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Genetic Manipulation
The Basis of Genetics

Genetics: the science of heredity, dealing
with resemblances and differences of related
organisms

‘We deal primarily with the molecular
mechanisms underlying genetics and
methods for manipulating them
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Genetic Manipulation
The Basis of Genetics

Why 1s a cow a cow?




Genetic Manipulation
The Basis of Genetics
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Genetic Manipulation
The Basis of Genetics

Why 1s a cow a cow?

If the nucleus (DNA) 1s
removed and replaced
by a banteng nucleus,

a single cell cow embryo
produces a banteng

Advanced Cell Technologies, Inc. 2003
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Genetic Manipulation
The Basis of Genetics

Why 1s a human a human?

Would a single cell cow embryo produce a human if the
nucleus were replaced?
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The Basis of Genetics

Backbone: Deoxyribose sugar plus phosphate Nucleotides (bases)

1 turn = 10 base pairs = 3.4 nanometers

coxyribo ucleic cid DNA
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Genetic Manipulation
Growth and Cell Division

From
Gray's Anatomy, 1918
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Genetic Manipulation
Growth and Cell Division

We need building
terials!

From
Gray's Anatomy, 1918
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Genetic Manipulation
Growth and Cell Division: Protein

« Proteins are large organic compounds made of amino acids
arranged 1n a
linear chain. Amino acid (1) Amino acid (2)

H
A

< Twenty different kinds - : /Q

of standard AAs, - -

depending on the
residue

Common
Amino

Acids
Dipeptide
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Genetic Manipulation

Growth and Cell Division: Protein Primary protein structure
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Growth and Cell Division: Protein

Protein Structure
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Genetic Manipulation
Growth and Cell Division: Enzyme

- Enzymes: Biomolecules that catalyze
(dramatically increase the rates of)
specific chemical reactions.

Billion years — Milliseconds

- Almost all enzymes are proteins

- A name ending in “ase” indicates an enzyme
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Genetic Manipulation
DNA Replication
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Genetic Manipulation
DNA to Proteins

Gene

The basic physical unit of heredity; a linear sequence of
nucleotides along a segment of DNA that provides the
coded 1nstructions for synthesis of RNA, which, when
translated into protein, leads to the expression of
hereditary character.
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Genetic Manipulation
DNA Proteins (Transcription)
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Genetic Manipulation
DNA Proteins (RNA)

* First step: make fﬁ;; cuanine)
messenger RNA (mRNA)
from one strand of DNA

- RNA is just like DNA . )\NHE
except for the sugar O=F~0y
(added OH) -

* Thymine 1s replaced by giéit%
uracil o

* Pairing occurs between Phosphate O=f—
GC, AU 2

* No simple double helix
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Genetic Manipulation
DNA Proteins

= A part of the DNA (a gene) 1s copied into messenger RNA

* The messenger RNA is read by a ribosome and each three
nucleotides specifies an amino acid
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Genetic Manipulation
DNA Proteins (RNA)
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Genetic Manipulation
DNA Proteins (Translation)

newly born protein

amino acids —@®
, )
\ -

_ large subunit |

Ribosome
(two parts)

- m RMNA

e Kn) IT'IF' ~
1‘*1 1 lJ_ Lif/

$‘~§;‘ L T ";___:
== | H‘-]EI‘ ;[I‘Jlmi_‘;j_-hj-“ -.I.

™~ small subunit——__

DNA to Protein

Science and Society
Copyright, 2009, Wendell Wiggins


file:///C:/WW/Videos/From_RNA_to_Protein_Synthesis.mov

Genetic Manipulation

Chromosomes

==*——Short arm

Centromere

Chromatid,
1 copy of DNA
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Genetic Manipulation
DNA Replication: Cell Division

= Mitosis — Growth, creation
of 1dentical cells

~ Meiosis — Creation of eggs
or sperm (gametes)
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Genetic Manipulation
DNA Replication: DNA Silencing

- Each cell has two copies of each gene:
one from each parent

* One of the copies may be passive while
the other 1s active

- Both of the two copies can be active
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Genetic Manipulation
DNA Replication: Crossing Over
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Chromosomes

HUMAN CHROMOSOMES

Telomere
Chromatid
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Chromatin

DNA The Nucleosome "Beads-on-a-String"

The 30nm Fibre

| | | | f | |

Isolated patches. Genes under active transcription.

Less active genes.

Add core histones. Add histone H1.
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Genetic Manipulation
Chromatin

= Histone positions within the nucleosome using platinum
labeling and the scanning transmission electron microscope:
C J Stoeckert, M Beer, ] W Wiggins, J] C Wierman,
Journal of Molecular Biology, Aug 1984 (Vol. 177, Issue 3,
Pages 483-505)




Genetic Manipulation

Mutations

- Mutations
Changes to the nucleotide sequence of the genetic

material of an organism

- Point mutation
The replacement of a single base nucleotide with

another nucleotide

- Nucleotide deletion
Deletion of a single nucleotide. Leads to a frameshift
and 1ncorrect translation to protein.
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Genetic Manipulation
Mutations

Can we deliberately introduce mutations
(changes) to an organism's DNA?




Genetic Manipulation
DNA Modification: Plasmids

Bacterial DNA Plasmids

Cell
replicatio
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Genetic Manipulation
DNA Modification: Recombinant DNA

Site of cleavage G AATTC
CTTAAG

Cut with
— restriction endonuclease

Annealing Point of attatchment
\ and annealing

Sticky ends ,-;;:,:' Recombinant
Specified :E-.:enes. Plasm |d D NA
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Genetic Manipulation
DNA Modification: Recombinant DNA

-~ Restriction endonucleases discovered
by Werner Arber, Dan Nathans and
Hamilton Smith, for which they
received the Nobel prize in 1978

- Recombinant DNA technique in
plasmids was engineered by Stanley
Norman Cohen and Herbert Boyer in
1973
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Genetic Manipulation
DNA Modification: Gene Insertion

- The gene for human insulin was
inserted into E. Coli to produce insulin
for diabetics. Also human growth
hormone and oxytocin

- Over 3,000 restriction endonucleases
are known
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