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This lecture is about DNA and RNA, and their role in

cell function, heredity, and evolution.

All life on Earth uses DNA to store and transmit an

organism’s cellular “operating instructions”.

DNA is a double-helix polymer formed of a sugar and
phosphate backbone and 4 base-pair molecules.

Genetic code (genes and genome) and the mechanism

of replication.

RNA determines a cell’s function, synthesizing proteins
and enzymes.

Mutations, changes in DNA instructions, are the molecular
basis of evolution.

Nucleic Acids are the basis for the storage and

transmission of hereditary information in all cells.
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DNA

Deoxyribonucleic Acid

Encodes instructions for

making proteins and RNA.

RNA

Ribonucleic Acid

Determines a cell’s function

and manufactures proteins &
enzymes.

DNA stores the “operating instructions” for a cell.
RNA carries out the instructions and determines cell function.
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DNA is a long double helix structure consisting of a

pair of sugar-phosphate backbones connected by
four nucleobases that come in pairs.

Thymine

Adenine

DNA is a very long-chain polymer molecule

consisting of a very large number of base pairs.

Human DNA contains

nearly 3 Billion base pairs

Sequences of base pairs  §
code various cell functions: M

protein synthesis
RNA synthesis

regulation of synthesis

Unit is a “gene” which

codes for a single function. §

The “language” of DNA is written in the sequence of

base pairs that runs along the helix.
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The sequence of base pairs codes for protein

building by mapping to specific amino acids.

Proteins are chains of amino acids.

Three base-pair “words” code for specific amino acids, or

instructions like “start” and “stop” (ends of the protein chain).

The string of words specifies the sequence of amino acids
that make a particular protein.

Three-base “language” allows for 43 = 64 combinations.

Common genetic language of all life on Earth.
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The double helix structure of DNA allows for its

replication.

Helix unzips, splitting at the base pairs.

Each single strand’s complementary
base pairs are added by an enzyme

called DNA polymerase.

Result is a perfect copy of the DNA.
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The replication of DNA inside a cell is the first step

of cell division.

_’ Two diploid
DNA
replication

MllOS\S

DNA resides in the chromosomes.

Each chromosome is copied exactly.

Each daughter cell inherits an exact copy of the
DNA instructions

RNA is a single-stranded polymer with a different

backbone that uses Uracil instead of Thymine.

Ribose sugar and phosphate = e
backbone. i Y

Adenine pairs with Uracil = iy Adenino

Guanine pairs with Cytosine ofom T

RNA plays three roles in cells: Dol 1,

Copies instructions for protein k3 i<.”>. e
synthesis from DNA (mMRNA) o

Transports amino acids to the i e
synthesis site (tRNA) b

Catalyzes protein synthesis (rRNA)

Transcription:

mRNA copies
instructions from
DNA in the nucleus

and carries them to
the synthesis site

s

‘lulul'

(ribosome).

Translation:
tRNA gathers amino
acids and transports

them to the ribosome
where rRNA catalyzes
protein synthesis on

Coll mombrane

the mRNA
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Original:

Base Replacement:

Base Insertion:

Copying errors during DNA replication or RNA
transcription permanently change base sequences.

The big dog bit the red fox

The big dog qit the red fox

The big d%o gbi tth ere dfo x

Base Deletion:  The big ?b itt her edf ox
s}

Word Insertion:  The big dog bit xyz the red fox

The big dog bxy zit the red fox

Types of mutation

“Mutations” are changes in the Dusion  Duptcaton  Iersion

DNA's instructions.
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Some mutations have no effect
(e.g., occur on non-coding sequences)

Some make subtle changes in the E a g
organism (e.g., eye or hair color) M-8 = 5\5
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Some can make bigger changes S caton
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Some mutations are harmful q E => [él E

cause diseases (like cancer)
kill the cell outright

Examples of notable, disease-causing mutations.
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Mutations are the source of the genetic variations

that are crucial for evolution.

T

Once a mutation occurs, if the cell

survives, it is passed along to later
generations (heredity)

If the mutation confers an adaptive

advantage, gets amplified by natural
selection over many generations.

in the frequency of variation).

Mutation is the molecular basis of evolution.

A requirement of life is having a means of storing

and transmitting functional instructions (heredity).

Implications for Life elsewhere:

Does life on other worlds have
analogs of DNA and RNA?

Are there other molecules that
perform this function?

Longer words or more bases?
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