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            A COMPLEX WEB

         

         In the introduction to my 2012 book The Universe Inside You, I asked the reader to stand in front of a mirror and look at his or her body, using this experience as a starting point for an exploration of wider science.* In What Do You Think You Are?, we are going to turn this idea on its head and go far deeper – discovering the scientific basis of what makes you uniquely you. What makes you different from other humans, other animals, plants or even rocks. What is it that makes up the definitive combination of factors that is you?

         There are huge similarities between humans, but each is a unique organism – you included. So why is this the case? What makes you the way that you are and different from everyone else? These are questions that we can explore on a whole range of levels. It is easy but unrewarding to state that you are unique in some hand-waving fashion. For a clearer understanding we need to employ the tools of science. In his book The Scientific Attitude, Lee McIntyre discusses what distinguishes science from non-science or pseudoscience. He believes that it is ‘the scientific attitude’, made up of two simple components: empirical evidence (based 2on experiment or observation, rather than on theory or logic), and being prepared to change theories in the face of evidence that conflicts with them. To understand what makes you you, we need to employ such a scientific attitude. 

         Some would say that science is an unnecessary complication, because what make you the person that you are is your soul. Although in a number of countries the majority now have no religious belief, across the world well over half of the population are followers of one religion or another: religions that almost all say that there is more to a human being than can be explained by physical factors alone. Those holding such beliefs may refer to a soul, or a life force or a vital spark – asserting that there is something more to the makeup of an individual human than physics and chemistry, an essential ‘something’ that many believe transcends death.

         There is no scientific explanation for this extra something – but for the majority of believers, the concept of a soul or its equivalent goes beyond the physical: it is supernatural. As such, by definition the soul cannot be explored by science, as science is the study of nature. If you feel that ignoring the possibility of a soul limits our ability to truly explore all that makes you you, that’s fine. There’s nothing in this book that actively counters the existence of a soul. But we can still make a fascinating journey into your individual existence based on what science is able to tell us about humans, where they came from and how they function.

         At the most basic physical level, you are composed of atoms. Everything about your body, from the structure of your cells to the intricate operations of your brain, involves the interaction of atoms in both simple and complex molecules, providing a vast and intricate dance of cause and effect that comes together in the emergent principle we call life.

         We perhaps should spend a moment on that ‘e’ word – emergent – because it is a very important concept, not only when thinking about life, 3but also when considering other aspects of you, such as consciousness. Something is emergent if it comes into being as a result of the collective interactions of components, but isn’t present in the individual components. Very few of us would consider that the atoms that make you up are alive – yet collectively, the whole person certainly is.

         Life, then, is more than a collection of atoms, which would still be the same atoms if you were minced up as fine as you like and put in a large jar (try not to think about that image too closely). But clearly you could not be the organism you are were it not for the right atoms being available to make you up. Each of the estimated 7,000,000,000,000,000, 000,000,000,000 atoms in your body has to have come from somewhere.† And it will turn out that to reach you, each of those atoms has endured a remarkable journey through time and space.

         In one sense, taking the atomic view of ‘you’ we have to admit that you aren’t unique. There may be vast numbers of atoms in your body, in a unique configuration, but each atom of any particular chemical element is identical to every other such atom,‡ and the human body only contains a few dozen different elements. The fact remains, though, that your particular set of atoms is specific to you, each with its own fascinating backstory, were we able to trace that atom through a history that stretches across billions of years. Your exact mix of atoms will have many similarities to those of other humans, but still differs from everyone else’s.

         4Even the most reductionist scientist has to admit that a human being is more than a collection of atoms. You are alive. And all the evidence is that it was surprisingly soon after the Earth formed that life began. We think there has been life for around 90 per cent of the Earth’s 4.5-billion-year existence. How was it possible to go from an accumulation of dust and gases to the basics of life? For that matter, what is life? We wouldn’t be able to ask these questions without ourselves being alive, which is a state that appears to universally need water and energy – so we also need to explore where these essentials come from to help make you you.

         The very earliest life forms were single-celled organisms like bacteria – yet we are far more than such a single cell, however varied bacteria may have become. The next step in discovering what you are is to trace the path from the earliest life to human existence, putting to rest along the way the idea of the ‘missing link’ between humans and our biological predecessors. Considering your evolutionary past this way inevitably brings in genetics. At first glance this seems to cut down on your uniqueness. You are somewhere between 99 and 99.9 per cent genetically identical to other humans. For that matter, you share about 96 per cent of your genes with a chimp and 60 per cent with a banana.

         However, we need to be wary of allowing a reductionist genetics-based approach. Although, as we will discover, genes do have a very significant impact on what makes you the way you are, the comparison underestimates the differences other contributory factors make. You may have a high degree of genetic overlap with chimpanzees, yet there is no doubt that you are distinctly different from the other great apes. As we will discover, you might get a hint in the fact that you differ considerably more in your overall package of DNA, of which genes only form a tiny part.

         We know that our species, Homo sapiens, has been around for over 200,000 years. Yet very recently on this kind of timescale, we have begun 5to have a huge impact on the world around us and have transformed the way that we live. Until a few thousand years ago, what made you you would have been almost entirely about biology: now it has to take in the constructed and technological world around you too.

         And there’s more of you to be explored. Because there are intangible but essential aspects to what you are – your consciousness, personality and behaviours. At some point in our evolutionary history, humans gained consciousness, but exactly what this is and how it works is one of the greatest remaining mysteries of science. We all know (or at least we believe) that we are conscious, but pinning down what it is to say that you are conscious and how consciousness works scientifically is a huge challenge. Yet without consciousness, it’s hard to see that ‘you’ exist as an entity at all.

         Personality and behaviour too are very significant factors. Anyone who has had a friend or relative who has suffered from a condition such as dementia where personality and behaviour are altered knows just how hard it is to cope with this change. These are fundamental aspects of what makes you you. For a long time, there has been an argument over the relative importance of nature and nurture in contributing to your individuality: how much these aspects of you are down to genetics and how much to upbringing. Now, as we shall discover, there is quantitative data that makes it clearer just how this inner ‘you’ was constructed.

         COMING FULL CIRCLE

         It might seem reasonable that we begin our exploration with those most basic components of you, the atoms in your body. Instead, though, we’re going to start with a very different, much more human approach. Throughout much of history, a person’s definitive position in the world was not drawn from molecular biology, psychology or physics, but out of the spiderweb diagram of a family tree. It was this that made the 6difference between royalty and commoner, landowner and peasant. What made you you was explored through genealogy.§

         As we will discover, the family tree has its limits – yet it still has plenty of popular power. Genealogy websites flourish, while there’s nothing TV likes better than showing us celebrities making a journey into a small branch of their family tree to discover where they came from. Genealogy is the ideal way to start, as it will eventually enable us to come full circle by exploring the true inner aspects of inheritance when we later return to personality.

         Famously, on a popular UK genealogy TV show, working-class actor Danny Dyer, who has specialised in playing unsophisticated cockney geezers, discovered with understandable pride that he was descended from royalty. Even though many of us indulge in a little personal genealogy, few can bring into play the resources available to a TV research team and delve back to make a similar discovery. However, there is no need to feel left out.

         I can say with absolute confidence that you too have royal ancestry.

         
            *As the Universe Inside You website www.universeinsideyou.com features some fascinating experiments that reflect a number of the aspects of what makes you a human, we will be making use of them here too – but the two books cover very different ground.

            †As we’ll be dealing with several big numbers, from now on we’ll use scientific notation, where the number 7,000,000,000,000,000,000,000,000,000 would be written as the more compact 7 × 1027. Here ×1027 means ‘multiplied by 1 followed by 27 zeros’.

            ‡To be precise, each atom of any particular isotope is identical. Isotopes are simply variants of the same element with different numbers of neutrons in the nucleus. The name, meaning ‘same place’ was introduced by English chemist Frederick Soddy in 1913, which he explained was ‘because they occupy the same place in the periodic table’.

            §It’s not a true science, but at least it is (almost) an ‘ology’ as Maureen Lipman would have said in the old BT advert.
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            YOUR ANCESTORS WERE ROYAL

         

         Many of us enjoy genealogy. It enables us to get a feel for our close family and to look back a number of years – but the approach can only do so much. The word ‘genealogy’ comes from an Ancient Greek word meaning ‘tracing of descent’. The implication is that your pedigree* defines who you are. In part, having a list of ‘who begat whom’ was required to determine which family member would inherit an estate after death, but it also became associated with the idea of a person’s worth. It was as if the family you were born into somehow defined what you would become in life, an assumption perpetuated and locked in by rigid social structures, such as class or caste systems.

         Taking the UK as an example, while the class system has become significantly more diffuse in the last 100 years, some still hold to a distinction based purely on birth – and never more so than when there are royal connections. Traditionally the British divided themselves into working class, middle class and upper class (with some gradation, such as ‘upper 8working’ or ‘lower middle’).† The borderline between working class and middle class has become extremely diffuse. For example, my father’s parents were mill workers – undoubtedly working class. My father didn’t go to university and started work in his teens, so also started off working class. However, he took night classes and became a manager and finally a director of the company where he worked his entire career – making the transition to middle class. 

         The working-class label remains one that is held with pride. However, the boundary is fuzzy, as the majority of ‘middle-class’ people are no longer in the traditional middle-class professions such as clergy or doctors; nor are they business owners, but typically are employees of an organisation, as much as anyone who regards themselves as working class. By contrast, the remnants of the upper class still define themselves not by their achievements but as a result of the family they were born into, and this is a class that reaches its pinnacle in royalty. It’s for this reason that actor Danny Dyer was so excited to find that he was a descendant of the English king Edward III who lived between 1312 and 1377. Dyer was, of course, related to far more individuals who weren’t royal, but the remnants of class status made this relationship seem more interesting. As we shall discover, though, it doesn’t make Dyer particularly special. Not special at all, in fact.

         EXPONENTIAL DOUBLING

         Interesting though a family tree may be – and there is no harm in putting one together as entertainment – it’s difficult to look at one for long without realising the limitations of the structure. Go back a few generations and the contents of the tree will become very selective. Whoever constructed it will have chosen only a few of the possible branches to pursue. In truth, it’s not so much a family tree as a family twig. And there’s a good reason for this restriction, arising from the mathematical phenomenon known as exponential doubling.

         9

         
            
[image: ]A (royal) family tree – to fit even these few generations many individuals are missing (Source: Town & Country Magazine).

            

         

         10It’s not uncommon these days for ‘exponential’ to be used to mean extreme – as in ‘this is an exponentially large figure’ – but in mathematics, exponential has a precise meaning, which is far more dramatic. Normal ‘linear’ growth involves going up by some multiple of the factor being considered – time that has passed, or generations, or whatever. So, for instance, after five years, something undergoing linear growth might be five times bigger. After ten years, ten times bigger. And so on. But exponential growth is on a different scale. We’ve already introduced what is known as exponential notation where instead of, say, writing 1,000,000,000 or 1 billion, we use 109. Here the number ‘9’ is the exponent, the number of times that 10 is multiplied by itself to produce the required value. If each unit of time (or whatever) involves an increase of the exponent, growth is exponential. So, for example, after five years it might be 105 times bigger – 100,000 times – while after ten years it might be 1010 times bigger – 10 billion times bigger. That’s not just getting bigger, but the rate of increase is accelerating dramatically. When something grows in this fashion it rapidly gets out of control.

         Rather than raising 10 to the exponent, an alternative type of exponential growth involves exponential doubling. Here, the number involved doubles at each step – so after n years (or whatever the factor under study is) the value is 2n times bigger. Exponential doubling is often illustrated using a story involving a chessboard and grains of rice. According to the legend, as a reward for undertaking a task, a wise man asked a king for an apparently simple payment. All he required was a few grains of rice. The total required a spot of calculation and a chessboard. The idea was to put one grain of rice on the first square of the chessboard, two grains on the second, four grains on the third, eight on the fourth and so on, until all the squares had been loaded up with rice. The total number of rice grains involves exponential doubling.11

         In the story, the royal dupe who agrees to this deal ends up owing the sage far more rice than exists on the planet. The fact that this isn’t obvious reflects our mental inability to cope with the impact of exponential doubling. There are 64 squares on a chessboard, and we start with just a few grains on each square. So, however rational we are, it’s hard to get away from thinking that the outcome must be something comparable with 64 times a sizeable but manageable number. Perhaps around 64 million or 64 trillion. The reality, however, is very different.

         Let’s take a look at the total number of grains. As we have seen, on the first square we put one grain. With two squares there’s one grain on the first square and two on the second – three in total. With three squares there are seven grains. And with four squares there are 15. Nothing frightening so far. That sequence of numbers – 1, 3, 7, 15 … – is just one short in each case from a more familiar series: 2, 4, 8, 16 … The powers of the number two. This means we can quickly calculate how many grains there are with n squares occupied this way as 2n–1. We multiply two by itself n times and take away one. Here we can see very clearly how that exponential part is creeping into the calculation.

         So, the total amount of rice required to fill up the whole board would be 264–1. Written like that, it still doesn’t look too scary, as it’s only little old 2 that is being multiplied by itself. But to put it another way, that is 18.5 billion billion (if you want to be precise, it’s 18,446,744,073,709, 551,615 grains). A whole lot of rice. Very roughly it’s about 300 billion tonnes of the stuff – the amount the world would currently consume in 600 years.

         The sheer volume of rice involved is fascinating – but what has this to do with genealogy? Exponential doubling also comes into a family tree due to a simple fact that we’re all aware of, even though we tend not to think through the consequences. Each individual person on a family tree – you, for instance – will have exactly two biological parents. This means that if we ignore siblings (we will come back to them) and simply trace back an individual’s tree into history, the number of people in each 12preceding generation doubles. In your tree you will have two parents, four grandparents, eight great grandparents and so on.‡

         
            
[image: ]Linear versus exponential growth: the linear line goes up one each time, the exponential line doubles each time.

            

         

         Just like the chessboard rice grains, these numbers do not initially seem to be very extreme, until we start to combine them with a realistic count of generations going back in time. For convenience, generations used to be treated as 25 years, because it’s easy to do the maths and it was a reasonable approximation for the average age at which people became parents. These days, 30 is more like a sensible average, but for most of history the value tended to be lower, so 25 may be the best number. We’ll try both.

         Just like the chessboard, the count of your directly linked ancestors goes through exponential doubling – in this case doubling with every generation, rather than with every square on the board. There’s one of you, three people with your two parents, seven people with your four grandparents and so on – that familiar series of 1, 3, 7, 15… So, looking back n generations in your past, we get to a total of 2n–1 people, in a tree stretching back into history from you as the root. And this is true for 13every one of the near 8 billion people alive today (which brings in siblings). Each individual has a tree stretching back in history the same way. 

         THE MISSING BILLIONS

         Now for the big reveal. It has been estimated that around 110 billion people have lived since Homo sapiens came into existence a couple of hundred thousand years ago. That’s obviously a guestimate, but not a bad one. The figure that is most often quoted is 108 billion, based on a calculation by a group called PRB. I’ve made it 110 billion, partly because 108 billion gives a spurious feeling of accuracy and partly because one of their assumptions, that Homo sapiens has been around for 50,000 years, is a significant underestimate based on current data.

         So, how many generations does that 110 billion represent? Just using your personal tree, we would need to go back around 37 generations. This is because 236 is around 68 billion and 237 is around 137 billion. If there were a totally separate tree for each person alive today, we would only need about 34 generations. Clearly that’s a reduction too far, as siblings will share the same tree – so it would be realistic to go for, say, 36 generations.

         If we use 25-year generations that takes us back just 900 years into the past, or with 30-year generations we get back 1,080 years. Using this simplistic calculation, humans should have only been around for 900 to 1,000 years. In reality, though, we know that history goes back several thousand years further and archaeologically and palaeontologically speaking we can say that Homo sapiens has been in existence as a species for perhaps 200,000 years. Being generous and using the longer figure of 30 years for a generation, that’s 6,666 generations. Which would mean 26666 people in the single family tree starting from you, a phenomenally large number. It’s approximately 4 × 102006. To put that number into context, the number of atoms in the universe is often estimated to be around 1080.14

         Clearly, something has gone horribly wrong with this calculation. What these numbers reflect is that the nice well-ordered family tree we get from genealogists has been pruned incredibly tightly. We don’t have neat, spreading trees, but complex tangles. Go back a few generations and you will find that branches entwine and interlink in a more and more complex fashion. Increasingly large numbers of the inhabitants of each generation will be duplicated over and over again as the same historical person appears in different branches. And this effect will become stronger as you go further back in time because of low mobility. You don’t have to go back very far in history to get to a stage where the majority of people never ventured far from their home village. They would not have the whole world available to them as breeding partners, but rather a tiny gene pool.

         Something had to give way to go from more than 4 × 102006 to a mere 110 billion (for a clearer comparison, that’s 1.1 × 1011). And that’s where we can all share Danny Dyer’s excitement. It’s not that there is anything wrong with his genealogy, but rather that we can say with certainty that everyone has royal ancestry, thanks to the application of statistical analysis to the numbers of branches and linkages in our ancestry. If we go back far enough in any such intertwined tree we end up with regional common ancestors – people who for those of a certain region we can guarantee will be in their family tree. This is true of not just a few of the potential ancestors, but vast numbers of them. Go back far enough, in fact, and we can say that you are related to every single person from your region who has living descendants. That will apply to kings and queens, just as much as minstrels and servants, murderers and vagabonds. They’re all there in your family tree.

         EVOLVING A THEORY

         Before we manage to resolve those vast numbers of missing ancestors, we need to get a feel for how far back we need to go. In Chapter 6 we 15will be looking at where humans came from, but here it’s just a case of knowing where to stop looking into the past with those family trees. And to find the right point to make the break, we are going to have to deal with the E word: evolution.

         I can’t help but feel rather sorry for scientists whose work involves evolution, because there is surely no other scientific topic that has become so charged with emotion.§ Physicists might grumble about those who don’t share their interpretation of quantum mechanics, or colleagues who spend their careers working on theory that has no resemblance to the real universe – but they are unlikely to be dragged into debates with school boards and legal battles over the reality of their theories. The odd thing from the outsider’s viewpoint is how straightforward and obvious evolution is.

         We only have to make two assumptions, which are nothing but common sense, and evolution is inevitable. The first is that we have the ability to pass on various characteristics to our offspring, who are not carbon copies of us, because a mix of those characteristics comes from both parents. The second is that organisms with characteristics that help them survive and thrive are more likely to have offspring to whom they can pass on those characteristics. Combine these and you’ve pretty much got evolution happening whether you like it or not. Darwin didn’t know how it worked – he didn’t know about the genetics we’ll meet later on in the book – but it’s hard to see how anything else could happen in the biological world.

         Science tells us that evolution has led over the billions of years that there has been life on Earth to the proliferation of species. It’s quite common for people to say ‘I accept micro-evolution – that’s obviously going to happen. So, for example, if birds with bigger beaks are better at breaking up the nuts they eat, then over time more of the birds with bigger beaks will be more likely to breed and big beaks will dominate. 16But I don’t see how a mouse can turn into a chimpanzee, or a chimp into a human.’ 

         There are two problems here. One is the failure to recognise that ‘species’ is an arbitrary concept. Every single organism is the same species as its parents.¶ Which seems to imply that you never will get a new species emerging. However, we’re not dealing with a single change, but rather an accumulation of tiny changes to genetic makeup that eventually result in an organism that is not the same species as its earlier ancestors. Exactly how we define a species is a little vague, but the traditional point at which a species divides off from another is when it’s no longer possible to interbreed and produce fertile offspring. Depending on the rapidity with which an organism reproduces, such a change could take millions of years or just decades.

         A good parallel with the paradox of changing species over time despite an organism always being the same species as its parent is in the colours of the rainbow. We know that there are far more colours than Newton’s original, arbitrary seven. Zoom in to the detail of a rainbow and there are millions of subtly different colours – my computer can display a palette of over 16 million. Look at two adjacent colours and they will apparently be identical. (Try this in a paint program on your computer if you don’t believe it.) Every one of those 16 million-plus colours looks the same as its ‘parent’ colour next to it. Yet across the whole spectrum we go from red to orange to yellow to green and so on, with all the variations in between. This is what happens with species too.

         The other problem with the argument ‘I don’t see how a mouse can turn into a chimpanzee, or a chimp into a human’ is that you don’t need to, because this does not happen. We are not descended from our cousins, the other great apes. Rather, go back far enough and you will reach a common ancestor of both us and our closest living relatives, the 17chimpanzees and bonobos. Go back further and you will reach a common ancestor that also takes in other great apes. Further still you will find a common ancestor we have with monkeys as well … and so on, eventually reaching a common ancestor with a mouse. And so on again. It’s like an upside-down, back-to-front version of a family tree. 

         To take in the whole of human genealogy we need to go back to the point in time our species evolved from its predecessor. You could, of course, carry on further and further into those common ancestors – but it’s hard enough getting our head around just our human family trees. So, we will sensibly make the break when Homo sapiens came into being, around 200,000 years ago. This rough date comes primarily from fossil evidence. We’ll come back to our more distant ancestors in Chapter 6.

         UNCOVERING MITOCHONDRIAL EVE

         So, how do we demonstrate everyone’s parallels with Dyer’s royal blood? We need a way to look into the distant past, discovering how far back we need to go before we see shared ancestors for large groups of people. One way to do this is to use DNA. We will come back to DNA in a lot more detail in Chapter 9, but for the moment the important thing is that the bulk of your DNA molecules, which make a very significant contribution biologically to what you are, come from both your parents. However, a small amount of your DNA – so-called mitochondrial DNA – comes only from your mother. This is the tiny relic of DNA still remaining in mitochondria, essential parts of your cells which developed from bacteria. Mitochondria are often called the power units of our cells, because they are responsible for producing the molecules that store tiny amounts of energy to be transported around the body.

         As the distant ancestors of mitochondria were independent entities, they had their own DNA, distinct from the main DNA of the cells they reside in. Like our chromosomes, each of which comprises a single long molecule of DNA, the DNA in mitochondria contains genes. Over the 18many millions of years that mitochondria have been in action in humans (and almost all other organisms with complex cells), the genes from the mitochondria have largely been transferred out to our chromosomes. In the case of humans, just 37 genes have been left. But this tiny fragment of DNA is special as it is inherited only from our mothers.

         By combining data on variants in the mitochondrial DNA of a range of individuals with the rate at which this DNA was assumed to have mutated,|| it was possible to work backwards to deduce when the most recent common ancestor of all current humans was alive. Someone from whom every living person is descended. This so-called ‘mitochondrial Eve’ is thought to have lived 150,000 years ago, give or take a few ten thousand years. It should be stressed that mitochondrial Eve was neither the only woman living at the time nor the first woman – this process merely identifies a likely distance in time to a female individual who according to mitochondrial DNA was the most recent woman to be in the family tree of everyone now alive.

         SEARCHING FOR COMMON ANCESTORS

         Finding a timescale for mitochondrial Eve was an interesting exercise, but it doesn’t give a good picture of ‘what makes you you’, both because it was based on crude assumptions (some of which are outlined below) and because it only tracked through the female line. To get a better picture of your ancestry, we need both male and female lines – and some impressive statistics. Back in the late 1990s, Joseph T. Chang, Professor of Statistics and Data Science at Yale University, wrote a paper entitled ‘Recent Common Ancestors of All Present-Day Individuals’. In it, 19Chang took a trip back in time using a mathematical model that gives a fascinating picture of our heritage as individuals. 

         Initially, Chang kept some of the extreme simplification of the earlier exercise. The mitochondrial Eve calculation had assumed each generation dies off producing the new one – there is no overlap between generations – and that each individual only has a single parent. It also assumed that an individual’s parent is randomly selected from the entire population of the previous generation, clearly a huge over-simplification. (Just think how your parents met – would they have had an equal chance of getting together with every other person of the opposite sex of any age alive at that time? I doubt it.) Chang still simplified reality, but made significant improvements.

         Chang was able to demonstrate that once two parents were considered, even using simplifications that make complex tangled families** impossible, the inclusion of the second parent meant that common ancestors cropped up far more recently than was suggested by the female-only line. As Chang puts it ‘mixing occurs extremely rapidly in the two-parent model, so that [common ancestors] may be found within a number of generations that depends logarithmically on the population size.’

         Let’s unpack that word ‘logarithmically’. This means that the population size would be around 2N where N is the number of generations to the most recent common ancestor. For example, in a population of 1 million, the number of generations required to reach a most recent common ancestor is just 20, as 220 = 1,048,576. For the same size population, mitochondrial Eve with her single-parent lineage would require thousands of generations.

         20This is striking enough, but there is a more remarkable result still from taking this approach. This calculation might give an approximate value for the number of generations to a most recent common ancestor. But this certainly isn’t the only common ancestor. There may be more than one in that same generation. And for certain there had to be at least two in the previous generation, four in the generation before that and so on – because each of the most recent common ancestors’ parents, grandparents etc. would also be our common ancestors.

         This back-in-time spread of common ancestors increases exponentially as we get earlier in time. Eventually there must come a point where everyone in a generation whose line didn’t die out – everyone who has descendants living now – is a common ancestor of today’s entire population. At this point anyone in the population we’re looking at can say that everyone in that ancient generation who has living descendants is their ancestor. Surprisingly it doesn’t take long to get back to a generation where this is the case – only around 1.77 times the number of generations required to reach the most recent common ancestor.

         Of course, in the real world we have a population of a lot more than a million – at the time of writing about 7.7 billion. If we just plug the current population into the simple formula, that’s around 33 generations or 1,000 years to get a common ancestor of all of humanity. But here one of the principle assumptions of the model breaks down – even now, we are significantly more likely to have children with someone born in the same country than from another country, and going back in time this was far more likely still. But the model works on the assumption that anyone in the world can be your parent.

         Given those provisos, Chang proved mathematically that his estimates for the number of generations to the most recent common ancestor, and for all the population with surviving descendants to be common ancestors, were realistic. This, however, was only the start. By 2004 he was able to publish in Nature a paper with Douglas Rohde and Steve Olson that took in the isolation of populations and the tendency 21to mate within social groups, providing a much more realistic model of our true ancestry.

         The models showed that even in populations with significant internal structures, a most recent common ancestor would still be reached relatively quickly (far quicker than working back to mitochondrial Eve). With this more sophisticated model and conservative assumptions about migrations of individuals, Chang and colleagues came up with a worldwide most recent common ancestor date of 1,415 BC and a date when everyone with surviving descendants was your ancestor of 5,353 BC. With a rather more generous rate of migration and mixing, this can be made as recent as around 2,158 BC.

         BRINGING IN THE GENES

         Since Chang’s paper was published, there has been considerably more work done by other researchers, adding genetic information to the statistical data from the model, reinforcing Chang’s conclusions that, for example, within Europe you only have to go back 600 years to hit a most recent common ancestor and 1,000 years for everyone in Europe who has living descendants to have been one of your ancestors.

         Of course, we have no idea who the most recent common ancestors of Europeans were – and the mathematics allows for many more than one common ancestor in a generation. But when we go back far enough for everyone who has living descendants now to be an ancestor, we hit royal pay dirt. A handful of people can trace back their ancestry to royalty from 1,000 or more years ago. And given that these people are still alive, that means everyone of European extraction is descended from those same royal individuals.

         The specific example that tends to be picked out is Charlemagne, who was king of the Franks and Holy Roman Emperor, living from 742 to 814. There is good evidence that he has living descendants – so this means that if you are of European extraction you can claim Emperor 22Charlemagne for your family tree just as much as Danny Dyer has his royal background. Similarly, the current British royal family are thought to be descended from William the Conqueror, who is sufficiently far back in history that should you have European descent, he is almost certainly your ancestor too.

         If you don’t think you have European ancestors, find yourself a suitable ruler far enough back in your own history and you will have a certain hit. And without doubt we are all descended, every one of us, from royalty in prehistoric dynasties who may not feature on the historical record, but existed nonetheless. The earliest known Chinese dynasties are said to stretch back to around 2,000 BC, encompassing the lower figure for ancestors of everyone in the world. Egyptian dynasties are said to go back to around 3,000 BC. Sumer was settled around 5,000 BC – so, the chances are that wherever you are from, you can claim a link to the Sumerian royal family.

         There’s always the proviso of these common ancestors needing to have descendants still alive. Some won’t – but a percentage will. In the end, the individual doesn’t matter. The point is that in terms of what you think you are, there is no doubt that you and I share common ancestors, and we are both descended from royalty. Don’t get too full of yourself, though. You are also descended from murderers, vagabonds and thieves. (Actually, come to think of it, all of the above could apply in the case of the royalty too, and almost certainly did. You didn’t get to be royal in the early days without a spot of Machiavellian machination.) Your ancestors were also merchants and beggars, philosophers and artists, saints and sinners. Our true family trees are not the spindly little cherry-picked things we usually see – they are vast, intertwining forests that give each and every human being a rich and wonderful heritage.

         Before we move on to take a plunge back into your very oldest origins, we should take a moment to dismiss a genealogical myth that should be obvious from what we’ve just read about worldwide common ancestors. Biologically speaking, there’s no such thing as race.23

         THE RACE CARD INDEX

         We love to split things up – including people – into groups and categories. It’s how we understand the world, and often it is very useful. But with people, all too often the categories reflect those who belong and those who don’t. We’ve got plenty of ways of categorising humans that have some validity and usefulness. Although there is no biological basis for nationality, for example, it has legal standing and as such is part of what makes you what you are. Likewise, socioeconomic groupings and culture are not biologically based,†† but they certainly exist and are sometimes used to discriminate against individuals and groups. Then there are biological differences, whether at the gross level of gender, or the more sophisticated, but still biological, aspects of being, say, straight or LGBTQ+. We need to recognise all these groupings, both because they are part of our identity and because many of them can be used as a division for discrimination, which a civilised society needs to avoid.

         However, race is a different kind of categorisation. There is no scientific basis for the concept of race. It makes neither biological nor cultural sense. Whether at the crude level of black or white, or using groupings such as African Caribbean, European, Southern or East Asian – or, for that matter, old pseudoscientific terms such as Caucasian and Mongoloid – race is an arbitrary notion which lends itself to use by racists. Let’s say it one more time. There is no biological concept of race.

         Some may think that making this claim is political correctness – that I am ignoring obvious racial differences because I’m a wishy-washy liberal. But science has a clear message. There is far more genetic difference within a racial group of your choice than there is between that imagined group and another one. A major study of 1,056 individuals from 52 populations in 2002 found that 93 to 95 per cent of genetic variation was 24within a population. Yes, there are small genetic differences that apply to regions of origin – but they are far, far smaller than any differences that we just ignore by using race labels. 

         What then, for example, about the very obvious difference between black and white skin? Of course, some people have darker skins than others, but having a difference in pigmentation doesn’t make you part of a separate biological entity. Everyone – absolutely everyone – is a mutant. Each of us is genetically different from the rest of humanity. Even identical twins, who are genetic clones, making their embryos nominally genetically identical, develop biological differences from the word go. So, the mere fact that some people have darker skin pigmentation is nothing to get excited about. When I was younger, my hair was bright red. I had a distinct pigmentation difference (caused by a mutation) from the majority of humanity.‡‡ But no one suggested I was a different race from others around me because of this.

         Every other ‘racial difference’ is also biologically trivial. Apart from small visual differences, the majority of our associations with race are based on culture and on socioeconomic factors – but race is far too crude a label to be useful culturally, and irrelevant from a socioeconomic view-point. The ‘race’ label is just an excuse for xenophobia. Remember what we’ve already seen – you only have to go back a few tens of generations and everyone with surviving descendants is a common ancestor. Turn this on its head and it becomes clear that you are not just related to all those old royals – you are also related to everyone else alive on Earth, whatever race you label them as.

         It’s entirely natural to be suspicious of groups who are even trivially different from the group we identify as ‘us’. Historically, this was a good survival trait. But not everything that is natural is good. It’s entirely natural for most children to die before they reach adulthood. As a species we 25are only part way through the process of growing up. We all still have a reflexive uncertainty of the ‘other’. But keeping the imaginary label of race is not helping with our development. 

         We’ve seen, then, that the family tree only gives a very limited view of what makes you you. It gives some hints of one aspect of your defining features, your genetic background, but it’s probably the least impressive way to do so. So, let’s take a totally different viewpoint and travel much further back in time to find how the most fundamental components that make you up came into being. We are all collections of atoms. But what are they, where did they come from, and how did they get into you?26

         
            *Pedigree is a much more fun word than ‘genealogy’. The term comes from the French pé de grue, meaning crane’s foot. This probably arose from the use of three curved lines in family trees to denote succession, which looked a little like a bird’s claws on the page.

            † See the ‘Further reading’ section at the back for a link to the classic That Was the Week that Was sketch on the three British classes.

            ‡You may, of course, not know who all these people were, but it is inevitable that they existed.

            §With the possible exception of climate change.

            ¶In principle a radical mutation could result in a member of a new species being born, but the chances of such a major mutation being survivable and able to be passed on to future generations is very small.

            ||A mutation is a change in the code stored in the DNA, which can be caused by an error in the mechanism used to copy the DNA or by external intervention, such as being zapped by a cosmic ray. All of us have mutated DNA – we aren’t talking about something out of X-Men here.

            **As an example of a tangle, my grandfather’s stepmother, who had children with my great grandfather was also my grandfather’s cousin (give or take a ‘removed’). For that matter, the older models used wouldn’t allow for the possibility that a man or woman could have children with more than one partner.

            ††I am grouping religion (or lack of it) in with culture here, as the two are usually very tightly intertwined.

            ‡‡The colour of hair and the colour of the skin are caused by variants of the same pigment, melanin.
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