
BIOLOGY 111

 CHAPTER 6: DNA: The Molecule of Life



Chromosomes and Inheritance
Learning Outcomes

6.1 Describe the structure of the DNA molecule and how this structure allows for the storage of information, the 

replication of DNA, and protein synthesis. (Modules 6.1, 6.2)

6.2 List the similarities and differences between the various nucleic acid molecules. (Modules 6.3, 6.6)

6.3 Describe the process of protein synthesis, including how the genetic information is transferred during 

transcription and translation. (Modules 6.3–6.7)

6.4 Define gene expression, and describe ways in which cells are able to regulate gene expression. (Modules 6.8, 

6.9)

6.6 Describe how certain mutations can result in cancer, and what can be done to treat cancer or prevent it. 
(Module 6.12)



DNA is a polymer of nucleotides:
DNA history

6.1) DNA is a polymer of nucleotides.

CORE IDEA: A molecule of DNA is a double helix made of two spiraling polynucleotide strands. Each 

strand is a long string of nucleotides. Each nucleotide consists of the same sugar and phosphate, and 

one of four possible bases. 

A. DNA history

B. The double helix

C. Nucleotides



A. DNA history

1. In the early 1900s, biologists hypothesized a molecule acted as a chemical 

basis of inheritance.

DNA is a polymer of nucleotides:
DNA history

a. Gregor Mendel hypothesized this in the mid 1800’s, but 

nobody believed that molecules were involved in heredity

2. By the 1950s, scientists had identified the hereditary material as 

DNA (deoxyribonucleic acid) and its 3-D structure.

3. DNA is one type of nucleic acid. 

a. RNA (ribonucleic acid) is the other type of nucleic acid



➢ What are monomers called that make up nucleic acids?

➢ Nucleotides!

▪ G, A, C and T (DNA)

▪ G, A, C and U (RNA)



B. The double helix

1. Every living cell contains chromosomes.

a. Humans have (2x23) 46 chromosomes

2. Each chromosome consists of one molecule of DNA plus organizing proteins.

a. DNA and histones form chromatin

DNA is a polymer of nucleotides:
The double helix



3. Overall structure of DNA is a double helix.

a. Two nucleotide strands wrap around each other.

b. Hydrogen bonds between bases hold the two 

strands together.

4. The precise chemical structure of DNA is common to 

all life on Earth.

DNA is a polymer of nucleotides:
The double helix



C. Nucleotides

1. Each molecule of DNA is made of individual subunits called nucleotides.

2. Each nucleotide is composed of the following:

a. A five-carbon sugar (deoxyribose in DNA)

i. Identical in all organisms

b. A negatively charged phosphate group

i. Identical in all organisms

c. A base

i. Varies—adenine (A), guanine (G), thymine (T), and cytosine (C)

ii. All genetic information is encoded in this four-letter alphabet.

DNA is a polymer of nucleotides:
Nucleotides



C. Nucleotides

1. Each molecule of DNA is made of individual subunits called nucleotides.

2. Each nucleotide is composed of the following:

a. A five-carbon sugar (deoxyribose in DNA)

i. Identical in all organisms

b. A negatively charged phosphate group

i. Identical in all organisms

c. A base

i. Varies—adenine (A), guanine (G), thymine (T), and cytosine (C)

ii. All genetic information is encoded in this four-letter alphabet.

DNA is a polymer of nucleotides:
Nucleotides



3. Polynucleotide

a. One molecule of DNA contains two polynucleotide 

strands wrapped around each other.

i. This forms a double helix.

b. Each polynucleotide is a strand of individual 

nucleotides.

c. Any sequence of the four bases is possible along 

its length.

DNA is a polymer of nucleotides:
Nucleotides



4. Sugar-phosphate backbone

a. A polynucleotide consists of bases attached to a 

sugar-phosphate backbone.

b. The backbone alternates sugar and phosphate 

groups that form a long chain.

c. The backbone is identical among all DNA 

molecules.

i. It is the sequence of bases (G,A,T,C) that change from 

one DNA molecule to the next.

DNA is a polymer of nucleotides:
Nucleotides PhosphateSugar



4. Sugar-phosphate backbone

a. A polynucleotide consists of bases attached to a 

sugar-phosphate backbone.

b. The backbone alternates sugar and phosphate 

groups that form a long chain.

c. The backbone is identical among all DNA 

molecules.

i. It is the sequence of bases (G,A,T,C) that change from 

one DNA molecule to the next.

DNA is a polymer of nucleotides:
Nucleotides



5. Base pairs

a. Each nucleotide contains one of four bases.

i. Adenine (A), guanine (G), thymine (T), and cytosine (C)

DNA is a polymer of nucleotides:
Nucleotides



5. Base pairs

a. Each nucleotide contains one of four bases.

i. Adenine (A), guanine (G), thymine (T), and cytosine (C)

b. Each kind of base can form hydrogen bonds with only one other kind of 

base.

i. A with T

ii. G with C

c. The hydrogen bonds within base pairs hold the two strands of the double 

helix together.

• Due to the base-pairing rules, the sequence of one strand dictates the identity of the 

nucleotides on the other strand

DNA is a polymer of nucleotides:
Nucleotides



5. Base pairs

a. Hydrogen bonds form between the 

bases of the two strands

b. These hydrogen bonds hold double 

helix together

• Because hydrogen bonds are not very 

strong individually, they can be separated 

(like Velcro™)

• This is important when copying DNA or 

expressing genes (making mRNA)

DNA is a polymer of nucleotides:
Nucleotides



During DNA replication, a cell duplicates its chromosomes:
Duplicating DNA

6.2 During DNA replication, a cell duplicates its chromosomes.

CORE IDEA: Genetic instructions are passed down via DNA replication: The double helix of a DNA 

molecule is peeled apart, and each separated strand serves as a template to build a new strand 

following the base-pairing rules. 

A. Duplicating DNA

B. Semi-conservative replication

C. The process of DNA replication



A. Duplicating DNA

1. For the continuity of life, a complete set of genetic instructions in the form of 

DNA must pass from one cell to the next.

During DNA replication, a cell duplicates its chromosomes:
Duplicating DNA



➢ What are duplicated chromosomes called?

➢ Sister Chromatids!

▪ Sister Chromatids are made 

during the S-phase of 

Interphase



B. Semi-conservative replication

How are Sister Chromatids made?

During DNA replication, a cell duplicates its chromosomes:
Semi-conservative replication



B. Semi-conservative replication

1. During DNA replication, the two strands of the original DNA molecule 

separate.

During DNA replication, a cell duplicates its chromosomes:
Semi-conservative replication

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

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



B. Semi-conservative replication

1. During DNA replication, the two strands of the original DNA molecule 

separate.

During DNA replication, a cell duplicates its chromosomes:
Semi-conservative replication

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

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



During DNA replication, a cell duplicates its chromosomes:
Semi-conservative replication

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

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

2. Each DNA strand serves as a template to guide the production of the other 

strand.

a. Base-pairing rules dictate that A can pair only with T, and G can pair only with C.



During DNA replication, a cell duplicates its chromosomes:
Semi-conservative replication

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

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

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

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

2. Each DNA strand serves as a template to guide the production of the other 

strand.

a. Base-pairing rules dictate that A can pair only with T, and G can pair only with C.



During DNA replication, a cell duplicates its chromosomes:
Semi-conservative replication

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

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

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

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

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

C T G G C A T G AC T

3. In the end, two new DNA molecules are produced.

a. Semi-conservative—each contains one newly created strand and one strand from the 

original molecule.



During DNA replication, a cell duplicates its chromosomes:
Semi-conservative replication

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

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

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

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

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

C T G G C A T G AC T

TC T G G C A T G AC T

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

3. In the end, two new DNA molecules are produced.

a. Semi-conservative—each contains one newly created strand and one strand from the 

original molecule.

½ of each new strand is 

directly from the original 

DNA molecule



During DNA replication, a cell duplicates its chromosomes:
Semi-conservative replication

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

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

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

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

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

C T G G C A T G AC T

TC T G G C A T G AC T

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

3. In the end, two new DNA molecules are produced.

a. Semi-conservative—each contains one newly created strand and one strand from the 

original molecule.



C. The process of DNA replication

1. The double helix is peeled apart.

a. This exposes the bases.

2. New strands are synthesized.

a. DNA polymerase is an enzyme that builds the new DNA molecule that is 

complementary to the existing strand.

b. It does this one nucleotide at a time, using the base pairing rules

• A pairs with T and G pairs with C

• This happens on both original DNA strands simultaneously.

During DNA replication, a cell duplicates its chromosomes:
The process of DNA replication



C. The process of DNA replication

1. The double helix is peeled apart.

a. This exposes the bases.

2. New strands are synthesized.

a. DNA polymerase is an enzyme that builds the new DNA molecule that is 

complementary to the existing strand.

b. The enzyme Helicase unwinds the original double strands so DNA 

polymerase can copy new strands

During DNA replication, a cell duplicates its chromosomes:
The process of DNA replication



DNA directs the production of proteins via RNA:
Nucleic acids

6.3) DNA directs the production of proteins via RNA.

CORE IDEA: DNA and RNA are both nucleic acids with some common features and some 

differences. Within a cell, DNA acts as the molecule of heredity by directing the production of RNA, 

which in turn directs the production of proteins. 

A. Nucleic acids

B. The flow of genetic information



DNA directs the production of proteins via RNA:
Nucleic acids

A. Nucleic acids

1. A molecule of DNA (deoxyribonucleic acid) shares many structural similarities

with a molecule of RNA (ribonucleic acid).

a. Both are nucleic acids.

b. Both are polymers of nucleotides.

i. Each nucleotide consists of a sugar, a phosphate, and a base.



DNA directs the production of proteins via RNA:
Nucleic acids

A. Nucleic acids

2. The primary difference between DNA and RNA is the ribose sugar

a. DNA uses deoxy-ribose (deoxyribonucleic acid - DNA)

b. RNA uses ribose (ribonucleic acid - RNA)

• RNA also has one base that is different from DNA (T is replaced by U)



DNA directs the production of proteins via RNA:
The flow of genetic information

B. The flow of genetic information

1. DNA is the molecule of heredity because it directs the production of proteins.



DNA directs the production of proteins via RNA:
The flow of genetic information

B. The flow of genetic information

1. DNA is the molecule of heredity because it directs the production of proteins.

2. DNA first directs the production of RNA.



DNA directs the production of proteins via RNA:
The flow of genetic information

B. The flow of genetic information

1. DNA is the molecule of heredity because it directs the production of proteins.

2. DNA first directs the production of RNA.

3. RNA then controls the manufacture of proteins.

4. Proteins perform the majority of cellular functions.

• Proteins are responsible directly or indirectly for physical traits



Genetic information flows from DNA to RNA to protein:
Every trait you were born with is encoded by the DNA of your genes

6.4) Genetic information flows from DNA to RNA to protein.

CORE IDEA: Genetic information flows from DNA to messenger RNA in the nucleus through the 

process of transcription. At the ribosomes in the cytoplasm, each mRNA codon is translated into an 

amino acid of a protein. 

A. Every trait you were born with is encoded by the DNA of your genes.

B. Flow of genetic information through the cell

C. Transcription overview

D. Translation overview



Genetic information flows from DNA to RNA to protein:
Every trait you were born with is encoded by the DNA of your genes

A. Every trait you were born with is encoded by the DNA of your genes.



Genetic information flows from DNA to RNA to protein:
Every trait you were born with is encoded by the DNA of your genes

A. Every trait you were born with is encoded by the DNA of your genes.

1. DNA itself does not produce your appearance.



Genetic information flows from DNA to RNA to protein:
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A. Every trait you were born with is encoded by the DNA of your genes.

1. DNA itself does not produce your appearance.

2. DNA directs the production of proteins.



Genetic information flows from DNA to RNA to protein:
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A. Every trait you were born with is encoded by the DNA of your genes.

1. DNA itself does not produce your appearance.

2. DNA directs the production of proteins.



Genetic information flows from DNA to RNA to protein:
Every trait you were born with is encoded by the DNA of your genes

A. Every trait you were born with is encoded by the DNA of your genes.

1. DNA itself does not produce your appearance.

2. DNA directs the production of proteins.



Genetic information flows from DNA to RNA to protein:
Every trait you were born with is encoded by the DNA of your genes

A. Every trait you were born with is encoded by the DNA of your genes.

1. DNA itself does not produce your appearance.

2. DNA directs the production of proteins.

3. Proteins are responsible for your physical traits.



Genetic information flows from DNA to RNA to protein:
Every trait you were born with is encoded by the DNA of your genes

A. Every trait you were born with is encoded by the DNA of your genes.

1. DNA itself does not produce your appearance.

2. DNA directs the production of proteins.

3. Proteins are responsible for your physical traits.



Genetic information flows from DNA to RNA to protein:
Flow of genetic information through the cell

B. Flow of genetic information through the cell

1. Transcription—DNA to RNA

a. This occurs in the nucleus.



➢ What molecule is a copy of a gene?

➢ mRNA!

▪ mRNA can leave the nucleus, 

but the DNA/chromosomes 

cannot



Genetic information flows from DNA to RNA to protein:
Flow of genetic information through the cell

B. Flow of genetic information through the cell

1. Transcription—DNA to RNA

• Transcription occurs in the nucleus.

2. Translation—RNA to protein

• RNA leaves nucleus through nuclear pores.

• Translation occurs in the cytoplasm by ribosomes.



Genetic information flows from DNA to RNA to protein:
Transcription overview

C. Transcription overview

1. Flow of genetic information starts in the nucleus with DNA.



Genetic information flows from DNA to RNA to protein:
Transcription overview

C. Transcription overview

1. Flow of genetic information starts in the nucleus with DNA.



Genetic information flows from DNA to RNA to protein:
Transcription overview

C. Transcription overview

1. Flow of genetic information starts in the nucleus with DNA.

2. DNA directs production of RNA through the process of transcription.

3. Transcription makes a copy of a gene - mRNA (messenger RNA).

4. It follows RNA base-pairing rules: 

• Slightly different from DNA pairing rules



Genetic information flows from DNA to RNA to protein:
Transcription overview

C. Transcription overview

1. Flow of genetic information starts in the nucleus with DNA.

2. DNA directs production of RNA through the process of transcription.

3. Transcription makes a copy of a gene - mRNA (messenger RNA).

4. It follows RNA base-pairing rules: 

• Slightly different from DNA pairing rules

5. mRNA leaves the nucleus and travels to the 

ribosome.



Genetic information flows from DNA to RNA to protein:
Transcription overview

6. RNA base pairing rules are slightly different than DNA pairing rules

• RNA base-pairing rules:

a. DNA C is transcribed to RNA G, and DNA G is transcribed to RNA C. 

b. DNA T is transcribed to RNA A, but DNA A is transcribed to RNA U (uracil).



Genetic information flows from DNA to RNA to protein:
Translation overview

D. Translation overview

1. In translation, mRNA serves as instructions to build a sequence of amino 

acids.

2. mRNA contains successive codons—a sequence of three nucleotides—which 

specifies one amino acid.



Genetic information flows from DNA to RNA to protein:
Translation overview

D. Translation overview

1. In translation, mRNA serves as instructions to build a sequence of amino 

acids.

2. mRNA contains successive codons—a sequence of three nucleotides—which 

specifies one amino acid.

3. Ribosomes read each codon 

and attach the proper amino 

acid to a growing chain.



Genetic information flows from DNA to RNA to protein:
Translation overview

D. Translation overview

1. In translation, mRNA serves as instructions to build a sequence of amino 

acids.

2. mRNA contains successive codons—a sequence of three nucleotides—which 

specifies one amino acid.

3. Ribosomes read each codon 

and attach the proper amino 

acid to a growing chain.



Genetic information flows from DNA to RNA to protein:
Translation overview

D. Translation overview

1. In translation, mRNA serves as instructions to build a sequence of amino 

acids.

2. mRNA contains successive codons—a sequence of three nucleotides—which 

specifies one amino acid.

3. Ribosomes read each codon 

and attach the proper amino 

acid to a growing chain.

4. The resulting string of amino 

acids is a polypeptide

• Polypeptides fold into their final 

shapes to become proteins



Transcription creates RNA from DNA:
Transcription

6.5 Transcription creates a molecule of RNA from a molecule of DNA.

CORE IDEA: During transcription, the DNA double helix separates, and one strand is used to 

generate a molecule of RNA. The RNA is processed to become messenger RNA, which then exits the 

nucleus via a nuclear pore. 

A. Transcription

B. RNA polymerase binds a promoter.

C. RNA polymerase synthesizes a molecule of RNA.

D. The mRNA leaves the nucleus.



Transcription creates RNA from DNA:
Transcription

A. Transcription

1. Transcription is the transfer of information from DNA to messenger RNA 

(mRNA).

• RNA Polymerase is the enzyme that 

builds mRNA from DNA

2. It occurs in the nucleus of eukaryotic 

cells.



Transcription creates RNA from DNA:
RNA polymerase binds a promoter

B. RNA polymerase binds a promoter.

1. RNA polymerase binds to the 

promoter (DNA sequence).

2. Promoter acts as a “start here” 

signal marking the beginning of a 

gene.

• By controlling whether or not RNA 

polymerase can bind, promoters allow 

genes to be turned on or off.



Transcription creates RNA from DNA:
RNA polymerase synthesizes a molecule of RNA

C. RNA polymerase synthesizes a 

molecule of RNA.

1. After RNA polymerase binds to 

the promoter, it peels open the 

double helix.

2. One strand serves as a template

for the formation of RNA.

3. RNA polymerase moves down the 

DNA, making mRNA as it goes.

• It follows DNA-RNA base-pairing 

rules.



Transcription creates RNA from DNA:
RNA polymerase synthesizes a molecule of RNA

4. As the completed mRNA peels 

away, DNA strands rejoin.

5. Transcription ends when RNA 

polymerase reaches a DNA “stop” 

sequence—terminator.



Transcription creates RNA from DNA:
The mRNA leaves the nucleus

D. The mRNA leaves the nucleus.

1. The finalized RNA molecule is now called messenger RNA (mRNA).

2. mRNA leaves the nucleus through nuclear pores.



Translation involves the coordination of three kinds of RNA:
Translation

6.6 Translation involves the coordination of three kinds of RNA.

CORE IDEA: Translation is accomplished by ribosomes, made from rRNA and protein. Ribosomes 

use two kinds of RNA to produce a string of amino acids. The genetic code dictates the 

correspondence between RNA triplets and amino acids. 

A. Translation

B. Ribosomes

C. Transfer RNA

D. The genetic code



➢ What cellular structure is responsible for building proteins?

➢ Ribosome!

▪ Some ribosomes are “free” in 

the cytosol, and others are 

bound to the Rough 

Endoplasmic Reticulum



Translation involves the coordination of three kinds of RNA:
Translation

A. Translation

1. Translation is the process through which messenger RNA (mRNA) is used to 

produce a molecule of protein.

2. Translation takes place in the cytoplasm by ribosomes.



Translation involves the coordination of three kinds of RNA:
Ribosomes

B. Ribosomes

1. Ribosomes are cellular structures that perform the translation of mRNA

polynucleotides into amino acid polypeptides.

2. Ribosomes are made of ribosomal RNA (rRNA) and proteins.

• Each ribosome consists of two subunits that join to form the functional ribosome.



Translation involves the coordination of three kinds of RNA:
Ribosomes

B. Ribosomes

1. Ribosomes are cellular structures that perform the translation of mRNA

polynucleotides into amino acid polypeptides.

2. Ribosomes are made of ribosomal RNA (rRNA) and proteins.

• Each ribosome consists of two subunits that join to form the functional ribosome.

3. Within each ribosome are binding sites

for mRNA (carrying the message) and 

transfer RNA (tRNA).

• tRNA brings the amino acids that match the 

codon to the ribosome.



Translation involves the coordination of three kinds of RNA:
Ribosomes

B. Ribosomes

1. Ribosomes are cellular structures that perform the translation of mRNA

polynucleotides into amino acid polypeptides.

2. Ribosomes are made of ribosomal RNA (rRNA) and proteins.

• Each ribosome consists of two subunits that join to form the functional ribosome.

3. Within each ribosome are binding sites

for mRNA (carrying the message) and 

transfer RNA (tRNA).

• tRNA brings the amino acids that match the 

codon to the ribosome.



Translation involves the coordination of three kinds of RNA:
Ribosomes

4. The ribosome reads the mRNA three nucleotides at a time—codon.

5. Each codon encodes one amino acid.



Translation involves the coordination of three kinds of RNA:
Ribosomes

4. The ribosome reads the mRNA three nucleotides at a time—codon.

5. Each codon encodes one amino acid.



Translation involves the coordination of three kinds of RNA:
Transfer RNA

C. Transfer RNA

1. tRNAs (transfer RNAs) have an anticodon at one 

end.

• Follows RNA / RNA base-pairing rules 

➢ C with G, and G with C

➢ U with A, and A with U



Translation involves the coordination of three kinds of RNA:
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C. Transfer RNA

1. tRNAs (transfer RNAs) have an anticodon at one 

end.

• Follows RNA / RNA base-pairing rules 

➢ C with G, and G with C

➢ U with A, and A with U

2. The other end of the tRNA holds the amino acid

that corresponds to that codon.



Translation involves the coordination of three kinds of RNA:
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C. Transfer RNA

1. tRNAs (transfer RNAs) have an anticodon at one 

end.

• Follows RNA / RNA base-pairing rules 

➢ C with G, and G with C

➢ U with A, and A with U

2. The other end of the tRNA holds the amino acid

that corresponds to that codon.



Translation involves the coordination of three kinds of RNA:
Transfer RNA

C. Transfer RNA

1. tRNAs (transfer RNAs) have an anticodon at one 

end.

• Follows RNA / RNA base-pairing rules 

➢ C with G, and G with C

➢ U with A, and A with U

2. The other end of the tRNA holds the amino acid

that corresponds to that codon.

• This is how a ribosome “knows’ which amino acid 

corresponds to a codon – it uses tRNA



Translation involves the coordination of three kinds of RNA:
The genetic code

D. The genetic code

1. The correspondence between an mRNA codon and its amino acid is called 

the triplet code, or genetic code



Translation involves the coordination of three kinds of RNA:
The genetic code

D. The genetic code

1. The correspondence between an mRNA codon and its amino acid is called 

the triplet code, or genetic code

2. Every RNA codon encodes just one 

possible amino acid.

3. A given amino acid may be encoded 

by multiple codons.

• Valine = GUU, GUC, GUA, GUG



Translation involves the coordination of three kinds of RNA:
The genetic code

4. There is one start codon (AUG) that 

signals the start of the genetic 

message.

5. There are three stop codons that 

signal the end of the message.

6. Each codon between start and stop

codons encodes one amino acid



Translation involves the coordination of three kinds of RNA:
The genetic code

4. There is one start codon (AUG) that 

signals the start of the genetic 

message.

5. There are three stop codons that 

signal the end of the message.

6. Each codon between start and stop 

codons encodes one amino acid



Translation creates protein via the genetic code:
Translation

6.7 Translation creates a molecule of protein via the genetic code.

CORE IDEA: Translation begins when the ribosome assembles from its subunits at the start codon of 

an mRNA. Elongation then proceeds, adding one amino acid at a time. When a stop codon is 

reached, the ribosome machinery disassembles.  

A. Translation

B. Initiation—Ribosome assembles.

C. Elongation—Polypeptide grows longer.

D. Termination—Ribosome disassembles.



Translation creates protein via the genetic code:
Translation

A. Translation (Details)

1. Ribosomes use information coded in messenger RNA (mRNA) to create 

corresponding amino acid polypeptides.

2. Each ribosome contains binding sites for 

the mRNA and molecules of transfer RNA 

(tRNA).



Translation creates protein via the genetic code:
Initiation—Ribosome assembles

B. Initiation—Ribosome assembles.

1. Ribosomes exist as two separate components: 

the large and small subunits.

2. Translation begins when mRNA binds to a small 

ribosomal subunit.



Translation creates protein via the genetic code:
Initiation—Ribosome assembles

B. Initiation—Ribosome assembles.

1. Ribosomes exist as two separate components: 

the large and small subunits.

2. Translation begins when mRNA binds to a small 

ribosomal subunit.

3. A tRNA then binds the start codon of mRNA.

4. Large subunit then binds, creating a complete 

ribosome.



Translation creates protein via the genetic code:
Elongation—Polypeptide grows longer

C. Elongation—Polypeptide grows longer.

1. Additional amino acids are added one by one.

2. The tRNA carrying its amino acid pairs with the mRNA codon

• The new amino acid is added to the end of the 

growing polypeptide chain.

• The process continues, with each entering tRNA 

bringing a new amino acid to be added.



Translation creates protein via the genetic code:
Termination—Ribosome disassembles

D. Termination—Ribosome disassembles.

1. Elongation continues until the ribosome reaches a stop codon on the mRNA.

• Stop codons do not code for amino acids, indicating the end of translation.

2. The completed polypeptide is freed, the 

ribosome splits back into subunits, and mRNA 

and tRNA are released.

• The released mRNA may then begin another round 

of translation, producing another protein.



Gene expression is regulated in several ways:
Gene expression

6.8 Gene expression is regulated in several ways.

CORE IDEA: Through gene regulation (the turning on and off of genes), cells control gene expression 

(the production of proteins). There are several points along the path from DNA to RNA to protein that 

can be regulated. 

A. Gene expression

B. Gene regulation in action

C. X chromosome inactivation

D. Control of gene expression



Gene expression is regulated in several ways:
Gene expression

A. Gene expression

1. Every cell in your body contains every one of your genes.

2. Each cell type looks and acts differently 

because each produces different proteins.

3. Gene regulation: Mechanisms that turn on and 

off certain genes in a particular cell.

• Genes contain information used to produce 

proteins.

• Turning a gene off means that gene expression—

the flow of genetic information from DNA to RNA to 

protein—is not being completed.



Gene expression is regulated in several ways:
Gene expression

B. Gene regulation in action

1. If you examined genes from a set of cells, you would see that certain genes 

are turned on in some cells and not others.

• In the examples below, only intestinal cells produce the digestive enzyme lactase.

• None of the cell types shown produce hemoglobin.



Gene expression is regulated in several ways:
Gene expression

C. X chromosome inactivation

1. If a chromosome is condensed, the genes it contains are inaccessible and will 

not be used to produce proteins.

2. X chromosome inactivation: In female mammals, one X chromosome in each 

body cell is highly compacted and almost entirely inactive.

• Ensures that males (who have only one X chromosome) and females (who have two) 

have the same number of active genes.

• The inactive X condenses down into a Barr body.



Gene expression is regulated in several ways:
Gene expression

C. X chromosome inactivation

1. If a chromosome is condensed, the genes it contains are inaccessible and will 

not be used to produce proteins.
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D. Control of gene expression

1. Transcription factors

a. In a typical eukaryotic cell, the majority of genes are “off”—not being used 

to produce proteins.

b. Transcription factors are proteins that bind to the DNA allowing 

transcription to begin.

• Without a transcription factor, RNA polymerase cannot bind to promoter
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D. Control of gene expression

1. Transcription factors

a. In a typical eukaryotic cell, the majority of genes are “off”—not being used 

to produce proteins.

b. Transcription factors are proteins that bind to the DNA allowing 

transcription to begin.

• With a transcription factor, RNA polymerase will bind to promoter
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6.11) Loss of gene expression control can result in cancer.

CORE IDEA: Cancer is caused by out-of-control cell growth due to a breakdown of the cell cycle 

control system. This can occur when proto-oncogenes (such as genes that code for growth factors 

and tumor suppressors) are mutated to oncogenes. 

A. Cancer

B. Proto-oncogenes and oncogenes

C. Growth factors

D. Tumor suppressor genes



Loss of gene expression control can result in cancer:
Cancer

A. Cancer

1. Cell division is a normal, necessary process that produces new cells from 

preexisting cells.

2. Cell cycle control systems regulate the rate 

and timing of cell division.
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A. Cancer

3. A cell occasionally loses the ability to control its cell cycle.
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A. Cancer

3. A cell occasionally loses the ability to control its cell cycle.

4. A tumor is a mass of body cells growing out of control.

5. Cancer is a tumor that spreads to other tissues.

• The spreading of tumor cell is call metastasis
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B. Proto-oncogenes and oncogenes

1. The cell cycle control system regulates the timing of cell duplication.

2. The cell cycle control system consists of proteins that integrate information 

from the environment and communicate “start” and “stop” signals to the 

nucleus.
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B. Proto-oncogenes and oncogenes

1. The cell cycle control system regulates the timing of cell duplication.

2. The cell cycle control system consists of proteins that integrate information 

from the environment and communicate “start” and “stop” signals to the 

nucleus.

3. A mutation in a gene producing one of these proteins can cause the cell to fail

to respond to one of these signals.
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B. Proto-oncogenes and oncogenes

4. A cell with such a mutation runs through the cycle again and again, producing 

new cells when it should not.

5. A proto-oncogene is a normal, 

necessary gene that produces a protein 

that properly regulates the cell cycle.

6. An oncogene is a mutated proto-

oncogene that produces an abnormal 

protein that fails to regulate the cell 

cycle.

• The result is out-of-control growth.


