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DNA can replicate.

QD Lepi/eatsed y— s Q) Cene A<,
| % Auacts,

Information coded in the
sequence of nucleotide bases
in DNA is passed to a sequence
of nucleotide bases in RNA.

Information in RNA is passed
to polypeptides, but never
the reverse (polypeptides to
nucleic acids).

12.2 The Central Dogma Information flows from DNA to RNA to
polypeptide, as indicated by the arrows.

J o Transcription

ﬁ" *‘n. | (RNA synthesis)

Translation

M lGes Figes (protein synthesis)
& Il 12.8and 12.9

(ﬂd-‘-}) | : Polypeptide

12.3 From Gene to Protein This diagram summarizes the
processes of gene expression in prokaryotes. In eukaryotes, the
processes are somewhat more complex.
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Figure 5-2 The DNA double helix
acts as a template for its own
duplication. Because the nucleotide.
will successfully pair only with T, and
only with C, each strand of DNA can
serve as a template to specify the
sequence of nucleotides in its
complementary strand by DNA base-
pairing. In this way, a double-helical DR
molecule can be copied precisely.
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FIGURE 5.16 Diagram of
semiconservative replication.
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(A)

1B DNA replication begins at
the origin of replication at
the center of the cell.

Plasma membrane

Chromosome

¥4 The chromosomal
DNA replicates as
the cell grows.

B

Each cell contains a
complete chromosome,
visible as the nucleoid in
the center of the call.

e

separate, led by the
region including ori. The
cell begins to divide.

il 4
Plasma membranes have completely
formed, separating the cytoplasm of ane
cell from that of the other. Only a small
gap of cell wall remains to be completed.

9.2 Prokaryotic Cell Division (A) The process of cell division in a
bacterium. (B) These two cells of the bacterium Pseudomonas
aeruginosa have almost completed cytokinesis.
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New @ Template
strands strands
Two daughter
DNA duplexes
FIGURE 14.13

Origins of replication. At a site called the replication origin, the
DNA duplex opens to create two separate strands, each of which

can be used as a template for a new strand. Eukaryotic DNA has

multiple origins of replication.
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Figure 13-2 PCR s a simple, powerful tech-
nique for multiplying specific sequences of DNA. I
. When DNA is heated, the two strands uncoil, = g o
¢hey are then cooled and replicated. The cycle of ,G":.' ﬁc
heating, cooling, replicating, and then heating again e J
is repeated until millions or billions of copies of the G A ; = ik
sequence are obtained. B. Short segments of single- :s !__J
stranded DNA called oligonucleotides act as primers Selected segment
and allow researchers to replicate a particular se- ﬂ"tt _{ of DNA ’*-.;
quence, not just any DNA. The 20 or so bases of the \\_) e D’-
oligonucleotide pair with the correct segment of the =t

DNA and initiate replication. '/-—i' .7__"§ {
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CONTROLS M PRODUCTS

Fig. 7.8. Visualisation of PCR products of ornithine decarboxylase on an agarose
gel. Lane 1 - negative control (no DNA); lane 2 — positive control (cloned ornithine
decarboxylase fragment, 460 bp); lane 3 — PCR size markers; lanes 4 and 5 — PCR
product using rat liver genomic DNA and the ornithine decarboxylase primers used in
lane 2. Lane 4 shown product after 15 cycles, lane 5 after 30 cycles of PCR.
Photograph courtesy of Dr F. McKenzie.
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Primers, dNTP's, and
DNA polymerase are
added to synthesize
two new strands of DNA.

When the mixture
cools, primers bond
to the single-
stranded DNA.

A DNA molecule
with a target
sequence to be
copied is heated
to denature t.

The process is repeated,
doubling the amount of
DNA.

]
ll
£

By repeating the process,
many copies of the original
DNA can be produced

in a short time.

11.21 The Polymerase Chain Reaction
The steps in this cyclic process are repeated many times to produce multiple copies
of a DNA sequence.
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THE POLYMERASE \
5 e

3
CHAIN REACTION. The 5 e !
polymerase chain reaction (PCR) allows a AHNANTTT ¥ & g
single sequence in a complex mixture to be 'Ill[l[ I' |' " Il Illl 5! JW 5’
amplified for analysis. The process involves 5 3
using short primers for DNA synthesis that H””E |E H I% IE HH
flank the region to be amplified and repeated H -
rounds of denaturation (1), annealing of primers (2), ‘(4: ig';:; g )égleisé
and synthesis of DNA (3). The enzyme used for synthesis is a thermostable 5 ’ 3
polymerase that can survive the high temperatures needed for denaturation of ]'””E I} m”{ HH
template DNA. The reaction is performed in a thermocycler machine that can & S
be programmed to change temperatures quickly and accurately. The annealing &) I.II."IllIIIEIIHll II 3 o [Hl”lll Ii I[I[Il J
temperature used depends on the length and base composition of the primers. g LIS o AILLARIHNAL o
Details of the synthesis process have been simplified to illustrate the amplification 5 8 "~ & g
process. Newly synthesized strands are shown in light blue with primers in green. 3’W " E IH IHE Il I{ li[ I““i o
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Ancient DNA Milestones

These extinct organisms have yielded
meaningful genetic sequences.
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Mutation Example result
NO MUTATION
Normal B protein is
(A =) produced by the
B gene.
POINT MUTATION
Base substitution B protein is inactive
Substitution of one because changed
or a few bases amino acid disrupts
& functdon.
Insertion B protein is inactive
@& Addition of because inserted
oneora material disrupts
few bases proper shape.
Deletion B protein is inactive
Loss of one ora bem“_-"“'?f’“fiﬂf' of
' few bases protein is missing,
(A
CHANGES IN GENE POSITION
Transposition B gene or B protein
may be regulated
(A=t differently because of
change in gene
position.
Chromosomal rearrangement B gene may be
S
regulated differently in
its new location on
chromosome.
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The three types of mutation. They are substitu-
tion, addition, and deletion of a base pair in a
DNA strand.
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: |L : Dominant/ Frequency Among
Disorder Symptom | Defect Recessive Human Births
Cystic fibrosis Mucus clogs lungs, liver, and  Failure of chloride ion transport Recessive 1/2500 (Caucasians)
pancreas mechanism
Sickle cell anemia Blood circulation is poor Abnormal hemoglobin molecules Recessive 1/600 (African Americans)
Tay-Sachs disease Central nervous m Defective enzyme (hexosaminidase A) Recessive 1/3500 (Ashkenazi Jews)
deteriorates in infancy
Phenylketonuria Brain fails to develop in Defective enzyme (phenylalanine Recessive 1/12,000
infancy hydroxylase)
Hemophilia Blood fails to clot Defective blood-clotting factor VIII ~ X-linked recessive 1/10,000 (Caucasian males)
Huntington disease Brain tissue gradually Production of an inhibitor of brain Dominant 1/24,000
deteriorates in middle age - cell metabolism
Muscular dystrophy Muscles waste away Degradation of myelin coating of X-linked recessive 1/3700 (males) *
(Duchenne) nerves stimulating muscles
Hypercholesterolemia Excessive cholesterol levelsin  Abnormal form of cholesterol cell Dominant 1/500
blood lead to heart disease surface receptor
] -
DOMNAwY A EecEsyrve
DIPLOID Wild type ={ Dominamt }= | ={Fecessive = == Recessive =
GENOTYPE == || = = ={DOominant = | = = ={Recessive =
DIPLOID % Mutant Wild type Mutant
PHENOTYPE Wild type Mutant an typ

A FIGURE 5-2 Effects of dominant and recessive mutant alleles of a recessive allele must be present to cause a mutant ph_enotype.
on phenotype in diploid organisms. A single copy of a dominant Recessive mutations usually cause a loss of function; domman}
allele is sufficient to produce a mutant phenotype, whereas both copies mutations usually cause a gain of function or an altered function.
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FIGURE 13.26

The Royal hemophilia pedigree. Queen Victoria’s daughter Alice introduced hemophilia into the
Russian and Austrian royal houses, and Victoria’s daughter Beatrice introduced it into the Spanish

royal house. Victoria’s son Leopol

d, himself a victim, also transmitted the disorder in a third line of

descent. Half-shaded symbols represent carriers with one normal allele and one defective allele; fully

shaded symbols represent affected

individuals.
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(A) Dominant inheritance

Generation | (parents)
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Generation Il é i Ij é
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Siblings

(B) Recessive inheritance

Generation |
(parents)

PELICREES CANV 4F Lrryp

/E TR M7 5
oMy op A&€ssyLx

AuscyiAR
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individual has an

affected parent. “"6"{! 7“
OiFeqce

4

About 2 of the offspring (of
both sexes) of an affected
parent are affected.

One parent is heterozygous.. )
...and the recessive allele is

Generation || é

Generation Il

Generation IV

=

—

passed on to Y2 of the

phenotypically normal offspring.

]

These cousins are
both heterozygous.

produce homozygous recessive (affected) offsprin
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Aallele: aallele:

A recognition sequence binds There is no recognition

the restriction enzyme, which site, so the DNA is not cut. |
cuts the DNA fragment into two. s

| A a
CTTAAG CTEAAG
v f

[3 GAETTIC
B S L TTAA CTZAAG

digestion, electrophoresis,
probing, and blotting.

C ) i
2 Long fragments
S TErmao

3 @ revealed by ]

— s Short fragments
Type 1 Type2
homozygote ~ homozygote  Heterozygote
(AA) () (Aa)
An
q Construct a pedigree.j
1 2
3 4 5 6 7 8 9
an An An AA Aa an An
1 2 3 - 5 6 7 8 9
n T e— —— == — il —— =t —
., == -ven === = R e
ﬂ :— — i o — — —
A‘ Fem
As = This gel shows the RFLP patterns of

the members of this family.

17.7 RFLP Mapping Restriction fragment length poly-
morphisms are differences in DNA sequences that serve as
genetic markers. Thousands of such markers have been
described for the human genome.
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FIGURE 13.1 An overview of the concept of the flow of ge-
netic information encoded in DNA to messenger RNA to protein.
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(a) Parental DNA

¢ dIgEELLE
{RL999999

] - Change in DNA
DNA :ep!ication;x___ e

(b) Normal progenym
ded

ddd@ﬁgééé
RR&4ge99e. 228
:

Mutant progeny DNA

%%

Transcription ¢
2\ (e) Mutanf mRNA

SELE(0 ccce
(f) Normal prolein
) Q-

Figure 3-5. A Point Mutation Changes the Sequence of Amino Acids
in a Protein. DNA replication is very accurate, so the nucleotide se-
quence in the progeny DNA (b) is usually identical to that of normal
parental DNA (a). Occasionally an error is made. In this example, a par-
ticular A - T base pair in parental DNA changes to a T - A pair in the
mutant, progeny DNA (¢). During transcription, the information in DNA
is converted into messenger RNA. The mutation in DNA results in a
conversion of particular GAG codon in normal messenger RNA (d) into
a GUG codon in mutant messenger RNA (e). During translation of the
information into protein, GAG codes for the amino acid glutamic acid
(Glu) (f), while GUG codes for valine (Val) (g) (see Figure 2-6). The two
amino acids have very different chemical properties. Since the struc-
ture of the resulting protein is determined by the precise order of the
amino acids, the mutant protein will differ significantly from the nor-
mal protein. The differences between the normal and mutant mole-
cules shown are identical to those found between healthy people and
patients suffering from sickle-cell disease.

(d) Normal mRNA
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HBB gene
11p16.5
(Gene associated
with sickle
cell anemia)
—
1 um
figure 13.11
SICKLE CELL ANEMIA. In individuals homozygous for the
sickle cell trait, many of the red blood cells have sickled or
Chromosome 11 irregular shapes, such as the cell on the far right.
(A) Normal B-globin (B) Mutant form
; of p-globin
Number of codon in
- Dle d"'f;lex 8 __,/ DNA coding for p-globin }'\‘ 5 DNEA dup_;lex 8
r B TR Lty @ =
5 3 3 A
CCTGAGGAGAAG
DNA  gEAETECTCTTC o
ol B AN A A
Normal codon is GAG, " e Mutant codon is GUG, o
codes for amino acid Glu canscriphion codes for amino acid Val Transcription
L

tRNAs

Number of amino

acid in B-globin chain X'
5
(Pro)

Valine present at position
6 instead of glutamic acid

Glutamic acid is
normal at position 6

Figure 7.3 Molecular basis of sickle-cell anemia. (A) Part of the DNA in the normal B-globin gene is
transcribed into a messenger RNA coding for the amino acid sequence Pro—Glu=Glu—Lys. The T in
the marked A—T base pair is transcribed as the A in the GAG codon for Glu (glutamic acid).

(B) Mutation of the normal A—T base pair to a T—A base pair results in the codon GUG instead of
GAG. The codon GUG codes for Val (valine), so the polypeptide sequence in this part of the molecule
is Pro—Val—Glu—Lys. The resulting hemoglobin is defective and tends to polymerize at low oxygen

concentration.
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Inside of cell

See Figure
Transcription 12.4.
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See Figures
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See Figures
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123 From Gene to Protein This diagram summarizes the process-
s0f gene expression in prokaryotes. In eukaryotes, the processes are
at more complex.
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AGA
AGG
CGA ' GGA
DNA CGG _ _ GGG ATA
codons CGT GAT AAT TGT GAA GM GGT CAT ATT '
CGC GAC AAC TGC GAG GGC CAC ATC
Amino acid ) Ala) )Arg D D m D

ITA _ AGT
WG 4 ! '.':-_.:I. A G C
Cra CCA TCA ACA aTA
A 9‘3' 'Cl ACT TAT GTT TAG
ATG  TTC TGG TAC

D » 5 555 ™ 55 » B .
Figure 3.3 The genetic code. The codons shown for each amino acid are
those for DNA. éﬁm
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figure 153

TRANSGENIC PIG. The piglet on the right is a conventional
piglet. The piglet on the left was engineered to express a gene

from jellyfish that encodes green fluorescent protein. The color of
this piglet’s nose is due to expression of this introduced gene. Such
transgenic animals indicate the universal nature of the genetic code.
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In sickle-cell hemoglobin, the Giu at position 6 is replaced by Val

Figure 2.17 A portion of the primary structure of the f-globin polypeptide
and its location in the folded, complete polypeptide. Also shown is the amino
acid thal is altered in the f-globin polypeptide in sickle-cell disease.
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Bure 3-24 A collection of protein molecules, shown at the same scale. For comparison, a DNA molecule bound to a protein is also
tserated, These space-filling models represent a range of sizes and shapes. Hemoglobin, catalase, porin, alcohol dehydrogenase, and aspartate
iarbamaylase are formed from multiple copies of subunits. The SH2 domain (top left) is presented in detail in Panel 3-2 (pp. 138-139). (Afrer
Md'S. Goodsell, Our Molecular Nature. New York: Springer-Vrlag, 1996.)
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Pre-mRNA  5' (TSN I I

Pl The introns are
removed.
14.4 The Structure and Transcription of a Eukaryotic Gene The

B-globin gene is about 1,600 bp long.The exons—the protein-coding ~ ® ¥ é The spliced exons a'eJ

Protein

sequences—contain 441 base pairs (triplet codons for 146 amino mRNA [ ready for translation.
acids plus a triplet stop codon). The introns—noncading sequences

of DNA—between codons 30 and 31 (130 bp long) and 104 and 105
'850 bp long), are initially transcribed, but are spliced out of the initial
nRNA transcript.
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420 Alternative Splicing Results in Different mRNAs and
foteins  In mammals, the protein tropomyosin is encoded by a
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for tropomyosin:

11 exons
Exons

Different splicing patterns in different tissues result in a
unique collection of exons in mRNA for each tissue.

lmhally processed mRNA h'anscnpts

Skeletal muscle:

missing exon 2

Smogth muscle:

missing exons 3 and 10

Fibroblagf: missing

exons 2, 3, and 10

Liver: missing

exons 2,3,7,and 10

Brain: missing
exons 2, 3, 10, and 11
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gne that has 11 exons. Tropomyosin pre-mRNA is spliced differently
adifferent tissues, resulting in five different forms of the protein.
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