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What is the genetic code, 
and how is it harnessed?
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5.1–5.5  

DNA: what is it, and 

what does it do?



5.1  “The DNA 200”

Knowledge about DNA is 
increasing justice in the world.



Take-home message 5.1

DNA is a molecule that all living organisms 
carry in every cell in their body. 



5.2  The DNA molecule contains 
instructions for the development 
and functioning of all living 
organisms.





DNA “Double Helix”

Nucleic acids and nucleotides



5.3  Genes are sections of DNA that 
contain instructions for making 
proteins.

Why is DNA considered the 
universal code for all life on earth?



Sugars, Phosphates, 
and Bases

A, T, C, and G

base pairs



Take-home message 5.2

DNA is a nucleic acid, a macromolecule 
that stores information. 

 It consists of individual units called 
nucleotides: a sugar, a phosphate group, 
and a nitrogen-containing base. 



Take-home message 5.2

DNA’s structure resembles a twisted 
ladder, with the sugar and phosphate 
groups serving as the backbones of the 
molecule and base pairs serving as the 
rungs.



6.5  Cell division is preceded by 
replication. 

Persistence and propagation



Replication

 The process of DNA duplication 



Complementarity

 The characteristic that in the double-
stranded DNA molecule the base on one 
strand always has the same pairing-
partner (called the complementary 
base) on the other strand



Complementarity

 Every “A” (adenine) pairs with “T”
(thymine) and vice-versa. 

 Every “G” (guanine) pairs with “C”
(cytosine) and vice-versa. 







Errors sometime occur when 

DNA duplicates itself.

Why might that be a good thing?



Mutation

A variety of errors can occur during 
replication.

 Several DNA repair processes occur after 
replication.

 If an error remains, however, the 
sequences in a replicated DNA molecule 
(including the genes) can be different
from those in the parent molecule.



Take-home message 6.5

 Every time a cell divides, the cell’s DNA 
must duplicate itself so that both new cells 
have all the DNA of the parent cell.

This process of DNA duplication is called 
replication.

 Errors in replication can lead to changes in 
the DNA sequence called mutations.







The number of chromosomes varies from 
species to species.

 Corn has 10 unique chromosomes.

 Fruit flies have only four.

 Dogs and chickens have 39 different chromosomes.

 Goldfish have 47 chromosomes.

 Individuals in each of these species inherit one 
copy of each chromosome from each parent.



Genes

A sequence of bases in a DNA molecule 
that carries the information necessary for 
producing a functional product, usually a 
protein molecule or RNA





Take-home message 5.3

DNA is a universal language that provides 
the instructions for building all the 
structures of all living organisms. 

The full set of DNA an organism carries is 
called its genome. 



Take-home message 5.3

 In prokaryotes, the DNA occurs in circular 
pieces. 

 In eukaryotes, the genome is divided 
among smaller, linear strands of DNA 
called chromosomes. 



Take-home message 5.3

A gene is a sequence of bases in a DNA 
molecule that carries the information 
necessary for producing a functional 
product, usually a protein molecule or 
RNA.



5.4  Not all DNA contains instructions 
for making proteins.

Insert figure 5-8



An onion has five times as 

much DNA as a human.

Why doesn’t that make them 
more complex than us?



The Proportion 
of the DNA 
That Codes for 
Genes 





Introns

Non-coding regions of DNA

May take the form of short (or long) 
sequences that are repeated thousands of 
times

May also consist of gene fragments, 
duplicate versions of genes, and 
pseudogenes



Take-home message 5.4

Only a small fraction of the DNA in 
eukaryotic species codes for genes.

 The function of the rest is still a mystery, 
although it may play a role in gene 
regulation.



5.5  How do genes work?

An overview



 Genotype
• All of the genes contained in an 

organism

 Phenotype
• The physical manifestations of the 

instructions





Take-home message 5.5

 The genes in strands of DNA are a 
storehouse of information, an instruction 
book. 



Take-home message 5.5

The process by which this information is 
used to build an organism occurs in two 
main steps:

Transcription, in which a copy of the a 
gene’s base sequence is made

Translation, in which that copy is used to 
direct the production of a protein



5.6–5.8  

Building organisms: 

information in DNA 

directs the production 

of the molecules that 

make up an organism.



5.6  Transcription: Reading the 
information coded in DNA





Take-home message 5.6

 Transcription is the first step in the two-step 
process by which DNA directs the synthesis 
of proteins. 

 In transcription, a single copy of one specific 
gene within the DNA is made, in the form of 
a molecule of mRNA, which moves where it 
can be translated into a protein.



5.7  In translation, the mRNA 
copy of the information from DNA 
is used to build functional 
molecules.



Several ingredients must be present in the 
cytoplasm for translation to occur: 

 Free amino acids

Ribosomal units

 Transfer RNA





The Genetic Code

Insert figure 5-14



Insert figure 5-15



Take-home message 5.7

 Translation is the second step in the two-
step process by which DNA directs the 
synthesis of proteins. 

 In translation, the information from a gene 
that has been carried by the nucleotide 
sequence of an mRNA is read, and 
ingredients present in the cell’s cytoplasm 
are used to produce a protein.



The entire process of protein synthesis is often 
referred to as the “Central Dogma of Molecular 
Biology” stating that DNA codes for RNA, which 

codes for proteins.



5.9–5.10  

Damage to the 

genetic code has a 

variety of causes and 

effects.



5.9  What causes a mutation, 
and what are its effects?

Alteration of the sequence of bases in 
DNA can

• lead to changes in the structure and function 
of the proteins produced.

• have a range of effects.



Breast Cancer in Humans

 There are two human genes, called BRCA1
and BRCA2.

More than 200 different changes in the 
DNA sequences of these genes have been 
detected.

 Each of these changes results in an 
increased risk of developing breast cancer.





Mutations in Sex Cells (Gametes) and 
Non-Sex Cells (Somatic Cells)

Differences?

Gene Mutations

Chromosomal Mutations 

Which may get passed on to offspring?



Gene Mutations

Gene mutations involving a change in one or a 
few nucleotides are known as point mutations
because they occur at a single point in the DNA 
sequence. 

Point mutations include substitutions, 
insertions, and deletions.

Copyright Pearson Prentice Hall

Resources/Movies/vapointm.mov
Resources/Movies/vapointm.mov


Copyright Pearson Prentice Hall

Kinds of Gene Mutations

Substitutions
usually affect no 
more than a single 
amino acid. A base 
is substituted for 
another base.



Copyright Pearson Prentice Hall

Kinds of Gene Mutations

The effects of insertions or deletions are more 
dramatic.

The addition or deletion of a nucleotide causes a 
shift in the grouping of codons, therefore 
proteins are built incorrectly.

Changes like these are called frameshift 
mutations.



Copyright Pearson Prentice Hall

Kinds of Gene Mutations

In an insertion, an 
extra base is inserted 
into a base sequence.



In a deletion, the loss of a single base is deleted 
and the reading frame is shifted.  Amino Acid 

Sequence Changed



Copyright Pearson Prentice Hall

Kinds of Chromosomal Mutations

Deletions involve the loss of all or part of a 
chromosome.



Copyright Pearson Prentice Hall

Kinds of Chromosomal Mutations

Duplications
produce extra 
copies of parts of 
a chromosome 
(sequence 
repeated).

Resources/Movies/vaduplic.mov
Resources/Movies/vaduplic.mov
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Kinds of Mutations

Inversions reverse the direction of parts of 
chromosomes.



Copyright Pearson Prentice Hall

Kinds of Chromosomal  Mutations

Translocations occurs 
when part of one 
chromosome breaks off 
and attaches to another.

Resources/Movies/vatransl.mov
Resources/Movies/vatransl.mov


Are Mutations Helpful or Harmful?

• Mutations happen regularly
• Almost all mutations are neutral 
• Chemicals & UV radiation cause 

mutations
• Many mutations are repaired by 

enzymes   
– Do you remember the name of that 

enzyme?
• DNA polymerase



Are Mutations Helpful or Harmful?

• Some type of skin cancers and 
leukemia result from somatic (body 
cell) mutations

• Some mutations may improve an 
organism’s survival (beneficial)







Why is it dangerous to be near 
the core of a nuclear power 
plant?

Chemical-induced mutations



Take-home message 5.9

Mutations are alterations in a single base 
or changes in large segments of DNA that 
include several genes or more. 

They are rare, but when they do occur, 
they may disrupt normal functioning of the 
body (although many mutations are 
neutral).



Take-home message 5.9

 Extremely rarely, mutations may have a 
beneficial effect.

 They play an important role in evolution.



5.10  Faulty genes, coding for faulty 
enzymes, can lead to sickness.

How can people respond so differently to 
alcohol?

A single difference in a single pair of bases 
in their DNA.


