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Y-chromosome phylogeography in Asia

Inferring haplogroup origins and polarity of haplogroup dispersion

Peter A. Underhill

Introduction

Asia encompasses considerable territorial expanse, geographic compartmentalization and ethnic diversity (Blench 2005). Correspondingly, the patterns of extant genetic diversity often recapitulate these themes (Cavalli-Sforza et al. 1994; Cavalli-Sforza and Feldman 2003; Underhill 2003), providing an independent line of ever developing and independently reproducible empirical evidence amenable to multidisciplinary hypothesis testing that is essential to a fuller understanding of the panorama of human history. 

The aim of this paper is to present perspectives regarding inferences of various migrations of anatomically modern humans within Asia based upon the evolutionary trajectory of molecular diversification associated with the haploid non-recombining Y-chromosome (NRY). A review of the totality of perceived migrations in Asia is beyond the scope of this paper. Rather, instructive examples are presented, as well as some first principles concerning how to interpret patterns of genetic variability leading to deductions regarding potential geographic centers of the origins and directionality of spread of phylogenetic NRY haplogroups. Like its haploid maternally transmitted counterpart the mitochondrial DNA genome, the patterns of paternally transmitted NRY differentiation provide one representation of the evolution of modern populations and their migration pathways (Underhill et al. 2001a). The application of haploid molecular phylogenetics to human population genetics is now well established owing to substantive progress in defining the major architectural and hierarchical features of the haploid phylogenies. This provides a different and instructive alternative to traditional genetic census surveys using either protein polymorphisms or DNA sequence variations based upon allele frequencies of various unlinked genetic polymorphic genomic constituents.

The pioneering work of Hennig (1966) developed the fundamentals of modern phylogenetics. These principles form the foundation for the creation of haploid molecular genealogies and their interpretation. The NRY genealogy represents perhaps the quintessential example of Hennig’s phylogenetic and underlying phylogeographic doctrines. The most critical insight by Hennig was that the best explanation for the distribution of characters depended upon the decisive fact that only synapomorphous characters define truly monophyletic taxa in which a most recent common ancestor can be discerned. Thus, phylogenetic characters can be attributed to either ancestral or derived character states. The unequivocal sequential accumulation of derived (synapomorphic) alleles in a binary marker based molecular genealogy accurately defines the various cladistic relationships found within a genealogy, be it molecular or other trait-based data. Each cladistic node reflects the appearance of a most recent common ancestor that follows the previous variety. Therefore, regarding the NRY genealogy, every Y chromosome with the same derived character state or allele descends from a single common paternal ancestor located within the temporally relative branching pattern of the Y-chromosome genealogy. Since the nucleotide changes that define the various nodes of the genealogy are assumed to reflect unique events, they often cluster within distinctive geographic space displaying the phylogeography of haplogroup relationships. As time elapses, some descendents within a particular cladistic haplogroup may migrate from this ancestral homeland. By assessing the distributions of haplogroups one can trace the dispersal of Y-chromosomes with common heritage and, by inference, the spread of populations. Thus patterns of genetic variation within those populations not maintained in total isolation often reflect both the consequences of local in situ diversification plus input from constituents from external regions resulting in signals of gene flow and hybridization. 

An example of how the conception of ancestral and derived phylogenetic relationships may depend upon the extent of molecular information available at a certain point concerns the topic of the origin of the polymorphic Y-chromosome Alu insertion (YAP = DYS287). This YAP insertion occurs in Africa at high frequency and is also observed at considerable frequencies in Japan, Tibet and Andaman Islanders. This curious disjunct distribution has intrigued population geneticists and adherents of phylogeography. On the basis of just nine binary markers including YAP and SRY4064 (=M40) which occurs at 100 per cent within the African YAP representatives but not the Asian YAP samples, the Asian chromosomes may be assumed to be ancestral to the M40 derived Africans. In that case one may conclude that the YAP insertion first arose in Asia and that some descendents migrated back to Africa (Hammer et al. 1998). However, the discovery of the derived M174 single nucleotide marker in Asian YAP chromosomes (Underhill 2000, 2001b) showed that the Asian YAP chromosomes are not necessarily ancestral relative to the Africans. In fact a plausible scenario is that the YAP insertion first originated in Africa and some descendents later migrated to Asia where the haplogroup D-M174 subsequently evolved and replaced the earlier Asian YAP lineage. Meanwhile, a YAP representative remained behind in Africa and later evolved into the haplogroup E-M40 clade. Further support for this African origin of YAP model comes from the discovery of some precursor derived YAP chromosomes in Africans that lack both the M40 and M174 mutations (Weale et al. 2003). While the back to Africa migration by YAP chromosomes can be disputed, a clear unequivocal signal of such an event exists in the form of haplogroup R1-M173 chromosomes (Cruciani et al. 2002).

Since the contemporary genetic landscape reflects the net effects of an accumulation of multiple gene flows during the entire period of occupation, including repetitive demographic expansions and periodic contractions, the known structure of the molecular genealogies, their irregular geographic distributions and degree of associated subsequent differentiation provides clues to the various episodes of human migrations (Underhill 2003). Implicit in the NRY trees structure is the simple but important fact that bifurcations localized more within the interior nodes of the genealogy record more ancient molecular divergences, while branching occurrences nearer the canopy of the gene tree reflect more recent evolutionary events.

Depending upon which phylogenetic level of binary marker molecular characterization the data are taken to experimentally in a population census, the relative temporality of the diversification patterns and their geography can be characterized. This fundamental concept provides a foundation upon which inferences regarding the timing of gene flows and by extension the movement of peoples and cultures are formulated. As more and more binary markers are added to the NRY genealogy, not only are known nodes reinforced but, more importantly, previous apparent independent clades can either be united by newly characterized DNA sequence changes or split into distinctive sister sub-clades imparting genetic distance between clades previously viewed as terminal clades with common heritage and apparent similar histories. While the overall underlying framework of the tree is likely to persist, because it seems unlikely that any major subdivision is entirely missing, it is important to recognize that any current version of the NRY genealogy may be viewed as a temporary representation of the structure. Thousands of yet undiscovered NRY binary mutations must exist. As they are uncovered and appropriately ‘treed’, our knowledge of the NRY genealogy remains to expand and be refined. Interpretations of the phylogeographic, temporal and polar nature of various haplogroup dispersals must be tempered with the fact that unknown relationships exist, underscoring the fact the NRY tree of binary haplogroups is not static but growing with the high likelihood of presenting new perspectives in the future.  This cautions us against temptations to over-interpret the data and prematurely extrapolate current (but incomplete) knowledge of NRY diversity to hypotheses and models based upon non-genetic data such as linguistics, palaeo-climatology and archeology. While reflective of an overall human history, some gene histories may vary from one another and molecular narratives will not always be in lockstep agreement with other types of data.

Concepts and methods

The NRY data used in the examples presented were taken from papers involving populations from present day Turkey (Cinnioglu et al. 2004), India and Pakistan (Sengupta et al. 2006), as well as a compilation of East Asian data gleaned from a variety of specified primary studies (Underhill 2005) that involved over 3700 samples from 74 populations and/or ethnic groups which were normalized to 12 informative binary haplogroups (C*, C2, C3, D, F, K, M, N, O1, O2, O3 and P). 

Localizing geographic origins of haplogroups

There are two fundamental approaches to this issue. One longstanding approach, that has been applied to genetic data in general, is that the region of highest frequency of a specific allele or character state may   reflect its geographic origin. This approach may not be accurate in all situations, however, especially when uncertainty exists as to which allelic state is either ancestral or derived. Phylogenetics, however, permits accurate deduction of the informative derived (synapomorphic) state for which understanding its putative geographic origins is considerably more instructive regarding affinity and migration.

The other metric useful for inferring geographic origins of genetic variants involves the concept of identifying the region of highest diversity. In the case of NRY haplogroups, the origin could very well be that region that contains the highest assemblage of associated sub-cladistic diversity. This concept can be extended to inferences regarding the likely geographic origins of specific NRY haplogroups by employing the analysis of more mutable short tandem repeat (YSTR) loci (i.e. microsatellites) that are linked to a specific collection of chromosomes within a common haplogroup. The region where the YSTR variation is highest within a specific haplogroup would provide a perspective on the possible origin of that haplogroup within the data set from which other representative members or their ancestors radiated, taking with them only a subset of the YSTR variation found in the putative source region. While both approaches have their merits and represent the best that can be accomplished practically speaking with any current version of molecular genealogical data, precautions should be taken when evaluating such frequency or associated diversity data. For example, it should always be kept in mind that the potential of regions of higher frequency and/or higher molecular diversity may also be a result of demographic growth, rather than longest time since origin. If high frequency haplogroups have low associated microsatellite variety, then it is likely that the data reflect a very recent and considerable increase in numbers of descendents. Alternatively, regions of high YSTR variety can also be a result of very high effective population size even over a rather short period of time, or of multiple inputs from numerous different external source regions, somewhat artificially creating a false appearance of apparent temporal antiquity. The genetics viewed in isolation of other non-genetic evidence cannot distinguish between the extent of observed accumulated diversity over elapsed generational time verses the high diversity being a consequence of recent gene flow of haplogroup linked YSTR lineages from divergent ancestors belonging to the same binary marker defined haplogroup. This is where the consideration of alternative non-genetic knowledge, such as palaeo-climate and archeological matter can help the geneticist best chose between the two possible agencies (i.e. highest frequency or highest diversity) that could have shaped the observed diversity patterns.

Here, spatial surface maps of both binary haplogroup frequency and haplogroup associated microsatellite variance distributions for the India and Pakistan samples were computed following the Kringing procedure (Delfiner 1976) using Surfer Systems Golden software.

Results

As previously stated, the pattern of genetic variation in a region or population is often a consequence of in situ indigenous diversification coupled with gene flow from external regions. Figure 19.1 shows a representation of this phenomenon using NRY haplogroup data from India, Pakistan and East Asia (Sengupta et al. 2006). The currently defined haplogroup compositions are as follows; Pakistan (23), India (21) and East Asia (14). Considerable haplogroup sharing (overlapping sectors) exists between the populations but elements of individuality of haplogroup representation are also visible. Specifically, seven haplogroups are shared amongst all three regions, with India and the Indus Valley region (Pakistan) sharing the most (11), consistent with their geographic proximity and the general inappropriateness of employing recent political boundaries to reflect distinctive group membership at the genetic level. However, Pakistan has four autonomous haplogroups relative to the others. Other subtler haplogroup composition distinctions are also displayed.

<< Figure 19.1 about here >>

Localization of NRY haplogroups

The small effective population size of Y-chromosomes relative to the autosomal genome constituents (one to four, respectively, in randomly mating populations) accentuates the consequences of genetic drift and founder effect (Underhill 2003). This fact often results in irregular distributions of haplogroups with geography and contributes to the observation that NRY haplogroups are generally strongly related to geography.

Using an analysis of NRY haplogroup diversity and frequency, it has been proposed that genetic diversity in East Asia first arose in the south then radiated northwards (Su et al. 1999; Shi et al. 2005). This is consistent with the ‘southern route’ proposal of an initial migratory route of modern humans to Asia (Stringer 2000; Flemming et al. 2003) that has recently been bolstered by mtDNA analysis (Macauley et al. 2005) 

Polarity of haplogroup spread

Additional insights can be gained when linked polymorphic microsatellite (also referred to as short tandem repeat, or STR) loci are assessed within specific Y-chromosome binary haplogroups. The degree of affiliated microsatellite diversity provides an additional metric that addresses the issues of the age of microsatellite accumulation within a set of samples that have common haplogroup ancestry, as well as an inference of the net directionality of haplogroup dispersal across the landscape. An example of this concept is the distribution of haplogroup J2-M172 chromosomes in Asia Minor (Cinnioglu et al. 2004). Within the political boundaries of modern day Turkey, the frequency distribution of M172 derived chromosomes averages around 25 per cent and displays a random distribution with no apparent clinal pattern. However, a statistically significant decline of haplogroup J2-M172 related microsatellite variance with increasing latitude was observed. This genetic cline of microsatellite (Figure 19.2) correlates with the distribution of early Neolithic sites, which are concentrated within the southern sector of Anatolia (Roberts 2002). This statistically significant reduction in microsatellite variance northwards may reflect that these haplogroup J2-M172 defined chromosomes first diversified within the southern tier during the early phases of sedentarism possibly associated with the early transition to agriculture, with a subset of this diversity subsequently expanding geographically northwards taking a reduced degree of microsatellite diversity with it, as well as increasing in frequency to similar levels found in  southern Turkey.

<< Figure 19.2 about here >>

Discussion

It is important to recognize that spatial frequency and spatial diversity maps of haplogroups involve considerable extrapolation between geographic locales where samples were actually collected. Although more sampling density and molecular resolution are always better, comprehensive population genetic molecular data are innately limited because of the considerable effort and cost involved in such surveys. It is always easier to contribute criticism than actual reproducible data. Obviously, future higher sampling density would most likely generate refined maps with finer detail on a more micro-geographic scale. In addition, both types of maps, i.e. frequency verses diversity, may not always mirror one another. An example of this situation involves haplogroup H2, defined by the M52 SNP. This haplogroup displays considerable frequency in the Indian sub-continent (over 40 per cent in some regions). The regionalization of this haplogroup to south Asia and its virtual absence elsewhere demonstrates that it is of indigenous origin somewhere within India. The co-presence of the ancestral haplogroup F*, from which the derivative haplogroup H-M69 originated, bolsters the deduction that haplogroup H2 arose in situ within the Indian sub-continent. In addition, sometimes regions of highest haplogroup frequency do not always coincide with regions of highest microsatellite diversity. Figure 19.3a,b presents haplogroup H2 frequency (panel 3a) and microsatellite variance (panel 3b) as an example. The highest variation is in the west, with a decreasing cline eastwards with the highest frequency occurring towards the east, indicating that a subset of H2 chromosomes probably moved eastward, then expanding demographically.

<< Figure 19.3 about here >>

While the current maps display general trends that are likely to be representative, it is important to keep in mind that such maps represent the overall net picture of haplogroup distribution of chromosomes. Such landscapes are a snapshot in time and thus can be a composite of multiple past movements. Equally important is the realization that the level of molecular haplogroup resolution of the data being analyzed must be considered. At the major clade level (deeper within the phylogeny), one spatial pattern will appear, while when more derived subclades are mapped, the origin and trajectory of these may differ. Haplogroup L-M20 provides an example of this feature. Haplogroup L representatives span the Mediterranean basin, Anatolia, across western and southern Asian. Figure 19.4a shows frequency data for haplogroup L chromosomes from Turkey, Pakistan and India. The region of highest frequency is near the Indus valley, a plausible homeland for this ancient haplogroup. However, it is prudent to recognize that not all L representatives have recent common ancestry. Recently it was shown (Sengupta et al. 2006) that vast majority of known L representatives apportion to three main subclades, namely L1-M76, L2-M317 and L3-M357, each with its own distinctive geographic region of maximum frequency. Figure 19.4b shows the spatial frequency map of haplogroup L1 that displays a cline radiating out of coastal western India suggesting that this was possible center of origin and net demic expansion.

<< Figure 19.4 about here >>

As more molecular resolution is achieved for the Y-chromosome phylogeny and larger scale genotyping surveys conducted, the patterns of the regionalization of haplogroups will be more precisely displayed. Thus overarching conclusions attributing one migration to one haplogroup, especially when haplogroups are defined at deeper levels in the phylogeny, must be resisted. As molecular resolution of Y-chromosomes increases using synapomorphic binary markers relevant to the geographic regions under study, the phylogeographic landscape will become more and more reflective of the associated human history.
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