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Model organisms : centerpieces of biomedical research

Hedges, Nature reviews (2002)

Translability to other organisms, including

humans.

Developed as resource materials in order to

study particular biological phenomena

exhaustively or in great detail.

Contemporary model organisms tend to

be species (or, more precisely, strains of

these species) that are relatively simple

and experimentally tractable.

Taxon sampling analyses“In science, a model is a simplified system that

is accessible and easily manipulated.

A model organism is an animal, plant or

microbe that can be used to study certain

biological processes.”
https://www.nigms.nih.gov/Education/Pages/modelorg_factsheet.aspx



criteria for justifying a model organism

rapid life cycle

growth of large populations in short 
periods of time

increasing the likelihood of 
spontaneous genetic mutations

relatively simple reproductive cycles 
and genomes

relatively small body sizes and physical 
robustness under laboratory conditions
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zebrafish as research model

1. Genetic similarity to humans

Zebrafish are vertebrates and therefore share a high degree of sequence

and functional homology with mammals, including humans.

2. Impact of any genetic mutation or drug treatment is easy to see

Zebrafish embryos and larvae are completely transparent, meaning that it is

possible to follow the impact of a genetic manipulation or pharmacological

treatment using non-invasive imaging techniques. Less intrusive techniques

minimise animal suffering.
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4. Lots of offspring

Zebrafish have a much larger number of offspring in each generation than

rodents. Rodents have 5-10 offspring per pairing, in comparison to the 200-

300 obtained from fish.

3. Easier and cheaper to house and care for than rodents

Due to their small size and the relatively simple nature of their natural

environment, it is easier to keep zebrafish in what appear to be more

natural conditions than it is possible to simulate for mammals. This

minimises housing stress and the impact such stress may have on the

outcome of experiments.
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5. Zebrafish offspring

grows and develops very

quickly

In the space of 24 hours, a zebrafish

cell can grow into a beating heart.

In comparison, it takes 8 and a half

days for a mouse cell to grow into a

beating heart.
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Costs of zebrafish behavioral and physiological research

compared to other model organisms

Kalueff et al., Aquatic Toxicology (2016)



Danio rerio

(zebrafish)

selected strains

used in biomedical research



“reference genome” is 

based on Tubingen strain

The zebrafish genome

69% of the 26.206 protein coding zebrafish genes have human counterparts.

About 71% of the 20.479 protein-coding genes of H. sapiens have orthologs 

in the zebrafish. 

vs
Genome duplication of bony fish 

4.556 RNA genes, among which

miRNAs with the key role in the

regulation of protein coding-genes.

miRNAs are largely conserved.

http://www.sanger.ac.uk/science/data/zebrafish-

genome-project

great genetic heterogenenity between 

strains> highly resistant to inbreeding



adapted by Stewart et al., Trends Neurosci., 2014

Zebrafish an alternative model 

for neuroscientific studies



Parker et al., Front. Neural Circuits (2013)

Dopaminergic, 

serotonergic, and 

cholinergic

neuronal populations 

in zebrafish and rat
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Brain subdivisions
Tubulin/SV2

Dorsal views

www.zebrafishbrain.org

Zebrafish brain at 4 days post fertilization

larval zebrafish brain has a size of <0.5 mm3



At hatching 10,000 neurons

~100,000 number of neurons in larval brain of zebrafish (168 hpf)

First neurons form after 7.5 hours post fertilisation (hpf)

brain and development



whole-brain maps of stimulus and behavior-dependent neural activity
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Anatomical platform of neural activity

in 6dpf larvae which have a well defined

behaviours pattern

(hunting, sleep, etc.)



whole-brain maps of stimulus- and behavior-dependent neural activity

on freely swimming fish

exposure to noxious heat (37 °C)

Randlett et al., Nat. Methods (2015)

higher (green) and lower (magenta) pERK levels

upon stimulus



in vivo analysis of neuronal activity

whole-brain maps of stimulus- and behavior-dependent neural activity
on freely swimming fish

exposure to the anaesthetics MS-222

Randlett et al., Nat. Methods (2015)



history of zebrafish models in neuroscience research

Kalueff et al., Trends Pharmacol Sci. (2014)



behavior of zebrafish







adapted by Kalueff et al., Trends Pharmacol Sci. (2014)

neurobehavioral tests

exploration, anxiety and locomotion parallel traditionally used in rodents

combined with automated video-tracking using top/side view cameras.

tools for neurobehavioural tests 

zebrafish

rodents



tools for neurobehavioural tests 

adapted by Kalueff et al., Trends Pharmacol Sci. (2014)
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Zebrafish in Toxicology and Environmental Health

 to detect toxins in water samples (combined actions of more 

stressors, i.e. temperature changes, combination of 2 or more 

toxicants)

 to investigate the mechanisms of action of environmental toxins

and their related diseases

Zebrafish express a full range of cytochrome P450 (cyp) genes

required for xenobiotic metabolism and biotransformation

embryo/larvae adults



Zebrafish in Toxicology and Environmental Health
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Bambino and Chu, Curr Top Dev Biol. (2017)



Zebrafish as animal model 

for aquaculture nutrition research

Exploring molecular and cellular pathways that regulate

responses to different diets



 Genes duplicated

 Scarcity (or even absence) of inbred lines

 Drugs not water soluble can be problematic to administer by

water immersion

 Species differences in blood-brain-barrier, which may affect the

permeability of certain drugs

 Absence of parental care

drawbacks

 Not a mammal (some drugs may be metabolised in a different manner or,

at least, at a different rate compared to mammals and this can alter their

function).



Nothobranchius furzeri: 

a colorful model system for human ageing

The African turquoise killifish (Nothobranchius furzeri), a teleost fish

with a natural lifespan ranging between 4 and 9 months, is

emerging as a new promising model organism in ageing research.



Wang et al., Cell (2015)

Evolutionary relationships between Humans and Organisms 

frequently used in ageing research

Nothobranchius furzeri: 

a colorful model system for human ageing



Habitat

median lifespan ranging

from 9 to 16 weeks

median lifespan ranging

from 23 to 28 weeks



Adapted by Kim et al., Disease Models and Mechanisms (2016)

Life cycle of N. furzeri



Ageing phenotypes in N. furzeri

 progressively lose body and tail colour as well as their distinct patterning 

 defective vision, fin structure deterioration, decreased spontaneous 

locomotion activity, learning impairment, emaciation

 abnormal spine curvature



Ageing biomarkers

 accumulation of lipofuscin in the liver

 senescence-associated β-

galactosidase (SA-β-gal) staining in

the skin, a marker for cellular

senescence and stress response in

human cells

 spontaneos tumors, especially epatic tumors. Neoplastic lesions have been

measured, using several tumour-associated proteins, including Bcl-2,

cytokeratin-8, carcinoembryonic antigen and mutated p53

Cancer is the most common cause of death N. furzeri

 low regenerative capacity 

during ageing

 telomeres shortening



cardiac 

hypertrophy

Ageing biomarkers

Degenerative lesions observed post mortem:  

progressive 

liver 

degeneration 

up to steatosis



 nephrocalcinosis, tubular degeneration and tumors

 ovary degeneration and interstitial fibrosis

Ageing biomarkers



Ageing biomarkers

Terzibasi et al., Aging Cell (2012)

 age-related reduced mitotic activity of the neuronal progenitors 

 up-regulation of GFAP, hallmark of gliosis 

in the brain:

 neurodegeneration – measured by Fluoro-Jade

B, which stains cell bodies, dendrites and axons

of degenerating neurons

 accumulation of lipofuscin in the brain 

 deposition of β-amyloid plaques



Experimental modulation of the lifespan 



 prolonged lifespan in the short-lived GRZ strain,

 reduced neurodegeneration,

 slower accumulation of lipofuscin, improved learning

performance, decreased occurrence of tumours.

Terzibasi et al., Aging Cell (2009)

Experimental modulation of the lifespan 

Effect of dietary restriction 

in N. furzeri



Modulating both environmental and

individual temperature has a significant

impact on organism physiology and can

modulate lifespan and ageing.

Experimental modulation of the lifespan 

median and maximum lifespan

Valenzano et al., Aging Cell (2006)

Several age-associated phenotypes

(lipofuscin accumulation, spontaneous locomotor activity and learning 

performance)

are also significantly improved in fish cultured at a lower temperature.

water temperature 



Experimental modulation of the lifespan 

 physically active for a longer

time;

 better learning performance at

later ages.

The use of the natural polyphenol resveratrol.

This compound retards 

the age-dependent decline 

in N. furzeri.

Increase median and maximum lifespan



Genetic modifications

AVAILABLE ASSEMBLED GENOME and TRANSCRIPTOME



Genetic modifications

Two methods successfully developed to modify N. furzeri genome:

I.random genome integration through the Tol2 DNA transposase

II.targeted genome editing using CRISPR/Cas9 nuclease

Both methods require microinjection into the one-cell-stage embryo.

Kim et al., Disease Models and Mechanisms (2016)



Looking forward: 

potential applications and…. 

 Uniquely combines a short lifespan and life cycle with vertebrate-

specific features, missing from the currently used non-vertebrate

model organisms.

 Genomic and transcriptome data analysis have revealed many

orthologous genes to humans and other model organisms.

 Several age-related pathways between N. furzeri and humans are

conserved.

 Time saving in routinely laboratory activities and consequently

research achievements.

 Fish models are cheaper, less space demanding and much more

prolific than murine models (studies involing 1000s of adult animals

are affordable to „normal“ labs)



….limitations of N. furzeri model

 Lack of important organs (lungs, uterus, mammary glands...).

 Quality of genome reference sequences inferior to mice.

 Genome duplication! About 30% of the human genes have two 

orthologs in fish.

 Husbandry and management require good knowledge of the 

biology of species.


