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Ernst Mayr wrote in 1963 that the concept ‘founder effect’ in genetics refers to an event when a small number of individuals carrying a fraction of their population's genetic variation are the founders of a new society elsewhere. As a result, the new population may be distinctively different in their genes from the parent population. In extreme cases the founder effect may lead to speciation and subsequent evolution of new species. A population bottleneck - caused for example by a catastrophic event like an earthquake or a flood or genocide that kills entire sections of a population - can also cause a founder effect even though it isn't strictly a new population but a small group of survivors of the old. A population bottleneck would reduce genetic variation further. Due to various migrations throughout human history, founder effects are quite common.

Mayr’s definition applies to all living organisms. I recently read a fascinating paper on the phenomenon of founder-effect speciation among the common Myna bird introduced to Australia, New Zealand, Fiji, Hawaii and South Africa from India, where the authors concluded that ‘in the evolutionarily short period of 100-120 years, bottlenecks and genetic drift have promoted genetic shifts equal to those between different sub-species of birds.’
 Here I want to focus on modern human beings and the effect of colonization events on a select number of founder-effect diseases of the blood: Factor V Leiden, Porphyria and Sickle cell Anemia. I will end my lecture with some remarks on areas of possible collaboration between the South African and Australian medical and science communities.

The first known addition to the Khoi and San populations whose ancestors inhabited present-day South Africa for well over 100,000 years were individuals from the Niger-Congo Delta who spoke Bantu-language and moved there in waves starting about 2,000 years ago. Further known additions came from the colonizing European settlers (mainly Dutch, English, German and French), Javanese, Indian and coastline slaves, indentured Indian labour and Jews from mittel-Europe between the 16th and 19th centuries and Chinese indentured labour, Italian prisoners of war, further waves of European immigration and mine migrants from Sub-Saharan Africa in the twentieth. Like Aboriginal Australians, the guns, germs and steel of European settlers decimated the Khoi and San. Unlike Australia, South Africa had a younger indigenous population with immunity against smallpox that grew into the majority there today.

Factor V Leiden is a rare genetic mutation that causes thrombosis and is potentially lethal. It refers to one of many proteins involved in a cascade of blood-clotting factors that bio-chemically serve to heal damaged tissue and, of course, prevent us from bleeding to death. It is one of nature’s many important coagulants, a biochemical plug in a manner of speaking. A mutation in the gene which goes by the name of F5 interferes with the proper functioning of Factor V which, being what is known as an ‘accelerator coagulation factor’, can lead to over-enthusiastic blood-clotting. 

One of Factor V’s notorious and potentially deadly clinical expressions is Deep Vein Thrombosis or DVT. We know of DVT because of its link to air travel. DVT risk is today part of the normal health-related advisories found in almost every airline brochure or magazine. It is now established medical science. A study published in the prestigious medical journal The Lancet by scientists at the Leiden University Medical Centre in the Netherlands (a world-class centre in molecular haematology after which the Leiden in Factor V is also named) found that poor air quality in planes may add to blood clotting.
 They measured clotting activity in 71 healthy volunteers before, during and after eight-hour long flights. They compared the blood with those who sat for eight hours in a cinema and another group who went through eight hours of regular daily activity. Compared to the two latter groups, they found higher concentrations of clotting agents among those who part of the group travelling by air, especially among volunteers with higher risk factors. 

DVT is one of a variety of expressions of venous thrombosis. There are also pulmonary embolisms, strokes and heart attacks, all potentially fatal. For women there is the risk of toxaemia while pregnant, stillbirths and repeated miscarriages. Oral contraception interacts very badly with having the Factor V Leiden gene mutation. Other interactive factors include hypertension, obesity, smoking and having more than one type of thrombophilia.

In terms of Factor V Leiden’s genetics, scientists discovered a mutation that caused resistance to what is known as Activated Protein C (APC). They identified a middle-aged man with a personal and a family history of thrombosis who did not symptomatically display the predicted reaction – the reconstitution of Factor V - when activated Protein C was added to his blood plasma. The same phenomenon was found in several of the patients’ relatives. The scientists suggested that the middle aged man and his family inherited a deficiency of a co-factor for APC. This proved to be incorrect and, a year later, the molecular defect was properly identified as a point mutation in Factor V. 

A person with one copy of Factor V (from either Mom or Dad) is regarded as being heterozygous and one with two (from both Mom and Dad) the technical word is homozygous i.e. two copies of the same (thus homo) defective gene. The risk of thrombosis is 3 to 8 times that for an individual heterozygous for Factor V Leiden and 30 to 140 times as great for an individual who is homozygous. Mendelian or directly inherited (rare) genetic diseases all work like this, including Retinitis Pigmentosa, Familial Hypercholesterolemia, Cystic Fibrosis, Tay Sachs Disease, Hereditary Haemochromatosis and Sickle Cell Anemia. Having one copy of the defective gene may have given carriers in the past some benefit or advantage in their particular historical environments, which is why it has been retained in the gene pool. Environments have changed but the mutations are kept in the pool. They may eventually be edited out. 

So, for example, having one copy of something called LCT allows for the consumption of milk from domesticated animals, two copies make you lactose intolerant. One copy of ALDH2 protects you against alcoholism and possibly Hepatitis B, two copies promotes alcohol poisoning. One copy of HFE protects against anemia, two copies result in iron overload. A copy of something called the CFTR gene provides some protection against diarrhea while two copies may cause Cystic Fibrosis. In the example of Factor V Leiden one copy may confer protection against Sepsis while two copies may cause Thrombosis. Sepsis, an infection of soft tissues or blood by disease-causing micro-organisms arising after they have entered the body through a wound to the skin, is one of three main clinical forms of the Plague, the others being bubonic and pneumonic, the latter being the most lethal. 

I am homozygous for Factor V. I inherited the disease-causing genes from a descent line of Black Plague survivors and the question historically is from where? The first known natural black plague pandemic called the Justinian Plague began in 451 AD in the Byzantine Empire. It killed an estimated 100 million people and up to 40 per cent of the population in some cities. The second pandemic, known as the Black Death began in 1346 AD. Within a few years, it spread throughout Europe, killing an estimated 20-30 million people. The third, or Modern pandemic arose in China in 1894, and quickly spread, resulting in 12 million deaths in India alone. Thanks to the advent of rapid transcontinental transportation in the form of steamships, the third pandemic spread to all inhabited continents. Currently, Plague occurs throughout the world, with infection of rodents on every populated continent except yours, Australia. Nearly 80 per cent of reported Plague cases are from Africa, 15 per cent from Asia, and the remaining from the Americas.
A study undertaken by Bryce Kerlin published in the journal Blood found that Factor V Leiden ‘constitutes a rare example of a balanced gene polymorphism that maintains the FV Leiden mutation in the general gene pool due to a survival advantage in cases of severe sepsis. Individuals from middle and northern Europe spread the genetic mutation Factor V Leiden globally. In their study of the world distribution of Factor V Leiden, D. Rees, M. Cox and J. Clegg observed that heterozygosity for Factor V Leiden is highest in Europe and that ‘the mutation is extremely rare in Asian, African, and indigenous Australian populations. The frequency of heterozygotes varies within Europe, with a prevalence of 10-15 per cent in southern Sweden and Greece and 2-3 in Italy and Spain.’
 

Given the wide range of possibilities from whom then did I inherit this thing? Surnames provide some pointers: my last name is James (English), my paternal grandmother was a Newman (changed from the German Neumann) and my maternal grandfather was a Hartel (originally Härtel which is a German town named after a family of Medieval origin). My maternal grandmother was the only person two generations back to have a slave surname Carolissen (the sen being a possessive suffix in Dutch and Afrikaans meaning ‘belonging to’ the slave owner who presumably bore the first name Carolus). Further back in the history of my family more slave-names like Cornelissen pop up too. We may pretty much discount the slave lines when tracing Factor V given the global epidemiology of the disease. I found the military discharge papers of a Wilhelm George Härtel, a German foot soldier given citizenship in the Cape in 1816 from the Governor Lord Charles Somerset. Härtel was a member of His Majesty’s 1st Battalion 60th Regiment of Foot under Major General Kempt. He was likely a lowly mercenary. They were not of any military distinction. Born in the Parish of Nafsaw in or near the town of Gotlentz, Härtel served for 5 years in the 1st Battalion, was discharged by Somerset on 12 November 1816 and given a piece of land along the Liesbeeck River in the Cape. 

Cape-based medical scientists have done some original work on Factor V Leiden’s South African epidemiology among three families, and developed a DNA methodology for determining risk. They observed that Factor V is ‘highly prevalent in healthy subjects and occurs in 20-60 per cent of thrombosis patients of northern European origin, but it is absent or minimal in those of African or Asian origin’ they wrote.
 Factor V Leiden likely entered our population a number of times. Tests reveal that the Hartels (as with other German families) were the carriers of Factor V. Germany was at the heart of the middle-Europe Bubonic Plague among whom ancestor Härtel was the descendent of a survivor. The survivor just so happened to have had a copy of Factor V that gave him or her an immunity advantage. Ancestor Härtel left me and other family members with his blood disease but not I am afraid his land.
Porphyria is a toxin that results from the over-production of porphyrins in the human body. More specifically, it is an enzyme deficiency in a process called ‘haem synthesis’ which may be measured in the urine, plasma and blood. Haem is a major constituent of hemoglobin, which is responsible for the transportation of oxygen throughout the body. Hemoglobin contains four atoms of iron embedded in a dye, a pigment, called haem: this is what makes blood red. The four haems in the hemoglobin molecule are arranged in separate pockets on its surface.
  The biological processes that makes the haem occasionally disfigure the biological substance has the result of compromising its ability to carry the four atoms of iron, one outcome of which ends up as porphyria.

Porphyrins essentially poison the blood flowing through the human body. There is acute porphyria that primarily affects the nervous system, resulting in abdominal pain, vomiting, acute neuropathy, seizures and mental disturbances, including hallucinations, depression, anxiety and paranoia. Irregular and a faster heart rate may develop. Pain can be severe and be both acute and chronic. Constipation is frequent but diarrheal can also occur. Attacks of the disease can be triggered by certain drugs, chemicals and foods, as does Fasting can also trigger attacks. The non-acute version of the disease is known as cutaneous porphyria which primarily affects the skin, causing photo-sensitivity, blisters, necrosis of the skin and gums, itching, swelling and elevated hair growth on areas such as the forehead. 

The most common form found in South Africa is called variegate porphyria. The founder individual responsible was either a Dutch settler by the name of Ariaantje Adriaanse who was sent to the Cape to marry one of the early settlers Gerrit Janz van Deventer in 1688 - or Van Deventer himself. It is of course quite stunning that the science community who work on variegate porphyria is able to identify the founders by name. Today more than 30,000 South Africans carry the copy of the gene and, in every case examined, can trace it back to Adriaanse or van Deventer, a remarkable example of Mayr’s founder effect.

Linus Pauling bears the distinction of being the only person ever to receive two unshared Nobel Laureates. A professor of theoretical chemistry at the California Institute of Technology for most of his career, Pauling received the second, a peace prize, in 1962 for his persistent campaign against nuclear weapons. Eight years prior, in 1954, he received the chemistry prize for his work ‘into the nature of the chemical bond and its application to the elucidation of the structure of complex substances’. Pauling used X-ray crystallography and modelling to look at protein structures, a method later used by Rosalind Franklin, James Watson and Francis Crick to establish the helical binary architecture of DNA. Pauling developed the theory of the molecular clock, where one could judge the separation in time between two species by looking at the number of differences in their haemoglobin proteins. From the point of view of our interest in blood and its problems, Pauling co-authored (with Harvey Itano, Seymour Singer and Ibert Wells) one of the 20th century pioneering science papers titled ‘Sickle Cell Anemia, A Molecular Disease’.
 In establishing the roots of disease in gene malfunction, he pioneered what today called molecular medicine.

Sickle Cell Anemia (SCA) is blood disorder where the pigment haemoglobin (called haemoglobin S) that results in sickle-shaped red blood cells, hence the name. Genetically, if you have one copy of the defective gene you would suffer from a relatively mild form of the disease, but if you have two copies you would suffer from a chronic, painful and eventually a fatal form of anemia. The reason why it is kept in the gene pool is that one copy of the defective gene gives the carrier resistance to severe forms of malaria. Individuals who carry the gene are the descendents of the survivors who had historically lived in malaria-infested parts of the world. This includes southern Europe, north and central Africa. What Linus Pauling and his colleagues did was describe the chemical organisation of key proteins part of haemoglobin.

The discovery was the work of one of Max Perutz’ students, Vernon Ingrim. He established in 1964 the precise molecular characteristics of sickle-cell anemia. He found, remarkably, that a change in one amino-acid as specified by a few genes resulted in a single mutation caused the disease. Ingrim’s breakthrough discovery came as no surprise as he worked with Perutz who ran one of the most formidably productive laboratories of all time. He is the person credited with establishing molecular biology as a working discipline from which many flowers bloomed. Schooled by no less a figure than James Desmond ‘J.D.’ Bernal, widely regarded as the father of molecular biology and known, as in the title of a recent biography, as the ‘sage of science’, the Austrian born Perutz received the Nobel Prize for chemistry in 1962 for his crystallographic X-ray analysis of haemoglobin.
 Perutz records that he followed in the footsteps of the Australian born Sir William Bragg, his son Lawrence Bragg and Dorothy Hodgkin who had earlier demonstrated that ‘protein crystals can be made to yield sharp X-ray diffraction patterns which extend to spacing’s of the order of inter-atomic distances.’
 Haemoglobin acts as a carrier of oxygen from the lungs to the tissues and of carbon dioxide back to the lungs and is, therefore, what Perutz described as a ‘molecular lung’.

Perutz was by all accounts a rather remarkable man. In addition to being a great scientist he was an outstanding leader (he built on the work of the Braggs the Cavendish Laboratory in Cambridge that housed intellects like Francis Crick, James Watson, Fred Sanger, John Kendrew, Aaron Klug, César Milstein, Georges Köhler, John Walker and Sydney Brenner, a veritable who’s who in the developing world of molecular biology). In 1962 he shared the Nobel chemistry prize with Kendrew while Watson, Crick and Maurice Wilkins received the prize for medicine and physiology. From the point of view of the study of blood, it was his long-standing colleague and fellow Bernal student Dorothy Hodgkin who developed the X-ray technique for determining the structures of biologically compelling molecules.’
 

Perutz went on to give an elegant description of his field with the clarity of diction for which he had become known:

Vertebrate haemoglobin is a protein of molecular weight 64,500. Four of its 10,000 atoms are iron atoms that are combined with protoporphyrin to form 4 haem groups. The remaining atoms are in four separate polypeptide chains, each containing just over 140 amino acid residues. In human haemoglobin their sequence is now known. The four iron atoms are in the ferrous state and each is capable of combining reversibly with one molecule of oxygen without itself becoming oxidised in the process. The four iron atoms interact in a physiologically advantageous way, so that the combination of any one of them with oxygen increases the rate of combination with oxygen of its partners. A similar interaction takes place when the oxygen is given up. Carbon dioxide is not carried by the iron atoms directly, but its uptake by the red cells or the serum is facilitated by the disappearance of an acid group from each quarter molecule of haemoglobin when it has given up its oxygen. Conversely the presence of acid in the tissues speeds the liberation of oxygen by haemoglobin. The haemoglobin molecule may therefore be regarded as an enzyme with two functions and several active sites which interact in a complex and sophisticated manner.

Sickle-cell anaemia resulted from a single-point genetic mutation that altered the chemical structures in the haemoglobin protein and thereby compromising the ability of blood to effectively distribute oxygen in the complex and extensive navigation system of the human body. We could in sum say that etymology of sickle cell anemia started with Linus Pauling in locating the disease in a gene malfunction. Dorothy Hodgkin developed the X-ray diffraction technique with J.D.Bernal. Max Perutz used the technique in his analysis of the haemoglobin protein. Later work on the human genome determined the genetic region and chromosomal location of the mutant gene called Haemoglobin S resulting from the replacement of the chemical Thymine (T) for Adenine (A).

In preparing for this lecture I was intrigued to read an article published in the European Journal of Human Genetics titled the ‘Legacy of mutiny on the Bounty: founder effect and admixture on Norfolk Island’.
 The authors Stuart Macgregor of the Queensland Institute of Medical Research and his colleagues wrote: ‘By examining a single large pedigree of 5,742 individuals spanning more than 200 years, we analyzed the influence of admixture and founder effect on various cardiovascular disease related traits. On account of the relative isolation of the population, on average one-third of the genomes of present-day individuals was found to significantly influence total triglycerides, body mass index, systolic blood pressure and diastolic blood pressures. For various cholesterol traits, the influence of ancestry was less marked but overall the direction of effect for all CVD-related traits was consistent with Polynesian ancestry conferring greater CVD risk.’ 

There is a similar pattern to be observed in some sections of South Africa’s admixed populations. Of course, cardio-vascular disease is not caused by gene malfunction. Genetic materials contribute to us being susceptible to developing problems in this area, some more than others. It is therefore a non-Mendelian disease with significant contributions to developing it coming from lifestyle and environmental factors. Still, knowing the risk is vital information. Because it is an island where individuals lives in considerable isolation for a long period of time, scientists can isolate the founder-effect and genetic contributions. Other diseases could also be studied for their genetic contributions, including various forms of non-viral cancers. It is an ideal setting for working on genetic screening and other technologies. This is one example where South African and Australian geneticists could collaborate.

The other area is work using ancient DNA analysis. Increasingly sophisticated in technological scope, the ability to sequence stretches of DNA from the preserved organic material found in the fossilised bones of Homo Neanderthalensis and Homo Floriensis has contributed mightily to refining the evolutionary genealogies of human beings and that of our ancestors. You may have seen the April 9 2010 issue of Science that contains material on the discovery of a homo like Australopithecus called Sediba (meaning wellspring or fountain in Sesotho).
 Between 1.78 and 1.95 million years old, it appears to be a transitional specimen that lived in a poorly documented period of hominin history. Lee Berger of the University of the Witwatersrand is the principal palaeontologist on the project. His partner is the geologist Paul Dirks of the James Cook University in Queensland. 

Alan Cooper of the University of Adelaide is Australia’s principal investigator of this part of the world for the Genographic Project. The project team gathers mitochondrial and Y chromosome DNA data to reconstruct human migration patterns over the last 100,000 years or so. It is clear that the Indonesian Archipelago was a major incubating region in the evolution of homo. In South Africa, it is human origins. South African and Australian archaeologists, palaeontologists and geneticists will therefore only find it natural to collaborate in unravelling the history and pre-history of humanity.

NOTES 
* A Member of Parliament (South Africa), James gives this lecture in his capacity as an Honorary Professor in the Division of Human Genetics, Medical School, University of Cape Town, and as the founder and Chairperson of the Africa Genome Education Institute.
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