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PREFACE

• In this powerpoint we will explore these genes further.

• What are genes. 

• How were genes discovered?

• How do genes work? What do they do?

• How do genes mutate?

We just finished evolution and defined it as a “change 
in allele/gene frequency in a population over time”.  
We also discussed the importance of mutations as 
they generate new genes.



What determines an organism’s traits?

• (Basic Definition) A unit of inheritance that controls a phenotypic 
character.

• (Better Definition) A nucleotide sequence along a molecule of DNA 
that codes for a protein.

• (Best Definition) save for another time.

GenesDNA Proteins Traits

OK, What exactly is a gene?



DNA...”The Blueprints of Life”

• This idea was hotly contested through half of the 20th century.

• Finally in 1953 James Watson and Francis Crick not only confirmed 
that DNA was in fact the molecule of inheritance but they described 
its structure and hypothesized a replicating mechanism. 

• The story begins in the early 1900’s...

GenesDNA Proteins Traits

DNA is the molecule of inheritance!



DNA...”The Story”

• Two leading suspects were nucleic acids and proteins.

• Most thought proteins were more likely suspect. 

• with 20 subunits making up protein and only 4 
subunits making up nucleic acids, protein diversity 
was enormous

After the work of Darwin and Mendel the race was 
on to clarify the vague meaning of “units of 

heredity”...What exactly were the units of heredity?



DNA...”The Blueprints of Life”

• Biologists had noted that the amount of DNA in a cell prior to cell 
division was “X”, prior to mitosis the amount was “2X” and after 
cell division the amount of DNA returned to “X” amount.

• It was a fact that biologists could not explain at the time, with 
their current understandings.

• Obviously later with new perspectives this makes perfect sense

Early 20th Century Circumstantial Evidence

DNA...”The Story”

Makes you wonder... what knowledge today is 
floating around, going unnoticed, waiting to help us 

answer one of our many unanswered questions. 



DNA...”The Blueprints of Life”

• While trying to develop a vaccine against Streptoccocus pneumoniae, 
he made a rather interesting observation.

• He later explained his observation by a term he coined...

•  Transformation a chemical component moved from one cell to 
another and changed the phenotype of the recipient cell. 

• Today we know that external DNA was taken up and assimilated 
by the bacteria whose phenotype was altered

1928 Frederick Griffith

DNA...”The Story”

Griffith’s Experiment is described on the next slide



DNA...”The Blueprints of Life”
1928 Frederick Griffith

DNA...”The Story”



DNA...”The Blueprints of Life”

• For 14 years Oswald Avery tried to determine the identity of 
Griffith’s “transforming” agent.

• Avery’s work centered around purifying molecules from the heat 
killed bacteria

• Finally in 1944 he and his colleagues identified the agent... DNA! 

1944 Avery, McCarty & Macleod

DNA...”The Story”



DNA...”The Blueprints of Life”
1944 Avery, McCarty & Macleod

DNA...”The Story”



DNA...”The Blueprints of Life”

• A biochemist, Chargaff was analyzing and comparing DNA from 
different species.

• From his work he two observations emerged which later became 
known as “Chargaff’s Rules” 

• (ironically there was no basis for them at the time)

• Rule 1: nucleic acid bases vary between species

• this was somewhat unexpected 

• Rule 2: within a species the number of A bases are equal to T 
bases and C bases are equal to G bases

1947-1950 Erwin Chargaff

DNA...”The Story”



DNA...”The Blueprints of Life”

• Hershey and Chase continued the search for the elusive “unit of 
heredity”.

• Their experiment definitively showed that DNA was in fact the 
unit of heredity used by viruses 

• many began to contemplate the idea that DNA may be the unit 
of heredity for all living organisms

• The tide was changing!

1952 Alfred Hershey & Martha Chase

DNA...”The Story”

Hershey and Chase’s Experiment is described on the next slide



DNA...”The Blueprints of Life”
1952 Alfred Hershey & Martha Chase

DNA...”The Story”



DNA...”The Blueprints of Life”

• By now many felt that DNA was 
the elusive “unit of heredity” and 
the next step would be to determine 
its structure.

• Prior to the 1950’s chemists already 
knew that DNA is a polymer of 
nucleotides, each consisting of three 
components: a nitrogenous base, a 
sugar, and a phosphate group.

1950’s Rosalind Franklin, Linus Pauling, Maurice Wilkins

DNA...”The Story”
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DNA...”The Blueprints of Life”

• Rosalind Franklin wrote that the sugar-phosphate groups made up 
the backbone on DNA.

• Wilkins and Franklin used X-ray crystallography to determine 
DNA’s 3-D shape but could interpret the images

1950’s Rosalind Franklin, Linus Pauling, Maurice Wilkins

DNA...”The Story”

(a) Rosalind Franklin Franklin’s X-ray diffraction 
Photograph of DNA

(b)



DNA...”The Blueprints of Life”

• Watson & Crick put all the puzzle pieces together in a 1 page paper 
that described the structure of DNA.

• They won Nobel Prize

1953 James Watson & Francis Crick

DNA...”The Conclusion”



DNA...”The Blueprints of Life”

• Watson recognized the x-ray image from Wilkin’s lab as a helix.

• They used what chemists already knew about DNA

• They used Chargaff’s observations

• They read Franklin’s paper suggesting a sugar-phosphate backbone

• From these pieces Watson & Crick deduced the following 
structure of DNA as seen on the next few slides

The Puzzle Pieces

DNA...”The Conclusion”



DNA...”The Blueprints of Life”DNA
They knew...
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DNA...”The Blueprints of Life”DNA
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DNA...”The Blueprints of Life”Structure of DNA



DNA...”The Blueprints of Life”DNA Replication

Conservative model. The two parental 
strands reassociate after acting as 
templates for new strands, thus 
restoring the parental double helix.

Semiconservative model. The two 
strands of the parental molecule 
separate, and each functions as a 
template for synthesis of a new, 
complementary strand.

Dispersive model. Each strand of both 
daughter molecules contains a mixture 
ofold and newly synthesized DNA.

Parent cell

First 
replication

Second 
replication

Parent cell

Parent cell

3 possible copying mechanisms



DNA...”The Blueprints of Life”DNA Replication
The basic principle behind DNA replication is that 
each of the two complimentary strands serves as a 

template for the replication of new strands



DNA...”The Blueprints of Life”DNA Replication
• Many proteins work together in DNA replication and 

repair

• The parent molecule unwinds, and two new daughter 
strands are built based on base-pairing rules

• Copying DNA Is done with remarkable in its speed and 
accuracy 

• The replication of DNA begins at special sites called 
origins of replication, where the two strands are 
separated



DNA Replication (prokaryotes)
Bacteria have only one 

origin of replication

DNA Gyrase- relaxes the supercoils and unwinds DNA 

Helicase- seperates DNA strands (requires ATP) 

Single Strand Binding Proteins- holds the two strands apart



DNA Replication (prokaryotes)

Primase- special RNA polymerase that lays down 15-50 
nucleotides, that serve as a starting point for replication 

DNA Polymerase III- large protein/enzyme complex that 
synthesizes new DNA strands from the template strands by 
adding one nucleotide at a time according to base pair rules 



DNA Replication (prokaryotes)

Primase- special RNA polymerase that lays down 15-50 
nucleotides, that serve as a starting point for replication 

DNA Polymerase III- large protein/enzyme complex that 
synthesizes new DNA strands from the template strands by 
adding one nucleotide at a time according to base pair rules 



DNA Replication (prokaryotes)

Ligase- forms covalent bonds between Okazaki fragments 
in the lagging strand



DNA...”The Blueprints of Life”Proteins Involved in DNA Replication

Gyrase



DNA...”The Blueprints of Life”DNA Replication: Leading Strand



DNA...”The Blueprints of Life”DNA Replication: Lagging Strand



DNA...”The Blueprints of Life”DNA Replication: Video Review



Revisit this idea...

• (Basic Definition) A unit of inheritance that controls a phenotypic 
character.

• (Better Definition) A nucleotide sequence along a molecule of DNA 
that codes for a protein.

• (Best Definition) A region of DNA that can be expressed to produce 
a final functional product that is either a polypeptide or an RNA 
molecule.

GenesDNA Proteins Traits

OK, What exactly is a gene?



Genes

How do genes produce traits?

Proteins
Traits

Genotype Phenotype?

Proteins are the link between genotypes and phenotypes
Proteins are the link between genotypes and phenotypes
Proteins are the link between genotypes and phenotypes
Proteins are the link between genotypes and phenotypes



• The flow of genetic information involves two processes.

• Transcription 

• Translation

• Together these two processes represent gene expression.

DNA
Global Flow of Information

How do genes produce traits?

RNA Protein



• In 1902, British physician Archibald Garrod hypothesized that 
“genes” control enzymes which in return control phenotypes.

Gene Expression...”The Story”
Early 1900’s Archibald Garrod

Early 1940’s George Beadle & Edward Tatum

• Beadle & Tatums’s experimental results supported their                  
one gene - one enzyme hypothesis (which states that one dictates the 
production of a specific enzyme).

Early 1940’s Adrian Srb & Norman Horowitz
• Srb and Horowitz’s experimental results provided  additional 

support for the one gene - one enzyme hypothesis.



• As researched continued the one gene - one enzyme hypothesis was 
modified as our understanding grew and technologies evolved.

• First we realize not all proteins are enzymes thus it became

• one gene - one protein hypothesis

• Later we learn that many proteins are constructed from multiple 
polypeptides thus it becomes

• one gene - one polypeptide hypothesis

• Today we know that genes also code for RNA molecules...thus

Gene Expression...”The Conclusion”
Decades Later

A region of DNA that can be expressed to produce a final functional 
product that is either a polypeptide or an RNA molecule.



RNA



• The flow of genetic information involves two processes.

• Transcription, the synthesis of RNA using info stored in the 
DNA

• DNA serves as a template for mRNA 

• Their forms differ but their language is the same

• Translation, is the building of a polypeptide using the info 
stored in mRNA

• The language differs between nucleic acids and proteins

• The cell must translate a nucleotide sequence into an amino 
acid sequence of the polypeptide

Protein Synthesis (The Basics)



• Transcription & Translation occurs in every organism.

• The mechanics are the same or very similar in all cells

• However, one very important difference exists between prokaryotes 
and eukaryotes

The Central Dogma
DNA RNA Protein



• Once science agreed that DNA was the elusive “unit of 
inheritance”the next was to “crack the code”.

• Both nucleic acids and proteins are long polymers 
made of molecular subunits BUT nucleic acids are built 
with only 4 nucleotides (subunits) and proteins are 
built using 20 amino acids (subunits).

• How does a language with 4 characters translate into 
a language with 20 characters?

The Genetic Code



• 1 nucleotide could not code for 1 amino acid it would not be 
enough. 41 = 4 < 20

• 2 nucleotides could not code for 2 amino acids it would not be 
enough. 42 = 16 < 20

• 3 nucleotides could not code for 3 amino acids it would be more 
than enough. 43 = 64 > 20

• We know that the language of life (nucleic acids) is written in a 
triplet code.

• DNA uses three non-overlapping nucleotides to code 
for three non-overlapping nucleotides (codons) of 
mRNA which in turn codes for a single amino acid.  

The Genetic Code



The Genetic Code

DNA 
molecule

Gene 1

Gene 2

Gene 3

DNA strand 
(template)

TRANSCRIPTION

mRNA

Protein

TRANSLATION

Amino acid

A C C A A A C C G A G T

U G G U U U G G C U C A

Trp Phe Gly Ser

Codon

3ʹ 5ʹ

3ʹ5ʹ

How many 
nucleotides 

would it take 
to build a  

protein with 
250 amino 

acids?

750 (at least)



• Determined that UUU coded for the amino acid phenyalanine.

• By the mid 1960’s all 64 codons were deciphered.

1961 Marshall Nirenberg
The Genetic Code



Another Amino Acid Look Up Table



• The genetic code has some noteworthy characteristics.

• Redundancy

• AGU = serine, AGC = serine, multiple codons exist for the same 
amino acid

• No Ambiguity

• AGU = serine,  any codon always codes for the same amino acid, 
it never changes

• Universal* (nearly)

• This code is identical from bacteria to blue whales!

The Genetic Code

*A shared genetic code supports the idea common 
ancestry among all living organisms



Universal Genetic Code

Luciferase Gene

Firefly

Tobacco



A C C A A A C C G A G T

U G G U U U G G C U C A

Tr Ph Gl S

3ʹ 5ʹ

3ʹ5ʹ

A Short Side Trip...
Quick 

Reminder...

What happens when one or more 
of these nucleotides changes?



Point Mutations

In the DNA, the 
mutant template 
strand has an A where  
the wild-type template  
has a T.

The mutant mRNA has  
a U instead of an A in  
one codon.

The mutant (sickle-cell)  
hemoglobin has a valine  
(Val) instead of a glutamic  
acid (Glu).

Mutant hemoglobin Wild-type hemoglobin 

mRNA

Normal hemoglobin Sickle-cell hemoglobin

Glu Val

C T T C A T

G A A G U A

3ʹ

5ʹ

Changes in one base pair of a gene.

mRNA

5ʹ 5ʹ

5ʹ 3ʹ3ʹ

3ʹ



Point Mutations- Base Pair Substitutions
Wild type

A U G A A G U U U G G C U A AmRNA 5ʹ
Protein Met Lys Phe Gly Stop

Carboxyl end
Amino end

3ʹ

A U G A A G U U U G G U U A A

Met Lys Phe Gly

Base-pair substitution
No effect on amino acid sequence

U instead of C

Stop

A U G A A G U U U A G U U A A

Met Lys Phe Ser Stop

A U G U A G U U U G G C U A A

Met Stop

Missense A instead of G

Nonsense
U instead of A

Replacement of one 
nucleotide and its 

partner with another 
pair of nucleotides, 

can result in 
missense or 

nonsense mutations



Point Mutations-  
Base Insertions & Deletions

mRNA
Protein

Wild type
A U G A A G U U U G G C U A A

5ʹ
Met Lys Phe Gly

Amino end Carboxyl end

Stop

Base-pair insertion or deletion

Frameshift causing immediate nonsense

A U G U A A G U U U G G C U A

A U G A A G U U G G C U A A

A U G U U U G G C U A A

Met Stop

U

Met Lys Leu Ala

Met Phe Gly
Stop

MissingA A G

Missing

Extra U

Frameshift causing extensive  
missense

Insertion or deletion of 3 nucleotides: 
no frameshift but extra or missing amino acid

3ʹ

Additions and 
losses of nucleotide 
pairs in a gene, can 
cause frameshifts



Prokaryotic Transcription
Promoter Transcription unit

RNA polymerase
Start point

5ʹ 
3ʹ

3ʹ 
5ʹ

3ʹ 
5ʹ

5ʹ 
3ʹ

5ʹ 
3ʹ

3ʹ 
5ʹ

5ʹ 
3ʹ

3ʹ 
5ʹ

5ʹ

5ʹ

Rewound 
RNA

RNA 
transcript

3ʹ

3ʹ

Completed RNA transcript

Unwound 
DNA

RNA 
transcript

Template strand of DNA

DNA

Initiation. After RNA polymerase binds to  
the promoter, the DNA strands unwind, and  
the polymerase initiates RNA synthesis at the  
start point on the template strand.

Elongation. The polymerase moves downstream, unwinding the 
DNA and elongating the RNA transcript 5ʹ → 3 ʹ.  In the wake of  
transcription, the DNA strands re-form a double helix 

Termination. Eventually, the RNA 
transcript is released, and the  
polymerase detaches from the DNA. 

As soon as one RNA 
polymerase moves 

off of promoter 
another one can bind 

and so forth like a 
convoy of trucks



Transcription



Prokaryotic Transcription

RNA 
polymerase

Non-template 
strand of DNA

RNA nucleotides

3ʹ end

C A E G C A A

U

T A G G T T
A

A
C

G

U

A
T

C
A

T C C A A T
T

G
G

3ʹ

5ʹ

5ʹ

Newly made 
RNA

Direction of transcription 
(“downstream”) Template 

strand of DNA

Elongation

RNA 
polymerase
-uncoils DNA
-splits DNA

-holds DNA open
-adds RNA 
nucleotides

proceeds at a 
rate of approx. 
40 nucleotides 

per second



Prokaryotic Translation
TRANSCRIPTION

TRANSLATION

DNA

mRNA
Ribosome

Polypeptide

Polypeptide

Amino 
acids

tRNA with 
amino acid 
attached

Ribosome

tRNA

Anticodon

mRNA

Trp

Phe Gly

A G C

A A A

C
C

G

U G G U U U G G C

Codons5ʹ 3ʹ

the cytosol is 
stocked with free 

floating amino 
acids

tRNA’s are also 
floating freely

every specific 
amino acid is 

carried by a tRNA 
carrying specific 

anticodon



Prokaryotic Translation
• Translation involves 3 steps, also named...

• Initiation

• Elongation

• Termination

• Translation involves a number of different “characters”...

• tRNA

• ribosomes (small & large subunits)

• mRNA

• amino acids



mRNA
“Our Cast of Characters”

single 
stranded

Uracil

ribose sugar in 
the backbone



Ribosomes
“Our Cast of Characters”

50s

30s

70s

rRNA is the most abundant type of cellular RNA



tRNA
“Our Cast of Characters”

“L” shaped~80 nucleotides



Amino Acids
“Our Cast of Characters”

General Amino Acid Structure in Solution



Amino Acids
“Our Cast of Characters”



Translation



Translation- Initiation
“The Processes”

Large 
ribosomal 
subunit

The arrival of a large ribosomal subunit completes  
the initiation complex. Proteins called initiation 
factors (not shown) are required to bring all the  
translation components together. GTP provides  
the energy for the assembly. The initiator tRNA is  
in the P site; the A site is available to the tRNA  
bearing the next amino acid.

Initiator tRNA

mRNA

mRNA binding Small 
ribosomal 
subunit

Translation initiation 

P site

GDPGTP

Start codon

A small ribosomal subunit binds to a molecule of  
mRNA. In a prokaryotic cell, the mRNA binding site  
on this subunit  recognizes a specific nucleotide  
sequence on the mRNA just upstream of the start  
codon. An initiator tRNA, with the anticodon UAC, 
 base-pairs with the start codon, AUG. This tRNA  
carries the amino acid methionine (Met). 

Met
Met

U A C

A U G

E A

3ʹ

5ʹ

5ʹ

3ʹ

3ʹ5ʹ 3ʹ5ʹ

1. 2.



Translation- Elongation
“The Processes”

Amino end 
of polypeptide

mRNA

Ribosome ready for 
next aminoacyl tRNA

E

P A

E

P A

E

P A

E

P A

GDP
GTP

GTP

GDP

2

2

site site5ʹ

3ʹ

TRANSCRIPTION

TRANSLATION

DNA

mRNA
Ribosome

Polypeptide

Codon recognition. The anticodon  
of an incoming aminoacyl tRNA  
base-pairs with the complementary  
mRNA codon in the A site. Hydrolysis 
of GTP increases the accuracy and 
efficiency of this step.

Peptide bond formation. An  
rRNA molecule of the large  
subunit  catalyzes the formation  
of a peptide bond between the  
new amino acid in the A site and  
the carboxyl end of the growing  
polypeptide in the P site. This step  
attaches the polypeptide to the  
tRNA in the A site.

Translocation. The ribosome  
translocates the tRNA in the A  
site to the P site. The empty tRNA  
in the P site is moved to the  E site,  
where it is released. The mRNA  
moves along with its bound tRNAs, 
bringing the next codon to be  
translated into the A site.

3.
2.

1.



Translation- Termination
“The Processes”

Release  
factor

Free 
polypeptide

Stop codon 
(UAG, UAA, or UGA)

5ʹ

3ʹ 3ʹ

5ʹ

3ʹ
5ʹ

When a ribosome reaches a stop  
codon on mRNA, the A site of the  
ribosome accepts a protein called  
a release factor instead of tRNA.

The release factor hydrolyzes  
the bond between the tRNA in  
the P site and the last amino  
acid of the polypeptide chain.  
The polypeptide is thus freed  
from the ribosome.

The two ribosomal subunits  
and the other components of  
the assembly dissociate. This 
also requires energy- 2GTP 
molecules.

3.
2.

1.

Keep in mind this polypeptide now 
must fold into a 3-D molecule before 

it becomes functional



• Transcription & Translation occurs in every organism.

• The mechanics are the same or very similar in all cells

• However, one very important difference exists between prokaryotes 
and eukaryotes

A Final Reminder

Prokaryotic Transcription and Translation 
are not separated by time and space



Regulating Gene Expression

• A cell’s genome consists of all its genes.

• NOT ALL genes need to be expressed at ALL times.

• ONLY certain genes are expressed at certain times.

• Bacteria turn on and turn off genes in 
response to the environmental conditions.

• As environmental conditions change so to 
does gene expression.



Regulating Gene Expression
• A bacteria that can turn its genes on and off in 

response to environmental changes will save both 
resources and energy over time.

• Natural selection has favored these bacteria over those 
which have less control.

• Consider E-coli that live in a human colon, if human meal 
includes a particular nutrient then they need not produce it (save 
energy ) BUT if human meal does not include a particular 
nutrient then they need produce it.

• This fundamentally requires that the E-coli turn on/off 
certain genes depending on the presence/absence of a 
particular nutrient.


