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https://youtu.be/4c-Kw4timVA 



Zebrafish 
• Vertebrate 
• External fertilization 
• Many embryos 
• Transparent embryos 
• Fast development 
• Short generation time 
• Easy to maintain 



How do multicellular 
organisms develop from a 
single cells to morphologically 
complex forms? 

Christiane Nüsslein-Volhard 

1995 Nobel Prize in Physiology or Medicine 
for her research on the genetic control of 
embryonic development in the fruit fly 





How many crosses to make? 

How many embryos to screen? 
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Zebrafish, a model of Choice 

• Vertebrate 
• Large number of accessible transparent embryos 
• Fast development and short generation time 
• Developmental mutants 
• Gene expression analysis 
• Transgenesis 
• Gene knockdown, knockout and knockin 
• Behavioral tests 
• Imaging capabilities 

 



1dpf 3dpf 14dpf 5dpf 

Ori Palevitch 2005 

Spatial and temporal gene expression patterns 
Gene expression analysis using whole mount in situ hybridization 

 

GnRH2 mRNA localization during zebrafish development  
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Ori Palevitch 2005 

GnRH3 mRNA localization during zebrafish development  



Transgenesis: 
Method development and utilization for 
visualizing and manipulating neuros 



EGFP  promoter 



Transgenic fish in which GFP is driven by vascular-specific promoters  

https://youtu.be/yk7TWOtrphM 









Kawakami 2005 

Discovering the Tol2 transposase system  

m-medaka 
z-zebrafish 





The GAL4-UAS system 



Utilization of the GAL4-UAS system in zebrafish 



Specific neuronal inhibition 



Neuronal ablation 

Metronidazole 

Cell death Nitroreducdase 
(nfsB gene) 



Shainer et al., 2019 



Synaptic plasticity 



Lior Appelbaum, BIU 



Shainer et al., 2017 



Blocking the clock 

∆CLK 



Seeing neurons in action, using Ca++ sensor 

https://www.youtube.com/watch?v=1Q-g1uCvYOA 
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Activating neurons 

ChR 



Optogenetics 

Light sensitive sodium channel 
called channelrhodopsin 

Light sensitive single-cell algae  



Channelrhodopsin 

Generation of action potential by light pulse 

The blue-light sensitive Channelrhodopsin and the yellow light-activated 
chloride pump halorhodopsin together enable activation and silencing of 
neural activity 

Halorhodopsin 
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What is the advantage of using the GAL4-UAS system? 



Promoters 
• Gene 1 
• Gene 2 
• Gene 3 
• Gene 4 
• Gene 5 
• Gene 6 
• Gene 7 
• Gene 8 
• Gene 9 
• Gene 10 

Reporters 
• EGFP 
• Tetanus toxin 
• nfsB (nitroreductase) 
• Synaptophysin-EGFP 
• Cannelrhodopsin 
• GCaMP (Ca sensor) 
• Halorhodopsin 

 

= 70 combinations 
   with 17 Tg lines 



Danio Vision, Noldus 

Monitoring locomotor activity of zebrafish larvae 



 

clustered regularly interspaced short 
palindromic repeats (CRISPR) 



 



 
23 bp  



 



Whole genome duplication occurred as a result of failure of homologous 
chromosomes to separate properly during meiosis which results in 
additional copies of the entire genome. 
Whole genome duplication is a rare evolutionary event that has played a 
dramatic role in diversification.  



Whole genome duplication: What could be the 
consequence and why is this a consideration? 



• What are the advantages and disadvantages of 
zebrafish as a model for human genetic 
diseases? 
 
 
 

Thank you for your patients!! 
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