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ONE PLUS ONE EQUALS ONE



For Shauna, Cameron, and Miles



Colin Turnbull (1961) took a pygmy friend, Kenge, out of the forest for
the first time in his life, and they climbed a mountain together and
looked out over the plains. Kenge saw some buffalo ‘grazing lazily
several miles away, far down below. He turned to me and said. “What
insects are those?” ... At first I hardly understood, then I realized that
in the forest vision is so limited that there is no great need to make an
automatic allowance for distance when judging size. Out here in the
plains, Kenge was looking for the first time over apparently unending
miles of unfamiliar grasslands, with not a tree worth the name to give
him any basis for comparison... When I told Kenge that the insects
were buffalo, he roared with laughter and told me not to tell such
stupid lies.’

Richard Dawkins, 1982, The Extended Phenotype, p. 7
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INTRODUCTION

e are in the midst of a revolution. It is a scientific revolution

built upon our understanding of DNA, the hereditary material
of life. Using the tools of molecular biology, we probe and prod the
world around us in ways unimaginable a few decades ago. Big or
small, past or present, no organism is immune. Need to identify and
track a bacterium at the root of a hospital outbreak? No problem: the
offending germ’s complete genetic profile can be obtained in 24 hours.
Curious about how we humans differ from our closest relatives, the
now-extinct Neanderthals? Anthropologists are tackling this very
question with DNA extracted from fossilized bone. With a simple
cheek swab and a hundred dollars you can delve into your family
history in ways that traditional genealogy cannot, and the same
technology can reveal susceptibility to Alzheimer's disease and certain
cancers. It can even solve a crime. We insert human DNA into E. coli
bacteria to produce our insulin; we isolate spider silk protein from the
milk of transgenic goats; we dream of solving the energy crisis with
microbes engineered to produce alternative biofuels; we can clone our
pets.

Precisely when and how this revolution began is debatable, but it is
safe to say that it would not have happened without the advent of
DNA ‘sequencing’. The iconic DNA double helix is a ladder-like
molecule whose rungs are comprised of four chemical ‘bases’. In the
1970s scientists did a remarkable thing: they figured out how to take a
piece of DNA and determine the precise order of these bases from one
end of the molecule to the other. The microbiologist Carl Woese
referred to it as ‘biology’s ultimate technique’, and for good reason.
Buried within the four-letter chemical read out—within the DNA
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sequence—are an organism’s genes, collectively the set of ‘instruc-
tions’ it uses to synthesize the proteins needed to sustain life at the
cellular level. The genetic alphabet is simple but the information it
stores is complex and powerful. As we learned the language of life we
learned to manipulate it with increasing ease, transforming countless
areas of basic and applied research. Science would never be the same
again.

It is natural to look at biotechnology in the twenty-first century
with an uneasy mix of wonder and fear. Biotechnology is, however,
not as ‘unnatural’ as one might think. Indeed, biotechnology would be
utterly impossible if not for the following indisputable fact: all life on
Earth is related. All living organisms use the same fundamental
molecular processes to maintain and replicate their genetic material;
all organisms use the same basic genetic code to ‘read’ their genes.
From wombats to whales, yaks to yeasts, barnacles to bacteria, the
similarities are written in their DNA. And here’s the astonishing thing:
evolution has been ‘plugging-and-playing’ with the molecular com-
ponents of life from the very beginning, generating new organisms
with novel biochemical capabilities. It continues to do so today. The
evidence is there for all to see. In fact we are the evidence; we need look
no further than the inner workings of our own cells.

Molecular biology has allowed us to gaze back more than three
billion years to the ancient roots of unicellular life. It has revealed how,
from simple precursors, complex life forms came into existence. This
book tells the story of how we have come to realize that our cells are
natural chimaeras, and the importance it holds for us as human
beings. It is some of the most exciting and important scientific detect-
ive work most people have never heard of.



LIFE AS WE DON'T KNOW IT

The yin and yang of life

pring, summer, autumn, and winter—the temperate seasons of

Earth. The further we are from the equator the more extreme they
become, and the more our lives turn with them. Our blue-green gem
of a planet orbits the sun at a breathtaking 30 kilometres per second. It
is a journey that takes 365 and one-quarter days. And all the while
Earth spins like a top, its axis of rotation tilted 23.5 degrees relative to
its orbital plane. It may not seem like much of an angle, but the
northern and southern hemispheres alternate summer and winter
precisely because of it. In summer, the days are longer and the sun’s
rays strike the Earth more directly. It's a simple matter of physics.
From the perspective of biology it makes all the difference in the
world.

Nothing serves to focus the mind on the wonders of nature quite
like a walk. Any season will do, although a sunny day in late spring or
summer is apt to be most enlightening. If you're so inclined, pretend
you are Isaac Newton and sit under a tree. Maybe it's an apple, or
perhaps a majestic oak. Relax. Lean back, stare upward, and consider
what's happening. If the tree is deciduous, its branches will be covered
with leaves, a sea of green against a bright blue sky. Inside those leaves
the world's most important biochemical reactions are taking place.
With little more than carbon dioxide, water, and some nutrients
drawn up by its roots, the tree is harnessing the energy of light, light
that has travelled 150 million kilometres from the sun. Individual
particles of light—photons—pass cleanly through the waxy outer



ONE PLUS ONE EQUALS ONE

layers of its leaves and on towards specialized structures called chloro-
plasts buried within the cells beneath. Inside these sub-cellular factor-
ies, which give leaves their colour, photon absorption by chlorophyll
pigments triggers a series of reactions that ultimately produce sugar
and release oxygen as a by-product. This is the process of photosyn-
thesis. With minor variations it is happening pretty much everywhere:
within the plants on your porch, inside the needles of towering dawn
redwoods, in slimy beach kelp, in desert cacti, even in single-celled
algae drifting aimlessly in the sea. Photosynthesis makes the world go
around.

The collective efforts of these and a myriad of other photosynthetic
organisms have, over many millions of years, shaped the chemical
composition of Earth’s atmosphere. Their influence can still be felt.
Carbon dioxide levels wax and wane as day turns to night and back
again—as its name suggests, photosynthesis does not occur in the
absence of light. During spring and summer, with leaves aplenty and
the engines of photosynthesis running full tilt, average atmospheric
carbon dioxide levels gradually decline. But with the arrival of autumn,
and the transition from green to red, orange, and brown that accom-
panies it, rates of photosynthesis slow: carbon dioxide accumulates
once more. One could be forgiven for assuming that the northern and
southern hemispheres cancel one another out in this regard, alternat-
ing summer and winter as they do. Not so. Because there is more land
mass and more vegetation in the northern hemisphere than south of
the equator, its collective thirst for carbon dioxide is greater. Conse-
quently, global carbon dioxide levels fluctuate on an annual basis as a
result of photosynthesis. Year in year out, levels decline when the
North Pole is tilted towards the sun, and rise again when it tilts away.
As we breathe, so too does our planet.

Leaves, pine needles, and kelp blades make sense to us. We can see
them, touch them, and easily picture their flat surfaces catching light
like solar panels on a roof. Chloroplasts? More than a thousand of
them could fit on the head of a pin. What exactly are these invisible
light-eating factories, and where did they come from? Despite being



