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      Abstract


      A number of recent articles have appeared on the hominin Denisova fossil remains. Many of them focus on attempts to produce DNA sequences from the extracted samples. Often these project mtDNA sequences from the fossil remains of a number of Neandertal fossils and the Denisovans in an attempt to understand the evolution of Mid Pleistocene human ancestors. There are two problems with these papers, one concerns the degradation of the ancient DNA and its interpretation as authentic genetic information and the other concerns the idea of "species" versus that of "population" and the use of these ideas in the building of evolutionary diagrams to indicate ancestry and extinction. Since I have dealt with the issue of degradation elsewhere [1]. I will limit this paper to ideas of species and population. A central issue is what does human variation mean, how much population variation has there been in the past and how does this variation distinguish hominid speciation or simply a process of anagenesis. Some businesses today claim to be able to use DNA analysis to discover past ethnic identities and a new niche in restaurants is producing DNA menus. Perhaps some caution is in order.
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      Introduction


      As a young undergraduate I was exposed to the lectures and seminars given by Alan Wilson and Vincent Sarich at UC Berkeley. The excitement of the introduction of biomolecular analysis of vertebrate proteins and DNA affected most all of the anthropology students I knew. The idea that the fossil record might be filled in where there were gaps by the analysis of existing patterns of DNA and proteins in living Primates and could be used to verify or correct errors in interpretation was a powerful theme at the time. The promise of this work has been largely fulfilled in the near five decades that have passed since those days [2].


      The central debate I recall that engaged those who had built their careers on fossil analysis versus the new methods, was that the assumptions that DNA and protein substitutions could be used as clocks to construct phylogenetics was a shore too far to accept. That mutations could accumulate at steady rates unaffected by selection or back mutation seemed simply a metaphysical dream. Most of those who were skeptical at the time were staunch Darwinists and the idea of neutral theory seemed heresy. My own feeling at the time was that all tools have uses and that methods may be flawed but that they can be perfected.


      In recent years claims have been made and controversy produced by the application of DNA analysis in the production of evolutionary trees. And while general comprehensive analyses have been produced regarding molecular phylogenies [3] others have been more specific especially regarding how or if horizontal gene transfer (HGT) has corrupted our interpretation of the evolution and organization of great groups of living organisms like the archaeal and bacterial phyla [4]. A number of sequences have been identified as being key to the evolution of the brain without clearly delineating which ones where actually "key" or just involved [5]. The search for unique sequences produced claims of the discovery of "intelligence" genes and sequences that could be used to produce genealogies for contemporary people reaching into the mists of antiquity and beyond. These problems, regarding how sequences are to be considered to have significance, relates to attempts to create phylogenetic trees of hominin evolution. In the recent past conflicts over the specific importance of anatomical features found on different fossils created "bushy" trees, especially with Homo erectus/Homo ergaster and the Archaic Homo finds [6,7], but more so in identifying specific "modern" traits in hominins after 200,000 B.P. [8]. Battles between splitters (those giving species designation to every fossil) and lumpers (those given to proposing variation equals population diversity) have produced a lively intellectual milieu, as when Tattersal [7] referred to the category, Homo habilis as a "wastebasket taxon", but also confused the public. It seems the molecular evidence, as it has accumulated supports a more direct scheme, one defined as anagenesis.


      The Brain, Intelligence and Ethnicity


      The big brain became a central focus for paleoanthropologists as it had biologists and anatomists for centuries. Krantz [9] and Tobias [10] claimed that the size of the brain in children at the end of the first year of life (approximately 750 cc) should be the meridian when a brain size at this point indicates the arrival of symbolic behavior [11]. This is entirely based on the assumption that the human child today creates symbolic language at this time and with this amount of brain. Yet humans do produce speech with smaller brains (e.g. nanocephalic dwarves) and the language of children at 12 months can hardly be said to represent a fully achieved human consciousness. The child gains brain size and neuronal numbers up to about 90% of adult size by 2 to 3 years of age, age [12-14]. Yet organizationally and functionally it is quite unlike an adult brain due to incomplete segmental development, as in the fact that grey matter in the frontal lobe undergoes protracted structural development to reach its maximal volume at 11-12 years, while that of the temporal lobe does not achieve its full volume until 16-17 years and most cortical regions under a cycle of thickening and then thinning reflecting synaptic "pruning" and cell death [15]. Still, the capacity of a child can at this age hardly be said to be fully human. By ages 6 to 8 this level of performance usually does arrive, given proper exposure to human society and nutrition. In this regard, Holloway [11] von Bonin [16] and Deacon [17] all placed more emphasis on organization of the brain and connectivity, than simply size.


      This problem has surfaced in the debate over the status of the fossils from the island of Flores, the idea that a new small species could be described from the remains led to discussions of potential dwarfism, pathology and later the process of island dwarfism after the discovery of the more recent fossils of small individuals discovered by Berger on Palau [18-20]. Thus these cases represent likely pathology in the Flores example or insular dwarfism, in the Palau example as they generally fall within the range of certain local groups of Andaman Islanders (Onge). But the effects of mummification and different conditions of preservation should also be considered as in cases like those of the Alaskan and Aleutian mummies [21] in the case of Palau and the Rising Star Cave finds or "Homo naledi" [22].


      In fact, brain size variation in modern humans is considerable, yet performance as a human is unclear as related to brain size, weight, regions' size, etc. [23,24]. Holloway [11] also pointed out the arbitrary nature of the size of the brain associated with species designation, especially regarding Neandertals. As he notes, it is difficult to understand why hominid brains evolved after Homo habilis and I take on this problem in a book out this fall [25]. He points out that the slow increase in brain size over the past 2 million years also undermines Dunbar's assertion concerning brain size, social grooming and grooming.


      Gene Sequences, Populations and Species


      Access to DNA sequences for study, especially ancient DNA is limited, the best resource is GENBANK, the Cambridge DNA Concordance appears to be no longer available. Other databases with population comparison capability like the International Genome Sample Resource (IGSR) lacks comprehensive data and similar sites have been strapped to expand due to costs and lack of funding. The final 1000 IGSR data set contains some 2,500 present-day individuals from 26 populations with a low coverage of 2-6x whole-genome sequencing (WGS) data, mainly exome sequence data available for all individuals and only high coverage for 24 [26,27]. Low-coverage Whole Genome Sequencing (WGS) is a sampling strategy that overcomes some of the deficiencies seen in fixed content SNP array studies. Linkage-disequilibrium (LD) aware variant callers, such as the program Thunder, may provide a calling rate and accuracy that makes a low-coverage sequencing strategy viable. This is due to the costs of sequencing whole genomes. Tests of accuracy, as by Bizon, et al. [28] indicate acceptable results.


      However, making assumptions from this small sample of contemporary humans given a population of over 6 billion may skew the actual penetration and retention of Neandertal genes and other archaic populations (e.g. Denisovans). Sankararaman, et al. [29] used this data base to make a number of propositions concerning modern human ancestry, derived also from assumptions regarding both Neandertal demography and the evolution of population expansions and selection over the past 30,000 years. Their methodology of inferring Neandertal haplotypes due to the impossibility of reconstructing the short ancient Neandertal DNA fragments is interesting but cannot be relied on to be more than suggestive. Other assumptions are equally curious as to propose that reduced genes in Neandertal ancestry that are highly expressed in testes than other tissue, or a discovered 5 fold reduction of Neandertal ancestry X chromosome genes are the result of selection against them. Projecting such conclusions over 30,000 years from partial knowledge of the Neandertal populations and from a lack of complete sequences and a small contemporary sample seems premature at best. More comprehensive sampling, deeper coverage and more precise methods of producing ancient DNA sequences from preserved samples will probably change this picture.


      To some extent much of this thinking attempts to show direct relationships between adaptation and changes in genes and rather borders on Lamarkianism. This is particularly strong in efforts to explain the evolution of the "big brain" in hominins and the appearance of language. Deacon [17] refers to the work of James Mark Baldwin [30] whose work was limited to human psychology but argued that "biases" coupled with learning and behavioral flexibility could modify inheritance of future kin. Little in Baldwin's work differs from the theory of inheritance of Lamark [31] but Lamark's work was bolstered in a wide knowledge of the animal and plant world, embryology and development. He created a coherent theory of evolution and laid the framework for today's transgenerational epigenetics [32-34]. Though flawed, and given the knowledge and instrumentation of his day, Lamark certainly provides a more coherent view of epigenetics than Baldwin. In fact, few can even discuss or explain the "Baldwin effect" without reference to Lamark [35]. Even Waddington's [36] "genetic assimilation" which he tried to distinguish from the "Baldwin effect" was called "Lamarkian" by Simpson, though Waddington [37] had the benefit of extensive experimentation with cells and the problem of agents of development and genetics. Where Baldwin's idea appears metaphysical in its connections, Waddington's is based in his experience in embryology and cytochemistry. One might argue that Baldwin's concept is an elaboration of Darwin's [38] conjecture on Baboon "metaphysics" drawn out recently in Cheney and Seyfarth's [39] and the evolution of the "mind". But the adaptive "arms race" in nature, as between Bordetella bacteria and bacteriophage [40] is a process of communication. The bacteria is able to change its outside cell surface almost at any time, yet phage has evolved diversity-generating retroelements (DGRs) that achieve "targeted" genomic adaptation. Such successful response is a process of "information processing" by the phage, no matter at all if we call it Baldwinian or Lamarkian.


      Graph theory, nodes and neighbor joining for discovering paleospecies


      How charts are composed using traits depends on concepts of affinity and difference. As John von Newmann [41] noted, this starts with a conception of the complexity of the organism and how they can be subdivided into parts, seen as elementary units. This stands for the actual biological process that has arrived at the complexity we address, but allows us to apply logic or math to the complexity, though that complexity has built up over time and represents systems that are difficult to isolate in any organism or populations of organisms over time. It leads to the consideration of similarities and differences and differences among individuals in populations and fossils which can be set into categories of primitive and derived in relative emphasis and from this are erected cladistics stepping stones isolated from reality yet posing as representations of transitions as Le Gros Clark [42,43] carefully described. This is especially true regarding the distribution of traits in populations and assigning specific associations as derived. An example of this is the generally shorter tibia of Neandertals [44] when at least one contemporary population, the Maori, have tibia in the same range [45-47]. At the base of this process is the principle of parsimony (the fewest steps to a conclusion) in the reconstruction of ancestral character states [48] or that of maximum likelihood (using "local" or "global methods") based on models of how evolution proceeds.


      Math has been a major tool in this process, in the need to interpret relations of traits and the categories formed from observed differences. Bootstrapping and graph theory are also often used methods. The use of graph theory in phylogenetics has a long history. The idea stems from the use of a field of points carrying certain values that are joined together as pair wise relations into nodes, these may be connected by arcs, edges or most often by lines. The means of associating specific fossils to unique points depends on the interpretation of the qualities of the fossils to some scientifically established model of a species. The creation of "rooted" and "unrooted" trees, in the former case producing a most recent common ancestor (MRCA) depends on the determination of genetic distance, in either case both are based on ideas of divergence rates, including the molecular clock theory. Bootstrapping was a product of Bradley Efron's efforts to estimate variances in a population from simple or limited data. It involves the statistical mechanics of "resampling" from the available data to project logical aspects of the true population and missing data [49].


      How closely any specific fossil can be so associated depends on how measurements are made and fossils described given the model. Efforts by Hess [50] and Brothwell [51] to increase confidence in measurements of variants led to considerations of multiple measurements [52-55]. Penrose's approach has been found more useful in some cases than M-statistic methods [56] but for large data sets M-statistic methods have produced more useful results, especially in genetic and medical meta-studies [57]. However, some researchers, especially in cranial studies, favored concentration on a "single measure of divergence" as developed by Smith [58] for convenience as modified by Grewal [59]. The validity of this approach has been discussed by Berry [60] Berry, Evans and Sennitt [61], Howe and Parsons [62] and Berry, Berry and Ucko, [63]. This involved averaging measures of divergence and applying principal component analysis (PCA) to the data as shown by Howells [64], and sensitive to the relative scaling of the original variables. PCA was developed by Pearson [65] as a means of finding "…ines and planes of closest fit to systems of points in space", basically making approximations between points of measurement [66].


      This procedure attempts to deal with variation of variables and transform them into a set of values often using additional computations to adjust the set of values, as in eigenfunction decomposition where the "noise" of the measurement system will have undue influence and could hamper solutions (detection).


      To attempt this with paleospecies requires a means of describing the population of the fossil model and its hypothetical variation over time, including gender variation, age characteristics, population size over time and potential hybridization events. In this way the existence of Australopithecus afarensis can be described as existing for some million years and probably produced over that time some 3 or 4 million individuals considering a low crude birth rate (CBR), survival given predation and disease beginning with some 100 fertile individuals. We assume stability in morphology to come to this conclusion given our sample over this million year period. But do these fossil samples represent the real population diversity of the species we call Australopithecus afarensis? The same problem was addressed by Rightmire for Homo erectus and Tobias [10] and Wood [67] for Homo habilis.


      Data produced by a variety of individual scientists measuring and interpreting fossil remains and reconstruction produce the same problem Howells [64,68] faced in addressing variability in human crania. This resulted in his attempt to eliminate operator error by making new computations himself and comparing these other exisiting ones. Later studies [69-71] argued from their own computations, that they could associate cranial architecture with genetic constraints and there were limited environmental variability in samples studied. Later studies contradicted this finding, with Williams, Belcher, and Armelagos [72] arguing, that misclassification of a high percentage of ancient skulls into modern reference samples, produced "the possibility that skeletal material could be accurately sorted by geographic origin, at any other level than geographic extremes, is quite small". Hubble and Neves [73] criticized the software they used in their analysis and agreed with Relethford [70] and Roseman [71].


      The same problem attends producing phylogenetic charts from DNA or ancient DNA (aDNA), establishing notes based on agreement of samples is complicated by the number of different transcripts produced during amplification and resulting from either degradation or contamination and by sequence variations between samples that are separated in time by thousands if not tens of thousands of years [74]. How much variability can be smoothed in the computing process and still have a relationship that accounts for population diversity and microevolution? The production of phylogenetic trees based on neighbor joining requires measurement that have been collected and inputted as data points that are manipulated by an algorithm to discover relationships between individuals in groups that are considered [75]. The main problem is how many variations create groups, how distinct are the aDNA sequences and how authentic? The use of DNA barcodes and thin-film biosensor chips have improved species identification in living species, limitations remain [76].


      As Caldararo argued in a recent paper [1] definitions of what is a species are necessary to understand differences in DNA sequences in descendent populations. How many differences makes a species? We have many differences that can be demonstrated in contemporary populations, different ear shape, hair color, hair type, cranial shape, skin color, blood types, etc. Yet no one would today propose that such differences identified those individuals possessing such differences or combination of differences as different species. As Gould [77] argued, we then to be driven by extremes or by means and miss the nature of population diversity in either case. We base our general determination on the reliable process of fertility and the production of fertile young, known as the Biological Species Concept [78]. However, we cannot apply this rule to fossil species and some "species" we have acknowledged in the past can produce viable young in matings, as in Papio anubis and Papio hamadryas [79,80].


      It is interesting that the time line of discoveries of major fossil entities has taken place in almost reverse order to their age (Table 1). Sahelanthropus being the most ancient at about 7 million years. Yet one must also recall that the Piltdown Hoax took place between #s 2 and 3 in the table above and distorted our understanding of hominin evolution for about half a century. Fashion in ideas and precedent have had their effects, as Weidenreich [81] notes, first people tried to divide humanity by skin color, the by constitution and vapors, then head shape and ideas of civilization, all of which failed to pass the test of fact. Today we face a similar problem with the use of DNA.


      
        Table 1: Noting the relationship of discovery of fossils to their age. View Table 1

      


      There are at least a dozen concepts concerning designating animal groups as different species, some of the more used include the Phylogenetic Species Concept (PSC), the Species Recognition Concept (SRC) and the Ecological Species Concept (EPC). Each has problems and refining definitions requires agreement. Obviously the SRC, like the BSC would be impossible to apply to fossil paleospecies. With the PSC of Eldredge and Caracraft [82] the focus is on morphology to determine a diagnostic cluster of traits from individuals from which a parental pattern can be discerned. However, what is the necessary number of traits and individuals required to establish the diagnosis? Numerous methods have been used, Rightmire [83] used detailed measurements and computation to arrived a diagrams to value trends in trait appearance. But how reliable are these methods in terms of what we are expecting from them. Meirmans [84] points out a similar problem of expectations with genetic distance analysis residing concerning factors like Isolation by Distance (IBD) and the use of programs like a Mantel test, or data checks using AMOVA. He also tests SAM (Special Analysis Software for detecting candidate loci for selection) and FDIST (as a measure of differentiation or diversity), he found both identified an excess of loci with p ≤ 0.05 due to program assumptions. This is also confounded where taxonomists have found groups of organisms that are morphologically indistinguishable from each other to belong to different evolutionary lineages by genetic analysis [85]. We are not concerned here with back mutations, reversals [86] or pseudo-atavism (e.g. Hypertrichosis) or pathological conditions that mimic these ideas, as in Uner Tan Syndrome where affected individuals must walk in quadrupedal posture [87,88].


      Similarly differences in coding of characters have been suggested as being the source of conflicting phylogenetic conclusions in termites [89]. As Maynard Keynes [90] once cautioned, one should not mistake probability for reality. How much gene flow and population variation undermines the veracity of such an analysis and how can this be applied reliably to paleospecies? An approach to the problem was published by O'Hara [91,92] who focuses attention on the nature of the generalizations that lead to representations of phylogenetic relationships. The same caution was expressed by Sean Eddy (one of the authors of the book, Biological Sequence Analysis) [93], who is abused by the way people added to "sequence weighing" in an ad hoc fashion to where he considered there was so little statistical basis for many models he called their work, "sequence weighting crap" [94]. Lior Pachter, author of the program SLAM criticized the claims of program creators who compare programs and argue theirs is always better but then everyone cannot be right. On a more troubling note, Shen, Hittinger and Rokas [95] argue that contentious relationships in phylogenomic studies can be the result of small subsets of genes affecting large data matrices on specific nodes of data. Elimination of often single gene inclusion can diminish support for branching. This expands on earlier work by Rokas, Williams and Carroll [96].


      For hominids we have attempted to use physiological differences in the surviving fossil material to construct logical species groupings. That is not to say there have not been successes, certainly advances in gene therapy (for example in Car-T research and treatment) indicate greater precision in identifying sequences and interpreting variations for biological ends, even though there have been terrible setbacks (for example see review in Crow, et al. [97]). Unfortunately, there has been a long history of disagreement over what significance to place on differences. In Figure 1 we have reproduced a drawing from Howells' 1959 book [98]. It contrasts the idea of a straight line evolution of hominines or anagenesis, to a bushy "hat rack" idea. How do we determine the differences or similarities that are possible to group or separate fossil evidence into such charts?


      
        Figure 1: From Howells, 1959 [98]: Comparison of different phylogenetic trees. View Figure 1

      


      Much is being made concerning certain groups of DNA, called haplotypes and designations of ethnicity, race and evolution of populations [99]. Trees have been constructed detailing evolutionary changes, associations with locations and historic events, as in migrations. Templeton [100] defines a haplotype as, "A haplotype is a multisite haploid genotype at two or more polymorphic sites on the same chromosome in a defined DNA region". He argues that, "Haplotype trees can be used to reconstruct past human gene-flow patterns and historical events, but any single tree captures only a small portion of evolutionary history, and is subject to error". Therefore, as with discussions of species, a caution on the discussion of haplotypes is in order: Claims that certain sequences have evolutionary significance should be considered carefully.


      We saw in the 1990s studies of the genomes of various organisms produced general ideas of horizontal gene transfer (HGT) from Archaea and Bacteria to vertebrates without any evolutionary intermediates. Subsequent research seemed to show these findings were in error [101]. Other, later work, clarified some evidence of (HGT) but the issue is still clouded [4]. Crisp, et al. 2015 [102], demonstrates that there does appear to be more support for the idea of HGT in vertebrates and humans. This example shows how tenuous are our findings and the problems that interpretation can bring. HGT reeked havoc with ideas of species and trees. But new information and technology will cause us to reexamine our assumptions, the same should be the case with haplotype analysis.


      Haplotypes, despite a lack of evidence or understanding of a selective advantage, are often credited with substantial significance in evolution, as in the case of FAM72 and SRGAP2 [103,104]. FAM72 has been identified as a neuronal progenitor cell self-renewal protein with tumourgenic effects [105]. Haplotypes are not eternal and arguments that they are associated with nations, peoples or specific geographic areas are at best wrong-headed [106]. This is most evident in the way haplotypes have been associated with ethnic groups and localities. For example, in the Wainscoat, et al. 1989 [107] discussion of the frequency of the Taq I y-globin polymorphism, they argue that it is found in 0.47% of the Nigerian population and at 0.36% of the South African Black, and that this is not found outside of Africa and thus indicates a major division of human population. The fact that sample sizes were small (132 to 11 individuals) and that we do not know what Nigerians this included or what South African "Blacks" lends a rather small indication for a "major" division. What about those Nigerians, the majority who did not have the haplotype or the Blacks can 0.47% and 9.36% represent all Africans? It is obvious selective pressures change and affect distribution of such traits as in the variation between highland and lowland populations in y-globin gene promoter polymorphisms [108].


      Haplotype pattern of inheritance differs from that of genes common to descendent groups or species from a common ancestor [109], as illustrated in Figure 2. They change over time as does their frequency among local groups due to selection and mutation, appearing and disappearing and thus statements that specific haplotypes can be used to identify ancient migration patterns or "homelands" are ill-advised and most likely entirely false. Ideas of such essentialism of haplotypes in specific people or peoples creates the same problems as did ideas that certain cranial types were associated with specific peoples in the 19th century, and represented certain behavioral qualities or abilities much to the disgrace of the anatomists who championed those theories [110].


      
        Figure 2: Hypothetical inheritance pattern from common ancestor. View Figure 2

      


      Here we have an ancestor species A from which there are 3 species derived: B, C & D.


      Genes 1, 2, 3, and 4 are the ancestral genes. Genes 1 and 2 are retained as conservative and appear in each descendent species. Where they appear in descendent species they are inherited directly from the ancestor. Genes 5, 6, 7, 8, 9, 10, and 11 are mutations appearing in the individual histories of the separate species. In the Vernot, et al. 2016 [111] chart reproduced here as Figure 3 the lines from Neandertals and Denisovans indicate "introcession" of mutations newly produced in these hominids into populations of early Homo sapiens sapiens at some time in the past. This difference, inherited genes from common ancestors is a distinctly different process from genes transmitted via sexual matings of hominids that are interfertile as Vernot, et al. 2016 [111] assume.


      
        Figure 3: Compare with evolutionary diagram of hominid evolution in Figure 5. View Figure 3

      


      Certainly sequences have been gained and lost by individuals in populations and by some populations but the history of gene flow, transmission and loss is yet to be fully understood. Relethford [70], reviewing Alan Fix's [112] book on the use of molecular biology to study human migrations puts this elegantly describing the danger in trying to abstract a single pattern of human migration, particularly when the goal is to make inferences about ancient human populations. Fix concludes "perhaps the real take-home message from these comparisons is that there is not one 'real' human population that typified human populations throughout the long span of our evolution".


      In some cases the DNA sequences [113] identified as causative agents, as with megacephaly and autism, are so variable and diffuse in association with clinical expression as disease, that causation seems doubtful at best [114,115]. The assumptions surrounding "association", "correlation", and statistical validity have also been often, if not false, distorting [116]. The finding that dyslexia varies by language, as in Chinese children vs. English children indicates that dyslexia is not the same in every culture or have a universal biological cause [117]. The same research suggests Japanese is intermediate between Chinese and a language like English [118]. What is most interesting is the fact that the English-speaking children and Chinese-speaking children develop dyslexia pathologies of the brain in different areas. The affects of culture on brain development would seem possible, given our long history of studies on brain development and experience [119], but epigenetic studies in promoter and enhancer activity is clearly an area of future work in human corticogenesis [120] and may define a number of exogenous factors.


      The Vernot, et al. 2016 [111] chart is unfortunate as it does not clearly indicate the idea of genetic exchange by living co-mingling populations of the same species. It is easily read as indicating separate species and an undefined transmission of genes, perhaps by hybrids. A chart by Mendez, et al. 2014 [121], their Figure 4 (reproduced here as Figure 3), suffers a similar distortion as Vernot, et al. 2016 [111] and both give the impression of speciation between Melanesians, Eurasians and African populations. A more representative means of illustrating the transmission of the haplotype at STAT2 between these groups is shown in Figure 5, where I have modified their chart to indicate interfertile populations of the same species, and clarified the time frame of the past 200,000 years and indicating by the arrows continued gene flow between populations of hominids. This is a form of anagenesis, or the idea that the human species of Homo sapiens probably should include Neandertals, Denisovans and other mid Pleistocene hominids if we assume inter fertility which is the basis for the Biological Species Concept. This seems all the more reasonable as in recent years the extreme views of Neandertals, both in terms of physiological differences of the Archaic Homo group in general [8], as well as the behavioral differences assumed in the past have been undermined [122]. The Mendez, et al. 2014 [121], chart does not appear in the published paper, but only in the supplemental materials. And the new find at Jebel Irhoud [123] supports my view of a more inclusive transition of Archaic Homo to modern human.


      
        Figure 4: From Vernot, et al. 2016 [111]. View Figure 4

      


      
        Figure 5: Modified chart from Mendez, et al. [121] indicating gene transfer. View Figure 5

      


      As I have mentioned in an earlier paper [1] we are limited in our understanding of hybridization in paleospecies, but some, as in the case of Clifford Jolly, have discussed hybridization in other contexts in primates, as with Papio [124]. Sankararaman, et al. [29] have made a number of suggestions regarding Neandertal and Modern Human sterility based on the current aDNA recovery and sequencing of the X chromosome. I think just as the discovery of Neandertal DNA in Modern Human populations today [125] disproved earlier arguments of the lack of such transmission [126], it is likely the Sankaraman, et al. [29] speculations will be unsupported in the future.


      The problem with behavior differences has been significant in determining the transition to sapiens status. Emphasis on tool making and especially the theories of speciation associated with "advanced" blade industries lose their force when early Australian tool kits are examined [127]. The very fact that the simple tools used by the first Australians had served them (and their ancestors) well in crossing not only the vast territories and varied environments from Africa to South Asia, but had been sufficient to cross the sea barrier to Australia itself. It was their ability and not the tools they carried that made the difference. This points out the fallacy of using technology to define species.


      Association and Not Causation


      In the same fashion as discussed above with haplotypes and disease or origin, genetic studies of ability have confused association of SNPs with causation of ability. Some of these efforts to parse out the factors of IQ have turned to Meta studies, looking at large groups of data derived from specific surveys of both adults and children. They search the studies for potential markers of biologically determined ability. Others collect responses from populations they create from available sources and manipulate the populations to fit certain criteria of their study, for example, availability of genetic data. The study by Benyamin, et al. [128] is one of these, they focused on the FNBP1L gene and used data available from a number of pre-existing sources from which genetic data was available.


      Their sample contained 17,989 children of European ancestry and was purged of outliers due to "missingness" heterozygosity, relatedness, population and ethnic outliers and other undefined cohort-specific quality control steps. Most of the studies drawn from also were not random samples, for example, The Avon Longitudinal Study of Parents and Children, was collected from mothers having multiple pregnancies or 2 births between 1991 and 1992, thus it is a select population and not a random sample. The authors state that they found that, "There was no SNP that reached nominal significance after a Bonferroni adjustment". This is a statistical test to ensure that when multiple comparisons or multiple hypotheses are tested the chance of a rare event increases, and therefore, the likelihood of incorrectly rejecting a null hypothesis (a Type One error) increases. This method is named after the Italian mathematician, Carlo Emilio Bonferroni, but it was standardized by the work of Olive Jean Dunn. The authors then meta-analysed their data from the cohorts and found there were no SNPs that reached a genome-wide significant threshold. But plotting the estimated regression coefficients from the top 100 SNPs between their samples they found a positive correlation and identified FNBPIL (Formin Binding Protein I-Like) as associated with childhood intelligence.


      The two main problems with studies like this is the idea that one factor can be the causative agent and the idea that association is causation. If we ask the question of what does FNBPIL do, we find a rather disappointing answer. This is a protein of the BAR Domain Super family of proteins. These are involved in endocytosis and cell migration. This class of proteins are evolutionarily conserved from yeast to human. The amino acid sequence of the F-BAR domain of Toca-1/formin binding protein 1-Like (FNBPIL) is almost identical to those of CIP4 and FBPI7. These latter two are involved in the diameter of tubles, correspond to the curvature of the initial stages of clathrin-coated pits and CIP4 regulates insulin signaling, the F-BAR and SH3 domains of FBP17 are essential for the formation of podosome and phagocytic cups in macrophages. Toca-1/FNBPIL is essential for autophagy of the intracellular pathogen Salmonella enterica serovar Typhimurium [129] and we can go on. In other words, this protein which they have attempted to associate with intelligence is involved in so many biochemical interactions in the body that it is rather surprising they would isolate it as a causative agent in a capacity like intelligence without defining a role specific to the quality. But this tendency is characteristic of other such studies of intelligence using SNPs, as those by Davies, et al. [130]. Such mistaken ideas of single gene expression fail to understand the nature of transcriptional activity of alleles, as in the case of mono or biallelic expression [131].


      This brings up another consideration that of Linkage Disequilibrium (LD), a recent study by Koch, et al. [132] demonstrated an excess of associations between pairs of distant sites on all of the 22 autosomes. It is clear that "detecting" LD does not ensure linkage or a lack of equilibrium. LD has generally been defined as an association between pairs of sites or loci, yet Koch, et al. [132] argues that there seems to be associations between pairs of chromosome blocks separated by large intervening chromosome regions, referred to as Long-range linkage disequilibria (LRLD). Several types of confounding data problems exist including, miscalled SNPs and phasing errors.


      Assumptions alone are not the only problem with associations, in the initial work done by Stoneking and Cann [133] they produce a Figure 1 where they claim "the average sequence divergence that has accumulated since the common mtDNA ancestor is 0.57%" however, when one looks at the data we find that it represents groups with numbers of individuals in the groups ranging from 134 to 21, they have weighted all these groups equally though they vary in sequence divergence from 0.00 in the Venezuela sample to 0.59 among the San. The sample with the largest number of individuals, the Sardinians at 134, has one of the lowest rates or 0.29. The median rate of all the individuals given would be 0.32 which would substantially change their date of separation. Also, it is unclear if the estimations of mtDNA mutation rates are clearly understood, Parsons, et al. [134] found higher rates than are generally recognized and most rates are based on the idea that paternal mtDNA never enters the ovum and never contributes to the fertilized cell, yet there has been clear evidence this is false given demonstration published by Aitken [135] and Ankel-Simons and Cummins [136]. Further evidence of this "paternal leakage" is found in sheep [137] and humans [138,139]. No comprehensive study of such transmission across populations has yet been done. However, Pyle, et al. [140] question reports of paternal mtDNA inheritance. Assumptions that mtDNA variations are neutral are also at odds with the biology of mtDNA in vertebrates [141]. To reduce problems in control region studies, Ingman, et al. [142] produced a study of the entire mtDNA genome of a larger sample that most.


      Conclusions: Over Extension and Futures


      While the technology of ancient DNA extraction, processing and preservation has increased dramatically in the past 40 years, our ability to interpret the results is still in the developmental stage. Models and simulations of how specific sequences might have been transmitted across the globe and promoted survival or been selected against have produced contradictory results. Perhaps this is what we should have expected, not just because the writing of an algorithm must be based on a certain understanding of prior information on a subject, and on past histories of patterns of events, but because, in the case of hominin evolution, selection has changed over time. Selection pressures 2 million years ago were obviously different that those today, traits adaptive then lost their benefits for survival, not just due to migrations into new territories (less solar radiation, less need for melanin in the skin the loss of which can promote bone growth but also be a factor associated with autoimmune disease like hypervitaminosis and MS, [74]. Trade-offs in mutations, silencing of genes, polygenic effects and duplications have created new complex interaction with the environment and plants and animals. New ecological systems are created and humans become substrates for new and old pathogens and symbionts. An algorithm developed to account for factors of environment and selection today can hardly be expected to pattern selective pressures of the distant past.


      On the other hand, our attempts to use math to construct computer systems (algorithms) to model trends over time can be compared with the human genome's attempt to produce genetic responses to improve the survival of its gene-machine (in Dawkin's sense here), thus haplotypes are really nature's algorithms based on past responses in the biosphere for the hominins of the time, for example, the immune/pathogen co-evolutionary history [143]. Eventually, our techniques will bring us closer to an understanding of the relationships of paleospecies representing human evolution.


      We find the idea of the DNA code continues to stimulate new frontiers of research and commerce, some concerning as in the identification of people in data bases uncovering potential risks for corporate health care or life insurance. Other concepts are simply as odd as revealing ancient past ethnicities, as in DNA menus provided by Life genetics (http://lifegenetics.net/1-click-dna-menu-planning/) or DNA Pizza (http://www.dnapizza.com/menu.html).
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