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● Genetic Conservation and Relevance

○ Highly conserved genes and pathways

○ Relevance to human health

● Well-annotated genome

● Short Lifespan - multiple generations

● Higher statistical power

● Cost-Effective

● Low resource requirement

● Ease of genetic manipulation

● Fewer ethical considerations

● Repositories - Wormbase, Flybase

Invertebrate models in spaceflight research 



C.elegans in spaceflight research 



• 6 Nobel prizes in physiology or medicine for fruit fly 
research

• ~75% of human disease-causing genes have a 
functional homolog in the fruit fly

• Model for human innate immunity 
• Model for Parkinson’s, Alzheimer’s, Fragile X 

syndrome, Rett syndrome, cancers, autism, 
diabetes

• Cardiovascular disorders

• >75 years of spaceflight research in Drosophila

• Small, convenient for ISS experimentation

• Fast generation times, inexpensive to maintain

Drosophila melanogaster – the model organism



Iyer, Mhatre et. al 2022 Neurosci Biobehav Rev



Drosophila missions



FIT hardware



Vented Fly Box (VFB)



7 week old fly (~70 years old in human years)

1 week  fly (~10 years old in human years)

Drosophila heart

Fly hearts show age-related arrhythmias

Human heart

Karen Ocorr, SBP 



Oxidative stress

Mitochondrial Investigation of Oxidative Stress in Fruit Flies for CNS, 

Muscle, and Cardiac Health (MitoFlyght mission) 

Space Biology funded 

~30 days 
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Multi-use Variable-g Platform (MVP) 

• Optimized for life/physical science research in microgravity

• 2 independent centrifuges (each can spin up to 2g)

• Controls temperature, relative humidity

• Cycles fresh cabin air into habitat

• Telemetry/real-time video & other data; ground commanding

• Reusable/reconfigurable MVP facility

• Up to 12 simultaneous experiment modules

● Earth – Ground control

● SFug – Space microgravity

● SF1g – Earth gravity simulated 

on ISS (Artificial gravity)

Mhatre, Iyer et. al 2022, Cell Reports



Artificial gravity delays space-induced neurological deficits in Drosophila melanogasterArtificial gravity partially protects space-induced neurological 

deficits in Drosophila melanogaster 

Mhatre, Iyer et. al 2022, Cell Reports



Artificial gravity delays space-induced neurological deficits in Drosophila melanogasterArtificial gravity partially protects space-induced neurological 

deficits in Drosophila melanogaster 

In-flight activity assay

Space 1g Space ug

SFμg flies exhibit increased activity on ISS
Mhatre, Iyer et. al 2022, Cell Reports



Artificial gravity delays space-induced neurological deficits in Drosophila melanogasterArtificial gravity partially protects space-induced neurological 

deficits in Drosophila melanogaster 

Immediately post flight 

Post-acclimation to Earth conditions – changes observed in SFug and SF1g 

Artificial gravity may provide partial protection to the brain, but long-term solutions need to be 

explored, especially for long-duration missions

● Behavioral impairments - climbing deficits - SFμg

● Neurological changes – neuronal loss, changes in glia, increased apoptosis, oxidative 

damage - SFμg

● Metabolic pathways affected:  oxidative phosphorylation, glycolysis, fatty acid 

metabolism, amino acid metabolism - SFμg, SF1g

Mhatre, Iyer et. al 2022, Cell Reports



Integrated physiological responses of CNS and muscle in Drosophila 

and C. elegans along a gravity continuum (iGCE mission)

Moroni et al., 2022 Trends in Biotechnology
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Spaceflight versus Ground-Based Analogs

● Ideal model for space environment

● Expensive, few, and rare

● Limited n (sample size)

● Small margin of error

● Spaceflight Analog 

● Can look at individual + combined 

spaceflight stressors

● Larger sample sizes with ability to 

run longitudinal assays

● Ability to redo experiments

Spaceflight Ground-Based Studies



Ground based Drosophila Hypergravity studies

HG



Hypergravity induces oxidative stress resulting in 

dopaminergic neuronal loss and apoptosis

HG



Elevated CO2 leads to apoptosis and oxidative damage



Sex-specific physiological and transcriptomic responses of CNS to 

combined effects of spaceflight stressors in Drosophila melanogaster

Space Biology funded project



Sex-specific physiological and transcriptomic responses of CNS to 

combined effects of spaceflight stressors in Drosophila melanogaster

Space Biology funded project



Summary
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Clement et al., 2015 
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