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PartI. Animal models in neurobiology research and genetic &
molecular techniquas neural circuits research.

Part Il. Theway of Recording neuronal activity.

Partlll. Manipulating neuronal activity and behavioral analyses.
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|. Animal models in neurobiology research

0i deal 6 ani mal model s:

A simple genome and short generation time;

Complex brain functions and behaviors to extrapolate findings more easily to humans;
Large and easily identifiable neurons.
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A DrosophilaandC. elegansllow sophisticated genetic manipulations

In 1963,Sydney Brenneproposed research in@ elegans
It is one of the simplest organisms with&vous system .
In the wild: lives in the soil and eats bacteria.
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In 2002, theNobel Prize in Physiology or Mediciveas awarded t&ydney
BrennerH. Robert Horvitz andJohn Sulstoffior their work on thegenetics of
organ developmerandprogrammed cell deaih C. elegans

The 2006Nobel Prize in Physiology or Mediciveas awarded téndrew
FireandCraig C. Mellofor their discovery oRNA interferencan C. elegans

In 2008,Martin Chalfieshared alobel Prize in Chemisgrfor his work ongreen
fluorescent protein

Red:
Sensory neurons;

blue:
interneurons;

green:
motor neurons.
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Principles of neurobiology, 2015



A New tools, new insights”

orco Mutagenesis Causes Loss of Antennal Lobe Glomeruli and
Impaired Social Behavior in Ants

- Waring Trible, Leonora Olivos-Cisneros, Sean K. McKenzie, Jonathan Saragosti, Ni-

... Chen Chang, Benjamin J. Matthews, Peter R. Oxley, Daniel J.C. Kronauer

Cell, Vol. 170, Issue 4, p727-735.e10
Published in issue: August 10, 2017

Open Archive

In Brief | Full-Text HTML | PDF

-~ An Engineered orco Mutation Produces Aberrant Social Behavior and
~ Defective Neural Development in Ants

Hua Yan, Comzit Opachaloemphan, Giacomo Mancini, Huan Yang, Matthew Gallitto,
Jakub Mlejnek, Alexandra Leibholz, Kevin Haight, and others

- Cell, Vol. 170, Issue 4, p736—-747.e9

Published in issue: August 10, 2017
Open Archive
In Brief | Full-Text HTML | PDF

The Neuropeptide Corazonin Controls Social Behavior and Caste
Identity in Ants

Janko Gospocic, Emily J. Shields, Karl M. Glastad, Yanping Lin, Clint A. Penick, Hua
Yan, Alexander S. Mikheyev, Timothy A. Linksvayer, and others

Cell, Vol. 170, Issue 4, p748-759.e12
Published in issue: August 10, 2017

Open Archive
In Brief | Full-Text HTML | PDF

probing social behavior in ants
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the ant Harpegnathos saltator



A Diverse vertebrate animals offer technical ease or special faculties
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The use of zebrafish (Daniorerio) as amodel organism began in
the 1960s.

Its embryonic development is very rapid and its embryos are nearly
transparent;

As a vertebrate, the zebrafish has the same major organs and
tissues as humans.

Zebrafish have the ability to regenerate their heart, hair cells,
photoreceptor cells and retinal neurons.
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Barn owls to study audition because of their superb ability to locate
sound

Songbirds: communication neuroscience, to study vocalization and learning

Figure 1-5 Barn owls use their auditory
system to locate prey in complete
darkness. The image was constructed by
superimposing a series of photographs
taken with an infrared camera. (Courtesy
of Masakazu Konishi.)



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

iDVE Journal of Visualized Experiments
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Figure 1022 Rat hippocampal brain slice

See Skinner BF [1938] The Behavior of Organisms. B.F. Skinner
Foundation



A Mice, rats, and nonhuman primates are important models for mammalian
neurobiology research PARALYSED PRIMATES WALK

A wireless implant bypasses spinal-cord injuries in monkeys,
enabling them to move their legs.
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These cloned macaque monkeys are almost genetically
identical, and share a mutation that disrupts their sleep cycle.




Il. genetic & molecular techniques

To disrupt the function of an individual gehdossof-function mutation

FORWARD GENETICS REVERSE GENETICS

nucleus cell

chromosomes

screen for altered traits after mutagenesis disrupt known DNA sequence

nucleus cell

chromosomes

identify the causal gene identify alterations in traits

Principles of neurobiology, 2015



T ﬁ% ex. Drosophilafruitless gene (derived from Xray

genetics -
Identify essential

developmental . :
genes ﬁ Drosophila Periodgene and mous&lockgene

A Forward genetics mutagenesis),

Males eat food with mutagen

. / = Developing sperm (and other cells)
random mu tag enesiskE ¥ \ each have different new mutations

chemical mutagens: EMS Cross to wid type females
radiation: X rays
transposon insertion: P-element Qo D D  omimechony

different mutations

screen for dominant phenotypes;
screen males for-¥nked recessive phenotype

Qutcross offspring separately

l Make inbred lines of new mutations|

Yo screen for recessive phenotypes

‘e G
W Test homozygotes

wW§@_|__ (i alive) for phenotype
> of interest

Hales, K. et al. 2015.



Reverse
genetics

—_—

Test the function
of essential
developmental
Genome/exome genes

sequence data

A Reversegenetics

The reverse approach became much more common only after the D. melanogaster
genome was sequenced.

Candidate
human-disease-
ﬁusing gene/variant Knock-out
identification
homologous recombination (Rong,2000)
f zinc-finger nuclease (ZFN)and the transcription activator -like
Drosqphilg ortholog
ethics effector nuclease (TALEN)
CRISPR/Cas9
Knock-down
R tics: Validation th h i
knoixﬁﬁeggﬁgealncg/or - |p?1(‘ecr>\?)ty;:gug RNA Inte rfe rence

knock-in gene/variant m screens

Drosophila models
of human congenital
disease

Identification of
additional candidate
gene(s) and variant(s)

volved in diseses Matthew J. et al.2016.
Hales, K. et al. 2015.



homologous recombination
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A zincfinger nuclease (ZFNandthe transcription activatdike effector nuclease (TALENGRISPR/Cas9
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the integrase swappable in vivo targeting elem@8ITE) system homology assisted CRISPR kneitk(HACK)
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To misexpressthe gene of interest at different levels or with different spatiotemporal patterns * gain-of-function

fruy " female .

misexpressfruM in female

Binary expression systems: GAUAS, LexA/LexAop and QFQUAS systems.
Ternary expression systems: GAL80, GQfljt GAL4 and splitexA.
Flp-out: flipase(FIp) and its recognition target sequence (FRT)

Quaternary expressionsystem: Killer Zipper (KZip+), a suppressor of split Gal4

SivanantharajalL. and Zhang, B. 2015.

Demir, E. and Dickson, B. 2005
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The mosaic analysis with a repressible cell marke™MARCM) technique

Genetic mosaics are individuals composed of cells with at
least two different genotypes.

hsflp FRTG13 tubGal80 wfru'\'F’21

+ NXFRTGlS UASMCDS8::GFP" UAS-shis




