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The Earth has music for those who would listen.
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Foreword

IT WAS DURING THE 1990S THAT I FIRST MET CRAIG VENTER. Few individual encounters have had such an impact on the course of my life. As professor of virology at the Karolinska Institute and then Permanent Secretary of the Royal Swedish Academy of Sciences, I introduced Craig at many lectures in Stockholm. Each one of his talks presented impressive new advances, including the very first sequencing of a complete genome, in 1995, of the bacterium Haemophilus influenzae, followed by an archaean (one of the three cellular forms of life, the others being bacteria and eukaryotes)—followed, of course, by the human genome with its roughly three billion nucleotides.

The scientific community viewed with skepticism (and envy) the trailblazing efforts by this maverick of genomics, including the introduction of the “shotgun” technique for sequencing DNA. But Craig, with a qualified team of computer scientists and innovative mathematicians, continued to push the boundaries of research. He challenged the well-funded international consortium of scientists involved in the sequencing of the human genome. Who finished first and who generated the results with highest integrity are moot points. But, importantly, without Craig’s qualified and aggressive initiatives there would not have been a race to decipher the human genome, which almost certainly was finished years faster thanks to his efforts. The experiences gained by Craig and his close collaborators in the late 1990s and early 2000s changed the landscape of genomic sequencing and made possible the explosion of sequencing since, including the collection and sequencing of tens of millions of previously unknown genes described in this book.

But Craig was always looking to accomplish more than simply assembling nucleotides. He wanted to understand how life works and how things are connected. In 2009, I was kayaking with him, exploring several small rock islands along the eastern coast of Sweden. During this paddle, Craig said, “Erling, I have found the essence of life!” To which I, of course, answered: “Isn’t that wonderful, tell me what it is.” And the answer was: “The essence of life is naked skin against a smooth rock.” To appreciate this insightful statement, one needs to know that it was the ice that covered Scandinavia until some ten thousand years ago that polished many granite rocks in the archipelago until they were smooth as silk. Craig incorporated this knowledge into an almost Zen-like realization about the beauty of life and the interaction of humans and nature. It was with this kind of awareness of the interconnectedness of the world that Craig set out to explore the microbiome of the oceans.

I was proud to participate in this venture in a very small way when Craig inquired if I was interested in sailing on Sorcerer II during its 2004–2005 trip around the world. I immediately said yes. As he knew, I was fascinated by the ocean and had loved to sail since I was a boy, so this was a dream come true. I had the privilege to be part of the Sorcerer II crew on five occasions: in the Pacific Ocean sailing from the Fiji Islands to Vanuatu; in the South Atlantic sailing from Cape Town in South Africa to Ascension Island via St. Helena; exploring the Sea of Cortez between Baja California and the Mexican mainland; sailing the North Atlantic from the Bermudas to the Azores; and touring for three days through the outermost rock islands of the Stockholm archipelago, docking at my family’s summer house on Blidö. Stories from some of these sailings are presented in this book.

I’ll never forget what it was like to be on board a boat the size of Sorcerer II—how the boat catches the heavy wind and the full sails give her a speed of ten knots or more. How, on an open sea, a pattern of interactions develops among the crew, a chamber play structured by the continuous, cyclic passing of days and nights without any contact with land. And how, in the absolute darkness of night, breaking waves become a heartbeat and the smattering of stars in a deep blue sky a silent guide.

But beyond an exciting tale of sailing across the seas, the rich story that unfolds here is one that concerns all of us as individuals and as a global community. Findings by the Sorcerer II expeditions have helped to reveal the great complexity of nature, particularly at the level of microbes. It is now up to us—the global community—to use this knowledge to keep the oceans and the planet healthy. And we must collect more samples. For even with the astonishing amount of information already collected, the boat’s original circumnavigation represents a mere scratching of the ocean’s surface.

We must become proper guardians of the Earth for our own future, as well as for all the inhabitants that call our planet home. We still have much to learn.

Erling Norrby, MD, PhD, August 2021




Authors’ Note

THIS BOOK IS A COLLABORATION between a scientist and a science writer. Primarily, it’s the story of the scientist—J. Craig Venter—and his explorations into the microbiome of the Earth’s oceans from 2003 to 2018. The narrative contains a multitude of thoughts and ideas from Craig and his colleagues over the past two decades on this project. It’s also informed by his work in the two decades before that—most famously his seminal project in the late 1990s and early 2000s to win the race to sequence a human genome. The book also incorporates the ideas and writing style of the science writer, David Ewing Duncan—which is one reason that the book is written in the third person. Another reason is that the story includes a remarkable team and cast of characters that the scientist partnered with to make the explorations and the project’s discoveries possible. These collaborations span the globe and include hundreds of researchers, funders, supporters, and others from countries and institutions and universities in dozens of countries.

In the writing, a challenge was to include Craig’s distinctive first-person voice in a third-person narrative. The solution was to include his voice in quotations, in his own words, using first-person pronouns. This allowed for an account that is both about him as the book’s primary subject and partly by him as a coauthor.

We use our first names—Craig and David—when we appear in the narrative, whereas last names are used to refer to everyone else, once we have provided their full names.
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Sorcerer II, under full sail, heading down the US east coast to Florida in December 2003.




PROLOGUE

Thinking Big about Small

THIS TALE STARTS BIG before it gets small.

Really small.

The big part starts like this. A man with a grizzled white beard, a deep tan, and ice-blue eyes stands alone at the helm of Sorcerer II, a hundred-foot-long sliver of fiberglass and Kevlar slicing through a gray-blue sea. All around him on this overcast summer day in 2018 the ocean roils in steady, meter-high combers in a modest breeze. Above the ship’s bow, two huge canopies of sails swell as the wind buffets the sheets. Lulls interspersed with puffs cause the great mainsail, stretching some seven stories high, to ripple and then fill up and then go slack again, over and over, in undulating patterns that make it look almost alive.

To large specimens of terrestrial macro life like the man steering this great vessel, the sea looks empty. A liquid desert with dunes made of H2O, a vast panorama with no beginning or end. Other macro life occasionally peeks out of the sea, organisms that we can see without the aid of a microscope. A few meters to starboard is a swarm of dolphins, cresting and arcing like charcoal-gray rainbows. They rise into the air and seem to float for impossibly long periods of time in the sky, hanging at the tops of foamy arcs as their bodies rise from the sea and gracefully slide back into the water.

The sea itself on this sunny, cloudless day off the coast of Southern Maine also seems alive. As the ship rises and falls in a steady rhythm, the ocean pitches and crests and sometimes becomes abruptly calm only to rise again into larger swells that suggest a storm is approaching but still far away.

It’s hard to tell what the bearded man is thinking. Scanning the sea with a look of intense concentration, he is focused on details of wind, water, and sail, probably to exclusion of everything else, even the science he is famous for. In 1995 he was the first to sequence the complete genome of a living organism, a bacterium named Haemophilus influenzae. In 2000 he won the race to map the human genome, having completed the sequencing in record time using technologies and techniques that he mostly thought up and led teams to develop. In 2010 he synthesized a novel organism, creating in his lab the complete genome of a tiny bacterium made up of AGCTs of DNA not from nature but out of a bottle. When he and his team booted up this artificial genome in a cell, it came to life.

Craig Venter, the man at the helm of Sorcerer II, didn’t perform these feats quietly or humbly. As well-known as he is for his science, Craig is also known for having a brash personality and unorthodox ideas that sometimes provoke more traditional scientists. Also a consummate risk-taker, Craig has responded to his many critics by mostly succeeding at what he sets out to do in the lab, just as he takes chances and often wins when he races sailboats, cars, and motorcycles. Sometimes he combines his passions—in this case, sailing with bio-research—and the result is a hybrid adventure like this one.

“Am I a bit of an adrenaline junky?” says Craig. “Yes.”

This latest venture starts with the obvious point that the ocean is not an empty desert pulsing with water-dunes. Drop beneath the surface that separates our world of air from the liquid world below, and you immerse yourself in the abundance of macro life inhabiting these waters. Several species of whales live here at different times of the year, including humpbacks and finbacks.1 There are numerous species of fish, too, ranging from great white sharks to Atlantic shad.2 There are crustaceans such as those famous Maine lobsters and echinoderms like orange sea cucumbers and blood stars. Seaweeds are plentiful and include kelp, sea lettuce, rockweed, bladderwrack, and much, much more.3 Even though overfishing and pollution have taken their severe toll along this coast, and in most of the Earth’s ocean, underwater macro life is still vastly present.

Big, however, is not the point on this blustery afternoon.

This is part of an ongoing mission of discovery that, like epic scientific explorations of past centuries, spans many years. Craig launched it in 2003 when he began scouring the Earth—its land, its sky, and the oceans that cover 70 percent of the planet—in search of life so small we can’t see it with our naked eyes.

It’s been only three and a half centuries since Dutch lens maker and scientist Antonie van Leeuwenhoek took a microscope, then a recent invention, and created high-quality lenses that allowed him in 1676 to be the first in history to see bacteria and other organisms and particles living in a drop of water. Nearly 350 years later, with far more powerful tools available than a simple microscope, the core mission remains to explore what’s out there in a micro-universe of organisms smaller than fifty microns across.* On this outing, the area of investigation is a space below the surface of the sea in the Gulf of Maine.

Earth’s seas contain over 321 million cubic miles of water, according to the US National Oceanic and Atmospheric Administration (NOAA).4 That’s a volume that, translated into one-liter milk cartons, would fill over 1.3 sextillion containers—a sextillion being a one followed by twenty-one zeros. But none of these milk cartons would contain only seawater. They also would play host to an average of one billion bacteria (including the bacteria-like organisms known as archaea) and ten billion viruses per carton, plus untold eukaryotes, algae, and fungi.5 Every liter of water in the ocean, from surface to bottom, even when the sea floor is miles down, is swarming with such life, the microorganisms that are the true masters of our planet.

Scientists estimate that, in sheer weight, the biomass of bacteria adds up to some seventy gigatons.6 Compare that to a mere two gigatons for all animals put together, including humans. The estimated number of all bacteria on Earth is five million trillion trillion—that’s 5,000,000,000,000,000,000,000,000,000,000 (thirty zeros).7 By comparison, there are eight billion (8,000,000,000) of us, with a mere nine zeros.

When Craig started his around-the-world ocean quest in the early 2000s—officially called the Global Ocean Sampling (GOS) expedition—microbiologists and other scientists dismissed his project to survey large swaths of the world’s oceans for microbes as pointless. They were certain that there was only limited micro life in the sea. They also called it an adventure-travel vacation posing as science by a man who loves to sail. This wasn’t the careful, contained, quiet work that tends to be the norm in science, they said. Rather it was the sort of wanderlust that drove explorer-scientists of the nineteenth century, as when the young Charles Darwin sailed the HMS Beagle mostly searching for new (macro) life. It is a style of discovery that seems random and uncontrolled to most modern researchers—but not to a risk-taker like the man with the ice-blue eyes.

At some point today, the crew will ease the sails on this luxury-yacht-turned-research-vessel as they stop and take on board two hundred liters of seawater. They will deploy instruments to measure the water’s temperature, salinity, dissolved oxygen levels, and more. To collect samples the seawater will be sucked up using a pump that’s dropped into the ocean and dragged beside the boat using a long pole. Once samples are on board, scientists will force the water through a series of micropore filters housed in round holders made of stainless steel, mounted on a rack in the aft cockpit of the boat.

The filters will catch microorganisms of different sizes, with only the smallest making it through to the last filter. The microbes collected on the filters will then be frozen and sent to the J. Craig Venter Institute in La Jolla, California. There, researchers will work to identify the microbes using advanced sequencing technologies, mathematics, and artificial intelligence programs that Craig and his team have helped to invent and refine over the years.

Most of these tiny organisms are tiny circular cells which, when viewed through a microscope, show no clearly distinguishing features. Others are shaped like stars, ovals, rods, and helixes. Some have hair-like projections called pili, others have shell-like coverings, spiky exteriors, or whip-like tails called flagella.

Before scientists like Leeuwenhoek began to peer through their microscopes, no one imagined that such a world existed. And although microbiology has become a major scientific discipline since Leeuwenhoek’s time, much of this world has yet to be explored. Its organisms remain hidden, secret, and ignored despite inhabiting virtually every nook and cranny of our planet. As you read this, some thirty-eight trillion bacteria reside in your body.8 They are everywhere, from the tip of your incisors to your small intestine to the alveoli that absorb oxygen in your lungs. And while most people still think of bacteria as odious pests best snuffed out with antibiotics—an unfortunate residue of the germ theory that in the nineteenth century revolutionized the identification and treatment of bacterial infectious diseases—the truth is that without them you would die sooner.

Most bacteria inside you and living all over our planet are beneficial, some even vital. For humans, bacteria help us digest food and modulate our immune system. Bacteria, it turns out, connect all living species, linking us with the soil, waterways, and atmosphere of our planet in a vast web that lives and breathes almost like a colossal organism itself—five million trillion trillion individual cells that undergird and support the macro flora and fauna that make up the world we can see, from oak trees and hummingbirds to ladybugs, Labradors, playful dolphins, and you.

Microbes, primarily bacteria, do this by secreting vital chemicals and, in some cases, by performing tasks like converting sunlight to energy and oxygen. They are agents of rot and decay as they devour and break down everything that dies, and also agents of rebirth as they recycle the raw materials of life that come from carcasses of flies, dandelions, amoebas, and humans. “Microbes process everything,” says Jack Gilbert, a professor and microbiologist at the University of California, San Diego, and the Scripps Institution of Oceanography. “Without them we’d be knee-deep in our own excess excretions, and up to our ears in orange peels and pine bark. Everything that is waste or has died has to be recycled into the primary chemicals of life—carbon, nitrogen, and so forth—and microbes do most of this recycling.”

As scientists discover more about these cellular factories and their genes, they are also finding potential new sources of bioenergy, pharmaceuticals, and cleaner and safer industrial chemicals. Bacteria, either naturally occurring or bioengineered, are key to producing products that include antibiotics, vitamins, enzymes, solvents, beverages, foods, and more. Scientists also use natural and bio-manipulated versions of bacteria to create alternative energy sources like hydrogen fuel and ethanol made from cellulose. Photosynthetic bacteria in the ocean are key to arresting climate change because, like trees, they absorb carbon dioxide and release oxygen into the atmosphere.

In a little-known twist to the “inconvenient truth” narrative written by former US vice president Al Gore—about how human activity has increased carbon buildup in the atmosphere—the flood of carbon and other pollutants into the environment also alters the balance of microbial species on planet Earth. Excessive carbon threatens to disrupt the ocean system supporting the phytoplankton that absorb carbon dioxide and produce as much as 80 percent of Earth’s oxygen. More carbon also means increasing numbers of the microbes that live in so-called dead zones: stretches of oxygen-depleted water often drenched in nitrogen, potassium, and phosphorus from fertilizers that wash off crops and lawns. In the Gulf of Mexico, for example, a dead zone stretches six thousand square miles south of the mouth of the Mississippi River. Another one, in the Gulf of Oman at the entrance of the Persian Gulf, is ten times larger, at 63,700 square miles.9 At their worst, dead zones don’t support fish and other oxygen-breathing macro organisms at all; short of this, they cause abnormalities such as slowing or stopping the growth of shrimp.10

Human activity is thus undermining the work of those five million trillion trillion single cells that help to keep healthy the global ecosystem supporting life as we know it. If this sort of disruption continues, the microbes will adapt and survive as they have throughout the three-and-a-half billion years they have existed on Earth—including the early years when the atmosphere contained much more carbon than it does today. But it’s highly unlikely that humans will undergo such quick adaptation.

When the scientific voyages of Sorcerer II commenced in 2003, microbiologists had cultured fewer than two percent of the bacteria thought at the time to exist in nature, including those that live in the oceans and waterways of Earth.11 Before shotgun sequencing allowed scientists to identify bacterial species using their DNA, culturing was used by microbiologists to feed and grow a bacterium in a petri dish so that they had enough replicated cells to identify it.

Understanding better and discovering more of that 98-plus percent of bacteria never cultured was the objective of the scientists aboard Sorcerer II for its various voyages from 2003 through 2018. It was a purpose made possible by Craig’s outlandish idea to use genetic sequencing on a global scale—to go big in exploring the world of the very small. Along the way, they gathered microbes from locales as far-flung as the Galapagos Islands, the Panama Canal, Tasmania, Glacier Bay National Park, the Baltic Sea, and the Sea of Cortez—and also, off-ship, from fetid ponds, Antarctica, deep mines, the Amazon, volcanic vents, and the atmosphere above New York City.

The expeditions continued until 2018, with the total catch in genes discovered numbering well over a hundred million. (Compare this to humans, who have around twenty thousand genes). Craig and his colleagues have deposited billions of base pairs—the pairings of adenine (A) with thymine (T) and cytosine (C) with guanine (G) that are bonded together like rungs on a ladder to make up the double-helix strands of DNA—in public databases like GenBank, maintained by the National Center for Biotechnology Information, and CAMERA, funded by the Gordon Moore Foundation.

Yet merely collecting x number of samples, microbes, genes, and base pairs was never the point. The global sampling expeditions were part of the journey that Craig began when he sequenced the first cellular genome, that of Haemophilus influenzae, in 1995. That’s when he began using bacteria as an experimental organism to refine shotgun sequencing and other technologies and processes, while also vastly accelerating progress toward identifying and understanding the structure and functions of genomes and individual genes in multiple species, including humans. This would in turn lead to his seminal experiments in building synthetic organisms in the lab, seeking to understand the function of bacteria and what constituted life at the DNA level.12

On this gray afternoon in the Gulf of Maine in 2018, the fifteen-year Sorcerer II expedition is nearing its end as Craig gazes once more at the vast sea churning and swelling around him. “I have to force myself to imagine that every milliliter of sea out there has a million bacteria and ten million viruses,” he says. “I still see it as this wondrous, beautiful thing, but what it really is, is a massive, living soup—one that we are still exploring, as we try to learn the great secrets it holds about life on Earth.”




PART I
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IN SEARCH OF MICROBES




1

Sargasso Sea Surprise


A sudden, bold, and unexpected question doth
many times surprise a man, and lay him open.

—FRANCIS BACON



ON MAY 13, 2003, Sorcerer II was slipping elegantly through the blue-gray waters of the Sargasso Sea, twenty-six miles southeast of Bermuda. The sky was clear and the sea calm on a day that everyone on board remembers as being hot and muggy. In the back of the vessel, twenty-nine-year-old Jeff Hoffman—a tall, broad-shouldered microbiologist with sun-bleached, buzz-cut hair, and a champion swimmer from Louisiana—was preparing to take the first ocean microbe samples ever procured from the stern of Sorcerer II. With a small team of scientists he was setting up a pump and instruments that would be deployed into the sea at or very near the longitude and latitude coordinates of 32°10′N 64°30′W. This was the location of Hydrostation “S,” a deep-ocean mooring where scientists had been taking regular oceanographic samples since 1954. Every two weeks, submersible bottle kits had been dropped from research vessels to collect water at various levels below the surface.1 Instruments also collected data on temperature, salinity, and dissolved oxygen levels.2

Hydrostation “S” sits near the western edge of a vast sea that runs from Bermuda in the west toward the coast of Africa, stretching about halfway across the Atlantic. Bordered by strong and steady currents that surround it on all sides like the liquid walls of a watery fortress—the Gulf Stream to the west, the North Atlantic Current to the north, the Canary Current to the east, and the North Equatorial Current to the south—the Sargasso has sometimes been called an “ocean desert,” because these currents block the flow of ocean nutrients that support abundant macro life in other parts of the Atlantic. The Sargasso Sea is also notable—and was named—for the abundance of seaweed of the genus Sargassum floating on its surface. It’s a seemingly infinite, saturated, mottled mat that looks like piles of dark, green-brown mush.3

As of 2003, when Sorcerer II set out on that steamy summer day, it was still assumed by most scientists that low-nutrient concentrations in the Sargasso Sea meant that microbes would be scarce, too. Before this expedition, ocean microbiologists had identified precious few of the tiny organisms living there. But was the Sargasso really a life zone for so few microbes, or had scientists missed some or most of the species living there?

To answer this question, the scientists on board Sorcerer II would be sending back an unprecedented trove of microbes to a lab in Maryland to be genetically sequenced using shotgun genomic sequencing—a relatively new process that Craig had first used in the 1990s, including at Celera, the company he cofounded in 1998. Shotgun sequencing works by extracting the DNA from an organism (or from a dozen or hundreds or thousands of organisms) and literally blasting it into short, random fragments. DNA-sequencing machines then capture each fragment, roughly five hundred base pairs long, and spell out its genetic code in terms of the A, G, C, and T bases that are the four building blocks of DNA. Finally, computers find the overlaps in these fragments—stretches of DNA that match by at least sixteen base pairs—and digitally assemble them into genes and genomes, which are then compared to known DNA sequences.

Previously, geneticists had used a more time-consuming and expensive process of painstakingly slicing up long stretches of DNA into shorter ones for sequential analysis. It had been in the 1990s that Craig pioneered the use of shotgun sequencing to decode bacterial genomes, starting with Haemophilus influenzae—and this process of analyzing random fragments had since been adopted universally to sequence single-species organisms, from bacteria to humans, mice, monkeys, and more. No one, however, had yet tried using the technique on a sample known to contain many different microbial species, possibly numbering in the thousands or more. Nor did anyone—including Craig—have any idea that over the next fifteen years the Sorcerer II expeditions, using shotgun sequencing, would discover millions of novel genes, many times more than the twenty thousand or so in the average human genome.

Taking a quick glance around at the flat, blue sea that stretched off in every direction that hot afternoon on the Sargasso Sea, Hoffman wiped the sheen of sweat from his forehead and pondered again why he was there on the deck of Sorcerer II. A few months earlier, he had been studying for a PhD in microbiology at Louisiana State University in Baton Rouge, Louisiana. Not the microbiology of the sea, but of the desert. “I was used to sifting sand and soil, not water,” Hoffman later recalled. “And yet there I was taking samples in the middle of the ocean. Was I nervous that I would do this right? Hell yes.”

Captaining the hundred-foot yacht that day was Charlie Howard, a ruggedly handsome former electrical engineer with unruly dark-brown hair. Standing barefoot in baggy shorts at the helm of Sorcerer II, fifty-four-year-old Howard watched the preparations behind the ship’s wheel as he began the process of slowing down the great vessel. With the ship turning directly into the light wind, causing the sails to slacken and flap, he flipped several switches to activate the hydraulic winches. Purring, these machines slowly spooled the mainsail into a compartment in the boom and other sails around the forestays supporting the mast at the bow of the boat. The skipper then turned on the Cummins engine and used bow and stern thrusters to maneuver the ship into the exact location where the scientists wanted to collect their samples.

Howard had been the captain of Sorcerer II since shortly after the ship arrived nearly new from New Zealand in late 2000 and he remained the skipper until the expeditions ended in 2018. Originally from Canada, he had a degree in electrical engineering, but had fallen in love with sailing. Just before Sorcerer II, he had been captaining boats in the Mediterranean, working as an engineer for yacht owners that he referred to, with understated humor about their scant sailing prowess, as “gentlemen enthusiasts.”

“I had two friends email me telling me about this scientist guy who had a hundred-foot sailboat and was looking for a captain,” recalled Howard. “I called him from Palma Mallorca and had a good conversation, and then when I arrived back in the States a week later I went by his house on the Cape and met with him and his wife to discuss Sorcerer and sailing in general. Craig was a guy who very much loves sailing and living life, and his enthusiasm and passion for sailing made it an easy decision.”

Howard was hired both for his acumen around boats and his training as an engineer. The latter would prove especially critical when the Sorcerer II’s engine broke down and briefly caught fire, stranding the vessel thousands of miles from land in the South Pacific with no wind, low fuel, and supplies that would not last forever. “Charlie as captain was also a scientific collaborator,” recalled Karla Heidelberg, one of the researchers working and sweating with Hoffman during the first sample taken in the Sargasso Sea. “He helped us position the boat and made sure the equipment was working.”

A microbiologist and oceanographer with a PhD from the University of Maryland, Heidelberg is a petite woman with wavy, dark hair and an even-keeled energy. On that May morning she was just finishing a stint as a scientist for the US State Department. This was useful experience for a project that would venture into the territorial waters of numerous countries, including Bermuda, in an era when scooping up biological samples was hardly a trivial matter. Her familiarity with treaties and complex protocols was especially valuable in dealings with nations that were leery of, if not borderline hostile to, American scientists gathering species that might hold the keys to novel industrial chemicals, drugs, or energy production and storage processes. As the treaties spelled out, countries—particularly those in the developing world that had seen their natural resources exploited by colonialists and other foreigners in the past—wanted to be sure they got compensated for anything valuable discovered on the land or in the sea within their borders and territorial waters.

Karla’s husband was also part of the crew. Bearded with round glasses, John Heidelberg was a senior marine biologist at Craig’s institute, then based in Maryland.* Also on board was Tony Knap, a British oceanographer who then headed up the hundred-year-old Bermuda Institute of Ocean Sciences (BIOS), originally called the Bermuda Biological Station for Research. In a twenty-five-year stint as director, Knap had built up BIOS from a small, isolated biological station to a major oceanographic research center that attracted top scientists and had generated thousands of peer-reviewed journal articles. BIOS was a cosponsor of the Sorcerer II Sargasso Sea expedition and Knap was a key collaborator in the hunt for ocean microbes.

Another key character in the Sargasso Sea voyage was Sorcerer II itself. Just a day before the first sampling in the Sargasso Sea, the ship had arrived from the Caribbean island of St. Barts, having sailed the thousand miles to St. George’s Harbor in two and a half days. According to Hoffman, who was already in Bermuda, Sorcerer II arrived in late afternoon on May 12, 2003. “We immediately went to a bar,” said Hoffman. “I think it was called the Hog Penny. We partied late, which often happened when we made port. Honestly, I was probably a little hungover on that first day of sampling.”

Sorcerer II was designed by the famed Argentinian yacht designer Germán Frers and built in New Zealand by Cookson Boats. Frers’s team of engineers had designed fast, sleek boats for decades, including winners of many major races around the world. In 1997, Frers famously designed what was then the largest sloop in the world, the 156-foot Hyperion, for tech mogul and Netscape founder Jim Clark. Using the Frers design, Cookson built Sorcerer II in 1998, constructing it to be not only beautiful but tough. Made of fiberglass, Kevlar, and light but strong core materials, and coated with advanced chemical laminates, Sorcerer II was designed to handle latitudinal weather extremes from equatorial heat and humidity to the frigid waters of the northern seas—almost everything short of the serious ice of the Arctic and Antarctica.

On the wide, gently convex deck of Sorcerer II, the bow is dominated by stainless steel rod rigging supporting the mast and by an inflatable boat—a Zodiac—that can be dropped into the water using lines from the top of the mast and a hydraulic winch. Behind this, the large, main cockpit is partly covered by a sturdy dodger that can stand up to some nasty weather. This frame-supported canvas sits just aft of the middle of the ship, looking elegantly and artistically off-center when viewed from a distance. At the aft end of the center cockpit, with its cushioned seats and broad teak table, is the helm station: a pedestal with a large steering wheel surrounded by banks of switches and instruments. In the stern is another, deeper cockpit. This is where Jeff Hoffman was working, and where filters, hoses, and various instruments for microbe collection had been installed.

Below decks was a beautiful and comfortable main cabin with overstuffed chairs, a long table with bench-style seats and chairs bolted to the floor for when the seas got rough, and a second helm station with a large monitor that displayed sonar readings and the GPS position of Sorcerer II. (It was here that a crewperson or guest assigned to a four-hour night watch typically sat when it was too cold or inclement outside to monitor the helm in the outer cockpit.) In the bow below deck were two crew cabins, each with two bunks; just aft of the crew quarters was a well-stocked galley with stovetop and oven, full-sized refrigerator and freezer, and small dining table. Off the galley was an office or lounge where scientists could work at computers or use the large microscope that for several years was kept on board.

Sorcerer II was not the first craft Craig had owned since learning to sail as a young man. “I had a series of smaller boats as I learned to ocean sail and work my way through college,” said Craig. “My first ocean voyage was in a Cape Dory 33 named Sirius, after the Dog Star, from Annapolis to Bermuda. The boat before Sorcerer II was also a Frers design, called just Sorcerer. It was eighty-two feet long and purchased from Gary Comer, the founder of Land’s End and a former Olympic sailor.”

[image: image]
The blueprint of Sorcerer II, a ninety-five-foot performance cruiser built by TP Cookson in New Zealand in 1998.

“Sorcerer is not too big and not too small,” said Captain Charlie Howard, describing his vessel, like sailors do, as if “she” were human and had thoughts and emotions. “She is smart and well put together with the best components and a lot of thought and engineering. She has long legs and once took us almost six thousand miles on one load of fuel from Cape Town to Antigua. She thrives on lots of attention and when you don’t give her the attention, she gives you surprises. She is a good friend when the going is rough, and she has never let me down. When you listen to her creaks and groans and attend to her needs and maintenance, she gives you great pleasure and pride.”

[image: image]

ONE FINAL CHARACTER who was on board that day remains to be introduced. This was Craig Venter, owner of the yacht and the primal force behind this expedition and the subsequent fifteen years of gathering samples of microorganisms from all over the world. Then fifty-six years old, Craig was world-renowned as the scientist behind the first fully sequenced human genome. Back in 1998, he had brashly positioned his company to compete with a massive government-led effort to do the same—a move that was controversial from the moment Celera was launched. The Human Genome Project, an international consortium funded by the US Department of Energy and National Institutes of Health (NIH), had already been pursuing the goal at that point for eight years.

The rivalry and even bitterness that erupted between Celera and the public-sector project at times became front-page news in the late nineties as they competed to be first to finish. The race ended officially in June 2000 when President Bill Clinton in a White House ceremony declared a tie. “It wasn’t really a tie—we won,” insisted Craig. “But we went along with the tie pronouncement to make everyone happy.” In the same spirit of joint celebration, both teams published their versions of the nearly complete human genome on the same day, February 16, 2001. Celera’s version, with Craig as lead author, appeared in the journal Science.4 The International Human Genome Sequencing Consortium published its version in Nature.5
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