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The Central Dogma of gene expression. DNA is transcribed
to make mRNA, which is translated to make a protein.
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Figure 6-2 The pathway from DNA
to protein. The flow of genetic
information from DNA to RNA
(transcription) and from RNA to protein
(translation) occurs in all living cells.
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Nucleus in base determines
type of cap regenerated

FIGURE 14.2

Hammerling’s Acetabularia reciprocal graft experiment.
Hammerling grafted a stalk of each species of Acetabularia onto
the foot of the other species. In each case, the cap that eventually

developed was dictated by the nucleus-containing foot rather than
by the stalk.

Macleny o 2
Lot lane P

Dee ’0./)4.2‘ C"”‘chazo_/fa[,-f,,w I, Yhe tlcleus
2 Responesd e Pow Fhe Phenolxne P




nos Clomwms Exrecirtent SHaws THRT
THE A/acz.eu_r Qﬂ?"ﬂ.ig; 7Ae dm¢//o
DELRAVY 44(,;‘ ﬂ'vcéﬂﬂuu‘

HH

§ E , D —— P :! . ‘ 7 g “/-7
2 ,‘/ No growth : b..,normal
two gUgC eo oys ~ @ 7 Al

=\

nucleus, or it is removed O

with micropipette.
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s e Epithelial cell nucleus i3
— .i ® {] ® *‘“"% is inserted into LR
1
L_J

- enucleate egg.
Nucleus is 99

removed -
Epithelial cells are L . Occasionally, an adult
Tadpole isolated from in micropipette. Tadpole frog develops. lts cells
(one nucleolus)
tadpole intestine. possess one nucleolus.

FIGURE 14.3

Briggs and King’s nuclear transplant experiment. Two strains of frogs were used that differed from each other in the number of
nucleoli their cells possessed. The nucleus was removed from an egg of one strain, either by sucking the egg nucleus into a micropipette
or, more simply, by destroying it with ultraviolet light. A nucleus obtained from a differentiated cell of the other strain was then injected
into this enucleate egg. The hybrid egg was allowed to develop. One of three results was obtained in individual experiments: (1) no growth
occurred, perhaps reflecting damage to the egg cell during the nuclear transplant operation; (2) normal growth and development occurred
up to an early embryo stage, but subsequent development was not normal and the embryo did not survive; and (3) normal growth and
development occurred, eventually leading to the development of an adult frog. That frog was of the strain that contributed the nucleus and

not of the strain that contributed the egg. Only a few experiments gave this third result, but they serve to clearly establish that the nucleus
directs frog development.
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1 change/10 nucleotides

Figure 1-2] The three major divisions (domains) of the living world. Note that traditionally the
word bacteria has been used to refer to procaryotes in general, but more recently has been redefined to
refer to eubacteria specifically. Where there might be ambiguity, we use the term eubacteria when the narrow
meaning is intended. The tree is based on comparisons of the nucleotide sequence of a ribosomal RNA
subunit in the different species. The lengths of the lines represent the numbers of evolutionary changes that
have occurred in this molecule in each lineage (see Figure 1-22).
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Nanometers Micrometers Millimeters Meters
Small Assemblies
molecules
Macro- . .
Atoms molecules Cells Multicellular organisms
Glucose Ribosome Bacteritim C. elegans Newhorn human
. . Red blood
C-C bond Hemoglobin Mitochondrion cell Bumblebee
| I I J I I I I I I
1010 m 10 m 108 m 107 m 106 m 105 m 104 m 103 m 102 m 10" m 100 m
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A FIGURE 1-20 Biologists are interested in objects ranging across. (c) A wolf spider, about 15 mm across. (d) Emperor
in size from small molecules to the tallest trees. A sampling penguins are about 1 m tall. [Part (a) Will and Deni Mclntyre. Part (b)
of biological objects aligned on a logarithmic scale. (a) The DNA Yorgas Nikas/Photo Researchers, Inc. Part (c) Gary Gaugler/Visuals
double helix has a diameter of about 2 nm. (b) Eight-cell-stage Unlimited, Inc. Part (d) Hugh S. Rose/Visuals Unlimited, Inc.]

human embryo three days after fertilization, about 200 pm
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Figure 1-38 Genome sizes
compared. Genome size is measured in
nucleotide pairs of DNA per haploid
genome, that is, per single copy of the
genome. (The cells of sexually reproducing
organisms such as ourselves are generally
diploid: they contain two copies of the
genome, one inherited from the mother,
the other from the father)) Closely related
organisms can vary widely in the quantity
of DNA in their genomes, even though
they contain similar numbers of
functionally distinct genes, (Data from
W.-H. Li, Molecular Evolution, pp. 380-383.
Sunderland, MA: Sinauer, 1997.)
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We expect simple
organisms to have
small genomes...

Gm 0 : Bacteriophage  Yeast E. coli
/J <€ (virus) 24 million bp 4 million bp

10,000 bp
e
Caenorfabditis efegans Fruit fly
(roundworm) 330 million bp -
160 million bp per cell per cell 106 billion bp

per cell

...but why does a
lily have 18 times
the DNA that a

human does?

14.1 Amounts of Genomic DNA Can Be Deceiving

Eukaryotes have more DNA in their genomes than prokaryotes. However, among some o
eukaryotes—especially plants—there is no apparent relationship between diploid 6 billion bp
genome size and organism complexity. per cell

Number of genes (x 1000) ——>

PILTT Y

Organism

FIGURE 19.15

What the human genome is like. The human genome has an
unexpectedly small number of genes, some 30,000. This is not
many more than the plant Arabidopsis, and only a third more than
nematode worms.
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TABLE I-1 Some Genomes That Have Been Completely Sequenced

SPECIES SPECIAL FEATURES HABITAT GENOME SIZE NUMBER
— (1000s OF OF GENES
Splancimy romlle becane of ) e oo
SGtmnetrg Enfin aersn HAPLOID GENOME)
EUBACTERIA
Mycoplasma genitalium smallest genome of any human genital tract 580 468
known cell
Synechocystis sp. photosynthetic, oxygen- lakes and streams 3573 3168
generating (cyanobacterium)
laboratory favorite human gut 4639 4289
Helicobacter pylori causes stomach ulcers human stomach 1667 1590
and predisposes to
stomach cancer
Bacillus subtilis bacterium soil 4214 4099
Aquifex aeolicus lithotrophic; lives at high hydrothermal vents 1551 1544
temperatures
Mycobacterium tuberculosis  causes tuberculosis human tissues 4447 4402
Treponema pallidum spirochaete; causes syphilis human tissues 1138 1041
Rickettsia prowazekii bacterium most closely lice and humans 1111 834
related to mitochondria; (intracellular parasite)
causes typhus
Thermotoga maritima organotrophic; lives at high hydrothermal vents 1860 1877
temperatures
ARCHAEA
Methanococcus jannaschii lithotrophic, anaerobic, hydrothermal vents 1664 1750
methane-producing
Archaeoglobus fulgidus lithotrophic or hydrothermal vents 2178 2493
organotrophic, anaerobic,
sulfate-reducing
Aeropyrum pernix aerobic, organotrophic coastal volcanic 669 2620
hot-steam vents
EUCARYOTES
Saccharomyces cerevisiae minimal model eucaryote grape skins, beer 12,069 ~6300
(budding yeast)
Arabidopsis thaliana model organism for soil and air ~142,000 ~26,000
(wall cress) flowering plants
Caenorhabditis elegans simple animal with soil ~97,000 ~19,000
(nematode worm) perfectly predictable
development
Drosophila melanogaster key to the genetics of rotting fruit ~137,000 ~14,000
(fruit fly) animal development
Homo sapiens (human) most intensively studied houses ~3,200,000 ~30,000

mammal
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3 A5
Key C 4
ARCHAEBACTERIA

Archaebacteria Methanogens, Bacteria that are not members of the kingdom Eubacteria.
thermophiles, m Mostly anaerobic with unusual cell walls. Some produce

e .

halophiles methane. Others reduce sulfur.

EUBACTERIA
Actinomycetes Streptomyces, Gram-positive bacteria. Form branching filaments and produce
Actimomyces _ spores; often mistaken for fungi. Produce many commonly used

antibiotics, including streptomycin and tetracycline. One of the
fmost common types of soil bacteria; also common in dental
plaque.

Bacteria able to obtain their energy from inorganic chemicals.
Most extract chemical encrgy from reduced guses such as H;S
(hydrogen sulfide), NH; (ammonia), and CH, (methane). Play a
key role in the nitrogen cycle.

@f_a‘lmnoautmopim Sulfur bacteria,
s Nitrobacter,

A form of photosynthetic bacteria commeon in both marine and
freshwater environments. Deeply pigmented; often responsible
for “blooms" in polluted waters.

shaped bacteria) Do not form spores; usually

cause many important diseases, including (""‘
bubonic plague and cholera.

Gram-negative bacteria. Exhibit gliding motility by secreting
slimy polysaccharides over which masses of cells glide; some
groups form upright multicellular strucrures carrying spores
called fruiting bodies.

Gram-negative heterotrophic rods with polar flagella. Very
common form of soil bacteria; also conain many important plant
pathogens.

Small, -negative intracellular parasites. Rickettsiz life cycle
mvulves% mamtnals and arthropods such as fleas and ticks;
Rickettsia are responsible for many fatal human diseases,
including typhus (Rickettsia prowazekii) and Rocky Mountain
spotted fever. Chlamydial infections are one of the most
common sexually transmitted diseases,

Long, coil-shaped cells. Common in aquatic environments; a
parasitic form is responsible for the disease syphilis.
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Pathogen

Vector/Reservoir

_dﬂamydiz

—2 [Choler

Dental caries
o

's disease

)

i;,}m disease

Bacillus antbracis

Clostridium botnlinum

Chlanydia trachomatis

Vibrio cholerae

Streptococcus
Corynebacterivm
dipbtheriae

Neisseria gonorrboeac

Mycobacterium leprae
Borrelia bergdorferi

Helicobacter pylori

Yersiniz pestis

lycoplasma, Chlamydia

Mycobacterium
tubereulosis

Salmonella typhi

Rickertsia typhi

Animals, including
processed skins

Improperly prepared food

Humans, STD

Human feces, plankton

Humans
Humans

Humans only

Humans, feral armadillos
‘Ticks, deer, small rodents

Humans

Fleas of wild rodents: rats
and squirrels

Humans

Humans

Humans

Lice, rat fleas, humans

Bacterial infection that can be transmitted through

contact or ingested. Rare except in sporadic
outbreaks. May be fatal.

Contracted through ingestion or contact with wound.
Produces acute toxic poison; can be fatal.

Urogenital infections with possible spread to
eyes and respiratory tract. Occurs worldwide;
increasingly common over past 20 years.

Causes severe diarrhea that can lead to death

by dehydration; 50% peak mortality if the disease
goes untreated. A major killer in times of crowding
and poor sanitation; over 100,000 died in Rwanda in
1994 during a cholera outbreak.

A dense collection of this bacteria on the surface of
teeth leads to secretion of acids that destroy minerals
in tooth enamel—sugar alone will not cause caries.

Acute inflammation and lesions of mucous
membranes. Spread through contact with infected
individual. Vaccine available,

STD, on the increase worldwide. Usually not fatal.

Chronic infection of the skin; worldwide incidence
about 10~12 million, especially in Southeast Asia.
Spread through contact with infected individuals.

Spread through bite of infected tick. Lesion
followed by malaise, fever, fatigue, pain, stff neck,
and headache.

Originally thought to be caused by stress or diet, most

_ peptic ulcers now appear to be caused by this

bacterium; good news for ulcer sufferers as it can be
treated with antibiotics.

Killed ¥ of the population of Europe in the 14th
century; endemic in wild rodent populations of the
western U.S. today.

Acute infection of the lungs, often fatal without
treatment

An acute bacterial infection of the langs, lymph, and
meninges. Its incidence is on the rise, complicated by
the development of new strains of the bacteria that
are resistant to antibiotics.

A systemic bacterial disease of worldwide incidence.
Less than 500 cases a year are reported in the U.S,
The disease is spread through contaminated water or
foods (such as improperly washed fruits and
vegetables). Vaccines are availsble for travelers.

Historically a major killer in times of crowding and
poor sanitation; transmitted from human to human
through the bite of infected lice and fleas. Typhus has
a peak untreated mortality rate of 70%.
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FIGURE 15.1
The unraveled chromosome of an E. coli bacterium. This com-

plex tangle of DINA represents the full set of assembly instructions
for the living organism E. coli.
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