DR. FREEMAN:  We have a few minutes for questions particularly from the think tank members.  I want to open it up by asking you -- first of all, I have great admiration for this very, very impressive work, Peter, that you have done along with your colleagues.


How does this relate to the current way that we classify people, let us say in the census categories?


DR. UNDERHILL:  I think what it shows -- I mean, to me what it shows -- I mean, while I spend a lot of effort looking for these differences, the fact that I have to spend a lot of effort to find these differences really underscores the fact that there is very few differences between us even in a neutral -- presumably neutral gene like this.  And I do not think -- we already do a good job, I do not know about a good job but we do a job -- we already have measures in place to catalogue people by differences and they are basically visual cues or cultural cues.


From my perspective, this ability to distinguish a Korean Y chromosome from a Japanese Y chromosome is, you know, nice.  I mean, it is not surprising because there are some genetic differences between Koreans and Japanese but there is also a lot of shared ancestry, recent shared ancestry, and that is recapitulated in the phylogenies that we see. 


So if you are going to get a census, a U.S. census, and ask somebody for their biogeographical ancestry, and the person may choose or have the opportunity to choose right down Japanese American or Korean American, we can start to tease apart, if you will, on the Y chromosome and presumably on the rest of the genomes distinctive molecular signatures, if you will.


But getting to the theme of this meeting, I do not see the direct impact of that with regards to -- I think -- I mean, the slide that you showed at the beginning of the introduction with the three culture and poverty, I mean clearly those are big players.  Genetics has something to do with it but -- and that was -- you know, if I was going to add I would put a fourth ring in there for genetics but I think Mark would too because he suggested it to me while we were sitting there looking at your slide.


But I think there is definitely the genetic differentiation that we enjoy as a species and our -- it is a paradox there.  We are trying to -- as we try to show how similar we are, we have to also know something about -- first we have to get how -- find some differences.  And 90 -- you know, before I embarked on this study there was like one known polymorphism on the Y chromosome.


When you go back to the literature pre-95 there is a lot of claims that there will not be any genetic variation on the Y chromosome.  People looked for it and could not find it.  And I think the reason they did not find it was we just did not have the opportunity to look efficiently for it in a dedicated fashion.


So there is this diversification that we see.  It is reflective of the history of our species and I think we are trying to -- we can look at contemporary DNA and recover who we are, where we came from and possibly where we are going.


DR. FREEMAN:  Dr. Schwartz?


DR. SCHWARTZ:  I have two questions.  One you have already alluded to briefly and that is whether any of these polymorphisms have functional consequences?


DR. UNDERHILL:  Most of these polymorphisms that we have found are in noncoding regions of the Y chromosome so probably a handful, maybe four or five, are DNA changes that occur within a known exxon and probably only two or three of them change in amino acid.  As far as we know, there is no consequences with regards to fitness.


But the other thing you have to keep in mind with any recombinant -- nonrecombining haplotype is that there could be a gene on the Y chromosome a million base pairs away that is influencing that does have some selective influence and it carries along all these polymorphisms with them in a selective sweep.


DR. SCHWARTZ:  Right.


DR. UNDERHILL:  That was one of the arguments that has been used for why there was no success in finding variation on the Y chromosome, that there was one superior Y chromosome that swept through the world and replaced all inferior ones, and that everybody had the same Y chromosome.  And that may have happened in human history 50,000 years ago but I think what this is showing is that subsequent downstream variations accumulate and persist and that I think Y chromosomes are really lost just based on the random mating phenomenon.  So if a man does not have a son, he only has daughters, his Y chromosome disappears from the gene pool, you know, but all the rest of the genetic constitution is passed on, however.


DR. SCHWARTZ:  The other question I had was this:  I was struck by an apparent discrepancy between your maps of the distribution or migration patterns of these polymorphisms and that is of the polymorphisms related to disease.


For example, if you draw a map of the distribution of mutations in the beta globin gene, which is a classically Mediterranean disease, you can map these mutations all the way from Greece to Afghanistan and India, and it is very striking to look at these maps because they trace the path of the army of Alexander the Great, who obviously went with thousands of men from Macedonia to the Sub-Indian continent.


So is this an optical illusion?  What is your comment about the -- your maps and disease maps?


DR. UNDERHILL:  I think disease maps -- if we look at variation of genes that are implicated with disease or resistances to disease like some of the beta globin genes, sickle cell and all those in response to malaria and those kinds of things, so I think there you have natural selection shaping the genetic landscape as opposed to just general demographic history shaping the landscape.


I think your comments about Alexander the Great and his army's influence on the gene pool in Afghanistan and whatnot, I would say my gut feeling is that impact would have been minimal because we are talking about, you know, 3,500 years ago, I believe, and by then the population density was very high already, especially during the Bronze Age.  And we tend to think -- we know the history.  This history was written recently by Herodatus or whatever, okay, and I think I made a comment earlier at breakfast that, you know, history is written by the winners and we tend as -- you know, to view history in that perspective whether it is consciously or unconsciously.


And the Indian data that I showed, there has been a lot of comments about the Indian gene pool has been majorly influenced by the Aryans who came recently and with the caste system, okay, and our Y chromosome data seems to downplay the impact of that role and that it has been previously disproportionately emphasized.  And that really the population structure, I think, in India would be the way it is today if the Aryan invasion never happened or intrusion never happened.


The same thing, I think the gene pool of West Asia or Eurasia would be very similar today if Alexander the Great never -- you know, never had this great feat of conquest and exploration.


But I think maybe Mark will talk about it but clearly when you are looking at different parts -- each gene or DNA element has potentially a different story to tell and certainly genes that are involved in selection or in resistances to disease or susceptibility to disease are going to have -- more often might well tell a different story.  And that may be one clue to trying to find out which parts of the genome are going to be interesting.


So when you get 20 genes that all have a similar trajectory like one of these arrows I drew, we are seeing that the Y is relatively neutral, and it is moving along with the whole population, but then you have a couple of other genes that have an anomalous distribution that do not really have the same pattern.  Those are the ones that you would want to look at from selection or disease or whatnot.


So I am interested in all the genes that kind of have a nice symphony to them and move and reinforce one another but I think from a medical genetics standpoint the genes that deviate from the norm are also equally important and maybe even more important.


DR. FREEMAN:  Dr. Hiatt?


DR. HIATT:  For nonpopulation geneticists, these studies are fascinating.  How do they differ, if they do, from the story that you get from mitochondrial DNA, which is another methodology that I understand has been quite successful in tracking down populations?


DR. UNDERHILL:  I think generally there is a -- the mitochondria is another elegant molecule that has been probably more studied than the Y chromosome and it is continuing to -- in fact, some of my colleagues at Stanford have been beavering away and doing complete sequences of mitochondrial genome now as well as some other laboratories around the world, and we are now really getting -- we can reconstruct the phylogeny that has quite similar architecture, if you will, to the Y phylogeny and to a large extent the same geography.


The mitochondria is a little bit more noisier.  It is basically -- it is not nuclear DNA.  It is extra chromosomal DNA.  It has a different mutation rate, a higher mutation rate.  So it is a little bit noisier.  It is harder to find -- determine what the ancestral state and the derived state is but the -- I would say there is more congruence than discord between those two systems.  And that is all -- you know, we can talk later but that is the bottom line.


DR. FREEMAN:  Although time is really up but I want to ask this question:  What is the relationship between external appearance and your findings? 


DR. UNDERHILL:  Well, I mean, as Cavalli-Sforza would say, you know, "It's skin deep."  The differences are skin deep.  You know, so with regards to -- the Y chromosome as far a we know has no impact on one's phenotype.  Some people said it may have something -- there may be some genes that influence stature but clearly there are tall women so the impact of stature must be very small if there is a stature gene on the Y.


I think the lesson for me is that it is the shared affinity that we have.  Okay.  We tend -- as humans we tend to emphasize the differences because we are visual creatures and we try to -- we want to pigeon hole people and pigeon hole things and put our red socks over there and our blue socks over there and whatever in our drawer.  I think that is just a consequence of our biology and our visual dominances or our senses.  So I am not sure I am responding to your question, you know, appropriately.


DR. FREEMAN:  Thank you very much.  Very, very interesting work.

