
So with that introduction, I would like to call upon Dr. Marcus Feldman, who was very, very kind to fly all the way from Beijing, China, and arrive here at 10:00 o'clock last night after a 24 hour flight to join this meeting.  I first met Dr. Feldman in 1997 when I invited him to a meeting at Columbia University and he gave a very fascinating talk on population genetics at that time.  And Dr. Feldman tells me that his reason for going to China was to try to help influence the Chinese Government to be more kind to females and that is a complicated thing to get into but apparently in China if the first baby is a female you can have that baby and you can be allowed to be pregnant again but if that baby is female that one will be destroyed.  It is not a very nice but he is trying to confront that issue in China.


Dr. Feldman?

MARCUS FELDMAN, STANFORD UNIVERSITY


DR. FELDMAN:  Can you hear me?  


DR. __________:  Yes.


DR. FELDMAN:  Actually Dr. Freeman raises the reason that I was in China is actually one of the interesting interactions between biology and culture that you are likely to see with respect to health outcomes.  I have just spent the last seven years working on the problem in China of the very skewed sex ratio at birth and if there is anything that is biological it is whether you are a male or a female.  It is a matter of how many X chromosomes you have.  


In the 2000 Census the data are just now being released.  The sex ratio at birth has become even more skewed than it was in the 1990 Census so to the extent that the probability in this last Census that if you are born with two X chromosomes that you will survive your first year is about two-thirds what it is you are born with one X chromosome and that is a matter of culture.  People are choosing how to distribute their resources among girls and boys.  That preference is manifest even at birth where the sex ratio, for instance, in Quangdon (phonetic) Province, which we know as Canton, which is 86 million people, has now reached 130 males born to 100 females born.  Again a matter of culture but those people are choosing using ultrasound B to abort females at an extraordinarily high rate than they are males.


And the one child family policy is not a one child family policy.  It is a one male child in the rural areas so that if you have a male child first then they will not let you have another one.  If you have a female child first then they will let you have another one and then, by God, you try very hard to make that second one a male, and that is where the ultrasound B scan comes in.   That is a biological outcome which has a very strong 2,500 year old cultural antecedent.  


What I am going to talk about today are data that have just been accepted for Science and it has to do with the Human Genome Diversity Project which received a lot of resistance in Washington when we first proposed it nearly 12 years ago but in its incarnation at present consists of 1,064 cell lines from 52 populations from around the world that are stored at the Center for the Study of Human Polymorphisms in Paris.


The first description of those cell lines was published in Science earlier this year.  I will just give you -- you may not be able to see this but --


-- this is a list of the populations and the populations span every continent.  It includes African populations from Sub-Sahara in Africa, North Africa, Middle Eastern populations, Asian populations.  This group of populations is from Pakistan.  A whole lot of Chinese populations, including many from -- this list here is from the Chinese -- what they call "minority nations."  That would include people that you may have heard of like the people from Mongolia, people from Xinjang Province who are Muslim, the Wigger (phonetic) populations, Thai populations, they pronounce it "Di", that means Thai.  They live in the southwestern part of China.  There is about 15 million Thai people in China.  We go through to Europe and Oceania and finally five populations, indigenous populations from the Americas.   So there is 52 populations that exist in this world cell line collection.


There is at least ten -- a sample of ten in every one of these populations.  And the first data use of this world cell line collection was an attempt by us to get as many autosomal markers as we could using the Marshfield micro satellite panel, which is a set of 404 genes, and it is the largest collection of its kind so far.  In particular, 377 of those genes are not on the X or Y chromosome.  So I am going to show you some data that are not what Peter Underhill talked about.


These are on all of the other chromosomes and you will see that the basic pattern emerges in a similar way to the Y chromosome even though the Y chromosome for genetic purposes is really one gene because there is no recombination among any of the markers on the Y chromosome.  So we can add this 377 markers to the one Y chromosome and the one mitochondrial genome.  They consist of two genes because there is no recombination in the Y chromosome or the mitochondria.


Some of the data confirm what was known from a very small sample of these micro satellite markers.  I do not know whether we can cut the lights somehow but these -- the confirmation is that starting with the indigenous nonfarming, hunter/gatherer populations of Southern Africa, the Quosan (phonetic) bushmen, and the two pygmy groups, Mbuti and Biaka, you have the highest level of variation in those populations followed by the farming or pastural populations of South Africa or Sub-Sahara in Africa, including Nigerian groups.  Mandenka is from Senegal.  And the Bantu populations. 


The rest of the world varies from being slightly less to being very much less variable so that the smallest levels of variation in the world are found in the Americas an in Oceania.


One of the interesting things is that my colleague, Liv Shivatovski (phonetic) from the Moscow Institute -- the Russian Academy of Sciences, Laboratory of Quantitative Genetics, has -- we developed an index that tells you whether those populations have been subject to fast growth or no growth or population decline.  And this index which we called SK shows that the hunter gatherer populations of the world, the African hunter gatherer populations, the Oceanic populations, and the American populations show signs of either constant growth or sharp bottlenecks during their history.  Bottlenecks being a technical term meaning "sudden collapses in the numbers" and then possibly a later expansion. 


But the other groups, the main -- what we call continental groups, the farming populations of Africa, the West Asian and European, East Asian groups, have grown -- just from looking at today's snapshot of those populations and their variations have grown at a significant rate.  Whereas, the other populations have not.   And this is one of the uses of theory and mathematics in analyzing this kind of data. 


I am going to try something now to show you one of the main results.  Can we try the transparency?


It is not going to work too well but what we see here -- I will just tell you this because this is a reaffirmation of facts that have become widely understood now since perhaps 1972.  If you look at a partition of the variation within and between populations around the world that the vast majority of the variation that is revealed by studies of every kind of marker, the vast majority of that variation is within populations rather than between continents.  


In our data, it turns out that we have slightly less variation between the continents than have been revealed before.  So seven percent of all of the variation that exists for these 404 markers is actually between continents.  93 percent is within the continents.  


That is a little bit lower on the between continents than has been done before.  It may have to do with the fact that these markers were chosen to be used by the Human Genome Project as mapping markers.  They have maximal variation.  They are used to map the genes that people want to look at, disease genes.  So there is a very slight bias.  We can demonstrate a very slight bias in the choice of the markers but it is not enough to alter this by more than a couple of percent. 


So if you are in the business of doing statistics, like I am, and you want to know what are the differences between populations then what you have to deal with is that seven percent of the variation.  That is what you are going to deal with and it is part of the statistician's job to manipulate that seven percent to try to understand what it really means.  


This is what it really means.  This is the key transparency or slide that we are going to show.  My students, John Pritchard, now a professor at the University of Chicago, and Al Rosenberg at USC, have developed the most sophisticated technique for taking massive amounts of polymorphism variability and asking what are the natural breakdowns into clusters of those variable data.  So the technique is the following:  We take 52 populations, those 52 populations.  We took 377 of the 404 genes.  The 377 were chosen to exclude the X chromosome and the Y chromosome.  So these are all autosomes.  And we take the labels off the populations.  No such thing as race, no such thing as knowing what even continent they belong to.  And ask is there a natural clustering among the 377 markers and the 1,064 individuals that you are dealing with.


Now, the natural clustering -- of course, by natural you could subsume a lot of evils.  Natural means the highest probability of revealing structure in the data.  So it is a very technical term, very precise.  And what you see here is the result of that structuring.  


The most likely number of groups in the world is six.  This is the highest probability.  And the partitioning is into six groups.  And you will see that those six groups actually partition almost perfectly into continents.  So just taking all the labels off and asking where do these individuals come closest to belonging next to one another, and you will see this group here are the Africans.  So powerful is this technique that you may be able to see a little blue line here.  Every line which is -- it is almost like a pixel on this picture here.  There are 1,064 lines across there and 52 populations.  This line here we detected a mislabeling from one of the laboratories that sent their sample to France.  This individual is labeled as belonging to an Mdaka (phonetic) pygmy group and is actually mislabeled.    This was detected by this technique.


These people here are all Africans.  There is some slight European admixture and when Mark Shriver says that he is 16 percent this or that, we have to understand what probabilities are.  We have to understand that it is not a deterministic number that says that I am this many of this genes or this many of this genes.  These are probability statements.  And all along here we have the best estimates of the probability that an individual here and this group -- this group here, for instance, is a group from Northwest China that is Muslim.  It is called the Wigger people.  And what we see is that in that group the best estimate of their ancestry being European is about 35 percent.  And their remaining probability of their ancestry being Chinese, that is East Asian, is 65 percent.  That is what those colors are supposed to represent. 


One population from Africa.  You can see here that these are North Africans.  They are group that live in Algeria called Mozabite (phonetic).  That population looks as though it has some affinity with the African population but the rest of their affinity is of European ancestry.  Now, that is probably the closest of the African populations to Europe in terms of where they live.


A very anomalous population that came out with the most likelihood -- highest number here of populations is a small group living in the Himalayas in Pakistan that seems to have very little affinity with anybody else in the world.  They are called Kalash and they are a mystery group.  People do not know very much culturally or anthropologically about their ancestry.


However, Native American populations, Melanesian populations here, this is Papua, New Guinea, and this is people from Bougainvillea (phonetic) Island, do separate one from another quite well using this technique.  These are all Chinese or Japanese or Cambodian populations across here.


Now, the interesting thing about this is that you have a continental affiliation which probably in ten years time will take the word "race" off the map and people will start using continental affiliation.  The reason is that all the future studies, and my prediction, will show and reinforce this notion that as you study more and more markers, even though a very small percentage of the variation actually is being used to distinguish the continents from one another, only seven percent of all the variation, that seven percent can be used to distinguish continents one from another.


DR. HIRSCHFELD:  Excuse me.


DR. FELDMAN:  Yes.


DR. HIRSCHFELD:  These are measures then of only those seven percent?


DR. FELDMAN:   Yes, that seven percent is being used here.  All the variation is being used but there is only seven percent of the variation that actually varies between continents. 


DR. HIRSCHFELD:  Okay. 


DR. FELDMAN:  All of the variation is used. 


DR. HIRSCHFELD:  All the variation is used but that variation then allows clusters like this?


DR. FELDMAN:  That is right.


DR. HIRSCHFELD:  Wouldn't that suggest that more than seven percent is --


DR. FELDMAN:  The other parts of the variation are being used to tell you whether the people from New Guinea are different from the people from Bougainvillea Island or here this group here is the Pima Indians, whether they are different from the Ceruli or Carytiana or Colombian Indigenous peoples.  Within the clusters that you see in the different colors here those other markers are the that can tell you whether there is a difference between those populations within continents.


DR. UNDERHILL:  So it is those other markers that allow you to pick out the mislabeled sample?


DR. FELDMAN:  That is right.  That is exactly right.


DR. HIRSCHFELD:  And the K=6, K=5, K=4, what does that represent?


DR. FELDMAN:  If we were to choose two populations only in the world the question is what would be the likelihood of getting the correct partitioning and what happens is that as you increase the number from two to six, the likelihood of the data goes up until when you get the six there is no further increase in the likelihood of the data.  Seven gives you no higher likelihood than six.  It is actually a monotone increasing and then it stops.  It is flattened out.  


As you can see, this raises the question, the very interesting question for those of us in population genetics, how many of these markers do you need to get data that are this well specified and you will see in the article that will come out in Science very shortly because it was just accepted. 


How many markers do you need?  In other words, if I start out with ten markers, ten markers within ten genes, what is the probability that I get the correct partitioning?  And then increase the number of markers and ask how does the probability of correct partitioning increase?  


Well, this is a particularly easy group to work with.  It turns out that they are the Native American groups.  This is the number of genes you need up to the 377.  At about 100 markers here you get to 85 percent correct and it is pretty flat after that.  So that with 377 markers the probability of a correct partitioning of the five groups is actually very close to 100 percent.  


However, if we go back to the previous slide --


-- you will see that there is one group where apparently it almost never works.  And that is Europe and West Asia.  So we call this cluster -- if you want to call it something -- Eurasia.  And with Eurasia, which includes Europe, West Asia, the Middle East, through to the Himalayas, the Pakistan, the probability of getting the correct partitioning gets to be very, very low.  So what that tells you is what you probably heard yesterday from Peter that this is an area that historically has been subject to massive migration. 


Those of you who are interested in the history will know that the silk road and the trade routes that existed there for the past 3,000 years have promoted this massive migration all the way through to that Wigger population which is -- look as though it is part of that Eurasia even though they live in the Northwest of China.  This is a signature of historical migration.


Just to show you how mixed up those populations are I thought I would show you a slide from a paper that we published in the Proceedings of the National Academy earlier last year using the same technique that we used in the analysis of those 377 markers.


This should tell you why there is trouble in the Middle East.  We looked at eight populations in the Middle East.  All Israeli populations, Ashkenazi -- this is all of the self-identified origins, Ashkenazi, Druze, Ethiopian Jews, Iraqi Jews, Libyan Jews, Moroccan Jews, Palestinian and Yemenite Jews.  And what we see here is the breakdown into three clusters.  There are only three clusters out of those eight populations.  Two of the clusters are not -- are quite surprising.  One of them is cluster two, which consists of the Ethiopians.  Now, Ethiopian Jews have migrated or have been allowed to migrate to Israel over the last 20 years and the only affinities that they share with the Jews from the rest of the world are with a few.  These two little crosses here are the Yemenite jews.  


Again, you can argue that there should be a little bit of affinity even though the Ethiopian Jews when you look at all of their markers are essentially African in origin.  They are only 100 miles from Yemen across the Red Sea so it is not surprising that there is the migration -- some migration from Yemen that reaches Ethiopia.  In a number of the studies you will see that Ethiopia is a crossroad linguistically and genetically of the world probably today and you might have mentioned that yesterday.


This group over here was a surprise.  This is the Libyan Jews.  Until we started to read the history of the Libyan Jewish community, which was isolated since 300 B.C. it turns out.  A group we did not know about.  


However, the rest of the world's Jews, plus the Druze and the Palestinians are biologically indistinguishable from one another using the same techniques that we used before.  That is this huge cluster up here.  So that is that Middle Eastern cluster or the Eurasian cluster that we saw amplified before as being very difficult to separate from one another.  And it is another reinforcement of that.  Even though you may be able to break down these using the seven percent, with that very large group that extends all the way from Western Europe through to the Himalayas, it is almost impossible to break down the populations separately.  Now, this is a great example of that.


Now, there are certain scholars who view the world as a process of evolution, and I am one of them, so one of the natural things to do is to try to do what Peter did yesterday with the Y chromosome with the data that we just showed you.  The way you do that usually is with a tree.  It came out better on this thing.


That is it.  Can you see that?  This is an evolutionary tree which is based solely on the data that I showed you from that color transparency.  It is the 377 markers.  And the treeness here is only topological.  There is nothing in here which tells you about time and there is nothing in here which tells you about distance.  It only tells you about clustering so it is another representation of the clustering.  And many people prefer this kind of thing.  It is a totally different statistical tool from what I showed you before but what I am trying to get across here is that whatever statistical tool you use on continental subdivisions now you are going to come up with the same thing, and it is very close to what Peter showed yesterday.


He showed you haplo groups of different kinds that represent an ancestry and with the Y chromosome you can talk about ancestry a lot easier because there is no recombination on the Y chromosome so mutations are transmitted reliably.  When you have autosomes you have got recombination and a whole lot of other things going on that make it much more difficult to ask questions about time so I do not want to talk about times here.


But what we see here is this -- Africa over here with hunter gatherer populations.  You can see the Oceanic populations.  You see the five American populations over here.  You see that anomalous yellow population, the Kalash, that falls somewhere in the North Africa spectrum.  We do not know anything about that number.  This is the Mozabite population.  And here is Europe and the Middle East.  So these populations here all form one -- what we call clade.  And here is the South Central Asian clade.  
This is another way to represent those data.


Now, the final important way to represent these populations is what is called the rare allele phenomenon.  Which populations have the most alleles that do not occur anywhere else?  And you saw yesterday in Peter's population tree that among the hunter gatherer populations of Africa there were long strings of mutations which were characteristic of those individuals where as when you looked in the Asian populations and the European populations you did not see long strings of mutations happening.  You saw a more star-like shaped phylogeny. 


How is that represented in this totally different set, a completely independent set of data?  Well, it is represented by this statistic.  You can think of this as private alleles.  This is the terminology that we use these days.  Alleles which exist in that population that do not exist in any other population.  And this is another confirmation of the fact that if you are going to look for private alleles then you are going to find most of them in Africa.


This number here tells you that among the San Bushmen you will find most of them -- most of these private alleles  than among the hunter gatherer populations.  By the way, the Biaka populations are the ones that have close affinity with the farming populations of the Bantu peoples.   
And all the way down to the American populations which presumably are the youngest of the indigenous populations in the world and have not had that time to build up this body of mutations which happened in Africa.  


This has been reinforced in a recent study which we just concluded on a set of genes called proto-cadhedrin genes.  These are genes which are involved in synapse formation in the nervous system.  And in another set of genes,which was published earlier this year, called the CCR5 genes.  These are gene families with many, many genes, 50-60 genes that are just now starting to be studied and when you look at the haplotype variation, even though these are autosomal genes, they are so tightly linked that you can study haplotypes, where are the rare haplotypes?   The rare haplotypes are almost always among African populations.


Now, why that is interesting, and I want to conclude my remarks with some notes, and these are notes which I hope are discussion notes because there is a debate over how rare alleles are used and how data of this kind that I am talking about are used.  


Now, these notes -- they may be incoherent because I think it was during the second ten hours of the flight that I put them together. 


(Laughter.)


The first point is what we have seen.  Genetic clustering fits well with continental origins.  Now, is that one way in which race can be defined if you are interested in biological problems?

 
Point 1B:  Intermediates due to gene flow or intermarriage make this difficult in some cases.  And we saw some of those cases.  And I would claim that we have a peculiarly Americacentric view of what are the issues here and when we talk about race we talk about America in general and maybe that is too limited in scope.  


1B:  In some cases subcontinental clusterings are possible as long as you have enough markers.  I will get back to this in a minute because there was a study last year on this issue of intermediates.  


Genetic clusters may represent old divergences.  So the history of major clusterings is a history of old divergences.  And when I showed that group of six, the youngest of those divergences,presumably between 15 and 35,000 years, which is the peopling of the Americans.  So I think that qualifies as old.  After that when we start talking about post 1400 or 1500 that qualifies as young.  The continental clustering is what I would call an old clustering. 


Now, let's talk about America.   Last year Stephens, et al., used 4,000 SNPs, single nucleotide polymorphisms -- I do not know if people talked about this yesterday.  Did they?  And they found these genetic clusters:  The European Americans, African Americans and Asian Americans, and had great difficulty separating Hispanic Americans from the rest.


The question is whether this is a useful thing for any medical purpose, that kind of clustering.  That is something that needs to be figured out in light of what I am going to talk about in a minute.  


Rare alleles can be useful.  Why?  Because alleles that underlie disease susceptibility, especially those that are related to severe diseases, are usually rare.  So the question is whether there is any relationship between rare disease alleles and rare alleles that have nothing to do with disease.  That is the question which we do not know anything about yet.  But in the literature you will see a discussion of whether the issue of rare alleles should be associated directly with the issue of where diseases are more likely to be found.  


Now, the final talking point is a debate that has been going on in the literature over the last few months.  And that is the debate between what I would call Wilson, et al., although it is -- actually the senior author is my former student, Dr. Goldstein, and Neil Risch.   Did people talk about this at all?


DR. FREEMAN:  A little bit. 


DR. FELDMAN:  A little bit.  Okay.  Well, the disagreement is whether clusters defined genetically are more -- now, I do not know which word to use -- valid, robust or useful than self-defined ancestry.  And in the article that Wilson, et al., published in Nature Genetics  they claimed that they were not and that, in fact, the genetic clustering which they showed and which you could consider as a pilot study for the big study that I put up there with the 377 markers, they used 20 markers and they could not separate Asians and Melanesians, and they had -- it is impossible with 20 markers to do what you can do with 400 markers.   But why is that important?  Why is this debate important?  It is important because they went on to ask if you look at drug metabolizing enzymes then can you see whether there is a difference between how you partition the properties of drug metabolizing enzymes with respect to the genetic partitions and with respect to the self-defined racial partition?


And this is where the debate exists because Wilson, et al., claimed that the reaction profile is better described by the genetic clusters and Risch, et al., claimed that what are classically called racial clusters have a better description.  


Better description.  What does "better" mean?  Whether there is more variation for the profile of drug metabolizing enzymes when you look across the four genetically defined clusters or across racially defined clusters and that is where the debate is.  I would claim that this is not yet resolved.  One way to resolve it would be to take the massive data set that we have and then take those 1,064 individuals and look at the drug metabolizing profiles for the 1,064 cell lines that we have been studying, and ask whether there is the parallel distinctions that these people are claiming here.  How does it fit with the self-defined ancestry versus the genetic ancestry?


So what I want to do is leave you with the idea that this is the key problem that we need to -- this is where the population genetics and the medicine are going to have an interface.  This is the exact problem that we need to address and we are not in a position to address it yet and until we know more about those properties of the drug metabolizing enzymes studied across large groups of people.  


Now, Lisa, or her bosses, will tell you that the best way to do this is to study it through the use of haplotypes.  That is because some of the scientists on that committee are very invested in haplotypes.  The question is whether that is the way to go or whether you can do as well using the clustering techniques here.  That is a scientific question and a medical question that will be resolved, in my view, within the next five years as people develop techniques for fast throughput analysis of the drug metabolizing enzyme.  But I think it is the key for the issue as to whether the clustering that we see with our K=6 is the same profile of drug metabolizing enzymes or any other disease related or personal pharmacogenetic things as you see here.


So I will leave it there. 


(Applause.)

