Cells growing together

Zareena, Mookayi and Mari
The afternoon sun lazily came into the living room. And rested upon lots of paper, markers, and open laptops. Zareena, Mookayi, and Mari were huddled on the floor, their science project spread out before them. They had decided to take up exploring how single cellular organisms evolved to give multicellularity across the tree of life.
BOX The theory of Evolution, in brief
The theory of evolution states that populations of organisms change through the process of natural selection, where individuals with traits better suited to their environment are more likely to survive and reproduce. These beneficial, heritable traits become more common in a population over generations, leading to the diversification of life. Evolution relies on genetic variation within a population, which is introduced through random changes like DNA mutations and recombination. The theory of evolution states that all life on Earth shares a common ancestor, from which all species have descended over billions of years through a process called “descent with modification”. This implies that single celled organisms evolved into multi-cellular ones over time. This is another amazing feature: during the development of an animal, the cells differentiate into the specialised tissues and organs of the organism. Scientists are still learning how this happens.
END OF BOX
Mookayi sighed and lay down. “I just don’t get the first step. Why would a perfectly happy single-celled creature decide to stick to another one? What’s in it for it?”

“Maybe it was not a decision,” Zareena said thoughtfully, scrolling through an article on her tablet. “Maybe it was more like… an accident that turned out to be really useful.”

Just then, from the kitchen Mari’s mother, Usha, entered with a plate of vadas. Usha was a biologist, and her work at the university involved staring into microscopes at tiny cells all day. “How’s the detective work going?” she asked, setting the plate down in the center of their circle.

“We’re stuck on the very beginning, Amma,” Mari admitted, taking a vada. “How did multicellularity even start?”

Usha’s eyes lit up. “Ah, the ultimate team-building exercise. Well, you’re in luck. Scientists have been playing evolution in fast-forward to try and answer that exact question.” She sat down with them, and the three closed in, looking forward to hear her.

“Imagine you’re a single-celled yeast,” Usha began. “You live in a test tube of tasty liquid. Every day, the scientist gives you fresh food, but only if you can sink to the bottom quickly. Who do you think has the advantage?”

“The heavier ones?” Mookayi guessed.

“Exactly! And what’s heavier than one cell? A cluster of cells!” Usha explained how scientists had done this experiment of spinning down the cells and taking the ones that were down and starting a fresh culture for them to grow. They found that in just a few weeks, the yeast evolved to stick together after dividing — forming beautiful, branching clusters that looked like a snowflake.  These snowflake clusters sank faster and survived. “And the most amazing part,” Usha continued, “is that these clusters started acting like a single organism. They had a juvenile phase before they could reproduce, and some cells even sacrificed themselves—a process called apoptosis—to help the whole cluster make more offspring. It was like they had evolved a tiny society.”

“So gravity just… forced them to become multicellular?” Zareena asked, amazed.

“In a way, yes. It showed that the first step—sticking together—can happen surprisingly easily.”

A few days later, the three were back at their project. This time, Mookayi was excitedly showing them pictures of a tiny, wiggling creature called “Paramecium”. “Look! Another experiment used a predator! This little single celled fellow eats single-celled algae. But if the algae cells clump together, they’re too big to eat!”

Usha, who was nearby reading a book, pitched in. “That was a brilliant experiment,” she said. “It tested a very old idea: that getting bigger is a way to avoid being eaten. It’s like how a single sheep is vulnerable, but a whole herd is safer. The algae that evolved in these experiments started forming little balls of cells, some held together by a jelly-like glue, and they were much better at surviving alongside the predators.”

“So it wasn’t just gravity, it could have been predators, too?” Mari asked.

“It could have been!” said Usha. “It shows there might be many paths to the same destination.”

A week later Zareena burst into Mari’s house, holding her notepad high like a trophy. “You are NOT going to believe this! It’s called the MuLTEE! The Multicellularity Long-Term Evolution Experiment! They have been doing it since 2018!”

For the next hour, the three and Usha went over the details. Scientists at the Georgia Institute of Technology, led by a researcher named William Ratcliff, had started an incredible project. They began with single-celled snowflake yeast and grew them in shaking incubators. Every single day for over three years—that’s more than 3,000 generations of yeast!—they selected the largest clusters to start the next culture.

“But how did they get so big and tough without falling apart?” Mookayi wondered.

Usha helped them understand the incredible results. “At first,” she explained, “the yeast cells became long and stretchy. This reduced the crowding inside the cluster, like people standing in a line instead of a tight crowd, which stopped them from pushing each other apart. But that alone would not make them huge.”

Then Usha pointed to the fascinating part. To see inside the big, dense clusters, the scientists had to use a super-powerful electron microscope. “And they discovered a brand-new trick the yeast used!” she said, her voice showing excitement. “The branches of the yeast cells didn’t just stick together—they became physically entangled. They grew around each other like vines in a jungle, wrapping and twisting. Even if one connection broke, the whole structure held together because it was a tangled web. It made the yeast clusters 10,000 times tougher!”

“What were they like?” Mari asked, in disbelief.

“They went from being invisible specks to the size of a fruit fly!” Zareena read from the article. “They contained over half a million cells! And the material changed from being weaker than jelly to as strong and tough as a piece of wood!”

Just as they thought the story was complete, Mookayi, who had been quietly searching on her laptop, looked up “I think I found a new clue about our own ancestors.” She turned the screen around. It showed a news article from the University of Chicago. “Scientists found that animals have a special set of proteins that help cells divide in a way that leaves them connected. This might be how our earliest animal ancestors developed tissues and a special ‘germline’—the cells that make eggs and sperm.”

Usha nodded in agreement. “That was a huge piece of the puzzle! It suggested that a simple change in the machinery of cell division—a mutation that made cells ‘forget’ to fully separate—could have been the key that unlocked the entire animal kingdom. And the MuLTEE shows us how, once that happens, simple groups can evolve the toughness needed to become large, complex organisms.”

“So,” Zareena said slowly, “we have the quick gravity experiment, the predator experiment, the years-long MuLTEE, and the protein story… but we still don’t know which one, or what combination, actually happened millions of years ago?”

Usha said gently, “There is yet no one answer, and there may never be only one answer! Actually, multicellularity evolved multiple times throughout life's history. The initial bacterial forms of multicellularity emerged around 3 billion years ago in cyanobacteria-like organisms. When the evolution of complex, macro-scale multicellular life happened is debated.  The earliest eukaryotic fossils suggest multicellularity dates to at least 1.56 billion years ago. The more well-known macroscopic forms like animals and plants appeared later, with some evidence suggesting a rise in multicellularity around 600 million years ago”.

Mari smiled, looking at her friends. “I like that. It means the mystery isn’t over.”
BOX Convergent Evolution
The ability to form a multicellular structure arose multiple times in different branches of life, a process known as convergent evolution. Multicellularity evolved through various routes, with organisms using different methods to form and maintain multicellular bodies. In fact, it is known that multicellularity evolved independently at least 25 times across different lineages of bacteria, archaea, and eukaryotes (creatures with a proper cell nucleus including animals, fungi, algae, and plants). Each time this occurred through different evolutionary pathways. Clearly this repeated evolution of multi-cellular life forms was advantageous; such creatures had increased complexity and a longer lifespan.
END OF BOX
“It means,” Mookayi added, “that maybe one day, we’ll be able to work on these questions.”

Zareena, Mookayi and Mari decided to write up what they had learnt – that going from single celled organisms to multicellular forms of life has happened multiple times during the evolution of the tree of life. And the reason was simple – networking and team effort gave better rewards than working alone.
