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or by the use of the polymerase chain reaction (PCR). In the process
of cloning, the target DNA is inserted into a vector molecule which
is taken up or inserted into host cells. Subsequent rapid replication of
these host cells and the vector molecules inside the sults in th
production of millions of copies of the target DN/
DNA markers are concerned, cloning is usu
the development phase—once the DNA sequences flank
have been found from the cloned fragments, PCR can be u {
millions of copies of the target sequence within a few hou
PCR method relies on the fact that double-stranded DNA 't

denatured and separates into single strands when heated above 90°C.
a predetermined

Once denatured, the temperature is lowered to
annealing temperature which allows short manufactured lengths
stranded DNA of known sequence (primers), designed to be
complementary to the regions flanking the target DNA, to attach (anneal)
72°C in the

to these flanking regions. Raising the temperature to _
polymerase enzyme and the building blocks of

presence of a DNA |
DNA results in two copies of the double-stranded target DNA. Each
cated the number of copies is doubled and, since

time the cycle is rep
each cycle takes only a minute or two, millions of copies can be
produced within a few hours by this method.

pieces of DNA produced from cloning or PCR can

The sizes of
be determined by subjecting the DNA to electrophoresis alongside
known size-standards. Since electrophoresis separates fragments based
on their sizes, it can be used to purify DNA fragments. For example,
the results of a PCR reaction can be run (electrophoresed) on an
agarose gel. The DNA is stained during or after electrophoresis with
cthidium bromide which fluoresces under UV light. Hopefully there
uct,

will be a nice bright band of the right sizZe, our desired PCR prod

which can then be cut out and the DNA extracted from th
thus have the desired PCR product witht leftevg; e
PCR reaction, such as primers, which might have in

DNA sequencing.
When we have lots of hagh q

pure solution, we can use a
precise sequence of the b

!







molecules are require
molecules during preg
molecules have been
fragments using restrict
purified from bacteria. O
useful property of only ¢
in the sequence, each enz n
four or more bases. For example, a
from the bacterium Escherichia cali
where the hexanucleotide 5'-GAATTC-3
producing an overlap on each end making them
Other restriction endonucleases, such as Alul,

TABLE 8.1. RECOGNITION SEQUENCES AND 0
OF THREE CommoNnLy USED RESTRICTION

Restriction  Recognition

endonu- sequence )
-clease
EcoR]I 5'-GAATTC3' 5'G
3'-CI'lAAG-5' '
Alul 5'-AGCT-3'
3'-TCGA-5'

Hinfl 5-GANTC-3'

G = guanine, A = |
nucleotide. o




because the infectious particles naturalky

stranded DNA that they find gives goo«
o be able to sequence

most labs prefer t
(which can not be achieved with only one
w up’ the

vectors are less likely to ‘che LS
many variants of plasmid and a very common and
pUC19 (‘p’ for plasmid, ‘UC" for the University
the plasmid was created, ‘19’ to show that it was
plasmid created there).
DNA is extracted from an organism and then cut by
the DNA with a restriction €enzyme. The cut fragments 2
and the vecto

in solution with the enzyme DNA ligase AT
a plasmid, which has been previously cut with the same O ”‘3
ds and other vectors have been

recognition

restriction enzyme (plasmi
to contain a polycloning site,

for many different restriction €nz
become ligated into plasmid molecules and :
DNA., is then inserted into a special form of E. coli. T

E. coli takes in the vector

usually heat.

The plasmid vector contains
an antibiotic (€.g. ampicillin, chl _
no resistanct of its own. The antibiotic 1S add
only bacterial clones that include the plasmid will

The E. coli cells are spread Very thinly over
that each transformed cell can form 2 S€f
to replicate overnight at 37°C. As well as

the plasmid replicam..within’ each ba

which contains the

millions of copies of the 1nct
A second plasmid gene is



individually picked from the plates using a sterile toothpick an
Mmaintained m a ‘DNA library’ of clones (such DNA libr
commercially available for some species). However, most researchers
pProbe for the required genomic DNA sequence on the original
(ranstormed colonies. This is done by carefully laying a nylon
Mmembrane onto the plate so that some of each colony is transferred to
the membrane which is then carefully peeled off. While the membrane
'S On the plate their relative positions are marked, for example by
puncturing both with a red-hot needle, so that they can be accurately
lined up again later. The membranes are treated to break down the
bacterial cell walls and to separate the strands of the DNA
(denaturation), The DNA is then fixed to the membrane using hcll_ or
ultraviolet light. The membranes are then probed for the sequence of
interest. This is done by hybridising the plasmid DNA with a labelled
Probe, a short sequence of single-stranded DNA complementary to the
Sequence of interest. Probes are generally radioactively labelled, though
fluorescent labels are available. Hybridisation involves exposing the
nylon membranes to the labelled probe at a temperature high enough
(0 melt all but a very good DNA match, The probe DNA thus becomes
annealed only to the target DNA, carrying its label with it. The
radiolabel is visualised by autoradiography - exposure of the membranes
0 X-ray film. The needle holes on the membranes can be marked to
show up on the film, so that the original agar plates with their re-
8rown bacterial colonies can be lined up with the auto adiograph and
those clones which gave a positive radiolabel signal can b fied
and isolated for sequencing or further analysis.
DNA Sequence and PCR
The PCR technique makes millions of
DNA sequence. The whole . mpl
microtubes or in microwells in p
cycling machine on the bench
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allow the primers (O
complementary sequ

The polymerisal
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the synthesis of new L
These steps are then re
The denaturation step (

94°C to denature all
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cycle, but this time ne

of DNA.
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w htﬂiﬂ n th!
md provides I almplc m -
numbers of specitic DNA seq
Electrophoresis
Electrophoresis is used -i"_:-' 8
the principle that charged
be drawn through a slab or ot
number of different gel |
cellulose acetate, agarose or g
normally oriented vertically wh
horizontally. Polyacrylamide gel ele
by the acronym PAGE. In vertical
placed at the top of the gel and ate
comb-like structure, or by spacers. In
are inserted into slots in the gel close
of a horizontal starch gel apparatus.
The strength of gels can be adju
to the size of the molecules

molecules through the gel. Be
water changes the pH, the sa
with the gel is always b
Once the curron!
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