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From One
Cell to Thirty
Trillion



What do you, the last person you spoke to, the winner of the Best Supporting Actress Oscar last year and Genghis Khan all have in common? You may not think anything at all (though after reading this book you may change your mind on that), but you definitely share one key thing. You all have one thing in common with every human on earth; you started out as a single cell. The formation of our body from that cell is a fascinating process, and even more so when you consider the starting material. One cell about the size of a pin head contains the spark of life and the ability to grow a complete human (with significant help from its mother, of course). That this spectacular transformation happens with about three gigabytes worth of information encoded in that cell’s DNA makes it even more remarkable. But the key question is, how do we grow from such tiny beginnings to being the person holding this book on a crowded bus?

When the largest human cell, the ovum, fuses with the smallest human cell, a sperm, it forms what is called a zygote. This single cell is a genetic mixture of both parents, but it does not resemble any of the cell types we would recognise in an adult. There is almost no sign of the liver, skin or muscle cells we will find later. The concepts of moving, eating, thinking or even thinking about thinking are not part of what makes a zygote tick. What this single cell is concerned with is not being a single cell anymore. In order to grow a human, we need a lot more cells, about thirty trillion or so. The zygote needs to divide. And for the next two days or so, that’s exactly what it does. In an adult, cells that are involved in growth etc. will divide about once a day and some others will do so much less frequently, or not at all. At the very beginning of our developmental journey however we need to increase cell numbers and fast. So, in these first forty-eight hours after the zygote is formed, one cell becomes thirty-two. This rapid division doesn’t leave much time for anything else, including growth, so this group of cells is still the same size as the zygote and is known as a morula. While these cells are now much smaller than the zygote, they are still significant as they are very powerful. This is the final point of a body’s development during which its cells are totipotent, meaning they can give rise to every cell type needed to make a body as well as the placenta, the tissue required to link the growing body to its mother’s circulatory system so she can provide everything the body needs to develop and grow. Totipotent cells might not be familiar to you, but you may recognise them if I tell you they are a class of cell that can give rise to other types, stem cells.

We will take a brief step away from our body’s development journey to explain what stem cells are. For many people, stem cells have come to be noticed because of their potential in the treatment of diseases, perhaps as a way to grow new organs or tissues. Others may know of the ethical challenges of using these cells and acquiring them for research. But few know what they actually are. Put simply, they are cells that when they divide, don’t simply make copies of themselves. They have the ability to divide into cells that have different functions. Some stem cells, like those in the morula, can form all of the cell types a body needs as well as external structures, such as the placenta, and are totipotent. More common during a body’s early development are those that can divide to form any cell type in the body and are known as pluripotent. Pluripotent stem cells have a relatively short lifespan in our body and are absent in the adult, though scientists have managed to reprogramme non-stem adult cells in the lab to act like pluripotent cells for research; these are known as induced pluripotent stem cells. The final type of stem cell found in our body are known as adult stem cells, which are found (you guessed it) in our body throughout its life. Adult stem cells are mostly used to repair tissues and, usually, are only capable of producing a small number of cell types when they divide. Adult stem cells often undergo prolonged periods without dividing and are ‘woken up’ to divide when needed, e.g. to repair an injury.

Whatever their type, all stem cells have some things in common. The first is all stem cells can self-renew. Many of our cells, such as blood cells and nerve cells, do not usually divide and replicate. Stem cells are different in that they are capable of dividing many times. When a stem cell does replicate there are three possible outcomes:


	Both cells are stem cells, increasing the number of stem cells in the body. This happens most commonly early in the body’s development.

	One cell remains a stem cell while another now has a different form and function (known as differentiation).

	Both cells are more differentiated. This means the number of stem cells in the body decreases, something that happens more commonly in the body as the development journey continues.



The control of these three outcomes, in both location and over time, is of vital importance to the production, and maintenance, of a fully functioning and healthy body. Any deviation from the pattern of stem cell function can be catastrophic to the body, leading to improper development or even uncontrolled division of cells, causing tumours to be formed. The control of stem cells is very closely regulated in our body, with the turning on and off of certain genes at specific times helping to regulate this key process.

But back to the cluster of totipotent stem cells, still no larger than the head of a pin: the morula. From this point on, the developing body needs to increase in size as well as increase the number of cells. It also needs to begin forming structures that are more familiar to us, with a variety of cell types to carry out all the functions our body needs. To begin this process, the dividing cells begin to have different functions. The outermost layer of cells, which go on to form the placenta and other structures, now surround the cells that will form the embryo, which is sandwiched in between two fluid-filled cavities. One cavity is the primary yolk sac, and yes humans also have a yolk, which helps to feed the developing body while the placenta is growing into place. The other cavity will eventually go on to form the amniotic sac, a fluid-filled sac that helps protect the growing body in the womb.

From now on the overall body plan begins to take shape. This is an extremely complex process, but it can be reduced down to the body making tubes. Our bodies (and those of most animals that we think of as animals) have three distinct sections that are called ‘germ layers’. These are essentially tubes – our digestive tract and a series of tubes wrapped around it. In order to make these tubes, the mass of cells forms a line called the primitive streak across them. The remarkable thing about that, is that this forms the midline of the body, and it is at this very early stage that the left and right side of our bodies is determined. The cells fold along this line (which can still be seen on parts of our adult bodies, such as the philtrum that runs from our nose to our upper lip) and form the tubes that make up our three body layers. The body now has distinct ‘ends’ at this point, the head and tail end are now set. A key player in knowing which end is which (known as patterning), is one of the first tubes to form: the notochord. The notochord is key to our body developing the right tissues in the correct places and it is also notable for its role in how we humans classify animals. All humans, fish, birds, reptiles and quite a few tiny sea animals all belong to one large group or phylum, the Chordata. The presence of a notochord at some stage of their development is a key qualification of belonging to this phylum, and it is at this early stage that our bodies possess one. Later in our development it goes on to form other tissues, most notably the discs in between our vertebrae. But for now, it helps to make sure our cells form up in the right places.

At this point, our body begins to become more recognisable, and the first organ to develop is a heart, which starts beating around five weeks into our development. It’s the first organ to form and start functioning, closely followed by others, such as those in the digestive tract. The digestive tract and lungs form when one of the layers of cells rolls into a tube, with different sections forming small pouches that then develop into the stomach and intestines, with a small respiratory bud going on to form the lungs. Soon we will have a very familiar body, with growing and developing systems that are similar to our adult versions. In fact, almost all of the organs our body needs are formed within the first three months, though the brain and spinal cord continue to develop far past this point.  With most of the body’s systems in place, the body now begins to focus less on differentiation and more on growth. Our stem cells are now heavily outnumbered by the differentiated cells they have created, and most are no longer pluripotent. Instead, many stem cells are now dedicated to producing a small number of cell types that allows our body to grow. This is a process that continues long after we are born, and for some cells it happens throughout our lives, until we end up with approximately thirty trillion cells.

This change from one cell is astonishingly complex, and a key question to ask is, how do the cells know what to do? During all of this growth and development, the cells are directed by the genetic information encoded in their DNA. Most people know very little about DNA, but essentially it is like an instruction manual on how to build a human. This DNA ‘book’ contains about twenty-five thousand genes which we can think of as pages. Each gene/page contains the instructions for a protein. Proteins are not just dietary supplements, they are essential to how our bodies function at a cellular level. If
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