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During the 1940s and 1950s, several scien-
tists eonducted research to determine if it

was the protein or the DNA within a cell’s.

chromosomes that contained the genetic ma-
terial. As a result of careful experiments and
chemical analyses, they discovered that DNA
(deoxyribonucleic acid) contains the informa-
tion on which all life depends; that is, DNA is
the genetic material. A substance that serves
as the genetic material has the most signifi-
cant job in the world: to carry on life itself In
order to carry out this job, the genetic mate-
rial must do the following:

4 It must be able to store information that
can be passed on from one generation of
cells to the next. It must be able to store
enough information to make an organism
like a tree or like you.

¢ 1t must be able to make a copy of itself in
order to pass its information on again and
again. '

* It must be strong and stable so that it
does not easily fall apart and cause per-

haps harmful changes to its store of
information.

¢ It must be able to mutate, or change,
slightly from time to time. These changes
allow a species to produce the variations
on which natural selection acts, which ean
lead to the evolution of new species.

We can now look at how DNA is built and how

it functions in order to do these jobs.

%¢ THE WORLD LEARNS OF
_ THE DOUBLE HELIX

DNA is made up of smaller subunits. These
subunits, or nucleotides, include four types of
bases, which occur in two pairs. The amounts
of adenine (A) and thymine (T) are always the
same (A pairs with T). The amounts of guanine
(&) and cytosine (C) are always the same (G
pairs with C). In 1953, scientists James Wat-
son and Francis Crick described the structure
of DNA for the first time, as a double helix.
(See Figure 19-1.)

To understand the double helix structure of
DNA, picture a ladder that has been twisted.
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.Figure 19-1 Scientists James Waison (leff) and Francis
Crick (right) shown in 1953 with their model of part of a
DNA molecule.

The two sides of the ladder are parallel to
each other, and the steps of the ladder link the
two sides together. The sides of the ladder are
the backbone of the DN A molecule (composed
of sugar and phosphate molecules). Stretching
between the two sides are the pairs of bases.
The Watson-Crick model showed that the only
possible way all the parts could fit was for
each large adenine base to be matched oppo-
site a smaller thymine base. Similarly, the
large guanine had to be opposite a smaller cy-
tosine. (See Figure 19-2.)

So, a molecule of DNA consists of two
strands, opposite each other, connected by
matching base pairs. If we look at one strand,
we can describe it in terms of the order, or se-
quence, of its subunits. Because the subunits

Figure 192 The structure of a DNA molec—ule—the

nuglt(a}o)tide subunits include four types of bases (A, T, G,
and C).

are in a long line, the order of the subunifs i
called a linear sequence. This linear sequence
of nucleotides builds the DNA molecule
which may bevery long. (Recall that long mo]i
ecules such as DNA, which ecan contain thoy-

sands of nucleotides in a sequence, are calleq |

polymers.)

Imagine walking along a single strand of
DNA. The bases in the subunits may oceurin .

any order. The linear sequence on a short mo.
ecule of DNA might be A-TT-G-A-C-C-G. Now
imagine walking along the opposite strand,
starting at the same place. Opposite the A in
the first strand is a T Because we know the
sequence of bases in the first strand we auto-
matically know the se-
quence of bases in the
other strand. In this exam-
ple, beginning with the T'
the sequence must be T-A-
A-C-T-G-G-C. This is the
key to how the DNA mole-
cule copies itself. The pro-
cess by which DNA copies
itself depends on the
matching base pairs in the
subunits of each strand.
What is so important
about the order of the sub- Figure 19-3 From
units in a strand of DNA? the sequence of
The sequence of bases in bases on one strand

~ the subunitsis the genetic ©f PNA, we can de-

. R termine the seguence
information that the on the oppositg

Strand Of DNA contains. strand: A pairs with T,
(See Figure 19-3.) and C pairs with G.

=& DNA: A LIBRARY OF

e R ey

In some ways, the bases in DNA are like the
letters of an alphabet, only the DNA “letters”
are chemical letters. Because there are only
four letters (A, T, G, and C) in the DNA alpha-
bet, scientists thought that DNA was too sim-
ple to contain the complex genetic information
of life. But what is also significant in DNA is
the sequence of the letters, not Jjust the letters
themselves. Using these four letters in long
sequences, nature can create an almost un-
limited variety of genetic messages.
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When you realize that human DNA con-
sists of three billion pairs of bases, you can be-
gin to imagine how much information can be
stored in the DNA of our cells. All of the infor-
mation for constructing our bodies, determin-
ing all of our character-

istics or traits, and KE"E:;EE
keeping our bodies func- Pig
tioning is stored in the  Donkey
linear sequences of H"Drig
bases in our DNA. The  Monkey
same is true for all Human

other organisms on
Earth. The evolutionary
relationship between
two organisms can be
learned by comparing
their DNA. The more
similar their sequences
of bases, the more re-
cently the two organ-
i1sms evolved from a
common ancestor. (See
Figure 19-4.)

To make use of the genetic information
stored in DNA, organisms must change that
information into proteins. Proteins are made
up of amino acids, subunits that—like nu-
cleotide bases—are joined in a linear se-
quence. The sequence of DNA subunits is used

Figure 19-4 Evolution-
ary relationships are
confirmed by DNA
closeness—the more
similar their base se-
quences, the more re-
cently two organisms
evolved from a common
ancestor. For example,
the donkey and the
horse are more closely
related than are the pig
and the horse.

to direct the synthesis of proteins that have ,

the correct sequence of amino acid subunits.
In other words, through a chemical process,
the order of the nucleotides determines the or-
der of the amino acids in the proteins that are
built,

i DNA REPLICATION:
_ PASSING

S I A P

To qualify as genetic material, DNA has to be
able to replicate, or make a copy of, itself.
This process of DNA replication oceurs during
the middle of the cell cycle. What we already
ow about its structure is enough to explain
how DNA replicates.
_Tomake a copy, you need an original, some-
Yimes called a template. Because DNA is a
ouble helix, it has templates built into it. To
®6in the process, the double helix unwinds.

B £

Old Old

old New  New old

Figure 19-5 During DNA replication, the double helix
unwinds, the strands separate, and the new strands form
opposite each of the original DNA strands.

As with all metabolic activities, enzymes are
needed for this process. Once the double-
stranded molecule is untwisted, it begins to
unzip, just like a zipper. Through the activity
of an enzyme, the bonds between bases begin
to break apart. (See Figure 19-5.)

As the bonds break, each strand of the DNA
molecule becomes separate. Many free sub-
units float around in the cell. Specific enzymes
match up these free subunits with the exist-
ing subunits in each DNA strand. Wherever a
T is located on a strand, an A pairs to it;
wherever a C is located, a G joins up, and so
on. One by one, new subunits are joined to-
gether to make a new strand opposite each old
strand. The sequence of bases in the old
strands determines the linear sequence of
subunits in the new strands. When replication
is complete, two double-stranded DNA. mole-
cules are formed. Each molecule is made up of
one old strand joined to a newly synthesized
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Figure 19-6 Through the process of DNA replication,
two Identical double-stranded DNA molecules are
formed. '
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strand. How do the two new DNA molecules
compare to the original one? They are identi-
cal. DNA replication has occurred. {See Figure
19-6.)

e S ORS IN DNA REPL

= s s

ICATION

In life, nothing is perfect. This is true abog
DNA replication, too. The eNZYMes respong;.
ble for directing the correct pairi
units during DNA replication
make mistakes. A nucleotide bas
out. Or the wrong base may be matched up,
Sometimes an extra one jig added. These mig.
takes produce errors in the linear sequence ip
one strand of the DNA molecule. Such an er-
rot is called a genetic mutation. From what
we know about the replication process, once
an error occurs in a DNA strand, it may be

copied again and again. Thus, a mutation in

the genetic material of one cell can easily be
passed on to future cells, '

A mutation is simply a change. However,

many changes in the genetic material are
harmful and may make it impossible for fu-
ture cells, or even the entire organism, to sur-
vive. Other mutations causge an unnoticeable
change; rather than harming the organism,
the mutation seems to produce no effect. And
sometimes a mutation gives the organism a
sudden advantage that other similar organ-
isms lack. Not only can mutations in DNA be
good, but they are actually an important
source of the genetic variation that is neces-
sary for natural selection to occur. Much of the
evolution of different life forms on Earth has
depended on the chance occurrence of these
mutations. (Remember: Only mutations
within the DNA of gametes can be passed
along to offspring; mutations within the DNA
of body cells cannot.)

R
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Part A—Multiple Choice

1. Which is not a necessary characteristic of the
genetic material?

T It must be able to make a copy of itself,

2 It must be weak so that it can fall apart easily.
3t must be able to mutate from time to time.
4 It must be able to store information.

2. If a set of instructions that determines all of the
characteristics of an organism is compared to a
book, and a chromosome is compared to a
chapter in the book, then what might be com-
pared to a paragraph in the book?

1 astarch molecule
2 an amino acid

3 aprotein polymer
4 a DNA molecule

3. A portion of a molecule is shown in the diagram
below. Which statement best describes the main
function of this type of molecule?

1 ftis a structural part of the cell wall.

2 It determines what traits may be inherited.

3 It stores energy for metabolic processes.

4 It transports materials across the cell mem-
brane.

4. The subunits of proteins are

1 simple sugars
2 phosphates
3 amino acids
4 enzymes

3. Watson and Crick contributed to the study of
DNA by

1 experimenting with pea plants

2 recognizing that traits are inherited

3 discovering the double helix structure of
DNA

4 mapping the entire human genome

10,

11.

12,

. The genetic code of a DNA molecule is deter-
mined by its specific sequence of

1 ATP molecules

2 carbohydrates

3 sugar molecules

4 nucleotide bases

The DNA molecule is formed from subunits
arranged in a

T sequence with three kinds of bases
2 circle with four kinds of bases

3 sequence with four kinds of bases
4 sequence with four kinds of acids

The base pairs in DNA are similar in arrange-
ment to the

1 sides of a ladder

2 steps of a ladder
3 railing of a staircase
4 surface of a ramp

The order of the subunits in a strand of DNA s
called a

1 subunit sequence

2 linear sequence

3 strand sequence

4 nucleotide sequence

If one strand of a DNA molecule is G-A-T-C-C-
A-T, the sequence of the opposite strand is

1 G-ATC-C-AT

2 C-T-A-G-G-T-A

3 A TG-G-AT-G

4 TAC-C-T-A-G

The organization of bases in DNA can best be
likened to the :

1 arrangement of letters in a word
2 kinds of tools in a garage

3 number of books in a library

4 colors in a rainbow

When DNA separates into two strands, the
DNA would most likely be directly involved in

1 replication

2 differentiation
3 fertilization
4 evolution




hange in the first three subunits on

isac
here is 2 irand of molecule 1 shown below?
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The remaining subunits in molecule 1 will
also change. ) . . ;
Molecule 1 will split apart, triggering an im-
mune response. ‘

3 Aportion of malecule 2 may be formed dif-

ferently.
4 Molecule 2 may form two strands rather than

one.

3. In an experiment, DNA from dead pathogenic
bacteria was transferred into living bacteria that
were, normally, not pathogenic. These altered
bhacteria were then injected into healthy mice.
The mice died of the same disease caused by
the original pathogens. Based on this informa-
tion, which statement would be a valid conclu-
sion?

1 DNA is present only in living organisms.

2 DNA functions only in the original organism
from which it comes.

3 DNA changes the organism receiving an in-
jection into another organism.

4 DNA from a dead organism can become ac-
tive in another organism.

4

Briefly explain how the genetic information is
arranged within a DNA molecule.

. ﬁ. :'0“ see a photograph of a famous man and his
-, 'eenaged son. You notice that they look very
much alike, and that they even wear similar

;:’_Eglasses. What conclusion can you draw from
5 observation?

1 The
cal,

. 2 Their percenta
is high,

DNA present in their body cells is identi-

ge of having the same proteins
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3 The base sequences of their genes are all
identical.

4 The mutation rate is the same in their body
cells.

Refer to the figure below to answer questions 29
to 31.

29. The diagram at right represents a
molecule of

1 ATP
2 RNA
3 DNA
4 FSH

30. The struciures labeled G, C, T,
and A all represent

1 acids
2 sugars
3 bases
4 phosphates

31. Starting from the top of the diagram, what
would be the letters of the missing units on the
matiching strand?

32. Complete the analogy: Nucleotide bases are to
DNA as amino acids are to

1 sugars
2 proteins
3 lipids
4 nucleic acids

33. Use data from the Ka'}?:gﬁﬁ
diagram at right to : Pig
explain why DNA Donkey
nucleotide sequencing Hgg;
is important to the Monkey
study of evolution. Human

34. How do the nucleotides of the DNA molecule
atlow it to replicate?

35. Briefly describe the process of DNA replication.
Your answer should include the following terms
(but not necessarily in this order):

4 template
4 enzymes
4 subunits

Base your answers fo questions 36 and 37 on the
following chart, which provides information about
heredity, and on your knowledge of biology.




Genes and Gene Action

GENES AND PROTEINS

R T e N U A

Now that it has been shown that DNA is what
makes up the genetic material, it is time to
look more closely at genes. What is a gene?
Genes are really packages of information
that tell a cell how to make proteins, Proteins
are polymers, or long chains, of amino acids,
As you learned already, there are 20 different
types of amino acids. The order in which the
amino acids are joined determines which pro-
tein is made. Every different protein has a
unique sequence of amino acids. This se-
quence determines the shape of a protein mol-
ecule. It is the shape of the protein that allows
the molecule to do its work in the cell.

Genes are specific sections of DNA mole-
cules that are made up of linear sequences of
subunits. Proteins are linear sequences of
amino acids. How do cells use a linear sequence
of subunits in DNA to build a linear sequence
of amino acids for a protein? In all cells, except.
for bacteria, DNA is stored in the nucleus. Yet
protein synthesis occurs outside the nuclear
membrane, at the ribosomes. These small or-
ganelles are distributed throughout the cyto-
plasm. How does the genetic information in
DNA within the nucleus get to the ribosomes?
A third type of molecule, ribonucleie acid, or
ENA, works as a helper to transfer the infor-
mation. That is, the genetic information flows
from the DNA to the RNA to a protein. (See
Figure 20-1.)

Each gene is a portion of a chromogome, in ef-
fect a portion of the DNA chain. An RNA mol-
ecule called messenger RNA does the job of
moving the information in the base sequence

152

Figure 20-1 The flow of genetic information in a cell—
from DNA in the nucleus to RNA to amino acids at the
ribosomes.

out to the ribosomes. DNA is copied into RNA
by a process that is similar to DNA replica-
tion. The DNA double helix opens up where a
particular gene is located. Special enzymes
begin to match up RNA subunits with the cor-
rect DNA subunits. The new RNA molecule
has the same base sequence as one strand of
the original DNA. This RNA molecule then
goes out of the nucleus through pores in the
nuclear membrane to ribosomes in the cyto-
plasm. (See Figure 20-2.)

F™™ TCATCCAATTGG puNain
: AGTAGGTTAAG GG C nucleus
Same | '
nucleotide | l
sequence g
1
-+~ UCAUCCAAUUGO®G mRANARm
cyloplasm

Figure 20-2 The DNA sequence is copied into messen-
ger RNA, which goes out to the ribosomes in the eyto-
plasm. Nofe: In RNA, the base uracil {U) substitutes for
the DNA base thymine {T).

oM BNA TO PROTEIN

ET 0 e

So far, the genetic information, stored as a
base sequence, has moved from the nucleus to
the cytoplasm by using RNA. Another problem

-
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Figure 20-3 The amino acid triplet codes. Note that most amino acids are repre-

sented by more than one codon.

remains: how to use the nucleotide base se-
quence in the RNA to build a protein with the
correct sequence of amino acids. This problem
involves a change of “language,” from the base
sequence language of RNA into the amino acid
language of proteins. This process is called
translation, and it occurs at the ribosome.

Built into every living cell in the world is a
genetic code. It is called the ¢riplet code. Each
different combination of three bases makes up
a word, called a codon. Each codon represents
a specific amino acid. Each of the 20 amino
acids has at least one codon, and most have
more than one. This genetic code is universal;
in other words, all organisms on Earth use the
same genetic code. For example, the codon
GCA stands for the amino acid alanine in all
life-forms, from bacteria to trees to humans.
This similarity among living things is good ev-
idence that all organisms evolved from a com-
mon ancestral life-form in Earth’s distant
past. (See Figure 20-3.)

ATIONS: A CLOSER LOOK

In Chapter 19, a2 mutation was defined as a
change in the base sequence of a DNA mole-
cule, The possible effects of a mutation can
now be explained in terms of what you know
about protein synthesis.

The order of bases in DNA determines the
order of amino acids in proteins. In certain
cases, a mutation in one subunit will change
the triplet code, which in turn may make a
change in an amino acid. If this change occurs
in a body cell, then all other cells in the organ-
ism’s body that reproduced (through mitosis)
from that cell will have the same change. It is
more important, however, if the mutation oc-
curs in the DNA of a gamete. If that gamete
fuses with another gamete in sexual reproduc-
tion, then the mutation will be inherited. The
change in the DNA will be passed on to suc-
ceeding generations. The new organism will
have the mutation, as will all offspring of that
organism. This will be an inherited condition.
If the mutation is harmful, the individual and
its offspring will have a genetic discase.

2 GENE EXPRESSION AND
~ CELL DIFFERENTIATION

Chromosomes contain extremely long DNA
molecules. Many genes are stretched out
along these molecules. For example, it is esti-
mated that there are 20,000 to 30,000 differ-
ent genes in human cells. After fertilization,
every cell of a growing organism arises from
the mitotic cell division of other cells. Through
mitosis, every cell in our body has the same 46

(%)
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chromosomes with the same DNA as the orig-
inal fertilized egg cell.

You learned in Chapter 18 that there are
different types of cells in our bodies. We have

skin cells, muscle cells, bone cells, nerve cells,

blood cells, and so on. If all of these cells have
the same DNA, why are they so different from
each other? The answer is that only certain
genes are used in certain cells. The use of spe-
cific information from a gene is called gene
expression. Proteins are synthesized only
from genes that are being expressed, or
“turned on.” All other genes in the cell are
kept silent, or “turned off” This gives the cell

Ciia  Foreign particle
o\ P

Mucous
secretion

Nucleus
Cytoplasm

its own structure, enzymes, fanctions, ang

physical characteristics. A musele cell con-
tracts, a nerve cell transmits an impulse, ang
a skin cell helps form a flat, protective layer,
The process by which special types of cells are
formed through controlled gene expression ig
called cell differentiation. This is an essen-
tial process of life. Without cell differentiation,
we could not survive, because our hodies
would be made up of only one type of cell.
While the exact process is not known for cer-
tain, it is thought that environmental fac-
tors—both outside and inside each cell—
influence gene expression. (See Figure 20-4.)

One nerve cell

Nucleus
Cytoplasm

~—_Cell . Branches
Epithelium membrane Neurons
Hard matter
between B
Vg
bone cells\g&% ,g;%& ‘m..  Canal Connective
5 R SE P % in bone tissue cell
Bone .9 g ue Yos qpirses
cell LM ptise £xTend Fibers in
A éﬁgﬂ,‘&% substance
& q{'; Ty e between
AR celis
Vi :

Nucleus

Cytoplasm Cell membrane
Striped muscle

Figure 20-4 Many different types of cells make up the human body. This cell differ-
entiation results from differences in gene expression—only some genes are “turned
on” to make the specific protelns needed for each cell type.




Part A—HMuitiple Choice
1.

Genes can best be described as

1 directions for making DNA

2 directions for making proteins

3 subunits of proteins

4 molecules that transfer information out of the
nucleus

- Which path correctly describes the flow of

information in cells?

1T DNA — RNA — protein
2 protein — RNA — DNA
3 protein = DNA — RNA
4 RNA — DNA — protein

The kinds of genes that an organism has is de-
termined by the

1 type of amino acids in its cells

2 size of simple sugar molecules-in its organs

3 sequence of the subunits A, T, C, and G in its
DNA

4 shape of the protein molecules in its
organelles

A change in the order of DNA bases that code
for a respiratory protein will most likely cause

1 the production of a starch that has a similar
function

2 achange in the sequence of amino acids
determined by the gene :

3 the digestion of the altered gene by enzymes

4 the release of antibodies by certain cells to
correct the error

. The role of messenger RNA is to

1 prevent mutations during DNA replications

2 match ribose-containing subunits to subunits
of DNA

3 move the information in a base sequence out
to the ribosomes

4 translate the base sequence at the ribosomes

RNA receives information from DNA by

1 binding with a double helix as a third strand

2 matching with subunits of a single strand of
DNA

3 making an exact copy of the DNA molecule

4 accepting proteins through pores in the nu-
clear membrane

7. What happens at the ribosome?

10.

11.

- The diagram below represents a process that

Chapter 20: Genes and Gene Action 155~

1 The DNA strands separate.

2 RNA matches up with DNA strands.
3 Genetic information is mutated.

4 RNA is translated into amino acids,

occurs within a cell in the human pancreas.
This process is known as

Amino acid (AA)

Next amino acid

to be added Newly farming

organic molecule

1 digestion by enzymes
2 energy production

3 protein synthesis

4 replication of DNA

How many bases make up a codon?
1 one

2 two

3 three

4 four

What does a codon represent?
1 a specific amino acid

2 a specific base

3 an RNA molecule

4 an enzyme

The genetic code is

1 different for every organism
2 the same for all organisms
3 constantly changing

4 impossible to identify
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Name - Date

Clasa

How THE GENETIC MESSAGE CHANGES , ' ‘

In your textbook, read about breeding of plants and animals and splicing genes between orgam;sms in
Section 28.2.

8. This diagram shows two bulls. Below each is a description of that hull’s tra.it.ﬁ.

Buil A Bull 8
Sleek, clean, solid-colored fur Rough, spotted fur
Long tait, long Iegs. Short tail, short legs :
Milk product!on_ot his offspring Milk production of his offspring

is iow. is high. .

a. Which bull would you choose to breed with a cow to produce a herd of cows that would supply
a lot of milk? Why?
b. Which bull would you choose for breeding to produce “beautiful” offspring? ___ _ Why?

¢. Which bull would you choose for breeding to produce offspring that would not jump over

fences? Why?

d. Explain the valus of plant and animal breeding,

8. What is recombinant DNA?

7. Why does gene aplic-i-ng work?

8. List four waya that gene splicing is of value to humans aocw or may be of va.lﬁe in the futurs.

(n)
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The Expression of Genetic Information p. 521

» Gene expression is the process

» Genes have the information to build proteins. Proteins carry out critical

. The proteins that are made from genes not only
give an organism all of their features (their phenotypes), but also are responsible for carrying out all
of the processes that take place in the organism.

» The protein that is expressed is determined by

o Proteins are made of smaller units called amino acids.

o The order of the bases on DNA are responsible

» How does this process of making proteins happen?
1. Transcription occurs first, wheré. a molecule of RNA is made from the DNA.
* RNA looks just like DNA, but it is single stranded, has the sugar and U-
uracil replaces the T's. |

2. The RNA molecule is made when enzymes unzip the DNA and one side is

3. There are three fypes of RNA that are made from DNA: |

+ mRNA-
* {RNA-
+ rRNA-

. DNA makes proteins based on what the order those bases are in.
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