Biology based scientific research

Abstract
Biomedical research is an area of biology based scientific research that has a direct application for medical use. This is a review of the literature concerned with the topic of race and its importance from a biomedical perspective, as well as giving a history into biomedicine and the position it has been put in over the race debate. Racial categorise have been shown to be largely superficial and mostly fitting to social and political boundaries, but despite this it plays an integral role in the process of medical treatments and clinical studies. Most genetic variation is present within a population as opposed to between them, although some gene variants are known to have a higher frequency in particular populations. The question is that do these gene variants have a significant difference in biological outcomes to drug metabolism and predisposition to certain diseases. The literature as yet has not found any such major differences that are comparable between races. As technology advances and sequencing becomes less time consuming and more economically feasible our understanding of different genes variants and their underlying effect on biological outcomes that have important implications in medicine will also increase. It is in my opinion that with such powerful technology that the future discoveries in biomedical research will make the race debate largely irrelevant as we move towards individual genome sequencing and personalised medicine.
Introduction
Biomedical research is the area of science associated particularly in health care and related research. It's concerned with the processes that give us an understanding of underlying scientific methods for diagnosing, analysing and treating disease. No two people's genome is the same, with the exception of identical twins, showing just how vast the amounts of genetic variation humans as a species have. Biomedical research attempts to take different variants of the same gene and see if there are any functional differences between them. A functional difference would be a gene product that has a different biological outcome compared to another variant form of that gene. The importance of this could be the difference in one gene variant to resistance to a disease or an inability to metabolise a specific drug used in the treatment of a disease. Knowledge of this from a medical point of view is far reaching and has implications in the diagnosis and treatment of disease. One particular area of biomedical research has taken the idea of function genetic variants of alleles and applied it to a broader perspective. The immediate differences in races are obvious. Facial features, hair and eye colour as well as skin colour can be accurate determinates of an individual's race. With the human genome projects completion there also became the tools to compare these races on a genetic level, and there is much ongoing research into function variants that are comparable between these races and their implication in whether there are treatments that are more effective for one race than another.
The History of Biomedical Research and Race
Throughout history the definition of 'race' has been constantly changing and has rarely been more than the result of the social and political views of the time. Broad geographical boundaries have often been the basis for classifying groups of people into races and few real attempts based on scientific knowledge have been made to truly define what makes one race different from another. It was not until Linnaeus in 1758 that an attempt was made to categorise humans into taxonomical groups. These consisted of white Europeans, red Americans, yellow Asians and black Africans with the class called 'Malay' added later by Blumenbach. Carlton Coon in the nineteen sixties then categorised five races based on phenotypic features, calling them Caucasoid, Mongoloid, Australoid, Negroid and Capoid. However, since the human genome project has now been completed it is necessary to re-evaluate these categories based on genetic rather than physical differences to see whether the categories as defined before such knowledge was available are still relevant and justified today and to consider whether there may be no significant difference between human populations to justify grouping people at all. From a biomedical point of view it is important to discover whether by ignoring possible differences between races people are not being treated in the most efficient and appropriate way or alternatively whether classifying people according to race could lead to inaccurate and potentially dangerous treatment1.

The potential importance of race from a medical perspective is a powerful incentive to promote the research into identifying key genetic variations between races in order for us to exploit these differences for the good of the patient. However, with this issue also comes a delicate history. Race has been a focal point for many of the worst periods in history. History has seen sinister regime's use categories of race to promote their own purposes and has given this area of biomedical research bad connotations that to this day make it a sensitive area to pursue. The Racial Hygiene Theory endorsed by German geneticists such as Fritz Lenz and Eugene Fischer during the Third Reich was just one example of how genetics can be used to legitimize appalling racial policies, under the mask of science2.

The practice of eugenics reached its height of popularity in the early decades of the 20th century. It promoted the improvement of human hereditary traits by increased selective breeding of people with certain traits considered at the time to be more desirable. Post war eugenics has been largely abandoned but is still preached by small groups of extremists that promote racial supremacy and purity. The practice of eugenics has always involved violations of the right to life, to have a family and freedom from discrimination, all of which today classify as breaches of human rights.

Indeed this is such a sensitive subject in society today that many people, although acknowledging the possibility of genetic differences between races, argue research in this topic is a threat to cohesion between cultures and may harm social unity. Some scientists have even called for research into the racial differences to be stopped altogether because they fear that the information resulting from such studies may be misinterpreted or deliberately misused3. These issues are some of the obstacles that scientists face today. Such concerns have to be taken into account when considering the possibility that there are disparities in the genetics between races that give functional differences on a biological level that carry medical implications.

Examining the potential genetic contributions of each group to these areas may illuminate new approaches of treatment in how genes regulate drug metabolism or increasing the chance for organ transplant acceptance. Ethnicity and race have often been incorporated into medical decisions and processes. It is known that a sickle-cell disease is significantly more common in African and Mediterranean populations than in northern Europe, whereas the reverse is true for cystic fibrosis and Hemochromatosis. A large amount of time and effort is being spent on research regarding the importance of racial differences in genetic effects for complex diseases that are characteristic of being influenced by a large number of genes. An important question is whether ancestry influences the impact of each gene variant on the disease risk.
What is Genetic Variation and why do we have different Races?
Genetic diversity is present in all species and is a consequence of mutation, selection, genetic drift and population structure. These factors influence our genetic makeup and provide us with powerful tools to understand why human genetic makeup varies among populations. Genetic drift leads to the loss, fixation and coalescence of alleles within a population and thus genetic differentiation between isolated populations. The action of genetic drift can be exploited to perform genetic testing as it generates linkage disequilibrium. Selection changes the frequency of different alleles within a population and population structure is caused by the migration and isolation of different populations that causes genetic bottlenecks. When a population bottlenecks it takes with it only a small proportion of the genetic variation available in the original population. As populations of humans spread throughout the world becoming reproductively isolated from one another by geography or social pressure, over time the groups begin to differentiate in their average genetic makeup.

Modern humans first appeared in eastern Africa 200,000 year ago. Migration events resulting in the populations of Asia, Australia, Europe and eventually the Americas began around 50,000 years ago4. During this time geographic barriers, largely found along continental lines, separated human populations into several major groups. This isolation meant there was little or no gene flow between them. This was aided by cultural and economic pressures that differed between populations. Within continents these same pressures would play a role in causing genetic diversity between smaller populations. This history of human demography, as well as selection and mutations, resulted in many complex patterns of genetic diversity between and among human populations. It is possible to compare the diversity between populations and an important question for research into this area is whether such genetic differences are important in biomedical sciences.

In forensics it has long been accepted that a person's major geographic group identity can be ascertained from DNA alone. However, how much of the variation that can be seen between races is functional, and actually leads to different biological outcomes, is less clear. If the variations do lead to different biological outcomes this has implications for biomedical research looking at how people of different races respond to drug treatment, their ability to resist pathogens and discovering why specific disorders are more prevalent within certain races.
Why do we have Genetic diversity?
Genetic diversity is thought to be a source of evolutionary resilience against a changing environment and gives organisms the opportunity to adapt to such changes and occupy broader ecological niches. The loss of diversity can often threaten the long-term survival of a species. For example, in agro-monoculture crops are often highly susceptible to sudden disease outbreaks and unable to cope with sudden climate changes highlighting the importance of a varied genetic background5.

Diversity occurs through mutations in DNA building up over time becoming fixed in the population by selection and genetic drift. The basic unit of genetic variation is the polymorphism. These are precise locations in the genome that exist in multiple variant forms, called alleles. These polymorphisms can involve one or many nucleotides, but some can involve large segments of genetic material.

The presence of polymorphisms causes genetic divergence at the individual level such that, except for identical twins, the DNA of no two people is the same6. On a population level, certain alleles may be present at a much higher frequency in one geographic group compared with another.

The genetic variation among groups is negligible when comparing it to the diversity within the group is negligible for most biological traits7. Whereas, for some traits, such as pigmentation and lactose intolerance, the differences between populations is substantial when compared with the variance within a population and the trait may be overrepresented in a particular population. This implies that some genes in the human genome have undergone episodes of positive selection within our recent history, where people with the trait within a population would be at an advantage.

Possibly the most prominent example of this in the context of racial difference is the gene SLC24A5. This gene was first identified in zebrafish. SLC24A5 is now known to be the gene that gives rise to different skin colours in humans. An allele of the gene that contributes to light pigmentation is present in almost all Europeans but is nearly absent in East Asians and Africans. Lighter variations in skin colour in humans are associated with diminished number, size, and density of melanosomes, the pigmented organelles of melanocytes8.

The push in selectivity for lighter skin in the populations that migrated out of Africa is still not completely understood. One convincing hypothesis that is generally accepted is that in areas of greater cloud cover and lower light intensity, individuals with lighter skin are able to produce vitamin D more effectively, whereas populations that remained in Africa would have retained darker skin to protect against harmful radiation from the sun.

Vitamin D is essential for the adsorption of calcium and therefore growth and the structural development of the skeleton. It is synthesised when UVB radiation is absorbed into the skin. As early humans migrated northwards they experienced a reduction in UVB exposure. Therefore, vitamin D would have been synthesised less efficiently in people with darker skin9. The resulting deficiency in vitamin D could have lead to the condition rickets in children and adolescence and osteoporosis in adults10. In women, the pelvic skeletal deformities often associated with such diseases would have obstructed a successful labour often resulting in the death of the mother and child. In Europe this would have greatly reduced reproductive fitness and thus survival11. Thus depigmentation appears to have been a physiological adaptation to increase efficacy of vitamin D production. Evidence for this hypothesis comes from clinical studies exposing human skin in vivo to UVB. These have shown that the lighter skin of European Americans, being hypopigmented, was up to ten times more efficient at synthesising vitamin D in comparison to the highly melanised skin of African American individuals12.
Pathogens, genetic disorders and race
Malaria is a major killer of children worldwide and possibly the strongest known force for evolutionary selection in the recent history of the human genome. Haplotype mapping shows us that genes which protect against malaria have been subject to recent positive selection, particularly those involved in immunity, inflammation and cell adhesion13. Malaria is more prevalent in areas such as Africa, the Mediterranean, India and the Middle East. Here selection has acted to increase the frequency of genetic variants offering protection against the disease causing differences between populations in these areas and those that are largely Malaria free. A good example of this is the presence of the mutated haemoglobin allele causing sickle cell disease. Individuals with sickle cell anaemia experience chest pain, difficulty breathing and have a shortened life expectancy14. However, individuals who are heterozygous for that allele do not experience symptoms associated with sickle cell disease. Furthermore, such individuals appear to have increased immunity to malaria compared with those who homozygous for the wildtype allele. This is an example of heterozygote advantage. In areas where there is no risk of malaria these heterozygotes do not have such an advantage and so there is no selective pressure to have the alleles giving rise to sickle cell disease in the population. It would therefore seem that defining people by the geographic area in which they live can be useful in evaluating certain disease such as sickle cell disease and how likely an individual is to contract malaria. However, such a view should be taken with caution. Although malaria is predominant in Africa and sickle cell disease is often associated with people of Africa descent, figure 1 shows that both are also common in parts of Europe and Asia and therefore race in such a scenario is unlikely to be the best indicator of whether an individual is likely to be suffering from either disease.
Recent Advances
There are many recent and ongoing attempting to find patterns of diversity between races and its consequences. It is important to ask what position is held on the important questions that relate 'race' or 'ethnicity' to genetics and whether there are distinct differences that can be used to benefit us from a biomedical perspective. In early studies Richard Lewontin15, when observing the overall pattern of diversity between global populations, discovered that only a small percentage of the overall amount of human genetic variation can be accounted for by the discrete grouping of people into categories of race or ethnicities. Considering all the genetic variation that exists within our species it has been shown that 85-90% is caused by the amount of genetic divergence between individuals, and only 10-15% is accountable to the average difference between members of different races as traditionally defined. Recent advances in the ability to sequence specific targets of human genome has made it possible to take samples of fragments of genomes from many people from each racial category and compare how similar they are (Table 1).
Racial Difference in the Metabolism of Drugs
The issue of race in the area of biomedicine is far reaching and has implications from molecular research to clinical epidemiology18. One of the most prominent areas where specific genetic variation found between races does seem to have implications in biomedical research is in genes related to metabolism and drug response. It is not unreasonable to believe that differences on a genetic level can cause dissimilar effects to drugs due to a change in metabolism, and if there were common variants of genes involved with the metabolism of a particular drug that was prominent within one population and not another there are grounds for believing that this could be used to create more patient specific drug treatment, with a potentially higher success rate allowing cheaper and more efficient patient care. Research into this area may result in the identification of race specific drug targets and drug therapies.

Research into this area has been taking place for many years. In 2003, regarding the effects of gene variants in different groups, many studies took place and failed to find significant evidence that variants act differently. Although at this stage it was recognised that it may be true that people on average from different populations will not necessarily have the same genetic predispositions to diseases and respond to particular medicines in the same way. This study showed that allele frequencies of functional variants do differ substantially among populations with different geographic ancestries19.

One gene that has been shown to be involved in the metabolism of many important drugs is the gene CYP2D6, which encodes a member of the cytochrome P4020. The null variant of the allele of CYP2D6 renders the gene product inactive. If an individual is homozygous for two null alleles they cannot, for example, effectively convert codeine, a drug involved in pain relief, into morphine which is its active form. Such individuals experience little or none of the analgesic effect of the drug. The median frequency of by which the null form of the CYP2D6 alleles vary from 6% in Asian populations, 7% in African populations and 26% in European populations21. This is a clear example of how substantial population variation does occur. However these variants are not isolated to any one race, they are present in all races. Therefore, when considering a person's method of treatment, an individual's affiliation with a race alone as a method to determine treatment will not be a wholly accurate indicator of response to codeine and other CYP2D6 metabolizing drugs.

Over the last 10 years remarkable developments have been made with drugs for cardiovascular disease, with some early research indicating that race specific drug therapy may be justified22, this research looked at patients treated with combination therapy of vasodilators. These seemed to show greater efficacy in treatment of individuals with African as opposed to European heritage23. However, the results of the vasodilator trials were inconsistent and never achieved statistical significance for association between treatment and race.

Hypertension is a chronic medical condition which causes elevation of blood pressure, a common course of treatment is the use of angiotensin-converting enzyme (ACE) inhibitors. A number of studies have look at responses of people with different racial backgrounds to the ACE inhibitors. Early findings showed that hypertensive African Americans are less responsive on average to angiotensin-converting enzyme (ACE) inhibitors, when compared to their hypertensive European American counterparts24;25 and this could suggest that these drugs are not the most effect way of treating African Americans. These results were later challenged by studies illustrating that whilst there is a difference in reaction of these different groups to the drug, the average difference in reduction of systolic blood pressure when tested in African Americans versus European Americans was only 4.6mmHg. The standard deviations of the change in blood pressure in Americans of European and African descent were 12 and 14mmHg respectively26. This new research proved that clearly many African Americans would respond better to ACE inhibitors than would many European Americans. This is a potent demonstration of how research into racial differences in drug response must be tested and proven because to conclude that ACE inhibitors are ineffective in African Americans could be to deny many people an appropriate drug treatment that would have a powerful effect. These studies also highlight the problems of how races are categorised in the first place, it is not clear from these studies whether people were classed by race based on their true genetic background or simply by self determination. It could be that the differences within a race are such that some individuals of African descent respond positively to ACE inhibitors and some not as well. However, if the population had been subject to much admixture these results could be because the individuals classified as African American and responded well to treatment with ACE inhibitors in these studies could have had a more genetically European background than was suggested by putting them into racial category based on phenotype.

In the study involving ACE inhibitors mentioned above, further analysis demonstrated that the original result showing racial difference was unique to the end point that was chosen; in the portion of the study focusing on prevention, the drug actually had equal efficacy in individuals of both African and European ancestry in reducing the incidence of the event of the combined end point of death or development of new onset of heart failure27. Similarly, there was no association observed with race for the relative benefit of ACE inhibitors in lipid-lowering and antihypertensive treatment in preventing heart attacks. This supported the view that the original observation of an effect of race on the efficacy of these drugs was a type I error28.

The failure of such tests to prove unequivocally that there is enough justifiable evidence to believe that some drugs are more effective in different races compared to others has not stopped the research into this area of study. The area of research into racial differences of drug metabolism and the related area of drug transport with the emphasis on malignancy in cancer patients has made substantial progress. Evidence that people of different ethnicity experience more toxicity than others when treated with the same dose and schedule of drugs29 has prompted pharmaceutical companies in some countries, including Japan, to repeat phase I dose finding studies of drugs due to lack of confidence in dosage guidelines established in countries with predominantly Caucasian patient population.

There are many genes that have been found to play key roles in drug metabolism and each has many allelic variant associated with it that are found in variable frequencies throughout different populations. The drugs metabolised by such genes are candidates for repeating dose finding studies.

One example of such genes is the CYP1 family with has many variants. The CYP1 family of genes has many variants. CYP1A1 is present mainly in the lungs, placenta and lymphocytes. More than 15 allelic variants of CYP1A1 have been reported30. This enzyme is involved in the metabolism of xenobiotics including R-warfarin and toremifene, which are used in many cancer patients31. Substantial variability in the ability of individuals to metabolise these drugs has been observed. Research into whether these variant forms have a functional impact on these drugs is unclear and is a point of interest given how varied the forms are between populations32. To illustrate, the variant CYP1A1*4 occurs with a frequency of 8-13% in African populations, but is absent within Caucasian and Asian populations33 and this is just one of the fifteen known variants of CYP1A1.

Dehydrogenase dihydropyrimidine (DPD) is a rate limiting enzyme in the catabolism of naturally occurring and synthetic pyrimidines including fluoropyrimidine anticancer drugs such as the drug 5-flourouracil (5-FU). The human DPD gene (DPYD) is known to have 39 different allelic variants34, for example, it is known that 23% of the African population carry the DPYD*5 allele compared to a 7% incidence of this variant present in Caucasian populations35. The differences in expression of the allelic variants of DPYD among ethnic groups have been found to have large inconsistencies which are important as DPD activity is one of the main factors influencing the efficacy and safety of 5-FU treatment, emphasising the importance of studying genetic racial differences from a biomedical point of view.

Another example is the gene coding for Thiopurine S-methyltransferase. TPMT is an enzyme that methylates Thiopurine compounds and is responsible for the metabolism of Thiopurine drugs. In all races some individuals will have high TMPT activity, whereas, other will have reduced or no activity. The TMPT*3A gene variant is the most common cause of reduced activity in Caucasians, whereas, TPMT*3C is the more common variant responsible for diminished activity in of Africans and Asians. Furthermore, in Caucasians a gene variant TMPT*2 has been found which if present causes a deficiency in activity, this variant does not appear to be present at all in Asian populations. Therefore, again it can be seen that there is an argument for testing whether certain drug will truly be the best method of treatment for certain races given such differences36.

In addition to these genes encoding enzymes involved in drug metabolism there are a number of genes that encode drug transporters. Genetic differences between races in the genes will also be of interest in biomedical research. Drug transporters play a critical role in the process of drug absorption, disposition and elimination. The ethnic dissimilarity in the frequency of allelic genetic variants, in particular single nucleotide polymorphisms, of drug transporters have been reported in several studies and it has been shown that there are greater number of drug transporter variants in Caucasians than in African and Asian populations. In vitro studies have allowed us to explore the relationship between allelic variants, enzyme function and drug disposition. OATP1A2 is the human organic anion transporting polypeptide 1A2 channel and the gene encoding this protein has many variants. The Ile13Thr variant of OATP1A2 has been shown to increase uptake of estrone sulphate and methotrexate, drugs commonly used in the treatment of cancer and autoimmune diseases, whereas other variants including Arg168Cys, Gln72Asp and Asn278DEL have been shown to significantly reduce their uptake. Given that there does seem to be a relationship between the frequency of allelic variants and ancestry, it would be interesting to investigate whether there is a correlation between the disposition of drugs transported by OATP1A2 proteins and race37.

However, there is known to be large overlapping in substrate selectivity with drug transporters. This makes it difficult to identify the impact of specific genetic variants on drug disposition as the drug will be transported by other transporters encoded by different genes. For this reason, very few clinical studies have been able to assess the effect of membrane transporter polymorphisms on drug elimination and response accurately and most have concentrated on only one race at a time. Only one clinical study has attempted to compare the differences in efficacy of drug transporter variants between races. This study looked at the concentrations of pravastatin in the plasma of individuals. It was found that there was a higher concentration in the plasma of Caucasians than that of African Americans38. This is likely to be due to different frequencies of SLCO1B1 which encodes a solute carrier protein. It appears that Caucasians are more likely to have variants of SLCO1B1 that are more efficient at transporting pravastatin.

Therefore, although there is little supportive clinical data the study on pravastatin concentration and the evidence that there are differences in the frequencies of particular variants of drug transporters and metabolising enzymes between races means that it is possible that ethnic differences in genetic variants of drug transporters might contribute to variability in drug disposition among different ethnic groups39.
The International HapMap Project
The international HapMap project is a collection of data allowing genomic analysis. Common patterns of DNA sequences in the human genome, sequence variants and their frequency in a population are being gathered and stored. This is done using DNA samples of populations with ancestry including Europe, Africa and Asia. This is a powerful tool that allows biomedical research to analyse the differences between population specific variants of genes involved in areas such as gene susceptibility to disease and those involved in metabolism of drugs.

The data being compiled contains information on structural variants and the functionality of genes as well as beginning to create an understanding of complex gene interactions.

To find gene susceptibility to disease and the effects of genetics on a population when testing a drug response we need to have an idea of the science behind the mechanisms involved in both cases. This requires extensive knowledge of the functionality of genes and the degree in which variants of particular genes have a causative effect on a disease trait or the metabolic response to a drug. One of the main players in this field of genomic analysis is the International HapMap project. The aim of the international HapMap project is to identify the common patterns of DNA sequence variation in the human genome, by characterizing sequence variants, the frequency, and the correlations between them. This is done using DNA samples from populations with ancestry from parts of Africa, Europe and Asia.

The HapMap project works using the most common form of variant, the single nucleotide polymorphism, which is a difference between chromosomes in the base present at a specific location of the DNA sequence40. Every such polymorphism is caused by a single base mutation which occurred at some point in the past and every time a mutation takes place it results in a new allele that is initially associated with the other alleles present on that chromosome.

The particular set of alleles present on a chromosome is called the haplotype, if additional mutations take place or there is recombination resulting in the exchange of corresponding segments of DNA between maternal and paternal chromosomes, and then new haplotypes will be produced.

The combination of different alleles containing unique single nucleotide polymorphisms inherited together are said to be associated. This is known as linkage disequilibrium. Recombination events are more likely to occur between single nucleotide polymorphisms as distance between them increases. Therefore, association between single nucleotide polymorphisms declines with distance.

When there is a strong association only a few haplotypes will account for most of the variation between individuals within that region on the genome. This allows us to accurately predict the SNPs within a region based on the actual knowledge of a select few this means we can infer information about an individual such as which allelic variants they are likely to have quickly and economically.

It has been shown that most of the information about genetic variation represented by the 10 million common SNPs within a population could be provided by as little as 200,000 to 1,000,000 SNPs across the genome.

The advantage of this is that there is a significant reduction in the need for extensive genotyping with little loss of information. Conversely, the success of HapMap depends largely on finding small sets of alleles that are associated with causing common diseases. If a diseases is caused by several rare variants that all contribute a small proportion to the overall cause of the disease or drug responsiveness then it will be unlikely that the HapMap will have sufficient resolution to identify them41.

There are many techniques used that allow us to compare, analyse and sequence many different elements in the Human Genome. For example, association studies are now considered one of the most important modern tools when studying the influence of genetics on diseases and variable drug response. The fundamental structure of such studies involves comparing the genetic makeup of the different phenotypes of different individuals, such that in the basic case and control design on a study in which comparisons are made between individuals with a specific disease and individuals that do not have the disease, or individuals that respond well to a drug are compared with those that don't. This plays on the idea that if a particular variation of a gene has a predisposition to a diseases or drug response; it will have a high frequency of occurrence in the population of individuals with disease.
Admixture Linkage analysis
Admixture mapping is a recently developed technique allowing us to explore genetic ancestry. It can be used to investigate the genetics of a population and to identify the causes of population specific differences that are seen in disease and drug response. This technique allows us to isolate specific risk alleles within a population for a disease42.

Mapping by admixture linkage disequilibrium (MALD), also known as admixture mapping, is a genetic association study that is based on one of the genetic consequences of admixture. One important consequence of admixture is that gene flow will take place causing the temporary generation of long haploid blocks. These long haploid blocks will include polymorphic variants causing admixture linkage disequilibrium. This is a statistical form of mapping that allows us to identify variants of alleles associated with particular diseases and that have different frequencies between populations.

Admixture has been promoted by the recent process of globalisation related to mass migrations of people within and between populations. In particular it is this admixture that has occurred within the last few hundred years that gives MALD its power43.

What has made mapping by admixture linkage disequilibrium so popular is the fact that only 2000 to 3000 markers need to be used. This is more than 500 times fewer than those required when using other types over mapping techniques, for example, genome haplotype based mapping. In spite of the fact that fewer markers are used it is still a sufficiently accurate method of analysis and more economically feasible than other methods.

However, it must be noted that one of the main problems of admixture linkage analysis is that results are often influenced by environmental, social and economic pressures which are known to affect these alleles greatly.
Recent success of Mapping by admixture linkage disequilibrium
Mapping by admixture linkage disequilibrium has had many recent successes that are testament to how useful this technique has been when studying the link between a populations genetic susceptibility to disease.

A genome wide admixture scan of 1500 African Americans showed a 3.8 Mb segment on chromosome 8q24 was significantly associated with susceptibility to prostate cancer. This studied showed that men with an African genetic ancestry had a higher risk of being diagnosed with prostate cancer before the age of 72 and mirrors the epidemiological observation that in African Americans, younger men have a higher risk of developing prostate cancer44. The findings of this study have been replicated both through linkage analysis and fine-mapping showing admixture mapping indicates a major, still-undefined risk gene for prostate cancer at 8q24.

The common disease multiple sclerosis has been shown to be heritable. However, in spite of a number of attempts no major genes have been found as associated with a higher risk of this disease. Even though one risk haplotype, at HLA on chromosome 6, has been discovered by traditional linkage analysis, this only explains a small fraction of the increased risk. However, recently admixture association analyses, which is far more powerful at identifying weaker genetic contributors that may together explain much of the disease risk, have been used. These studies have reported a locus on chromosome 1 that is significantly associated with multiple sclerosis45.

Such studies have shown that mapping by admixture linkage disequilibrium is a powerful tool in identifying weak factors that contribute to overall complex disease. The relatively fast and cheap method has become an important tool for research into how small differences between races and has many applications for future use particularly in the fields of disease and drug metabolism.
Conclusion - is classifying populations of people into 'races' useful from a biomedical perspective?
It has been shown that broad geographic regions of African, Europe, Asia, Oceania and the Americas do roughly correspond with the common racial classification associated with these areas. The distribution of the genetic variation that we see today is mainly the result of human migration out of Africa and the spread to Eurasia, Oceania and the Americas with the contribution of local and widespread migrations between them. Isolation caused by distance has allowed genetic drift to accumulate with only the dampening of local migrations. Changing environments has caused selection of certain traits and enhanced the differences at some loci. Recent migrations, expansions and admixture have only added complexity to the patterns of expansion that can be seen on the Y-chromosome, in mtDNA and using autosomal markers. Races are not genetically homogenous. Nor are they genetically distinct from one another. The large majority of genetic variation is found within populations rather than between them and it is important to recognise that all individuals from any population are genetic unique.
Possible explanations for ethnic variations in biomedicine
There is some evidence that diet maybe linked to the ethnic variation that is observed in drug metabolism. However, most of this is indirect. There is more convincing evidence that diet within a population influence how an individual responds to a drug. For example, grape fruit juice is known to inhibit CYP3A4 which is an enzyme involved in the metabolism in about half the drugs commonly used in modern medicine46. Red wine also inhibits this enzyme47 and ethanol induces CUP2E1, an enzyme important in the metabolism of anaesthetics48.

Ethnic differences in drug metabolism have been associated with diet in a number of studies. This happens in clinical trials where no differences in the measures of drug metabolism are found for a specific drug among different ethnic groups, yet the outcomes for each ethnic group varies. One example of this is the dissimilarity in the acceptance of grafts between individuals of African ancestry and Caucasian recipients for renal transplants. This was initially attributed to differences in the pharmacokinetics and pharmacodynamics of the immunosuppressive drug cyclosporine, depending on race. Stein et al compared cyclosporine metabolism in African American and European American volunteers. All volunteers had the same diet for five days before the tests were carried out49. The study found no difference in the pharmacodynamic or pharmacokinetic measurements between the two racial groups of volunteers. They therefore concluded that environmental factors such as diet effecting cyclosporine disposition must have been responsible for the findings of the study. However, diet does not account for all racial differences in drug metabolism, a number of studies have taken place where subjects had a controlled diet, for example, the drug Nifedipine which is used in anti-hypertensive therapy, has a reduced systemic clearance in South Asians compared to Caucasians even when the two groups both fasted over night and had the same diet50. Although this trial can be criticised it did not take into account the impact of long term diet and its effect. This area of research is still a promising prospect for clinical studies.
What difficulties can arise when classifying people into 'Races' in clinical studies?
In today's society the reproductive mixing of individuals from different ethnic and racial backgrounds is common place but it creates the problem of genetic ancestry compared to self determined race. Self determined race is where the individual identifies themselves as a particular race disregarding true genetic ancestry. Many scientific studies into comparisons between racial genetics use studies of people that represent categorised 'races'. In the study of Ioannidis et al the people of European descent included the native population of Europe and subjects of European descent from Oceania, North America and South America, including Hispanics51. However, they did not test the genetic ancestry of the subjects that defined themselves as 'of European descent'.

The term Hispanic encompasses people that span several continents and have done for generations. People originally from Spain have mixed with the indigenous populations of other countries and in the cases of the countries with a past involved in the slave trade there would also be mixing with the descendants of slaves brought over to work on plantations52. Many South American countries are admixed populations. In Colombia the people are a genetic mosaic of Spanish, Yoruban and Amerindian with varying amounts of each population making up their genome53, however many still identify themselves as Hispanic. The same concept can be applied to the other categories of this study: the African-American's used in the study may identify themselves as African but this may differ from their genetic ancestry. Furthermore, by examining several thousand or more polymorphisms it is possible to delineate individual populations such as Japanese and Chinese54 that are traditionally grouped together as East Asians. Because disease genes may have been geographically restricted due to mutation, genetic drift, migration and natural selection, knowledge of an individual's ancestry is important for biomedical studies. Therefore, identity based on race will often be insufficient.

Most genetic variation occurs within populations and relatively little is found between them55 which can be used to argue there is no significant genetic difference between races. It has been written that racial profiling in biomedical research is incorrect, because differences among racial groups are largely or entirely cosmetic and do not represent the underlying genetic makeup of individuals56. However, in many areas of biomedical research, if the ethnic origin of those participating in the study is not taken into account it would rule out publication precisely because of the assumption that the groups would have meaningful differences in their genetics, and that these differences would bias analyses of the association between genotypes and phenotypes. Therefore it would in fact be better to look at the genetic background of every individual involved in the study to find their true genetic ancestry because by ignoring race altogether or classifying it on phenotypic differences alone or self determined race there is the possibility that meaningful differences in the genetics of the different subjects will have been ignored.
Metabolism of Drugs
As improvements in gene technology increases so the does the number of variants of genes that play a role in the metabolism or transport of drugs are being identified. There is still little clinical evidence linking gene variants that encode enzymes for drug metabolism to the pharmacodynamics, pharmacokinetics and tolerance of anticancer drugs, antihypertensive and other such drugs. Many of the clinical studies that have taken place have had small sample sizes, compromising their reliability in identifying differences between ethnic groups. There is evidence of ethnic differences in pharmacokinetics and toxicity of drugs involved in anticancer treatments. Whether the ethnic divergence of allelic variants of genes is involved in the metabolism of these drugs is the main cause or plays an important role in the explanation of these differences or whether other environmental factors are involved is still ongoing in this area of biomedical research.
Problems brought about when using Race as defined by geography, language or culture
Profiling an individual based on their race without looking at their genetic ancestry in order to determine a course of treatment may mean that the important effects of admixture or the potentially large variation within a race is ignored. This may result in misdiagnosis or misclassification. Classifying an individual by race other than by genetics is only likely to be useful in studies comparing social, economic, cultural or environmental risk factors. The broader the categorisation of race used, for example, simply Black, White or Asian, the less accurately it is likely to reflect the true genetic makeup of an individual as there can be considerable genetic heterogeneity within a region. For this reason it is most useful to be as specific as possible about geographic origins, ethnicity, ancestry or tribal affiliation or better still work out any given individual's genetics.

It can be shown that a person's self described race or ethnicity can roughly correlate geographic ancestry with genetic markers57. It can therefore be seen that ancestral inference may, in some cases, be useful. It is likely to be of most importance in genealogical studies, forensics and for designing case control studies. However, this is not comparable to the use of race, self determined or based on genetic ancestry, to make decisions about drug treatment as multiple alleles are likely to play a role in the response to drugs as well as non genetic factors such as the environment. Additionally, different population will often share these alleles. It is important to remember from a biomedical point of view that geographic ancestry is only a proxy for the information that we want to know, the set of risk factors and response predictors an individual carries.
Why would racial ancestry of an Individual be important?
In medicine a person's racial ancestry may provide important medical information for their diagnosis and treatment. The most effective course of treatment will be discovered by determining as accurately as possible an individual's risk of particular diseases and their likely response to any drug treatments. As for example many different disorders and similar symptoms, by looking at the ethnicity of a patient with such symptoms it may be possible to prioritise testing according to the most likely etiology. This would make the patient's treatment quicker and cheaper. When the feasibility and availability of an individual's genetic assessment of relevant genes finally becomes practical it will prove much more useful than race in medical decision making. Nonetheless, in some situations race may provide helpful information in the same way as gender and age can, until such individual assessment is possible. Caution however must be taken to prevent erroneous diagnosis by failing to take account of the shared nature of population variation, for example, overlooking the possibility of an Asian individual with cystic fibrosis, or a European with sickle cell disease.
The Future of the racial Debate in biomedical research
Eventually our technological capabilities will improve such that it will be economically cost effective and take a feasibly short amount of time that we will be able to sequence an individual's entire genome rather than relying on genotyping. The advantage of sequencing an individual's genome over genotyping is that sequencing captures all of an individual's variation and it will therefore be possible to determine, and not simply infer, the variants of any particular gene an individual carries. This will lead to a more effective and efficient course of treatment for that particular individual.

As the science of genotyping becomes cheaper with technological advances individual polygenic models to improve drug therapy on a personalised basis will be achievable. Another benefit will be that the pharmacogenetics industry will be able to use this information to find new drug targets, develop new drugs and create more efficient drug testing strategies. This will be achieved by international initiatives such as the HapMap project and the Pharmacogenetics Research Network as well as industrial and academic clinical trials and research. However as the assessment of an individual's genetics is not, as yet, possible research into wider differences between races still has a place in today's biomedical research to potentially improve areas of treatment and therapy.

Whilst race and ethnicity remain a delicate social issue the importance of a true scientific understanding of racial differences should not be played down or ignored. It could in fact be used as a tool to ease tensions as science has already shown us that human populations share most of their genetic variation and that there is no scientific support for the argument that human populations are discrete with no genetic overlap. By looking into differences between races it can only pave the way to individual assessment of genetics. Once we have the means to assess and locate disease related variation at the individual level race is likely to become less relevant in a clinical setting, but we have not reached that point yet. Furthermore, any dissimilarity that is found should be considered a source of celebrating the diversity of the human race rather than fuel racially motivated political or social views. Therefore, genetics will allow us to see race from a more personal view point and to challenge long held beliefs about race and ultimately to treat people in the best possible way for the individual and without bias.
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