
The next speaker is Mark Shriver of the Penn State university.


Dr. Shriver?


DR. SHRIVER:  Okay.  I want to thank the organizers for the opportunity to come here and speak to you.  I do not have much time so I want to make a list of the messages, the main points.  I will start with that.


Basically I think understanding biological differences is important if we are to use science to investigate health disparities.  I think this is true even if the ultimate causes for these differences are not biological in nature but are, in fact, cultural.


Secondly, I want to talk about the fact that there is some level of biological differentiation and give you some data that sort of shows how much there is and how it is distributed across the genome.  And a nice way to really understand the existence of this biological differentiation is to use a modular model of genome evolution.  This is really not anything new but we are just laying it out on a genomic scale because we do have now data from all across the genome.


And then, lastly, I want to bring up this concept of biogeographical ancestry because I think it has got a lot of useful potential for applications in biomedical research.


So to start with, you probably read about Fst and basically that is the level of differentiation that exists between populations.  So you can think about it as allele frequency difference.  I am showing here a couple of examples.  We have both a low Fst marker -- you see the frequencies of the blue allele are about the same in both populations, both gene pools, 40 percent, 50 percent.  And then another example of a high Fst marker where, in fact, 20 percent and 80 percent give a bigger frequency difference.  There has been more change in allele frequency between those two populations.


So this is a diagram then of the distribution of Fst across now a huge number of SNPs.  This is 9,817 SNPs.  SNPs are single nucleotide polymorphisms, much like the Y chromosome polymorphisms that Peter was talking about.  So a C to T change is the most common one.  
So by looking at a huge number of SNPs we can get a pretty nice idea of how the Fst is distributed here among three populations.  African Americans, European Americans and East Asians. This includes a sample of Chinese and a sample of Japanese.  So the average Fst is 12.8 percent falling right in here.


Many of the markers, most of the genome really has about the same or lower level of Fst so most of the genome really has low Fst.  Something that is not new but there is this tail, though, of parts of the genome that has higher Fst.  The Y chromosome is probably out here.


Right, Peter?


DR. UNDERHILL:  Yes, it is way out.


DR. SHRIVER:  Way out here because of the small effect of population size and, you know, the other aspects of male migration rate and things that Peter was talking about.  So the Y chromosome to put it in perspective in terms of this kind of diagram has extreme levels of geographic differentiation.  Most of the genome is not like the Y chromosome.  In fact, most of it, there is no differentiation but -- or very little but there are these regions here that to me have always been interesting.  And may, in fact -- if there are genes -- if there are genetic elements that influence health disparities they would be out here on this -- in this area of the distribution.


So another way to represent this data is to just take the individuals and calculate their relatedness to all the other individuals in the sample.  So without applying any labels as to which population the person came from, you can reconstruct in some ways the phylogenetic relationships between these individuals and that is shown on this slide.


So you probably cannot read the labels from where you are but all these people on this branch are European American.  There are 38 of them.  One person in that branch sort of stands out a little bit, this person EU5.  The rest focus right on one very tight branch.


There are two nuclear families, a mother, child and a father, and another one down here, mother, child and father, and you can see that they closer branching patterns as you would expect.  These are genetic inherited markers.


Then there is the East Asian branch where the Chinese, ten Chinese individuals, are on one branch and ten Japanese are on another very closely spaced branch.  Then you have the African American individuals which do not form as tight a branching cluster as what you see in the East Asian and the European American branches.  Also the root of the tree using the chimpanzee and gorilla focuses within the African American cluster as we would expect.


So many of the features that we see in this kind of tree are consistent with what we found with population trees that had been possible with previous datasets.  You know, there is greater diversity within Africa.  The basic branching structure is similar but, you know, there are some issues with trees like this.


The first is that we are using small numbers of people so adding more individuals will make these trees less defined.  We are also not including many intervening populations.  You know, Peter showed data of a very even spread of populations across the world.  Here we are considering only European American, East Asian and African American.


So additional groups like Middle Eastern, Central Asian, East African would definitely also make these trees less well defined.  This is not a global perspective.  It is a much more reduced sample of information but still there is a lot of information here with which to explore the genetic interrelationships of these individuals and the populations to which they belong.


Another way to look at the data that has fewer assumptions or different assumptions from the phylogenetic analysis that I showed use principle coordinate analysis.  And only the first two principle coordinates were significant and they explained about 25 percent of the total variation and the results are shown here.


So the East Asian individuals cluster together here.  The European Americans up here.  This is person EU5 who I suspect is probably Hispanic or might better describe himself as such.  And here are the African Americans.  So you see the pattern of diversity is different and, in this, this correspondence with the position of these individuals is very close to what we found with the position of those individuals on the phylogenetic tree and is also similar with the individual ancestry estimates that we can get for these people using a different type of analysis.  There is about a 98 percent correspondence between a person's position on this access.


And, you know, this to me, I think, means something that has been shown in previous studies, too, that although Sub-Sahara and Africa, the original location of the development of our species is the most diverse continent in the world, the African Americans that were enslaved and brought to the United States and the rest of the New World were really not a random sampling of all of that diversity.  They are a subset of that diversity and, in fact, much of the diversity that we see within this group today is due to the process of admixture which will come back to in a few minutes.


But I do not want to emphasize too much the differences.  Remember the Fst plot was showing us that most of the markers are similar even with identical frequencies.  So another way to represent and an equally valid way that probably represents the history of most of the genome is to look at the low Fst markers and reconstruct the phylogeny.


And here you can see, you know, you get this star picture so everybody in the species is related to everybody else or everybody in our sample, you know, is originating from a single point.  In fact, this is probably the history for most of the genome.


But, you know, biological differentiation does exist even if it is limited to a subset of the genome, the 10 percent or so of the genome, but you know this is really not new and no surprise especially, you know, to people on the street.  Few would contest the statement, although some have, including, in fact, prominent geneticists, but, you know -- so there is only one species.  The origin is recent and it is common and it is from Africa.  Geographical isolation and adaptation has resulted in these genetic differences often just by drift but sometimes because of differential survival due to, you know, adapting to new climates or different disease pressures and such.


And a good way to describe this is using a modular model of genome evolution, and I will just cover that briefly because this also is not new but we are able to explore it on a new level.  This is from a paper that you will find in the back of the speaker's book and basically this is Fst now across the genome.  Here it is shown on chromosomes 13 through 22 and the X chromosome, which you will notice right away has a higher Fst across -- you know, across it.  And the X also has a smaller effect of population size.  Not as small as the Y but three-quarters of any of the autosomes.


And you can see again, you know, the Fst is relatively low in most regions but there is some peaks where it is higher and, in fact, there is a correspondence in both the high levels and the low levels, and this emphasizes that that modular nature that I am talking about, these regions have -- regions that are close together have common evolutionary histories like the Y chromosome.  It is not recombining.  It has one history.  As you look at particular genes, you know, haplotype blocks really probably represent the footprints or the sizes of these modules and how they have been evolving.


So the genome is not a single thing.  It is an independent assortment or independent chromosomal assortment and recombination has resulted in tens of thousands of these haplotype blocks or evolutionary modules.  The degree of divergence at any one of these markers or blocks is due to two things, the time since the separation of the population and also locus specific, both random and directional events.  So if there has been natural selection at that block it may have a larger frequency difference than other blocks.  
And again to reiterate, the time since the separation of the different human populations is so small that there is not inherent difference across the genome between any populations.


So I want to turn now to talk a little more specifically about the history of the United States because there are some specific features.  First, we are convergence of a restricted sampling of global diversity.  This is something important to keep in mind.  So North America, West Africa, North Africa, East Asia will probably represent the largest population.  Of course, many other smaller populations but we could talk about, you know, the main populations not start with.


There is a new continuum of variation that has been established through admixture in the United States because the U.S. is a melting pot and there has also been this sociopolitical history of extreme dichotomy.  You know, slavery is all about segregation, anti-miscegenation laws, the one drop rule, you know, we can continue and talk about these, and they have had a dramatic effect on how we see genetic variation distributed throughout the different population groups and individuals in the United States.


So in this context, you know, the context of United States, there is a definition of biogeographical ancestry that is possible given the three or in this case I am looking at Native American, European and African ancestry, and I am showing three groups of about 30 people from the parental populations.  So groups that we know have no admixture.  The Native Americans from the Southwest and Mayan individuals, Europeans and Africans from West Africa.


When you look at U.S. populations, you know, these boundaries start to dissolve across populations.  So really I think this might provide us with one means to move beyond Black and White.  What is shown here are two samples, an African American sample that Rick Kittles who is in the audience today collected, shown as the Black dots, and the European American sample shown as the open circles plotted together.


So you can see the European Americans have primarily European ancestry with some level of Native American and also some African ancestry and, in fact, there is overlap here between the African Americans who have primarily African ancestry with differing levels of European ancestry, and there is overlap.  There is African Americans that are more European than some of the European Americans and vice versa.


Just to give a couple other samples of the types of population that we are collecting, this is a sample from the San Luis Valley in Colorado.  Many of these people refer to themselves as Spanish Americans but there is a large number of more recent Mexican American immigrants in the same population.  You can see they have primarily Native American and European ancestry, quite a wide diversity with, you know, some definite level of African ancestry in the population.  We measure this at about six percent so six percent of this gene pool is African so a lot of these individuals are moving up.


Another group which the Census would classify as the same basically are Puerto Rican women, another Hispanic population, from New York City and, you know, you can see a very different pattern.  Here we saw lots of Native American and European ancestry and here we see European African ancestry.  Now with still definitely some Native American component, which here is measured at about 18 percent so 18 percent of the Puerto Rican gene pool in this sample from New York was derived from Native Americans.


And, you know, I did not set out to study myself but as it turned out I had a Duffy null allele and, you know, just continued to survey that sample.  Here is probably the most accurate individual ancestry estimate available today where we have typed 72 markers, our current panel, and this is me shown.


I am primarily European.  The axis have switched now so primarily European with some definite component of African ancestry estimated at 16 percent and another definite component of Native American ancestry estimated at also 16 percent.  
So I knew my maternal grandmother was from Mexico.  Their family had always talked about the Basque roots but there is also a definite African component that was unknown in my family.  Really this is not unique and this represents probably about 10 percent of U.S. Whites have a significant level, you know, one great grandparent or so of non-European ancestry.


So how can we use this?  I mean, this is not just an academic pursuit but it is a way to qualify or to quantify and, you know, to get a different way to express ancestry.  And skin pigmentation has always been very interesting to me and in this respect it provides a very powerful way to look at the extremes of phenotypic differences, you know, because this is a trait that has responded to natural selection many times as people have moved across the world.  It is a way that we can test our ancestry estimates and see if they are valid and also look at how ancestry can be used to study a physiological trait that could be a model for disease traits.


here is that sample of 65 Puerto Rican women from New York showing on the bottom now individual African ancestry.  It is highly variable in this sample.  And melanin index, as measured by a hand held reflectometer.  You basically can measure the inner arm where there is less environmental effect and you can see a very strong correlation between those two measures.  The R squared is 58 percent and it is highly significant.


I think the most important message here is that, well, yes, those markers you are using are really saying something at the individual level about the ancestry of the person.  Another example is the Spanish American sample from Southern Colorado.  You can see again, you know, the R squared is much lower.  The parental populations in this comparison are, you know, not as different in skin color but definitely there is much more pigmentation among Native Americans than Spanish.


And another example is these two samples.  One from African American and one from African Caribbean living in England or Britain and a third of European Americans from State College.  You can see the European Americans have the lowest pigmentation level.  At zero percent African, which is the axis here, you have a very small range compared to 100 percent African, which is a much larger range.  This is something that is not always appreciated outside of anthropological circles but there is a huge level of pigmentation variation within Africa.  Within West Africa, or even single countries like Nigeria you will find groups that are much lighter down here than other groups that are much darker.


So this probably does represent pretty well the range and diversity and really despite, you know, there being a lot of diversity within a continent, which we probably expect for any disease risk alleles that might be out there, too.  There is a definite relationship between the way we can measure ancestry with genetic markers and some kind of quantitative phenotype.


So you can again see there are few people overlapping, you know, and if we added to these samples -- these are samples of a little over 200 -- we would definitely see more and more overlap.


We can also map disease genes.  I will not go into this today but we have positive signals now for four pigmentation candidate genes using relatively small samples of individuals.  So if there is some biological reason for a health disparity or a difference in prevalence between groups, admixture is a way to find those differences in an efficient manner as well.


So basically biogeographical ancestry can be estimated with a reasonable number of markers and you can use it to control for heterogeneity.  I am going to show you one example from prostate cancer where really if you are not controlling for that heterogeneity you are setting yourself up for failure or misinterpretation.  So you can use standard statistical models and you can use biogeographical ancestry as a conditioning variable.  There is admixture mapping, which is what we use to find the pigmentation gene, and simple things like matching cases and controls for the level of ancestry.


So race effect, decomposition, can be something like having the quantitative variable and then different effects, age, sex, socioeconomic status, biogeographical ancestry could be inserted so we are basically taking the component parts of what might more crudely be called race and trying to separate those out and understanding them.  Of course, always there is the interaction between those two, socioeconomic status and biogeographical ancestry.  That is probably going to end up being one of the major components in many of these chronic diseases that we might be interested in.


Multi-colinearity or the fact that these two might be correlated, socioeconomic status and biogeographical ancestry or some other risk factors is definitely going to be an important issue to consider.


So here is the sample from prostate cancer.  Again this is with Rick Kittles.  His lab did this work where they had prostate cancer patients and controls from three different populations, African Americans, European Americans and Nigerians.  And this gene -- a big fuss had been made about this CYP3A4 gene as a prostate cancer risk gene.


And, indeed, Rick found that patients in the controls were different both for the African American and the European American samples but not in the Nigerian sample.


But what he also found is that 30 percent of the ancestry informative markers that he used were also significantly different between those groups in the African American sample so it might be that, in fact, what we are seeing when we are measuring the CYP3A4 because that marker is highly ancestry informative is we are seeing the effect of substructure or that marker is measuring ancestry only and ancestry may be having an effect on prostate cancer as opposed to the CYP3A4 allele having an effect on prostate cancer.   


So this is an example of how we really, you know, should take into account the variation within a population in terms of individual ancestry because that is not -- you know, we cannot assume the population is homogeneous, something that everybody knows.  You know, there is different levels of ancestry within populations.  These are not randomly mating groups and even if they are the continued presence of this admixture phenomenon is constantly recreating the structure within the populations on the axis of ancestry or differences between groups.


Finally, I want to just end with a list of complex diseases.  I think the type that, you know, this conference and this committee are interested in, which probably have some genetic component that is due to ancestry differences between the populations and definitely I think might be assisted by studying the biological component of this difference in a formal way.


So I think I will just end there.


DR. FREEMAN:  Thank you very much, Dr. Shriver.


(Applause.)

