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Molecular Genetics
• Replication

– Precisely copying all the genetic information (DNA)

– S-stage of cell cycle

– Exact replicas passed to daughter cells

• Gene Expression
– Using a specific bit of the genetic information

– Make a “working copy” of the needed bit (gene)

– Take the working copy to the workshop (ribosome)

– Use the copied instructions to build a specific protein

DNA & RNA are polymers of
nucleotides

RNA nucleotide

One nucleotide:

• Phosphate

• Sugar
– Deoxyribose (DNA)

– Ribose (RNA)

• Nitrogenous base

Nitrogen base determines type of
nucleotide

• Adenine
• Guanine
• Cytosine
• Thymine

– DNA only

• Uracil
– RNA only

DNA & RNA are nucleotide
polymers

The key to gene expression:
complementary base pairing
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Complementary base pairing

• A pairs with T

• C pairs with G

DNA Structure
• Strand base sequences are Complimentary to each other

DNA’s complementary base sequence

Replication is Semi-Conservative

• Replication depends
on base pairing

• Old strands serve as
templates

• Both copies have old
and new strands Template model for DNA replication

What is a gene?
• Structure:

– Short DNA sequence of nucleotides
– One chromosome carries hundreds of genes

• Function:
– Order of nucleotides in DNA determines order of

amino acids in protein
– Each gene codes for a different protein

The Central Dogma of Biology
Gene
Expression

• Copy the recipe from
the master document
(DNA gene) in the
nucleus.

• Use the copy of the
recipe (mRNA) to
produce the protein on
ribosomes in the
cytoplasm.
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Genes are Expressed as Proteins

The flow of genetic information

• 2 main stages
1) Transcription

– DNA information
copied to RNA

– Occurs in the nucleus

2) Translation
– RNA information used

to construct a protein
– Occurs in the

cytoplasm

I.Transcription:
DNA to RNA

• A specific gene is “turned on”

• Making RNA strand from
DNA gene

• Starts at Promoter - DNA
region before a gene

• Ends at Terminator - DNA
region at the end of a gene

Transcription of a gene

RNA nucleotides can base pair with
DNA nucleotides • RNA polymerase

moves along DNA
strand and builds
RNA strand

Fig. 7.7  Closer view of transcription

• Codons (“words”) are
RNA nucleotide triplets

• Each codon represents
a specific amino acid

Translation of RNA codons

II. Translation: the
sequence of mRNA
codons determines
the sequence of
amino acids in the
polypeptide

II. Translation

• On the ribosome

• tRNAs translate the
sequence of 3-base
nucleotide “words” (codons)
into a sequence of amino
acids in a polypeptide

• NOTE: the mRNA is
not “turned into” protein!
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The Genetic Code

• specific mRNA codons are associated with specific amino acids
• 64 codons, but only 20 aa’s

– Many codons are redundant
– Some are start/stop signals

Ribosomes are bound to
ER and free in cytoplasm

Ribosome: Made of rRNA and protein

Ribosomes: the site of translation

Fig. 7.12 Making lots of protein

• Many copies of mRNA can be made
from one gene

• Many ribosomes can make protein
from the same mRNA

• Amplification of information allows
rapid production of proteins

A problem of origins:
which came first?

Similar terms — often used interchangeably

• Biotechnology: the manipulation of organisms to
produce a product.
– Fermentation, artificial breeding, pharmaceutical and

nutritional supplements, and now…

• Genetic engineering: the direct manipulation of
an organism’s DNA.

• Recombinant DNA: insertion of DNA from one
source into another.

• Transgenics: producing an organism with foreign
DNA inserted into its genome.

TERMINOLOGYTERMINOLOGY
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• Restriction Digests

• RFLP — “genetic fingerprinting”

• Molecular Probes

• Recombinant DNA

• Gene Cloning

• Transgenics

TOOLS & TECHNIQUESTOOLS & TECHNIQUES
RESTRICTION ENZYMES

• Bacteria produce special enzymes to chop up viral DNA.
• Biotechnologist use these “restriction enzymes” to cut

DNA in specific places (restriction sites).
• Many restriction enzymes cut the DNA polymer in a

staggered pattern that produce “sticky” single-stranded
ends to the DNA fragments.

RESTRICTION ENZYMES

DNA Technology as a diagnostic tool

• Everyone’s DNA is unique
• Closer the relationship the more similar the DNA
• Restriction Fragment Length Polymorphisms

– RFLPs
– “Ruff-lips”

RESTRICTION FRAGMENT
ANALYSIS

RESTRICTION DIGEST
Æ RESTRICTION FRAGMENTS

• Electrophoresis of fragments

RESTRICTION FRAGMENT LENGTH
POLYMORPHISM




