Plant Molecular Biology

Chapter 8: Techniques in Molecular
Biology

- PCR
- Restriction digestion
- Gel electrophoresis
- Gene cloning



Basic Tools and Techniques

- Gene cloning
Insertion of a fragment of DNA, containing a gene, into a cloning vector, and

subsequent propagation of the recombinant DNA molecule in a host organism.

- Recombinant DNA technology
The techniques involved in the construction, study and use of recombinant DNA

molecules.

- Nuclease

An enzyme that degrades a nucleic acid molecule.

- Exonuclease: An enzyme that removes nucleotides from the ends of a nucleic acid
molecule

- Endonuclease: An enzyme that breaks phosphodiester bonds within a nucleic acid

molecule.



Basic Tools and Techniques

- Restriction endonuclease
An enzyme that cuts DNA molecules at a limited number of specific nucleotide

sequences.

- DNA ligase
An enzyme that synthesizes phosphodiester bonds as part of DNA replication,

repair and recombination processes.

- Cloning vector
A DNA molecule that is able to replicate inside a host cell and therefore can be

used to clone other fragments of DNA.



Basic Tools and Techniques

- Selectable marker

A gene carried by a vector and conferring a recognizable characteristic on a cell

containing the vector or a recombinant DNA molecule derived from the vector.

- Transformation

The acquisition by a cell of new genes by the uptake of naked DNA

- PCR

Polymerase chain reaction



The Synthesis of ‘short’ products in a PCR (Polymerase Chain Reaction)

DANCIND NAKeD
e MINID Fi@LD

Ln

k: 4

WINKER OF THE NOBEL PRIZE LN CHEMISIRY

KaRY MULLIS

*Kary Mullis, perhaps the weirdest human cver to win the Nebel Prize in Chemistry,
[has written] 3 chatty, ambling, funny, iconodiastic toer threugh the wonderiaed

that & [ds] mind” ~THE WASHINGTON POST

Kary Mullis



The Synthesis of ‘short’ products in a PCR (Polymerase Chain Reaction)
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The Synthesis of ‘short’ products in a PCR (Polymerase Chain Reaction)
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The activities of DNA polymerases, Nucleases, and Ligases

(A) DNA polymerases

DNA coples

In (A), the activity of a DNA-dependent (B) Nucleases

DNA polymerase is shown on the left and

Endonuclease Exonuclease

that of an RNA-dependent DNA polymerase \
on the right. In (B), the activities of

endonucleases and exonucleases are shown. | |
In (C) the red DNA molecule is ligated to _.‘\’_.,— ._}
itself on the left, and to a second molecule el e N romehe ands
on the right. ——
One DNA molecule Two DNA molecules
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Cuts produced by restriction endonucleases

In the top part of the diagram, the DNA is cut by a Type I or Type IITI restriction
endonuclease. The cuts are made in slightly different positions relative to the
recognition sequence, so the resulting fragments have different lengths. In the
lower part, a Type IT enzyme is used. Each molecule is cut at exactly the same
position to give exactly the same pair of fragments
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(A) Blunt and sticky ends

Blunt ends

(B) 5" and 3" overhangs
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(C) The same sticky end produced by different enzymes
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The results of digestion
of DNA with different
restriction endonucleases

(A) Blunt ends and sticky
ends.

(B) Different types of
sticky end: the 5’
overhangs produced by
BamHTI and the 3'
overhangs produced by
PsTL.

(C) The same sticky ends
produced by two
different restriction
endonucleases: a 5’
overhang with the
sequence 5'-GATC-3' is
produced by both
BamHI (recognizes 5'-
GGATCC-3") and
Sau3AI (recognizes 5'-
GATC-3').




Note that most, but not all, recognition sequences have inverted symmetry: when read in the 5°—3" direction, the sequence is the same in both

Enzyme

Al
Sau3Al
Hinfl
BamHI
BsBl
EcoRI
Psd
Nod

Bgl

N = any nucleotide.

Recognition sequence

5'-AGCT-3'

3'-TCGA-5'

5'-GATC-3'

3'-CTAG-5'
5'-GANTC-3'
3'-CTNAG-5'
5'-GGATCC-3'
3'-CCTAGG-5'
5'-CCGCTC-3
3'-GGCGAG-5
5'-GAATTC-3'
3'-CTTAAG-5'
5'-CTGCAG-3'
3'-GACGTC-5
5'-GCGGCCGC-3'
3'-CGCCGGCG-5
5'-GCCNNNNNGGC-3'
3'-CGGNNNNNCCG-5'

strands.

Type of ends

Blunt

Sticky, 5 overhang
Sticky, 5 overhang
Sticky, 5" overhang
Blunt

Sticky, 5 overhang
Sticky, 3" overhang
Sticky, 5 overhang

Sticky, 3' overhang

Some examples of restriction endonucleases

End sequences

5'-AG CT-3'

3'-TC GA-5'

5'- GATC-3'

3'-CTAG -5’

5'-G ANTC-3'

3'-CTNA G-5'

5'-G GATCC-3'
3'-CCTAG G-5'

5'- NNNCCGCTC-3'

3'- NNNGGCGAG-5'
5'-G AATTC-3
3'-CTTAA G-5'
5'-CTGCA G-3'

3'-G ACGTC-5'

5'-GC GGCCGC-3'
3'-CGCCGG CG-5'
5'-GCCNNNN NGGC-3'
3'-CGGN NNNNCCG-5'



(A) The role of DNA ligase in vivo

(B) Ligation in vitro

(C) Sticky-end ligation is more efficient
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Ligation of DNA molecules with
DNA ligase

(A) In living cells, DNA ligase
synthesizes a missing
phosphodiester bond in one strand
of a double-stranded DNA molecule.

(B) To link two DNA molecules /n vitro,
DNA ligase must make two
phosphodiester bonds, one in each
strand.

(C) Ligation in vitrois more efficient
when the molecules have compatible
sticky ends, because ftransient
base-pairing between these ends
holds the molecules together and
so increases the opportunity for
DNA ligase to attach and
synthesize the new phosphodiester
bonds.
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DNA(gene) Cloning

In this example, the fragment of DNA to be cloned is inserted into a
plasmid vector which is subsequently replicated inside a bacterial host.

Plasmid DNA

Insert

|
new DNA Replicate inside
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/ Many copies
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Plasmid vector pBR322

The map shows the positions of the ampicillin-resistance gene (amp <), the
tetracycline-resistance gene (et ), the origin of replication (ori) and the
recoghition sequences for seven restriction endonucleases.
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Recombinant selection with pBR322

——] New DNA inserted
BamHI in the BamHl| site
e Recombinant pBR322 —
pBR322 ~ \ ‘ uventraren
amp'™ tet™
Ampicillin agar

_ —all colonies grow

Wooden
block

Touch surface - g Touch surface
Replica plating - ’ lm
Colonies on Tetracycline Colonies on
ampicillin agar agar tetracydline agar
Tetracycline agar
- only non-recombinant

colonies grow




Recombinant selection with pUC8

Ampicillin
resistance
gene

Cluster of unique
puUCS restriction sites Recombinant

Hindlll

2.7kb Pstl pUCS
Sall, Accl, Hinell
BamH|

Smal, Xmal
lacZ' gene EcoRl

DNA insert

B-galactosidase produced
X-gal split to blue product

No B-galactosidase
X-gal not split

Agar + ampicillin + X-gal



Blue/white colony selection

Blue colony

White colony

No colony



Analyzing the Results of a PCR by Agarose Gel Electrophoresis

The PCR has been carried out in a microfuge tube. A sample is loaded into lane 2 of
an agarose gel. Lane 1 contains DNA size markers, and lane 3 contains a sample of a
PCR done by a colleague. After electrophoresis, the gel is stained with ethidium
bromide Lane 2 contains a single band of the expected size, showing that the PCR
has been successful. In lane 3 there is no band - this PCR has not worked.
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