cther extractions, and the
DNA is concentrated by ethanol precipitation.

Kinase end-labeling of DNA (sec Protocol 6)

Typical 5 -kinase labeling reactions include the DNA to be labeled,
[v-VP]dATP, T4 polynucleotide kinase and buffer [3]. After incuba-
tion at 37°C, reactions are heat inactivated by incubation at 80°C,
Portions of the reactions are mixed with gel loading dye and
loaded into a well of a polvacrvlamide gel and electrophoresed. The
pel percentage and electrophoresis conditions vary depending on the
sizes of the DNA molecules of interest. After electrophoresis, the
pel is dried and exposed to Xoray film for radiolabeled DNA
sequencing,.




Buacterial cell maintenance and storage (sce rotocol 7)

Thiee stains ol Lscherchia colr ane used in these studies: INTOT for
ML infection and isolation [4], XLIBMRIE (Stratagence) lor M 13 or
pUC-based DNA transformation [5] and 1:D8767 for cosmid DNA
translormation [6, 7 and Il Revel, personal communication|. To
maintain their respective F episomes necessary for M3 viral infec-
tion |8], IM101 is streaked on to a MY minimal media (modified from
that given in ref. 1) plate and XLIBMRI is streaked on o an LB
plate [1] containing tetracycline. ED8767 is streaked on to an LB
plate containing ampicillin. These plates are incubated at 37°C over-
night. For each strain, 3 ml ol appropriate liquid media are inoculated
with a smear of several colonics and incubated at 37°C with shaking
at 250 r.p.m. for 8 h, and thosc cultures are then transferred into
S50 ml of respective liquid media and incubated for an additional
1216 h. Glycerol is added to a linal concentration of 20%, and the
glycerol stock cultures are distributed in 1.3 ml aliquots and frozen at
=70C until use [1].

Fragment purification on Sephacryl S-500 spin columns

(sce Protocol 8)

DNA fragments larger than a few hundred base pairs can be sepa-
rated from smaller fragments by chromatography on a size exclusion
column such as Sephacryl S-300. To simplily this procedure, a mini-
spin column method has been developed.

5
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Notes on precipitation of nucleie acids

General rules
Most nucleie acids may be precipitated by addition of monovalent cations and 2 Y volo of cold 95% cthanol, followed by
incubation at 0 to -70°C. The DNA or RNA mav then be pelleted by centrifugation at 10000 13000 r.p.m. for 1S min af

0/

4°C A subsequent wash with 70 ethanol, followed by briel centrifugation, removes residual salt.
The gencral procedure for precipitating DNA and RNA s

I Add 0.1 vol. of 3 M sodium acetate, plEES to the nucleic acid solution to be precipitated. S M oammonium acetate, pll 7.1,
NaCl and FiClT may be used as alternatives to sodinm acetate. DNA also may be precipitated by addition of 0.6 vol. of iso-
propanol.

2 Add 2 vol of cold 95% ethanol A

3 Place at 70°C for at least X0 min, or at 20°C overnight.

.

or alternatively:

I Combine 95 ml of 1007 ethanol/A with -Eml ol 3 N sodium acetate, pHELS and Tl ol sterile water, Mix by inversion aned
store at - 207C,

2 Add 2.5 vol. of cold ethanal/acetate solutionN to the nucleic acid solution to he precipitated.

3 Place at 70°C for at least 30 minor 207°C for 2 h to overnight.

Oligonucleofides
Add 0.1 vol of 3 M sodinm acetate, pth LS and 3vol ol cold 957 ethanol A Place ot 70°C for at least |,



RNA
Add 0.1 vol. ol I M sodium acctate, ptl -, and 2.5 vol. ol cold 95% cthanol. Precipitate large volumes at =20°C overnight.
Small volume samples may be precipitated by placing in powdered dry ice or a dry ice-ethanol bath for 5-10 min.

Isobutanol concentration of DNA

DNA samples may be concentrated by extraction with isobutanol. Add slightly more than one volume of isobutanol, vortex
vigorously and centrifuge to separate the phases. Discard the isobutanol (upper) phase, and extract once with water-satu-
rated dicthyl ether to remove residual isobutanol. The nucleic acid then may be ethanol precipitated as described previously.

Notes on phenol extraction of nucleic acids

The standard and preferred way to remove proteins from nucleic acid solutions is by extraction with neutralized phenol or
phenol:chloroform. Generally, samples are extracted by addition of 1.0 vol. of neutralized (with TE buffer, pH 7.5) phenol
to the sample, followed by vigorous mixing for a few sceconds to form an emulsion. Following centrifugation for a few min-
utes, the aqueous (top) phase contaiing the nucleie acid is recovered and transferred to a clean tube. Residual phenol is
then removed by extraction with an equal volume ol water-saturated dicthyl cther. Following centrifugation to separate the
phascs, the cther (upper) phasce is discarded and the nucleic acid is cthanol precipitated as described previously.

A 1.1 mixturce of phenol and chloroform is also usclul for the removal of protein from nucleic acid samples. Following

extraction with phenol:ichloroform, the sample should be extracted once with an equ‘ll volume of chloroform, and ethanol
precipitated as described above.

7 General methods



Ptotocol 1. Phenol extraction of DNA samples

Reagents LON Tris- 1HCT pl1 8.0

95% Fthanol/0.12 M sodium acetate (ethanol/acetate )
TE-saturated phenolA: add an equal amount of 10 mM Tris HCT,

Water-saturated diethyl ether

pHE7.S 8.0, 1 mM Na,EDTA, pIT 8.0 to ultrapure phenolin, |‘A|lll|)lll(‘l||

mix well, allow phases to separate, remove and discard upper Microcentiifuge

(aqueous) phase. Repeat until the pH of the aqueous phase is 1S ml Microcentrituge tubes
between 7.5 and 8.0 (store at 47C) Vortex mixer

1LOM Tris- HCL pHl 7.6

Procedure

1 Add an equal volume of TE-saturated phenol to the DNA sample
contained in a 1.5 ml microcentrifuge tube and vortex for 15-30 sec.

2 Centrifuge the emulsion for 5 min at 12 000 r.p.m. at room temperature
lo separale the phases.

3 Remove about 90% of the upper, aqueous layer to a clean tube,
carefully avoiding proteins. Add an equal volume of 1:1 TE saturated
phenol:chloroform, centrifuge and remove to a clean tube as above.
This additional extraction is not usually necessary if care is taken during
the first phenol extraction.

4 Add an equal volume of water-saturated ether to the phenol extracled

Notes

This procedure will take about 1S min,

y Pure phenolis colotless, a pinky color indicates oxidation
and in this case the phenol needs to be distilled before use,



