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PREFACE

This textbook is designed for an introductory
course in molecular biology. But what is molecular
biology? The definition of this elusive term de-
pends on who is doing the defining. In this book, I
consider molecular biology to be the study of genes
and their activities at the molecular level,

When I was a student in college and graduate
school T found that T became most excited about
science, and learned best, when the instructor em-
phasized the experimental strategy and the data
that led to the conclusions, rather than just the
conclusions themselves. Thus, when 1 began
teaching an introductory molecular biology course
in 1972, I adopted that teaching strategy and have
used it ever since. I have found that my students
react as positively as I did.

One problem with this approach, however,
was that no textbook placed as great an emphasis
on experimental data as I would have liked. So 1
tried assigning reading from the literature in lieu of
a textbook. Although this method was entirely ap-
propriate for an advanced course, it was a relative-
ly inefficient process and not practical for a first
course in molecular biology. To streamline the
process, I augmented the literature readings with
handdrawn cartoons of the data I wanted to pres-
ent. Later, when technology became available, I
made transparencies of figures from the journal ar-
ticles. But I really wanted a textbook that presen-
ted the concepts of molecular biology, along with
experiments that led to those concepts. I wanted
clear explanations that showed students the rela-
tionship between the experiments and the con-
cepts. So, I finally decided that the best way to get
such a book would be to write it myself. I had al-
ready coauthored a successful introductory genetics
text in which I took an experimental approach-as
much as possible with a book at that level. That
gave me the courage to try writing an entire book
by myself and to treat the subject as an adventure
in discovery.

Organization

The book begins with a four-chapter sequence
that should be a review for most students. Chapter
1 is a brief history of genetics. Chapter 2 discusses
the structure and chemical properties of DNA.
Chapter 3 is an overview of gene expression, and

Chapter 4 deals with the nuts and bolts of gene clo-
ning. All these are topics that the great majority of
molecular biology students have already learned in
an introductory genetics course. Still, students of
molecular biology need to have a grasp of these
concepts and may need to refresh their understand-
ing of them. I do not deal specifically with these
chapters in class; instead, 1 suggest students con-
sult them if they need more work on these topics.
These chapters are written at a more basic level
than the rest of the book.

Chapter 5 describes a number of common tech-
niques used by molecular biologists. It would not
have been possible to include all the techniques de-
scribed in this book in one chapter, so I tried to in-
clude the most common or, in a few cases, valua-
ble techniques that are not mentioned elsewhere in
the book. When I teach this course, I do not pres-
ent Chapter 5 as such. Instead, I refer students to
it when we first encounter a technique in a later
chapter, I do it that way to avoid boring my
students with technique after technique. I also re-
alize that the concepts behind some of these tech-
niques are rather sophisticated, and the students’
appreciation of them is much deeper after they've
acquired more experience in molecular biology.

Chapters 6-9 describe transcription in pro-
karyotes. Chapter 6 introduces the basic transcrip-
tion apparatus, including promoters, terminators,
and RNA polymerase, and shows how transcripts
are initiated, elongated, and terminated. Chapter 7
describes the control of transcription in three dif-
ferent operons, then Chapter 8 shows how bacteria
and their phages control transcription of many
genes at a time, often by providing alternative sig-
ma factors. Chapter 9 discusses the interaction be-
tween prokaryotic DNA-binding proteins, mostly
helix-turn-helix proteins, and their DNA targets.

Chapters 10-13 present control of transcription
in eukaryotes. Chapter 10 deals with the three eu-
karyotic RNA polymerases and the promoters they
recognize. Chapter 11 introduces the general tran-
scription factors that collaborate with the three
RNA  polymerases and points out the unifying
theme of the TATA-box-binding protein, which
participates in transcription by all three polymera-
ses. Chapter 12 explains the functions of genespe-

cific transcription factors, or activators. This



chapter also illustrates the structures of several
representative activators and shows how they in-
teract with their DNA targets. Chapter 13 de-
scribes the structure of eukaryotic chromatin and
shows how activators can interact with histones to
activate or repress transcription.

Chapters 14-16 introduce some of the postt-
ranscriptional events that occur in eukaryotes.
Chapter 14 deals with RNA splicing. Chapter 15
describes capping and polyadenylation, and Chap-
ter 16 introduces a collection of fascinating “other
posttranscriptional events,” including rRNA and
tRNA processing, trans-splicing, and RNA edi-
ting. This chapter also discusses two kinds of
posttranscriptional control of gene expression: (1)
RNA interference; and (2) modulating mRNA sta-
bility (using the transferrin receptor gene as the
prime example).

Chapters  17-19  describe the
process in both prokaryotes and eukaryotes. Chap-
ter 17 deals with initiation of translation, including
the control of translation at the initiation step.
Chapter 18 shows how polypeptides are elongated,
with the emphasis on elongation in prokaryotes.
Chapter 19 provides details on the structure and
function of two of the key players in translation:
ribosomes and tRNA.

Chapters 20-23 describe the mechanisms of
DNA replication, recombination, and transloca-
tion. Chapter 20 introduces the basic mechanisms
of DNA replication and repair, and some of the
proteins (including the DNA polymerases) in-
volved in replication. Chapter 21 provides details
of the initiation, elongation, and termination steps
in DNA replication in prokaryotes and eukaryotes.
Chapters 22 and 23 describe DNA rearrangements
that occur naturally in cells, Chapter 22 discusses
homologous recombination and Chapter 23 deals
with translocation.

translation

Chapter 24 presents concepts of genomics and
proteomics. The chapter begins with an old-fash-
ioned positional cloning story involving the Hun-
tington disease gene and contrasts this lengthy and
heroic quest with the relative ease of performing
positional cloning with the human genome (and
other genomes) in hand.

New to the Third Edition

One of the most obvious changes has been the
addition of Analytical Questions to each chapter
(except Chapter 1). 1 have always intended the
Review Questions to check students’ retention of
the material in each chapter, and the answers are

readily available in the text and figures. But many
users of the book have asked me for questions that
require a bit more thought and extrapolation be-
yond the presented material. That is the purpose
of the new Analytical Questions. I thank Marie
Pizzorno for her contribution to this new sef of
questions and welcome further contributions to ex-
pand these questions in future editions.

Most of the chapters of this third edition have
been updated and include new information. Here
are a few highlights.

Chapter 6 : A considerable amount of new
structural information has been added on prokary-
otic RNA polymerase, including new x-ray crystal
structures of the prokaryotic RNA polymerase ho-
loenzyme and of the holoenzyme bound to DNA.

Chapter 7 : The x-ray crystal structure of the
complex of lac DNA, CAP-cyclic AMP, and the o
CTD of RNA polymerase shows exactly what part
of the CAP protein contacts the o-CTD.

Chapter 8 : This chapter shows a new insight
into how transcription is controlled in bacterial
cells infected with A phage, including new evidence
that shows how NusA facilitates transcription ter-
mination by facilitating the formation of a hairpin
at the terminator, and how the A N protein over-
rides termination by inhibiting hairpin formation.
Also, we know how the heat shock g-factor ap-
pears so rapidly after heat shock in E. coli: Ele-
vated temperature melts inhibitory secondary
structure in the mRNA, rendering it more accessi-
ble to ribosomes.

Chapter 10 : New structural information on
RNA polymerase II and its mechanism is presented
in Chapter 10. For example: The structure of
yeast polymerase II at atomic resolution reveals a
deep cleft that can accept a linear DNA template
from one end to the other. The catalytic center,
containing a Mg”" ion, lies at the bottom of the
cleft. A highly mobile clamp appears to swing open
to allow the DNA template to enter the cleft.

Chapter 11 : Chapter 11 examines a new class
IT transcription elongation factor: Sometimes.,
phosphorylation on serine 2 of the RNA polymer-
ase II CTD is also lost during elongation and that
can cause pausing of the polymerase. For elonga-
tion to begin again, rephosphorylation of serine 2
of the CTD must occur.

Chapter 12 . This chapter presents new infor-
mation on insulators and insulator regulation, and
new insights into how transcription can be con-
trolled by covalent modifications, including ubiq-
uitination and sumoylation of transcription factors.



Chapter 13 . A new concept of a histone code
is introducted in Chapter 13, with the interferon-8
(INF-B) gene as an example. In principle, each
particular combination of methylations, acetyla-
tions, phosphorylations, and ubiquitinations can
send a different message to the cell about activation
or repression of transcription.

Chapter 14 . A minor class of introns with 5'-
splice sites and branchpoints can be spliced with
the help of a variant class of snRNAs, including
Ul1, Ul2,U4atac, and Ubatac.

Chapter 15 : The CTD of the largest subunit
of RNA polymerase 11 serves as a platform for as-
sembly of factors that carry out capping. polyade-
nylation, and splicing. These factors come and go
as needed, and the phosphorylation state of the
CTD can change as transcription progresses. Also,
new information on the coupling of polyadenylation
and transcription termination is presented.

Chapter 16 : We introduce a more widespread
form of RNA editing: Some adenosines in mRNAs
of higher eukaryotes, including fruit flies and
mammals, must be deaminated to inosine posttran-
scriptionally for the mRNAs to code for the proper
proteins. Enzymes known as adenosine deaminases
active on RNAs (ADARs) carry out this kind of
RNA editing.

Chapter 17 : We introduce a new eukaryotic
translation initiation factor: This factor, eIF5B, is
homologous to the prokaryotic factor IF2. It re-
sembles IF2 in binding GTP and stimulating asso-
ciation of the two ribosomal subunits.

Chapter 19 . We examine another role for IF]
in prokaryotic translation initiation: preventing
aminoacyl tRNAs from binding to the ribosomal A
site until the initiation phase is over.

Chapter 24 : This chapter has seen the grea-
test change, as befits such a rapidly evolving sub-
discipline. The prateomics part of the chapter has
been expanded, including new techniques to probe

protein-protein interactions. To relfect this expan-
sion, the chapter has been renamed Genomics and
Proteomics. We have also designed a short tutorial
on the use of the NCBI website including: querying
the database for a sequence match; finding infor-
mation on a gene of interest; and viewing the
structure of a protein of interest in three dimen-
sions by rotating the structure on the computer
screen.

The genomics part of the chapter has also
been extensively revised. For example, the posi-
tional cloning of the Huntington disease ( HD)
gene has been moved to the beginning of the chap-
ter as an introduction to genomics to illustrate how
laborious such searches were before the genomics
era. We also present a hypothesis to explain why
expansion of the polyglutamine tract in huntingtin
leads to the deterioration of the central nervous
system that characterizes HD.

We also show that is is possible to define the
essential gene set of a simple organism by mutating
one gene at a time to see which genes are required
for life. In principle, it is also possible to define
the minimal genome-the set of genes that is the
minimum required for life,

Supplements

* A presentation CD-ROM contains digital
files for all of the line art, tables, and
photographs in the text in an easy-to-use
format. This format is compatible with ei-
ther PC or Macintosh.

* Text-Specific Website
The following website, specific to this
text, provides access to digital image files,
updates, and web links for both students
and instructors. Separate message boards
for both instructor and student discussion
are also available.
www. mhhe, com/weaver3
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2 Chapter 1/A Brief History

of genes. Instead, we call it transmission genetics be-
cause it deals with the transmission of traits from
parental organisms to their offspring. In fact, the
chemical composition of genes was not known until
1944 . At that point, it became possible to study genes
as molecules, and the discipline of molecular biology
was born. [ |

1.1 Transmission Genetics

In 1865, Gregor Mendel(Figure 1. 1)published
his findings on the inheritance of seven different
traits in the garden pea. Before Mendel’s research,
scientists thought inheritance occurred through a
blending of each trait of the parents in the off-
spring. Mendel concluded instead that inheritance
is particulate. That is, each parent contributes par-
ticles, or genetic units, to the offspring. We now
call these particles genes. Furthermore, by carefully
counting the number of progeny plants having a
given phenotype, or observable characteristic(e. g. ,
yellow seeds, white flowers), Mendel was able to
make some important generalizations. The word
phenotype, by the way, comes from the same Greek
root as phenomenon, meaning appearance. Thus, a
tall pea plant exhibits the tall phenotype, or ap-
pearance. Phenotype can also refer to the whole set
of observable characteristics of an organism.

Figure 1.1  Gregor Mendel. ( Source: Courtesy of Dept. of
Library Services/American Museum of Natural History,
Neg. no. 219467.)

Mendel’s Laws of Inheritance

Mendel saw that a gene can exist in different
forms called alleles. For example, the pea can have

either yellow or green seeds. One allele of the gene
for seed color gives rise to yellow seeds, the other
to green. Moreover, one allele can be dominant over
the other, recessive, allele. Mendel demonstrated
that the allele for yellow seeds was dominant when
he mated a green-seeded pea with a yellowseeded
pea. All of the progeny in the first filial generation
(F;) had yellow seeds. However, when these F,
yellow peas were allowed to self-fertilize, some
green-seeded peas reappeared. The ratio of yellow
to green seeds in the second filial generation (F,)
was very close to 3 3 1.

The term filial comes from the Latin: filius,
meaning son; filia, meaning daughter. Therefore,
the first filial generation(F,)contains the offspring
(sons and daughters) of the original parents. The
second filial generation(F;)is the offspring of the
F, individuals.

Mendel concluded that the allele for green
seeds must have been preserved in the F, genera-
tion, even though it did not affect the seed color of
those peas. His explanation was that each parent
plant carried two copies of the gene; that is, the
parents were diploid, at least for the characteristics
he was studying. According to this concept, homo-
zygotes have two copies of the same allele, either
two alleles for yellow seeds or two alleles for green
seeds. Heterozygotes have one copy of each allele.
The two parents in the first mating were homozy-
gotes; the resulting F; peas were all heterozygotes.
Further, Mendel reasoned that sex cells contain on-
ly one copy of the gene; that is, they are haploid.
Homozygotes can therefore produce sex cells, or
gametes, that have only one allele, but heterozy-
gotes can produce gametes having either allele.

This is what happened in the matings of
yellow with green peas: The yellow parent con-
tributed a gamete with a gene for yellow seeds; the
green parent, a gamete with a gene for green seeds.
Therefore, all the F, peas got one allele for yellow
seeds and one allele for green seeds. They had not
lost the allele for green seeds at all, but because
yellow is dominant, all the seeds were yellow.
However, when these heterozygous peas were self-
fertilized, they produced gametes containing alleles
for yellow and green color in equal numbers, and
this allowed the green phenotype to reappear.

Here is how that happened. Assume that we
have two sacks, each containing equal numbers of
green and yellow marbles. If we take one marble at
a time out of one sack and pair it with a marble
from the other sack, we will wind up with the fol-
lowing results: one-quarter of the pairs will be



yellow/yellow; one-quarter will be green/green;
and the remaining one-half will be vellow/green.
The alleles for yellow and green peas work the
same way. Recalling that yellow is dominant, you
can see that only one-quarter of the progeny ( the
green/green ones) will be green. The other three
quarters will be yellow because they have at least
one allele for yellow seeds. Hence, the ratio of
yellow to green peas in the second(F, )generation is
3¢ 1.

Mendel also found that the genes for the seven
different characteristics he chose to study operate
independently of one another. Therefore, combina-
tions of alleles of two different genes(e. g. yellow
or green peas with round or wrinkled seeds, where
yellow and round are dominant and green and wrin-
kled are recessive) gave ratios of 9 ¢ 3 : 3 : 1 for
yellow/round, yellow/wrinkled, green/round, and
green/wrinkled, respectively. Inheritance that fol-
lows the simple laws that Mendel discovered can be
called Mendelian inheritance.

SUMMARY Genes can exist in several different
forms, or alleles. One allele can be dominant over
another, so heterozygotes having two different al-
leles of one gene will generally exhibit the charac-
teristic dictated by the dominant allele. The reces-
sive allele is not lost; it can still exert its influence
when paired with another recessive allele in a ho-
mozygote.

The Chromosome Theory of Inheritance

Other scientists either did not know about or
uniformly ignored the implications of Mendel’s
work until 1900 when three botanists, who had ar-
rived at similar conclusions independently, redis-
covered it. After 1900, most geneticists accepted
the particulate nature of genes, and the field of ge-
netics began to blossom. One factor that made it
easier for geneticists to accept Mendel’s ideas was a
growing understanding of the nature of chromo-
somes, which had begun in the latter half of the
19th century. Mendel had predicted that gametes
would contain only one allele of each gene instead
of two. If chromosomes carry the genes, their num-
bers should also be reduced by half in the gam-
etes—and they are. Chromosomes therefore ap-
peared to be the discrete physical entities that carry
the genes.

This notion that chromosomes carry genes is
the chromosome theory of inheritance. It was a cru-
cial new step in genetic thinking. No longer were
genes disembodied factors: now they were observa-
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ble objects in the cell nucleus. (See Figure Bl. 1 to
review key structures in the cell.) Some geneti-
cists, particularly Thomas Hunt Morgan ( Figure
1. 2), remained skeptical of this idea. Ironically, in
1910 Morgan himself provided the first definitive
evidence for the chromosome theory.

Figure 1. 2 Thomas Hunt Morgan. (Source: National Library
of Medicine. )

Morgan worked with the fruit fly (Drosophila
melanogaster ), which was in many respects a much
more convenient organism than the garden pea for
genetic studies because of its small size, short gen-
eration time, and large number of offspring. When
he mated red-eyed flies (dominant) with white-eyed
flies(recessive) , most, but not all, of the F, progeny
were red-eyed. Furthermore, when Morgan mated
the red-eyed males of the F, generation with their
red-eyed sisters, they produced about onequarter
white-eyed males, but no white-eyed females. In
other words, the eye color phenotype was sex-
linked. It was transmitted along with sex in these
experiments. How could this be?

We now realize that sex and eye color are
transmitted together because the genes governing
these characteristics are located on the same chro-
mosome—the X chromosome. ( Most chromo-
somes, called autosomes, occur in pairs in a given
individual, but the X chromosome is an example of
a sex chromosome, of which the female fly has two
copies and the male has one. ) However, Morgan
was reluctant to draw this conclusion until he ob-
served the same sex linkage with two more pheno-
types, miniature wing and yellow body, also in
1910. That was enough to convince him of the va-



