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INTRODUCTION



Introduction
• Zebrafish ( Danio rerio ) a re  sm all fre shwat e r fish  
• Wid e ly use d  as  m od e l o rgan ism s  in  b io logica l 

and  m e d ica l re se arch
• Nat ive  t o  Sout h  Asia  
• Ke y fe a t ure s :

⚬ Short  ge ne ra t ion  t im e
⚬ High  fe rt ilit y
⚬ Rap id  d e ve lop m e n t
⚬ Eggs  d e ve lop  e xt e rna lly 
⚬ Se xua lly m at ure  b y 12 we e ks  

Chia  e t  a l. (20 22)



HISTORY AND KEY EVENTS



1822

1934

1960s

1983

Early 20th 
Century 1981

First described by the British 
physician Francis Hamilton

Popular as aquarium fish 
in Europe and the U.S

Charles W. Creaser published a 
paper describing the suitability 
of zebrafish for embryological 

research

George Streisinger transitioned 
to working with zebrafish as a 
model for vertebrate genetics

First major breakthrough in 
zebrafish research by developing a 
technique to generate homozygous 
diploid zebrafish through artificial 

parthenogenesis

Mutagenesis 
techniques were 

established

History 

Ankeny et al., (2012)
Chia et al. (2022)
JP., (2002)



The first study analyzing a 
neurona l necros is  mutant from 
mutagenes is  expe riments  was  

published

Cha rle s  Kimmel, a  deve lopmenta l 
biologis t, published the  firs t fa te  

map for zebra fish

Chris tiane  Nüss le in-Volha rd initia ted 
prepa ra tions  for la rge -sca le  

mutagenes is  s creen

Large -sca le  
mutagenes is  s creens  

were  conducted 

Results  from these  s creens  
were  published in 

Deve lopment journa l

Zebra fish Genome  
P roject was  initia ted

Zebra fish have  become  
a  crucia l mode l in 

human dis ea se  
re sea rch

1988

1993-1996

1996

PRESENT

1990s 2001

History 

Ankeny et al., (2012)
Chia et al. (2022)
JP., (2002)



KEY ADVANTAGES & 
LIMITATIONS



Advantages

Abundant 
reproduction & 

fast 
development

High genetic 
homology to 

humans 

Conserved 
physiology

Less invasive 
and more 

reliable drug 
administration

Versatile 
application of 

developmental 
stages

Small brains

Space & cost 
efficiency 

Genetic tools

(Chia et al., 2020) 
(Stewart et al., 2014) 

(Vaz et al., 2018) 



Limitations

Poorly understood 
pharmacodynamic 

and 
pharmacokinetic 

properties 

Physiological 
variability 

between species

Complex 
behaviors in 

development

Not as many 
well 

characterized 
strains

Inbreeding issues Differences in 
brain regions

Water-soluble 
pharmaceuticals 

strongly 
recommended

Larvae do not 
have a BBB

(Chia et al., 2020) 
(Stewart et al., 2014) 

(Vaz et al., 2018) 



ZEBRAFISH IN BIOMEDICAL 
RESEARCH



Genetics & Development
• zebrafish reference genome: GRCz11 
• in vivo  m od e l fo r s t ud ying causa l ge ne s  and  m e chan ism s  

und e rlying hum an  d ise ase  p a t hoge ne s is  
• am e nab le  t o  ge ne t ic  m an ip ula t ions

⚬ CRISPR/Cas9  
⚬ ne xt -ge ne ra t ion  se q ue ncing (NGS) & long-re ad  

nanop ore  se q ue ncing
⚬ funct iona l va lid a t ion  o f GWAS find ings

• op t oge ne t ics  and  fluo re sce n t  m arke rs  fo r t racking ce ll 
p roce sse s  ove r t im e
⚬  non-invas ive , re a l-t im e  im aging o f in t e rna l s t ruc t ure s

Th e  Co m p a n y o f Bio lo gis t s  (20 15 ) 

Ka r  & Su b b ia h  (20 13)
Ho we  e t  a l.  (20 13)

Ch o i e t  a l. (20 21)
Ch e rn ya vs ka ya  e t  a l. (20 22)



Drug Development & Toxicology
High -throughput Drug Screening

• Zebrafish embryos are permeable to small molecules, 
enabling rapid compound testing.

• in vivo  ap p roache s  fo r p he no t yp e -b ase d  scre e n ing 
⚬ s t ud y s igna lling cascad e s  us ing che m ica l inh ib it o rs  
⚬ asse ss  t oxic it y and  t a rge t  id e n t ifica t ion
⚬ ap p ly AI-d rive n  im aging t o  t rack and  visua lize  t agge d  

com p ound s  

Precision Medicine applications: 
• ne w m ole cula r t a rge t s  fo r d iagnos t ic  and  t he rap e ut ic  

s t ra t e gie s

Ad ap t e d  from : Dash  & Pa t na ik (20 23)

Burke  (20 16 )
Cho i e t  a l. (20 21)

Dash  & Pa t na ik (20 23)
Angom  & Nakka  (20 24)



NEUROSCIENCE

NEURODEVELOPMENTAL 
RESEARCH

Studying Neuronal Development
• Well-conserved nervous system structures 

with humans
• Model for studying neurogenesis, neuron 

mapping, and neuroendocrine functions.
• Transparent larval stage allows in vivo 

monitoring of motor neuron pathways and 
degeneration.

Howard Hughes Medical Institute (2013)
Chia et  al. (2022)
Dash & Patnaik  (2023 )
Angom  & Nakka (2024 )



NEUROSCIENCE

MODELLING 
NEURODEGENERATIVE 

DISEASES

Application in ALS, Parkinson’s, 
Alzheimer’s, Huntington’s

• Models recreate key pathology features 
(e.g., protein aggregation, neuron 
degeneration)

Case Study: ALS and FUS Mutation 
Studies

• Used to uncover pathological mechanisms 
like neuron degeneration in ALS (Lebedeva 
et al., 2016).

Howard Hughes Medical Institute (2013)

Choi  et  al. (2021)
Chia et  al. (2022)



COMPLEX DISEASES

CARDIOVASCULAR RESEARCH

Heart Disease and Regeneration Models
• Zebrafish hearts mimic human cardiac 

processes, aiding studies in CVD.
• High regenerative capacity of zebrafish 

cardiomyocytes provides insights into cardiac 
regeneration.

Doxorubicin Cardiotoxicity Model
• Identification of cardioprotective agents

⚬  visnagin (VIS) and diphenylurea (DPU) 
•  found to combat chemotherapy-induced heart 

damage (Lui et al., 2014)

Nightsea (2014)

Kar & Subbiah  (2013 ) 
Dash & Patnaik  (2023 )
Angom  & Nakka (2024 )



ONCOLOGY RESEARCH

Cancer Modeling and Drug Screening
• Tumour growth visualization, drug screening, 

and toxicity testing.

Success in Kinase Inhibitor Identification
• Found compounds targeting cell proliferation 

and migration in melanoma and leukemia 
(Hason et al., 2023).

• high sensitivity and accuracy for quantifying 
cancer cell growth
⚬  valuable model for pre-clinical drug 

screening.

COMPLEX DISEASES

Cancer Research UK (2014)

Dash & Patnaik  (2023 )



Conclusions



THANK YOU 
FOR LISTENING
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