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With that brief introduction, again I would like to thank all of you for coming today.  We have, I believe, a very stimulating and exciting day ahead and tomorrow as well.  We are going to start out with the first part of our consideration, which is "Human Evolution, Migration Patterns and Genomics" this morning, and the first speaker is Peter Underhill from Stanford University.

DR. UNDERHILL:  Good morning.


I would first like to thank Dr. Freeman for giving me the opportunity to participate in this meeting and getting me out of the laboratory for a few days.


I am going to share with you some of the work that we have been doing in Stanford concerning our understanding of Y chromosome differentiation and how we are applying that as a sort of metaphor, if you will, of human evolution and population affinity, as well as population origins.


So the concept is that what we study is DNA in living populations and we try and extrapolate the patterns that we can observe in terms of genetic distances between different groups of people.  We are hoping that that will provide insights into human histories, population histories.  So the kind of work that I am involved in is very oriented in terms of molecular anthropology, if you will.


I think when we are looking at genetic diversity in any kind of organism, there are two simple things to -- it is a function of local differentiation in a population as well as gene flow into that population.  So when we go look at how much diversity is in a particular population we are looking at the consequences of those two independent events, local differentiation and gene flow.


Y chromosomes are only certainly one realization, one component of the human genome, and give just one perspective, if you will, one story.  But I would like to tell you that it is quite an exciting story and there is quite a lot of information in it and I would like to share that with you today.


Before you believe everything I say, I want to tell you some of the bad news about this research that I am involved in, some of the limitations of it.  So studying genetics in living populations really is only sort of a proxy for prehistorical events.  Ideally we could go back and study the genetics of populations that lived 10, 20, 30, 40,000 years ago but we cannot do that obviously with the exception of a few cases of ancient DNA and mitochondrial work.


There is not really any a priori reason for a one to one direct correlation between the gene pool and other nongenetic evidence but we often rely on the other nongenetic evidence to help us interpret, if you will, the genetic evidence.  Different population histories can generate the same genetic landscape.  That is another caveat you have to keep in mind.  
And then earlier episodes could be hidden or replaced or erased by more recent events.


The Y chromosome, as I said, only reflects the ancestry of one part of the genome.


What is good about the Y chromosome is it is the single most largest piece of DNA in our genomes or male genomes that is nonrecombinagenic, and this allows one to create haplotypes and all the data I am going to show you is based on this theme of haplotypes.  We can use this kind of molecular data to see the sequential accumulation of mutations across or over the generational time and that by itself not only shows shared affinity but subsequent divergence, and that is kind of what we want to get at if we are talking about origins and secondary origins of populations.


The kinds of mutations I am looking at are these simple spelling changes in DNA, C to T, A to G, these small changes, but they have a lot of information content, especially if they are woven into the framework of the haplotype.  Each mutational event, C to T, is -- the ones I will be talking about are A to G or one base insertion or deletion or considered to be such rare events that they have happened only once in human history and so they trace.  Each one of those events traces to a common male founder.  
Thousands of these markers potentially exist and in the last several years we have embarked on trying to discover these polymorphisms and interpret them.


The concept of effective population size is an important one when we are speaking about the Y chromosome.  By that I mean it has a lower effect of population size so in this room of equal mix of men and women there are one-quarter Y chromosomes in this room as there are in the rest of our autosomal genomes.  So that is just a consequence of the way the biology works and it is that reduction in effective population size which gives us opportunity for -- divergence can be coincident with secondary bottlenecks associated with population origins.


So this is a key feature and then if you dial in -- this assumes -- this one-quarter effective population size assumes random mating and that is not always the case or hardly ever the case in human populations.  So generally the consequence is that some males reproduce and others do not and that has a consequence of even increasing this or just sort of lowering the effect of population size of Y chromosomes.  There are many other factors.  We can discuss why and the various factors that influence male reproductive success but the consequence is it shapes the genetic landscape, and that is what I want to share with you today.



And so like a lot of progress there is always technology behind it and this is somewhat of blowing my own trumpet here but in 1993 when my supervisor, Cavali Swartze, asked me to start looking for variation on the Y chromosome, it was pretty heavy lifting because we were using old-fashioned techniques that are expensive and labor intensive because there is not a lot of variation on the Y chromosome.  And I put on my thinking cap for a number of months and I also had the good fortune of literally bumping into someone at Stanford that was playing with some technology that he was focusing in a different direction and the thought occurred to me that maybe we could use his technology to help speed the search for these spelling changes.


And all the data that I am going to show you stems from this invention we call DHPLC, which is now widely used around the world not to study Y chromosomes but to study genetic variation in other genomes, but this technology traces its origins, if you will, back to our desire to look at Y chromosome variation to look at these general questions of human evolution.


So here is an example of the kinds of variants I am talking about.  This is a C to T spelling change within a small precise region on the Y chromosome and we used this technology to discover this T allele and so these are the simple kinds of genetic signals that we are looking for.  You will notice that we can determine ancestral state by inference from nonhuman primates like the great apes.  And we can interrogate their autologous sequence and ask which allele do they have and it turns out to be C.  And then we can look at it in a subset of -- a spectrum, if you will, of samples that are available in the laboratory and test each sample and just ask is it C or is it T.


I turns out in this case that this mutation, if you will -- this is the ancestral allele, that is the derived allele -- and it is localized to a lot of Native American populations.  Okay.  And so that is a Y marker and it is absent elsewhere.


So now what we can do is we can not only find one of those spelling changes, we can find many others.  And we try to see the -- we try to match them on the same chromosomes and so that is the haplotype approach and it is nothing more than an array of those alleles or a barcode so we can have many of these markers and we can look at that previous marker on my Y chromosome and another marker like it elsewhere on the Y chromosome and another one, and we can score what allele I have at each polymorphic site and get a barcode or a haplotype, and that is what we are about trying to do.


So what we can do is we can take these markers and create a genealogy, a gene tree, and this is actually quite a thing of beauty, this tree, and it is probably the most robust gene tree known.  Partly because the mutation rate is so low and there is no recombination.  And this is the root of the tree and there is two basic halves to the tree.  There is this set of mutations and then there is this clade of mutation, monophyletic clade, and this cascade of downstream mutations.


I can say -- elaborate on this a little further in subsequent slides but we can take every man's Y chromosome in the world and interrogate it at these known polymorphic  sites, these little Black numbers correspond to the mutations, and we can place a person's Y chromosome in the tree.  So like my own Y chromosome is in this neighborhood and it has a series -- it has like that mutation, this mutation and it just kind of goes back up to the mutations and to the root.


So every one -- all these men here share a common ancestor that accumulated these mutations first.  And it is kind of almost like a -- it is an inverted tree or another way to look at it is kind of like a river delta from a common source.  So this is one half of the tree which captures virtually all the genetic Y chromosome diversity in the world and this is this other half which represents a minority of Africans.


And so the gene haplotype tree reflects temporal and spatial information so we get -- we know that one mutation happened before another and subsequently after, and it also gives us -- that is the temperance kind of chronological cascade of mutational events.  We also get the spatial differentiation in terms of geography.  The concept of phylogeography assumes the correspondence between the overall distribution of the haplotypes in that tree and past human movements is where we are driving to the conclusion in my talk.  The strong geographical signal seen in the Y chromosome data is consistent with this assumption that there is a correspondence between where haplotypes are found and past human movements.


This is another way to represent that.  This is basically the same kind of a tree here and this is just all ratcheted up into one horizon here.  These are put into -- these colors represent somewhat arbitrary groups, divisions, and usually most of them are monophyloletic.  That would be a monophyloletic clade.  All these individuals share those common mutations and likewise.


What we see, though, when we see where these mutations are, like the Native American mutation I showed earlier is over here somewhere, and sure enough in the Native American populations we have had the opportunity to examine we see one of these haplotypes.  So what one sees in Africa, one sees the red, the blue and the green, and then we get out of Africa and we start to see some of these other colors.  So there is a strong correspondence with what type of Y chromosome you have and you biogeographical ancestry.


This is an approximation, of course.  There is always going to be some exceptions but this is the phylogeography, if you will.  Of course, everyone has a shared -- you know, if you go up into the interior of the tree, as you start to go up into the tree you get it back and back to its more shared common affinity.  And as you get out towards the tips of the leaves of the tree you accumulate, you know, more recent diversification.


And so what we can see -- here is a cartoon of the tree again and this is the classic spelling change that is somewhat of a poster child, if you will, for the out of Africa scenario.  We call this mutation 168.  It is just a C to T change.  What is interesting is that most men in the world have the 168 mutation and including most Africans but that there are two clades that lack this mutation and they are a subset of the African population, Y chromosome populations.


And so down -- immediately downstream of this 168 mutation there are three other key mutational events.  One defined by what we just call YAP and the other one an RPS4Y mutation and an M89.  These really -- these represent the really deep structuring of the diversity outside of Africa.  So these represent three founders that have gone out of Africa, if you will, and survived to the present and really that, you know, every male in this room for the most part probably can relate to one of these three founders or possibly that founder or possibly that founder if they have African paternal heritage.


One of the interesting things we found recently was that in an African population survey that was done in a group of people from the Swahilian part of Africa, primarily Northern Cameroon, we found surprisingly a haplotype that was much more commonly observed in Europe and West Asia.  This was quite a surprise and we first thought, well, maybe it is some recent gene flow episode that might explain it.


But this particular set of chromosomes found in Africa seemed to indicate that it is not a recent episode of gene flow back to Africa but it is something that has maybe considerably greater time depth.  So not only are we able to spot sort of the distribution or dispersal of modern humans from their African source but also we actually -- actually this is probably the first dramatic evidence, concrete evidence of gene flow back to Africa that is not of recent -- you know, of recent events.


Here is an example of looking at the appropriate relevant chromosomes, if you will.  This is sort of a distilled down tree.  That is the root again and these are chromosome lineages that are -- the colored ones represent about ten lineages that account for 95 percent of European Y chromosomes.  So I have European paternal ancestry.  I actually -- I have this dark blue group.


And about 50 percent of Y chromosomes in Europe are either the green or the blue and they are over in this part of the tree and they actually share this 173 mutation so they have this common 173 ancestor and then they have two sister clades.  This 269 and 17.  What we notice is that they have very different distributions even though they have this common ancestor.


We interpreted this to be a consequence of generally the effects of pre-Ice Age Europe and post-Ice Age Europe.  We know modern humans were living throughout Europe before the last glacial maximum about 18,000 years ago and that is from the paleontology and the fossils and the beautiful cave paintings in Southern France.


So we can imagine hunter gatherers living throughout this part of Europe in low densities, earning a living before the Ice Age, and some of those individuals would have had common 173 paternal ancestry.  You get bad weather coming in, so to speak, with the Ice Age, these populations become separated from one another by climate for a considerable number of years and while they are separated they go on to differentiate and accumulate downstream mutations like 269 in the Western Europe and M17, if you will, that mutation in sort of the eastern side of things.


And you get holocene warming and you get climate improvement in 10,000 years, you get people repopulating previously ice covered areas of Europe, and this would reconstitute this or explain -- this is one scenario to explain the current genetic landscape that we are able to see.


The other White parts of the sector are defined by these other lineages.


So this again is an attempt to -- you know, what do we need to dial into to try to interpret these patterns of genetic diversity?  Well, it could be natural selection and adaptation to variable environments.  You could also get kinds of -- these patterns of clones due to continuous gene flow between two groups that initially have different genetic compositions.  Or you can get population size expansion and subsequent range expansion, which is what I think is the case in the data I just showed you.


And again the interpretation is often aided by looking outside of genetics for other multidisciplinary evidence such as paleontology, archeology and linguistics.  We are looking for clues to help support a plausible genetic scenario.


Here is some data from the same study looking at these other lineages.  They have this spatial distribution.  Higher in the Mediterranean and then tapering off into other parts in Western Europe and Northern Europe.  These are different Y chromosomes, if you will, and that is a clime.  This clime has often been associated -- suggested to be associated with the spread of agriculture.  It was one of the great revolutions of human history.  You know, we are enjoying one right now with the internet but certainly probably one of the even more powerful ones was agriculture and it went from a hunter gatherers way of life to the sedentary, economic, domestication culture or civilization.


So what we did was Roy King walked into the lab, he is a professor at Stanford, he is an aficionado of neolithic antiquity, and he had read the paper -- my paper in Science and he made the observation that there was a lot of neolithic ceramic items that had the same sort of footprint that some of those Y chromosome haplotypes.  He said, "Let's do a statistical analysis of that and see if, in fact, there is correspondence between some of those Y haplotypes and where we find these neolithic traces in material culture that are associated with our culture." 


And sure enough, one of those lineages, which we will define the haplotype as basically the 172 cluster of haplotypes, when we do this correlation that it is a predictor.  Where you find the Y chromosome haplotype you have an 80 to 88 percent chance of finding some of these neolithic figurines or vice versa.  Where you find the ceramics you have a high chance of finding these.


This is just a correlation.  There is no gene on your Y chromosome that makes you make ceramics but again this is some way to kind of try to tie this stuff together and test hypotheses with different lines of evidence.


Here is an example in Europe of another Y chromosome lineage, which we call 170, which seems to have arisen in situ within Europe.  It is a very Europe specific type of Y chromosome.  And it is really not found outside of Europe unless -- in cases of recent European gene flow say from the last 500 years.  I will show you how we can use that.


Here is some recent unpublished data that we are just finishing up in the lab.  The manuscript has been submitted.  We have looked at about 300 chromosomes in caste and tribal populations from India.  We categorized them, if you will, to see which haplotypes are there and are not there with respect to our knowledge about global haplotypes.


And I am not going to say much about this data other than that it has really helped us to understand the migration patterns out of -- once people left Africa and how they have dispersed through the rest of the world and the role that India has played in that or the Asia subcontinent.


So that data that we have interpreted to basically be that the Indian subcontinent is kind of like an incubator for early genetic differentiation.  You had some people leave Africa, settle in subcontinental Asia, and then develop their own sort of genetic flavor if you will, and then they go on eventually and populate East Asia, North Asia, and back into Europe.


And here is an example of looking at some European gypsies and the thing I want to point out is this is this very European Y chromosome, the 170.  So this is an index of probably gene flow from European males into endogamous gypsy communities in Europe.


This quadrant here, this pumpkin color, is really a lineage that is found in high frequency in India and this is probably the authentic signal of gypsies that left India.  And they then -- you know, this is probably the best signal of an Indian origin of gypsies.  So gypsies did not come from Egypt as some people claim and have given them that name.  They have come from India as linguists have pointed out based on sand script languages.  
So the Y chromosome gives us a -- let's us recover this part of the history but also lets us recover this part of the history of these gypsy populations.


I am getting to the end but this is some exciting data, at least to me and to other people, that is unpublished.  I had the privilege of working or guiding the work done on Y chromosomes from the Andaman Islands.  The Andaman Islands are in this part of the Indian Ocean and we also have sort of a comparison group.  We looked at Nicobar Islands.  Here is the Indian Continent.  And probably the Andamanese are probably the most -- arguably the most enigmatic population known in the world today.  They are called Negrito, hunter/gathers of unknown origins.  There is estimated to be only a few hundred of these individuals left in existence and they still live in a hunter/gatherer kind of lifestyle.


They are broken down into Onge Tribe, Jarawa Tribe, Senegalese Tribe, and then also the Greater Andamanese, and these are the numbers of totals involved, and they have a quite striking phenotype relative to their neighbors.  Their short stature, very dark skin.  There are also Ando specific speakers like people from New Guinea and Australia.


So the genetic molecular work was actually done in a laboratory in India because the Indian government does not allow the export of the DNA outside the country and so again using the internet I was able to basically coach them what they should do.


So here is the answer.  So the answer is they are not really Africans but they are in this clade that we define by 174.  We looked -- every Onge and Jarawa we looked at had this 174 mutation, which is generally rare in Asia but it is in Asia.  And this goes a long way to understanding who these people are and where they came from.


And we think that they are the living descendants of some of the earlier colonists who came out of Africa and have remote African origins.  They then accumulated this out of Africa 174 signature, if you will, or heritage and they still persist with this in their gene pool.  So this is again the first molecular evidence of the Andamans, their origins and affinities have been speculated on for the last 200 years.


These are some of the major Asian haplotypes.  So about five percent of the Asians have this 174 but all Adamanese have 174.  Who else has 174 in Asia?  A high frequency in Japan.  Also a high frequency in the Himalayas.  And also you can find it in a high frequency in some ethnic minority populations in the Xunan Province or Laos Hmong Highlanders.  So it looks like the 174 chromosomes have a relic distribution but they have been displaced to the periphery, if you will.


This is another set of chromosomes here that are RPS4Y.  These again are two of the main three subtypes out of Africa.  So we have a sister clade here of 217, which is in Northern Africa and Northern Asia, and actually goes over to America.  You see 217 lineages in America.  And over here on this side you have New Guinea, Australia and Polynesia.


And then most -- however, most East Asians fall into this network of this common 214 ancestor and the predominant -- if you have Asian paternity you have a high probability of falling into this neighborhood but within this clade there are subclades and sublineages that have quite distinctive geographical affinity.  Some are very high frequency in Korea and some are high frequency in Taiwan and things like that.


So here are some of these Asian lineages.  There is the Adamanese.  There is Japanese in the blue.  There are some people from the Himalayas here.  The reds are these RPS4Y 217 lineages that have this trajectory.  The other ones are down here.  So again it is just -- and this is Polynesia, which are these M9 samples.  So again this is this sort of cascade, if you will, of differentiation all on a shared common heritage.


And we can go on and see the other half of the Asian gene pool that falls into those markers.


So one is starting to get a snapshot of these are the chromosomes that exist on the planet today and how we can sort of compartmentalize them, if you will.


And then we are going to try to summarize here how do we recreate this landscape that we have observed now in, you know, contemporary gene pool.


And, again, all the evidence from the Y chromosome supports other lines of genetic evidence of an African -- a recent African origin of our species.  These two numbers reflect the most basal groups of the phylogeny and they are found in East Africa and South Africa for the most part.  These are -- but then you had a 168 ancestor arise in Africa and then from that background you had this YAP lineage arise.


What we believe happened is that some time in the, you know, 30 to 50,000 years ago some adventuresome YAP individual males and women obviously left on this coastal migration route into India and then down into Southern Asia.


In Southern Asia we get the 174 mutation arising -- appearing.  Back in Africa we get an African specific mutation that gives the African component of the YAP lineage that we find today.  And then we have also had -- we have this coastal migration of the YAP lineages up this way to Japan.


We have to remember that in the time frame we are talking about sea levels were lower so we think that is how we are getting this current and we are seeing the relic distributions of YAPs that we see today, we think, are a consequence of these kinds of demographic histories.


Now, the other RPS4Y, a similar episode prediction of an M68 ancestor founder leaving, somewhere in India is where we first start to see RPS4Y ancestors or descendants of ancestors appear.  And then we have them spreading out in a coastal route in this trajectory.  We have the appearance of the 217 clade.


And then the other ones are going to be the M89 guys, which is the last third of the tripartheid distribution of Y chromosomes in the rest of the world.  They arise again in India and this is the pivotal role that I alluded to earlier that India plays as an incubator of genetic diversity.


And then you have a subset of another lineage, M9, which is a deep internal node in the tree.  And then we get this development of M45 ad we get sister clades off of that.  173, 242, 214.  These are the main sort of monophyletic points.  And we get the origins of 231 and 175 and this is the way we are able to --


-- this is the back to Africa story.  We have 173.  We believe it originated in West Asia.  And then what we do find is this observation in the Swahilian part of Africa.  And it also percolates back to Western Europe.  What is interesting about this is that in Western Europe you get the development of 17 and 269, and here you do not see any of those.  So we think this back migration event happened before these lineages really achieved descendancy in West Asia and Europe.  So we think that this back migration is quite old rather than recent.


I think that is it.  Okay.


Here is the world today.  The last 10,000 years holocene expansion, peopling of the Americas, these lineages, the great final colonization of the Polynesia 3,000 years ago, the expansion of the Bantus, agriculture, et cetera, known migration of Euralic speakers up to Northern Europe.  So we can start in the dispersion of the 175 clade probably catalyzed by rice and millet agriculture in East Asia.


So the Y chromosome seems to capture these kinds of known historical events.  The phylogeography seems to match it and it gives a way -- a unifying way to take that genealogy and see how populations have shared affinity and then subsequent divergence.


And last but not least, this is my group.  A lot of this work is -- I stand up here on the shoulders of a lot of people.  These are Stanford colleagues.  This is Marta Lahr and Bob Foley at Cambridge who helped me put together the genetics with the paleoanthropology evidence.  And Semino and Passarino did the Europe studies.  Kivisild did the Indian studies.  Cruciani did the back to Africa story.  Li Jin and colleagues did the East Asia story.  These are the people who are responsible for the Andaman story.  Erika Hagelberg in Norway and these two chaps in Hiberghad, India, that did the work.


Thank you.


(Applause.)

