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Flow of Genetic Information
Information content of DNA is in the form of specific sequences of 
nucleotides

DNA inherited by an organism leads to specific traits by dictating 
the synthesis of proteins

Proteins are the links between genotype and phenotype 

Gene expression, the process by which DNA directs protein 
synthesis, includes transcription and translation

Fig. 17.1

DNA Directs Protein Synthesis
Two stages called transcription and translation

The ribosome is the site of translation 

Each gene controls the production of one polypeptide (sometimes 
referred to as the “one gene, one protein” hypothesis)

Transcription 

Synthesis of RNA under the direction of DNA (mRNA)

Translation

Synthesis of a polypeptide from mRNA (happens at ribosomes)

DNA RNA Protein 
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Prokaryotic vs. Eukaryotic
In prokaryotes, translation of mRNA can begin before 
transcription has finished.

In eukaryotes, this is not possible.
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The Codon
Each codon (3 nucleotide sequence) codes for an amino acid or a stop

The gene (DNA) determines the sequence of bases along the mRNA 
molecule

Codons are read from 5’ to 3’
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Universality
Genetic code is 
universal

Genes can be 
transcribed and 
translated after 
transplantation 
from one 
species to 
another (a) Tobacco plant expressing  

a firefly gene gene 
(b) Pig expressing a jellyfish 

Fig. 17.6
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Transcription
Started with the binding of 
RNA polymerase at a 
promoter

Separates the DNA 
strand and adds the 
RNA nucleotides

Follows same base 
pairing rules except, 
uracil substitutes for 
thymine

Three stages:
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Transcription
Promoter regions signal a binding site 
for the RNA polymerase

Transcription factors also help the 
RNA polymerase recognize the 
promoter sequence

RNA polymerase continues down the 
strand exposing 10-20 DNA bases at a 
time

Termination signals are different:

Prokaryotes: RNA polymerase 
stops at a termination sequence

Eukaryotes: RNA polymerase 
continues past a polyadenylation 
signal and will eventually fall off
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Eukaryotic Modification
Enzymes in the nucleus modify pre-mRNA before it is released to the cytoplasm

The 5’ end receives a nucleotide cap

The 3’ end receives a poly-A tail

RNA splicing - removing introns and joins exons

Figs. 
17.10 & 17.11
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Spliceosomes
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Alternative RNA 
Splicing

Depending on which 
segments are treated 
as introns, different 
proteins can be 
formed.

Consists of regions 
called domains

Different exons code 
for different domains
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tRNA
Single RNA strand that is about 80 nucleotides long

Joining of amino acid to the correct tRNA is accomplished 
by aminoacyl-tRNA synthetase
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Ribosomes
Facilitate the coupling of tRNA anticodons with mRNA codons

Made of proteins and RNA molecules (rRNA)
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Translation Three stages:
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Polyribosomes
Many ribosomes can 
simultaneously 
tranlate a single 
mRNA molecule 

This can result in 
signal 
amplification
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Post-translational Modifications
May be modified to impact the 3-D shape of the protein

Proteins destined for the endomembrane system or for secretion 
must be transported into the ER

Have signal peptides to which SRP (signal-recognition particle) 
binds, enabling the translation ribosome to bind to the ER
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Point Mutations
Mutations - changes in genetic material

Point mutations - changes in one base pair

Substitutions - can cause missense or nonsense 

Insertions and deletions - can cause frameshifts 
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Proks vs. Euks
In prokaryotes, translation can begin while 
transcription is still in progress

In eukaryotes, RNA processing happens in the nucleus.
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