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“It must be the water!”, my flat mate would exclaim, unable to satisfactorily replicate a curry out of their grandmom’s 

cookbook. Surprisingly, the recipe was meticulously written- boiling times were exact to half a minute and chopping 

instructions were clear. But every time the curry would taste different, and its texture would vary. I am sure you might 

have had similar experiences when cooking a written recipe. Something similar happens during animal development- 

the journey from a fertilized egg to an adult.  

 

The genetic material (read: recipe) in a fertilized egg contains all the necessary information to generate an adult. 

Specific proteins are produced in a chronological manner, which perform their tasks with precision (like my flat mate). 

However, a good amount of variability is introduced by the ‘environment’- think cookware, make of your oven, 

hardness of water and freshness of your veggies. For a developing organism, the environment entails extrinsic factors 

like temperature, humidity, nutritional quality, light, etc. Complex interactions between genes and environment 

determine the outcome of animal development in terms of appearance, behavior, and physiology. Another contributing 

factor is ‘noise’, a product of little transgressions of thousands of molecules controlling the chemical reactions driving 

development. Comparable to small unintentional mistakes made in measuring out the flour or the extra dash of lemon. 

 

Some species are more plastic than others. The vinegar fly Drosophila melanogaster can undergo up to 40% change 

in body size in response to insufficient nutrition as a larva. On the other hand, males of the dung beetle Onthophagus 

taurus show less dramatic influence on body size under nutritional scarcity but high degree of variation on the size of 

its characteristic horn. Turns out, the molecular pathways generating variability are well conserved across the animal 

kingdom.  
 

 
 

 

 

Male dung beetles under different nutritional conditions. (Casasa, Zattara and 

Moczek, 2020) 
 

How exactly is developmental plasticity generated?  

 

The ability to generate plasticity during development ensure survival in limiting environments. Organisms reprogram 

their development to dedicate limiting resources towards growth and differentiation of some organs and structures, 

trading off on other ones. How does it know which ones are ‘essential’? This decision is informed through millions of 

years of evolutionary selection pressure and often imprinted in their genetic circuits. Interestingly, many species have 

found out-of-the-box solutions to execute such molecular feats. 

 

In the fly Drosophila melanogaster, larvae accelerate their development, cease to grow, and induce an early 

metamorphosis in the absence of food, trading off body size for developmental success. It was first observed 80 years 

ago by Beadle and Tatum (one gene, one enzyme hypothesis: Nobel prize in physiology, 1958) in their early years, 

while studying eye pigmentation in flies. However, it is hard to reconcile growth cessation due to absence of nutrition 

with early metamorphosis. All the recent evidence from molecular scale studies tie growth-promoting signaling 

pathways with onset of metamorphosis linearly- more growth, faster development. In other words, our ideas on how 

growth and developmental events can be uncoupled lack clarity.  

 

As a grad student, I serendipitously discovered a group of cells in originally fated to produce a glucagon-like hormone 

in the fly larva, show copious amounts of insulin in them. Insulin and glucagon are opposing in function, the former 

is secreted during feeding and the latter during bouts of starvation. Thus, it made no sense at all that a same cell would 

contain both insulin and glucagon. Using a combination of genetic techniques, biochemical assays, and electron 

microscopy we were able to figure out that these cells do not actually produce insulin, but rather take them up from 

circulation. What is this insulin good for? The cells act as an insulin reservoir, preparing the feeding larva for absence 

of nutrition. As soon as the larva faces shortage of food (happens in nature more than you would imagine!), this 

reservoir dumps insulin directly into organs regulating onset of metamorphosis. A sudden burst of insulin jacks up the 



production of the hormone ecdysone which accelerates development and initiates metamorphosis earlier than usual. 

Thus, the fly trades off the chance of finding a new food source and growing more, for developmental success. Is it a 

good bet? Considering the fact, that a foraging larva faces high chances of desiccation and attack from predators- 

probably yes. 

 

The underlying insulin reservoir can create a diverse amount of body sizes in flies through different amount of time 

spent growing as larvae. You might be thinking, what happens when you don’t have that reservoir to release insulin? 

They don’t show an early metamorphosis and size diversity is largely reduced in the absence of nutrition. Is this the 

way body size diversity is brought about in all animals? We won’t know until we investigate. 

 

Can evolution decrease plasticity? 

 

Drosophila sechellia is a closely related species to Drosophila melanogaster, found on the Seychelles archipelago in 

the Indian ocean. It diverged about 1.4 million years ago and has evolved to feed on the fresh Noni fruit which is 

abundant on the islands. Fresh Noni is highly toxic to all other Drosophila species due to extensive amounts of 

obnoxious (and stinky!) compounds in them. Such an adaptation gives them an advantage over other fly species in 

being able to utilize food sources without much competition. As scientists studied them in detail, they quickly realized 

that D.sechellia also show reduced plasticity in their reproductive structures. 

 

Fly ovaries are made up of smaller units called ovarioles. Each one of them is an assembly line containing the germline 

stem cell (starting point) on one end and a mature oocyte (finished product) on the other. The number of ovarioles per 

ovary are honest determinants of reproductive capacity and are regulated through multiple genetic loci. In 

D.melanogaster, ovariole number is highly plastic. Every fly ovary has 16-20 ovarioles under normal fed conditions 

but varies greatly under nutritional limitations. Whereas, D.sechellia has just 8 ovarioles per ovary, but this number 

stays constant under nutritional scarcity. What kind of underlying cellular mechanisms give rise to such differences? 

Does specialization come with a trade off on plasticity? We are currently investigating these questions. 

 

Previous studies generated hybrids between D.sechellia and D.melanogaster to answer questions mentioned above. 

The approach was to create single gene mutants of the genetically malleable fly D.melanogaster and cross them with 

D.sechellia to get hemizygous flies where the only working copy of the gene originated from  D.sechellia. Therefore, 

the observed phenotype as compared to the control (non-mutant hybrid) can be traced back to the specific genetic loci 

in D.sechellia. And guess which cellular pathway came out as an influencing factor- Insulin! 

 

Although, the hemizygosity studies were elegant, they do not account for the interactions between the genome of two 

different species separated by more than a million years. We are now using modern transgenesis methods like 

CRISPR-Cas9 to swap genes between the two fly species. We are hopeful in being able to exactly map out differences 

in cellular pathways responsible for the disappearance of plasticity upon adaptation. 

 
Studying plasticity gives us a peak into dynamics of multitude of chemical reactions enabling the rich diversity of 

species on our planet. 

 

 

 


