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an important mechanism for evolutionary
change

12.5 Natural selection can act on multiple
levels in the developing and adult
nervous systems to enhance fitness

EVOLUTION OF NEURONAL
COMMUNICATION

12.6 lon channels appeared sequentially
to mediate electrical signaling
12.7 Myelination evolved independently in

vertebrates and large invertebrates

12.8 Synapses likely originated from cell
junctions in early metazoans

Neurotransmitter release mechanisms
were co-opted from the secretory
process

EVOLUTION OF SENSORY SYSTEMS

12.10 G-protein-coupled receptors (GPCRs)
are ancient chemosensory receptors in
eukaryotes

12.9

12.11 Chemosensory receptors in animals are

predominantly GPCRs

12.12 Two distinct families of ligand-gated ion
channels cooperate to sense odors
in insects

12.13 Retinal- and opsin-based light-sensing
apparatus evolved independently at

least twice
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12.14

12.15

12.16

12.17

Photoreceptor neurons evolved in two
parallel paths

Diversification of cell types is a crucial
step in the evolution of the retinal
circuit

Trichromatic color vision in primates
originated from variations and
duplications of a cone opsin gene

Introducing an extra cone opsin in
dichromatic animals enables superior
spectral discrimination

EVOLUTION OF NERVOUS SYSTEM
STRUCTURE AND DEVELOPMENT

12.18

12.19

12.20

12.21

12.22

All bilaterians share a common body
plan specified by conserved
developmental regulators

Eye development is controlled by
evolutionarily conserved transcription
factors

The mammalian neocortex underwent
rapid expansion recently

The size of the neocortex can be altered
by modifying the mechanisms of
neurogenesis

Cortical area specialization can be
shaped by input patterns
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Chapter 13
Ways of Exploring

ANIMAL MODELS IN NEUROBIOLOGY
RESEARCH

131

13.2

13.3

13.4

13.5

Some invertebrates provide large,
identifiable neurons for
electrophysiological investigations

Drosophila and C. elegans allow
sophisticated genetic manipulations

Diverse vertebrate animals offer
technical ease or special faculties

Mice, rats, and nonhuman primates are
important models for mammalian
neurobiology research

Human studies are facilitated by a long
history of medicine and experimental
psychology and by the recent genomic
revolution

GENETIC AND MOLECULAR
TECHNIQUES

13.6

Forward genetic screens use random
mutagenesis to identify genes that
control complex biological processes
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13.7

13.8

13.9

13.10

13.11

13.12

13.13

13.14

CONTENTS

Reverse genetics disrupts
pre-designated genes to assess
their functions

RNA interference (RNAIi)-mediated
knockdown can also be used to assess
gene function

Genetic mosaic analysis can pinpoint
which cell is critical for mediating
gene action

Transgene expression can be controlled
in both space and time in transgenic
animals

Transgene expression can also be
achieved by viral transduction and other
transient methods

Accessing specific neuronal types
facilitates functional circuit dissection

Gene expression patterns can be
determined by multiple powerful
techniques

Genome sequencing reveals connections
across species and identifies genetic
variations that contribute to diseases

ANATOMICAL TECHNIQUES

13.15

13.16

13.17

13.18

13.19

Histological analyses reveal the gross
organization of the nervous system

Visualizing individual neurons opens
new vistas in understanding the
nervous system

Fine structure studies can identify key
facets of molecular organization within
neurons

Mapping neuronal projections allows
the tracking of information flow across
different brain regions

Mapping synaptic connections reveals
neural circuitry

RECORDING AND MANIPULATING
NEURONAL ACTIVITY

13.20

13.21

13.22

13.23

13.24

13.25

Extracellular recordings can detect the
firing of individual neurons

Intracellular and whole-cell patch
recordings can measure synaptic input
in addition to firing patterns

Optical imaging can measure the activity
of many neurons simultaneously

Neuronal inactivation can be used to
reveal which neurons are essential for
circuit function and behavior

Neuronal activation can establish
sufficiency of neuronal activity in circuit
function and behavior

Optogenetics allows control of the
activity of genetically targeted neurons
with millisecond precision
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13.26 Synaptic connections can be mapped
by physiological and optogenetic
methods

BEHAVIORAL ANALYSES

13.27 Studying animal behavior in natural
environments can reveal behavioral
repertoires and their adaptive value

13.28 Studying behaviors in highly controlled
conditions facilitates investigation of
their neural basis

13.29 Behavioral assays can be used to
evaluate the functions of genes and
neurons and to model human brain
disorders
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