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I. Animal models in neurobiology research

óidealô animal models:

A simple genome and short generation time;

Complex brain functions and behaviors to extrapolate findings more easily to humans;

Large and easily identifiable neurons.



ÅDrosophilaand C. elegans allow sophisticated genetic manipulations

https://wormbase.org
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sensory neurons;

blue:

interneurons; 
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motor neurons.
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In 1963,Sydney Brennerproposed research intoC. elegans.

It is one of the simplest organisms with anervous system .

In the wild: lives in the soil and eats bacteria.

In 2002, theNobel Prize in Physiology or Medicinewas awarded toSydney 

Brenner,H. Robert Horvitz, andJohn Sulstonfor their work on the genetics of 

organ development andprogrammed cell deathin C. elegans. 

The 2006Nobel Prize in Physiology or Medicinewas awarded toAndrew 

Fire andCraig C. Mellofor their discovery ofRNA interferencein C. elegans. 

In 2008,Martin Chalfieshared aNobel Prize in Chemistry for his work ongreen 

fluorescent protein 



Å squid Loligo giant axon.
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investigations

Principles of neurobiology, 2015



ÅNew tools, new insights ̚ probing social behavior in ants

the ant Harpegnathos saltator



ÅDiverse vertebrate animals offer technical ease or special faculties

https://zfin.org/
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The use of zebrafish (Danio rerio) 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.

http:// www.zfish.cn/



Songbirds: communication neuroscience, to study vocalization and learning

Barn owls: to study audition because of their superb ability to locate 

sounds



ÅMice, rats, and nonhuman primates are important models for mammalian 

neurobiology research

Figure 10ï22

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

Foundation

operant conditioning (also called instrumental conditioning)

Rat hippocampal brain slice



ÅMice, rats, and nonhuman primates are important models for mammalian 

neurobiology research

http://www.brainmuseum.org/

These cloned macaque monkeys are almost genetically 

identical, and share a mutation that disrupts their sleep cycle.



II. genetic & molecular techniques

To disrupt the function of an individual geneðloss-of-function mutation

Principles of neurobiology, 2015



random mutagenesisЕ

chemical mutagens:EMS

radiation: X rays

transposon insertion: P-element

Å Forward genetics

Hales, K. et al. 2015.

screen for dominant phenotypes; 

screen males for X-linked recessive phenotypes

screen for recessive phenotypes

ex. Drosophila fruitless gene (derived from X-ray 

mutagenesis),

Drosophila Period gene and mouse Clockgene



Knock-out

homologous recombination  (Rong,2000)

zinc-finger nuclease (ZFN)and the transcription activator -like 

effector nuclease (TALEN)

CRISPR/Cas9

Knock-down

RNA interference

Å Reversegenetics

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

Hales, K. et al. 2015.

Matthew J. et al.2016.



Maggert , K. et al. 2008

homologous recombination



Å zinc-finger nuclease (ZFN)andthe transcription activator-like effector nuclease (TALEN),CRISPR/Cas9



homology assisted CRISPR knock-in (HACK)the integrase swappable in vivo targeting element (InSITE) system  

Gohl, D. et al. 2011
Lin, C.-C. and Potter, C. 2016



To misexpressthe gene of interest at different levels or with different spatiotemporal patterns ̚gain-of-function

fruɏtra female

misexpressfruM in female

Binary expression systems: GAL4/UAS, LexA/LexAop and QF/QUAS systems.

Ternary expression systems: GAL80, QS,split GAL4 and split LexA.

Flp-out: flipase(Flp) and its recognition target sequence (FRT)

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

Demir, E. and Dickson, B. 2005

Sivanantharajah, L. and Zhang, B. 2015.



otd -Flpl;Tubp>Gal80>stop

otd -Flpl;Tubp>stop>Gal80

Dolan, M.-J. et 

al. 2017. 

Killer Zipper 



The mosaic analysis with a repressible cell marker (MARCM) technique

Genetic mosaics are individuals composed of cells with at

least two different genotypes.

hs-flp FRTG13 tub-Gal80 fruNP21

+ FRTG13 UAS-mCD8::GFP     UAS-shits
ЖЖ


