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Ferramenta

Analises morfoldgicas — ‘substituto’ na auséncia de DNA




Ferramenta

Analises morfologicas — ‘substituto’ na auséncia de DNA

Photographic Regional Atlas of
Non-Metric Traits and Anatomical
Variants in the Human Skeleton




Ferramenta

Analises morfologicas — ‘substituto’ na auséncia de DNA




Um breve historico da Antropologia Fisica

 Johann Blumenbach (1752-1840)
« Estende conceito Linneaus para humanos

« Monogenista (degeneracao das racas)

Caucasian, the white race; Mongolian, the yellow race; Malayan, the
brown race; Ethiopian, the black race; and American, the red
race.




Um breve historico da Antropologia Fisica

 Paul Broca (1824-1880)
 Rudolf Virchow (1821-1902)
« Samuel Morton (1799-1851)




Um breve historico da Antropologia Fisica

 Ales Hrdlicka (1869-1943)

« Enfase na descricao da variabilidade humana
« Homotipo Americano

« American Journal of Physical Anthropology

« Discute os achados de Lund

« Relacao com a arqueologia



Um breve historico da Antropologia Fisica

« Earnest Hooton (1887-1954)
 Harvard
+ Enfase em processos

« Relacao com arqueologia

e Sherwood Woodburn (1911-2000)

 “New Physical Anthropology”




Um breve historico da Antropologia Fisica

 Jane Buikstra (1945-7777)

« Em 1977 emprega o termo bioarqueologia
para o campo que “estuda os remanescentes
esqueléticos humanos arqueologicos”.



The PaleoAmerican hypothesis

Were first Americans ancestral to recent Amerindians?
or -
Two migrations hypotehsis
or
Two Main Biological Component hypothesis
or -

. e ’ f} g . “
PaleoAmerican hypothesis &“ |
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The PaleoAmerican hypothesis

The “cranial argument” for the settlement of the New World
1. The “Two Main Biological Component Model” (Paleoamericans vs Amerindians)

Dimension 2

15.16 2961

0.70

-13.75

-28.20

-27.48

TASMANIA
® .

Early Americans crania had a different cranial morphology.

High morphological variation in the last continent to be setlled.
The recent Pericues, Fueguians, Botocudos are late survival of the first population.
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The PaleoAmerican hypothesis

2. Early Holocene crania were morphologically different
* Denies there is a “PaleoAmerican morphology” (e.g. Raghavan et al., 2015)

3. The “Subsistence and nutritional hypothesis™
» South America has drastically distinct landscapes and envirolments.
« During the Holocene drastically distinct subsistence strategies/diets were adopted.

« When quantitative genetics test Lande models the pattern of variation is not
compatible with drift.
(e.g. Perez et al., 2009, 2011; Menendez et al., 2013)

4. The “Recurrent gene flow hypothesis”
« Paleoamerican morphology is an extreme of a continous variation.
» Highly diverse founding population.

« Continous gene flow between Asia and America.
(e.g. Gonzélez-José et al., 2008; Pascheta et al., 2013)



O estudo da ancestralidade
(afinidades morfoldgicas)

Acido desoxirribonucleico (DNA)

Propriedades necessarias: 1- mutavel, 2- herdavel, 3- evoluc¢ao por deriva.

Marcadores moleculares neutros (microssatélites, STRs [alta variabilidade]).

PROCESSOS MICROEVOLUTIVOS:
MUTACAO, SELECAO NATURAL,
DERIVA e

DNA -> Nem sempre esta disponivel.



O estudo da ancestralidade

Fendtipo (morfologia craniana).

Propriedades necessarias: 1- variavel?, 2- herdavel/canalizado?,

GENETICA QUANTITATIVA: E o ramo da “Genética de
populacoes” que estuda a variagao e a base genética de
tracos fenotipicos continuo (ex. altura, peso, cor de pele,
morfologia)




O estudo da ancestralidade

Fendtipo (morfologia craniana).

Propriedades necessarias: 2- herdavel/canalizado

ARQUITETURA GENETICA

* Fenodtipo = Gendtipo + Ambiente

» Sistema poligénico aditivo sem dominancia
* Pleiotropia e epistasia

* Herdabilidade = Vg/(Va+Vg)

* Plasticidade (Canalizacao)




O estudo da ancestralidade

Fendtipo (morfologia craniana).

Propriedades necessarias:

Apomorphy Symplesiomorphy Autapomorphy

——  —
TIPOS DE SEMELHANCA W W

Homologia versus homoplasia Synapomorphy Homoplasy

X

@ Derived trait
O Ancestral trait



O mito da plasticidade craniana



Franz Boas: fundando o mito

Changes in the Bodily form of descendants of Immigrants (1912)
Os descendentes dos Europeus nascidos nos USA tinham morfologia
craniana diferente da geracao parental.

 Morfologia craniana é plastica

Bohemian
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86 -
* Base genetica minima
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* l.e. phylogeny studies
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Franz Boas: profundamente enraizado.

Changes in the Bodily form of descendants of Immigrants (1912)
Os descendentes dos Europeus nascidos nos USA tinham morfologia
craniana diferente da geracao parental.

~
Bogin (1999:288):

“Boas (1912) showed that migration from southern Europe to New York changed the shape of
the skulls from the brachycephalic shape of parents to the doliocephalic shape of their

children in one generation. Given these caveats, there is little support for an
adaptative or evolutionary explanation for head shape in any human population”. r




Charles Davenport

Post-natal development of the head (1940:198):
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Charles Davenport

Post-natal development of the head (1940:198):
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Charles Davenport

Post-natal development of the head (1940:198):

“The activity of boys jumping, especially off high places, may cause a
depression of the skull”
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Original author: Unknown

See Barry Bogin for a recent reproduction (patterns of Human Growth, 1999:288) :

“... other cultural practices, such as normative sleeping positions for
infants and children can alter head shape during growth”.

Dolichochepaly Brachycephaly *



Cultural anthropology: still in early 20t century

Michael Frachetti (Migration Concepts in Central Eurasian Archaeology, 2011:205):

“... Long held as an effective method for distinguishing regional
displacements of populations, craniometric analyses increasingly
appear to reinforce circular argumentation and do not introduce an

1

independent assessment of regional genetic affinity”.




Subsistence strategy: masticatory approach

Carlson and Van Gerven 1977 (see also Carlson 1976, Van Gerven 1976)

Post-Pleistocene Brachycephalization
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Subsistence strategy: masticatory approach

See Clark Larsen (1997:227) for a recent reproduction:
“.. alterations in mechanical loading produce shifts in masticatory
behavior that result in distinctive craniofacial morphological changes”.

If subsistence has a dramatic effect on the evolution of cranial morphology this
implies that any signature of past population history has being effectively erased
and therefore craniometric data cannot be used as a proxy of genetic relationships.

(Beecher and Corrucini, 1981; Hallgrimsson et al., 2007; Corrucini and Handler, 1980; Corrucini and Beecher 1982,
1984; Beecher et al., 1983; Corrucini et al., 1985; Irgervall and Bitsanis, 1987; Larsen, 1985; Lieberman et al., 2004,
Lieberman, 2008).



Cranial plasticity re-evaluated

Nao existe duvidas sobre o potencial do cranio humano para a
plasticidade.

Mas questao é:

DOES THIS POTENTIAL ACTUALLY PLAYED A ROLE IN CRANIAL
EVOLUTION?



Cranial plasticity re-evaluated

Whole Skull

The Influence of Masticatory Loading on Craniofacial
Morphology: A Test Case Across Technological
Transitions in the Ohio Valley

L’%III 1
: T

HG

MW Fp  Fpg Fbo

Carolina Paschetta,’ Soledad de Azevedo," Lucia Castillo,”> Neus Martinez-Abadias,®
Miquel Hemandez,® Daniel E. Lieberman,* and Rolando Gonzélez-José'™

* Relative reduction of the temporal fossa
and

* A displacement of the attachment of the
temporal muscles.




Cranial plasticity re-evaluated

Global human mandibular variation reflects
differences in agricultural and hunter-gatherer

subsistence strategies or
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Cranial plasticity re-evaluated

Every study so far failed to show homoiology on cranium is capable of obliterating
population history signal.

Hominin homoiology: An assessment ot the impact of phenotypic plasticity
. . - . . e
on phylogenetic analyses of humans and their fossil relatives

- ab, = f r g ecd,l
Mark Collard *™*, Bernard Wood ©

Revisiting the homoiology hypothesis: the impact of phenotypic plasticity
on the reconstruction of human population history from craniometric data

Noreen von Cramon-Taubadel

Department of Anthropology, University of Kent, Marlowe Building, Canterbury, CT2 7NR, UK

Cautionary note: even for mandible this can
be the result of either plasticity or natural
selection and therefore is not possible to be
sure the obliteration is due to homoiologies.




Boas debate revisited

CLARENCE C. GRAVLEE
- COREY S. SPARKS 1 H. RUSSELL BERNARD
/AV/ RICHARD L. JANTZ WILLIAM R. LEONARD

Changing Times, Changing Faces: Franz Boas’s New Answers to Old Questions: Did Boas Get It Right?
Immigrant Study in Modern Perspective

Heredity, Environment, and Cranial Form:
A Reanalysis of Boas's Immigrant Data

Commentary

CLARENCE C. GRAVLEE
Head to head with Boas: Did he err on the plasticity Wi AN R LEONARD

of head form?
Ralph L Holloway*

Peparment el ot Ui N Yok I 10827 Boas's Changes in Bodily Form: The Immigrant Study,
Cranial Plasticity, and Boas's Physical Anthropology

A reassessment of human cranial plasticity:
Boas revisited

Corey 5. Sparks*" and Richard L. Jantz*
*Department of Anthropology, Pennsylvania State University, 409 Carpenter Building, University Park, PA 1680Z; and "Department of Anthropology,

Uniwersity of Tennesses, 250 South Stadium Hall, Enowsille, TN 37996

AMERICAN JOURNAL OF HUMAN BIOLOGY 16:379-386 (2004)

Exchange across Difference Wiley-Liss Plenary Symposium

Boas and Beyond: Migration and Craniometric Variation

JOHN H. RELETHFORD*
Department of Anthropology, State University of New York College at Oneonta, Oneonta, New York 13820

pDID BOAS GET IT RIGHT OR WRONG?

From the Editors



The myth of cranial plasticity

Summary:
1. Cranial developmental plasticity is not an important agent in the
evolution of modern human crania.

2. It is hard to imagine a specie that is exposed to a wider range of
environments (climate, vegetation, etc... but also culture) than
Homo sapiens.



Natural selection or genetic drift?



Natural selection or genetic drift?

If Natural Selection -> Potential for homoplasia. Useless for
phylogenetic studies.

If Drift -> Good proxy for neutral molecular markers. Very good for
phylogenetic studies.



Genetic base of cranial morphology

There is absolute no question on the power of natural selection to

drive phenotypical evolution.

* Incompatibility between morphological and molecular tree for

mammals.

 Among primates the case of Baboons and Mangabeys.

Macaca

— Theropithecus

—— Cercocebus

— Lophocebus
— Mandrillus
— Papio

Cercopithecus

Macaca

A‘: Mandrillus
[100]

d31

Cercocebus

— Theropithecus

[100]

[56]]

d2r— Lophocebus

— Papio



W.W. Howells: Cranial Variation in Man

In 1970's Howells start his fundamental work on validating
craniometric as a valid tool for inferring biological relationship
among modern human populations.

e Geographical logic is indeed very clear

A Stuwddy by Maltivadate Analysis

of Patterns of Difference Among

Recent Haman Populations

* Howells, W. W. 1973. Cranial Variation in Man: A Study by Multivariate Analysis of Patterns of Difference Among Recent Human
Populations. Papers of the Peabody Museum of Archaeology and Ethnology, v. 67. Cambridge, MA: Harvard University.

e  Howells, W. W. 1989. Skull Shapes and the Map. Papers of the Peabody Museum of Archaeology and Ethnology, v. 79 Cambridge,
MA: Harvard University.

e Howells, W. W. 1995. Who’s Who in Skulls. Papers of the Peabody Museum of Archaeology and Ethnology, v. 82. Cambridge, MA:
Harvard University Press.



Something is wrong!

*  Howells, W. W. 1973. Cranial Variation in Man: A Study by Multivariate Analysis of Patterns of Difference Among Recent Human

*  Howells, W. W. 1989. Skull Shapes and the Map. Papers of the Peabody Museum of Archaeology and Ethnology, v. 79 Cambridge,

*  Howells, W. W. 1995. Who’s Who in Skulls. Papers of the Peabody Museum of Archaeology and Ethnology, v. 82. Cambridge, MA:

IS IT POSSIBLE THAT SUCH A PLASTIC
STRUCTURE WOULD PRESENT THIS
KIND OF PATTERN?

Populations. Papers of the Peabody Museum of Archaeology and Ethnology, v. 67. Cambridge, MA: Harvard University.

MA: Harvard University.

Harvard University Press.




Cranial plasticity re-evaluated

Geographical pattern is also present among very young individuals
(Viarsdottir et al., 2002; Ackermann et al., 2005; Bulygina et al., 2006).

 Therefore, post-natal environment is not the main factor explaining
cranial variation among modern humans.
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Genetic base of cranial morphology

The close relationship between morphological and neutral genetic
variation was first suggested by studies that demonstrated that
craniometric traits, like many other phenotypic traits, have moderate
heritability (h?=0.55).

Elizabeth Franz Johann Therese
Hasendrl Kossler Wallner Pillinger
TABLE 4. Comparison of published craniometric narrow-sense heritability estimates (SE when available)
Susanne, Sjevold, Devor et al., Devor, Arya et al., Sparks and Jantz,

Measurement 1977 19841 1986b 1987 2002 2002 Current study

GOL 0.554 0.435 (0.072) 0.61 0.413 (0.051) 0.631 (0.022) 0.363 (0.116)

— ' : : XCB 0.614 0.574 (0.069) 0.57 0.447 (0.051) 0.699 (0.018) 0.233 (0.115)

o sy s b Sohess ZYB 0.606 0.399 (0.065) 055  0.605 (0.045) 0.629 (0.021) 0.257 (0.178)

NLH 0.391 0.512 (0.060) 0.68 0417 (0.051) 0.729 (0.153)

NLB 0.639 0.352 (0.072) 0.49 0.498 (0.049) 0.007 (0.122)

3 IML 0.475 0.154 (0.155)

XML 0.548 0.241 (0.156)

ZMB 0.580 0.597 (0.152)

i FMB 0.365 0.000 (0.000)

Sz FRC 0.222 0.144 (0.175)

PAC 0.064 0.307 (0.108)

oce 0.276 0.332 (0.147)

(Susanne 1977; Sjovold 1984; Carson 2006; Devor 1987; Konigsberg and Ousley 1995; Lynch and Walsh 1998; Martinez-
Abadias et al. 2009; Mousseau and Roff 1987; Raposo do Amaral et al. 1989; Sherwood et al. 2008; Sparks and Jantz 2002).



Genetic base of cranial morphology

Direct comparison of dissimilarity matrix based on neutral genetic
markers and based on phenotype.
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(Cheverud, 1988; Roseman,2004; Perez et al., 2007).



Max Planck Institute - Department of Human Evolution 18 September, 2020
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Genetic base of cranial morphology

Direct comparison of dissimilarity matrix based on neutral genetic
markers and based on phenotype.
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Genetic base of cranial morphology

Mainly under a additive poligenic system without dominance

Morphometrics Approach

Neus Martinez-Abadias,'* Rolando Gonzalez-José,'? Antonio Gonzalez-Martin,®
Silvina Van der Molen,? Arturo Talavera,* Patricia Hernandez,® and Miquel Hemandez'
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Genetic base of cranial morphology

EVOLUTION OF CRANIAL SHAPE IS
DRIVEN BY THE TRADITIONAL MICRO-
EVOLUTIONARY FORCES:

- Migration (gene flux)

- Natural Selection

- Drift

- Mutation

- Non-random mating

ADEQUATE TO BE INVESTIGATED USING
TOOLS OF QUANTITATIVE GENETICS

(Lande’s, Blangero, Falconer etc...)




Global apportionment of craniometric variability

 Fst for Neutral Molecular Markers: ~ 0.15 (Lewontin, 1972; Barbujani et al. 1997;
Bowcock et al. 1991; Rosenberg et al., 2002 )

* Fst for Craniometric data (Howells™ database): ~ 0.15 (Relethford 1994,
2002, But see Roseman and Weaver, 2006)

e Fst for Skin Color: ~ 0.85

Number of Among
Data Reference regions regions (AR)
Blood polymorphisms Lewontin (1972) 7 6.3
Blood polymorphisms Latter (1980)° B 10.4
Blood polymorphisms Ryman et al. (1983) 3 9.9
Microgatellite DINA Barbujani et al. {1997) 5 10.0
RFLPs, 16 loci Barbujani et al. (1997) 5 8.0
RFLPs, 79 loci Barbujani et al. {1997) 4 11.7
Microsatellite DINA Jorde et al. (2000) 3 10.4
RFLP= Jorde et al. (2000) 3 13.2
Alu insertions Jorde et al. (2000) 3 174
mtDMNA (HVS1) Jorde et al. (2000) 3 22.0
mtDNA (HVSZ) Jorde et al. (2000) 3 249
Y-chromosome® Jorde et al. (2000) 3 7.8
Craniometrics Present study 3 11.4
Craniometrics Present study B 14.6
Skin color Present study 3 87.2
Skin color Present study 5 57.9




Global apportionment of craniometric variability

Fst for Neutral Molecular Markers: ~ 0.15 (Lewontin, 1972; Barbujani et al. 1997;
Bowcock et al. 1991; Rosenberg et al., 2002 )

Fst for Craniometric data (Howells™ database): ~ 0.15 (relethford 1994, 2002)

Fst for Skin Color: ~ 0.85

EVOLUTION OF CRANIAL MORPHOLOGY IN MODERN HUMAN, IN
GLOBAL SCALE, IS MAINLY DRIVEN BY DRIFT.

» Genetic basis behind cranial shape.

» Can be used to infer population history.




Isolation by distance

Local and regional spatial variation of cranial morphology behaves
according to the expected under a “Isolation by distance” model, like
neutral genetic SyStemS (Relethford, 2004, 2008; Roseman 2004; Harvati and Weaver 2006)
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Isolation by distance

Local and regional spatial variation of cranial morphology behaves
according to the expected under a “Isolation by distance” model, like
neutral genEtiC SyStemS (Relethford, 2004, 2008; Roseman 2004; Harvati and Weaver 2006)

The main force driven modern human
cranial evolution is genetic drift.




EM RESUMO....

* Drift is the main evolutionary force behind
cranial evolution.

e Other agents like gene flux, developmental
plasticity and natural selection took place in
small proportion and only in localized spatial
scale.



MORFOMETRIA GEOMETRICA
e

ANTROPOLOGIA VIRTUAL



A new comprehensive GM cranial protocol

Introduction

* Morphometrics is of interest for an ample range of disciplines.
« Acommon approach was the use of linear or angular measurements.
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A new comprehensive GM cranial protocol

Introduction

« Geometric morphometrics (GM) is based on the use of coordinates (x,y,z) instead of linear
measurements.

« Enhanced analytic capacities (or not?).

« It certainly revolutionized the capacities of visualizing shape changes.
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Introduction

A new comprehensive GM cranial protocol

A major source of debate is the best superimposition strategy.
After decades the debate was not settled but certainly diluted with Generalized Procrustes Analysis
assuming an overall acceptance.

Minimizing least squared distance among homologous landmarks.
Removes the effect of translation, rotation and scaling.
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From Uni Vienna.



A new comprehensive GM cranial protocol

Introduction
+ Sliding landmarks (a.k.a. ‘semilandmarks’)
+ Curves and surafaces.
+ Sliding allows landmarks to move along the tangent of a curve or surface until some metric of
morphology dissimilarity (e.g. bending energy, procrustes distance) is minimized.
» Debated over the ‘homology’ of sliding landmark (Biological homology? Geometric homology?).

. TARGET
o FORM

Fixed landmarks Fixed landmarks

T e
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SEMILANDMARK 1
—ORIGINAL POSITION

ORIGINAL POSITION —

TEMPLATE
@ FORM ]

SEMILANDMARK 1 e AFTER RELAXATION
PROJECTED ONTO CURVE &~ o PROJECTED ONTO CURVE

Gunz et al 2005



A new comprehensive GM cranial protocol

Introduction
» Shape change visualization has always relied on extensive interpolation techniques.
* Most common approaches> warping of a Cartesian grid or warping of a template surface.

Transformation grids d Surface warping

(B) J \ /
(A) ' <R\
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On Growth and Form (191_7).
Sir D'Arcy Wentworth Thompson (1860-1948)




A new comprehensive GM cranial protocol

Introduction
* More recently virtual anthropology became the other side of the GM coin.

* Generating 3D models (cloud of three-dimensional points) of the specimens of interest.

» Surface scans, X-rays or photographic derived.
*+ The present work contributes on making GM and VA fully compatible.




A new comprehensive GM cranial protocol

Introduction
+ To a certain extent 3D models were used as basis for traditional low density landmark protocols.
* An example of a traditional set of landmarks representing cranial morphology.

Traditional 574 landmark configuration



A new comprehensive GM cranial protocol

Introduction
* Are traditional landmarks and curves enough?
* An example of a traditional set of landmarks representing cranial morphology.




A new comprehensive GM cranial protocol

Introduction
» Are traditional landmarks and curves enough?
* An example of a traditional set of landmarks representing cranial morphology.




A new comprehensive GM cranial protocol

Introduction
* Are traditional landmarks and curves enough?
» An example of a traditional set of landmarks representing cranial morphology. NO




A new comprehensive GM cranial protocol

Objective
» To develop a comprehensive geometric morphometric protocol for the primate
ectocranium.

» A protocol in which, within the scale of interest (gross anatomy), fully covers
the structure of interest.

Example of a comprehensive GM protocol for endocasts (from Neubauer 2010)



A new comprehensive GM cranial protocol

The specific problems precluding a comprehensive cranial protocol

1-) Faces of the surface that are too close to each other lead to false projections;
2-) Morphological differences that are too large to be addressed by a traditional
projection based on simple warping and location of closest vertex on the surface

model;

3-) The presence of curves that overlap with the SLSM in varying positions in
different specimens.




A new comprehensive GM cranial protocol

Solution

1-) Protocol of surface segmentation.




A new comprehensive GM cranial protocol

Problem

2-) Morphological differences that are too large to be addressed by a traditional
projection strategy




A new comprehensive GM cranial protocol

Solution

2-) An “iterative random self-anchoring landmark projection algorithm” (IRSAL)

Is not based on computation of tangent planes




A new comprehensive GM cranial protocol

Solution

2-) An “iterative random self-anchoring landmark projection algorithm” (IRSAL)

SHOW ISRAL VIDEO



A new comprehensive GM cranial protocol

Problem

3-) In ontogenetic series muscle attachment lines migrates over the surface.

Solution
3-) “non-orthodox” geometric homology. Applied Geometric Morphometrics




A new comprehensive GM cranial protocol

Final protocol: 2944 landmarks




A new comprehensive GM cranial protocol

Show videos:
002_Vid x - Complete Adult Male Gorilla Onto FORM Final



A new comprehensive GM cranial protocol

TEMPLATE

TARGET

Warping Surface Approach
(574 landmarks)

High-density approach
(2344 landamrks)




A new comprehensive GM cranial protocol

Conclusion

The integration of different strategies allowed for a comprehensive high-density
landmark based protocol for the primate crania to be established.

This protocol represents a significant advance in our capability of
capturing,
analyzing,
visualizing shape changes
(no surface warping, no interpolation -> pure data)

Potential for future studies of ontogeny, phylogeny, biomechanics, integration and
modaularity, fossil reconstruction, among others.

Integration of GM and VA fuses both back with Anatomy.



A new comprehensive GM cranial protocol

Conclusion
Beyond sisyphus>the coming of age of morphometrics
* There are still disagreement on use of sliding landmarks (no biological homology).
Obsession for “Type | landmarks” is an atavism from 19t century anthropology
* New concerns with statistical properties (e.g. modularity)
The presented protocol is a ‘geometric mapping’ approach (flexible manipulation, automation, reproducible)

g “
Superior view of human cranium

Sisyphus rolling stone up the mountain From David Parkins, 2015. Nature



Emerging Homo and Au. sediba

Material and Methods
* Fossils demand intense reconstruction and preparation
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Material and Methods
* Fossils demand intense reconstruction and preparation
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Material and Methods
* Fossils demand intense reconstruction and preparation
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sediba

Emerging Homo and Au.




sediba

Emerging Homo and Au.
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The PaleoAmerican hypothesis

The “cranial argument” for the settlement of the New World
1. The “Two Main Biological Component Model” (Paleoamericans vs Amerindians)
* Early Americans crania had a different cranial morphology.
* High morphological variation in the last continent to be setlled.
* The recent Pericues, Fueguians, Botocudos are late survival of the first population.

Facial reconstruction by Richard Neave of Luzia

Strauss et al., 2015 AJPA



The PaleoAmerican hypothesis

2. Early Holocene crania were NOT morphologically different
* Denies there is a “PaleoAmerican morphology” (e.g. Raghavan et al., 2015)

3. The “Subsistence and nutritional hypothesis”
» South America has drastically distinct landscapes and envirolments.
« During the Holocene drastically distinct subsistence strategies/diets were adopted.

« When quantitative genetics test Lande models the pattern of variation is not
compatible with drift.
(e.g. Perez et al., 2009, 2011; Menendez et al., 2013)

4. The “Recurrent gene flow hypothesis”
« Paleoamerican morphology is an extreme of a continous variation.
» Highly diverse founding population.

« Continous gene flow between Asia and America.
(e.g. Gonzélez-José et al., 2008; Pascheta et al., 2013)



Big picture, small data?

How to explain this unique pattern of differential explanations?

1. Same phenomena z data

*  Coverage of available samples/populations?
*  Morphometric acquisition?

*  Evolutionary nature of human crania?
*  Analytical methods?

Excavation — Curation—+ Collections— Data — Analyses — Scenarios

From David Parkins, 2015



Big picture, small data?

Since seminal work of Greenberg et al., and Neves & Pucciarelli incredible advances
were achieved on methodological basis but the similar advances in the available
data were not observed.

0! 12322 11.22
11.003  11.34
12,634 1154
11.856  11.65
11.084 11.34
12345 11.22

oleriras 11.345 1154 \

'Same phenomena z data

2+ Coverage of available samples/populations?
) ; 8+ Morphometric acquisition?

. Evolutionary nature of human crania?

#+ Analytical methods (e.g. statistical issue)?
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Big picture, small data?

Since seminal work of Greenberg et al., and Neves & Pucciarelli incredible advances
were achieved on methodological basis but the similar advances in the available
data were not observed.

0! 12322 11.22
11.003  11.34
12,634 1154
11.856  11.65
11.084 11.34
12345 11.22

oleriras 11.345 1154 \

| Same phenomena # data

i# *+ Coverage of available samples/populations?

/  Morphometric acquisition?
{® * Evolutionary nature of human crania?

i« Analytical methods (e.g. statistical issue)?




Big picture, small data?

DOES THE AVAILABLE DATA ALLOWS US TO ADDRESS THE
QUESTIONS WE ARE INTERESTED AT?

# phenomena # data
* These databases cover different scales/populations

There is reduced number of samples in South America in
general and in Brazil in particular

Howells
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Big picture, small data?

DOES THE AVAILABLE DATA ALLOWS US TO ADDRESS THE
QUESTIONS WE ARE INTERESTED AT?

# phenomena # data
Exemple of how dependet our conclusions are of the dataset we use:

* If, by chance, Howells had measured the Botocudos instead of the Peruvians, the opposite
model would be proposed.




Big picture, small data

Howells database
* Linear measurements

EERRFFERFREFRvE

From Howells, 1978



Big picture, small data

Hanihara database
* Linear measurements

From Bernardo, 2007



Big picture, small data

Pucciareli database
* Linear measurements

hecua
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From Pucciarelli et al., 20xx



Big picture, small data

Gonzalez-Jose database
* Two-dimensional landmarks from pictures

From Gonzalez-Jose et al., 2008 and de Azevedo et al., 2011



Big picture, small data

Okomura database Perez database
* Linear measurements (Howells) * 2D landmarks from pictures

LEGEND
@ EARLY HOLOCENE

A WD HOLOCENE

” i? 5;‘ @ LATE HOLOCENE
« $ -
|

From Hubbe et al., 2015 and Perez et al., 2009



Big picture, small data

Von Cramon-Taubadel database
» 3D landmarks (points and curves) with microscribe

Von Cramon-Taubadel, Strauss and Hubbe, under review



Big picture, small data

Galland database
* 3D landmarks over surface scans

From Galland 2010



Big picture, small data

DOES THE AVAILABLE DATA ALLOWS US TO ADDRESS THE
QUESTIONS WE ARE INTERESTED AT?
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Getting bigger

Why we do not have big data available for Brazil?

K OF MATERIAL FR
ELEVANT LOCATION

ORPHOMETRICS STI
OPERATES IN A NON-
MULATIVE PARADIG




Getting bigger: skeletons in the tropics

The available data in Braazil

USTIVE SURVEY O
EARLY HOLOCENE
SKELETONS IN BRAZI

From Strauss et al., 2016.



Getting bigger: skeletons in the tropics

The available data in Brazil
* Two localities with skeletons directly dated to early Holocene.

* Lagoa Santa has hundreds of skeletons.
* Capelinha is a single skeleton.

Santana do Riacho

Lagoa Santa

;.Capelinha

o N 2500km

From Strauss et al., 2016.



Getting bigger: skeletons in the tropics

The available data in Brazil

* Two localities with skeletons directly dated to early Holocene.

* Lagoa Santa has hundreds of skeletons.
* Capelinha is a single skeleton.

million km?2

ty: 1 site/4,2

compass 48%
ncompass 20% o
cological variati

From Strauss et al., 2016.



Getting bigger: skeletons in the tropics

DOES THE AVAILABLE DATA ALLOWS US TO ADDRESS THE
QUESTIONS WE ARE INTERESTED AT?

Santana do Riacho

Lagoa Santa

;.Capelinha

0 2500km

From Strauss et al., 2016.



Getting bigger: skeletons in the tropics

DOES THE AVAILABLE DATA ALLOWS US TO ADDRESS THE
QUESTIONS WE ARE INTERESTED AT?
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Getting bigger: skeletons in the tropics

DOES THE AVAILABLE DATA ALLOWS US TO ADDRESS THE
QUESTIONS WE ARE INTERESTED AT?

listic perspective:

f D e
> ,‘/(’ y "‘Q & 5\":._\
‘Tropical’ settings decompose bone S i s
- 5 ) i
As archaeologist we have to work ;//

with this intrinsic limitations.

0 2500km

From Strauss et al., 2016.



Getting bigger: skeletons in the tropics

The great potential of ancient skeletons in Brazil
Vast areas with limestone outcrops (4% of the Brazilian territory, ca. 350,000 km?2).

*  Thousands of caves and rockshelters.

Vast areas with semi-desertic/savannah like climate.

. E.g. Buritizeiros and Justino

Fluvial shell-middens allows preservation

. Early Holocene; not underwater, not limited to the coast

. (e.g.Guapore in Acre -> Eduardo Neves)
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Getting bigger: skeletons in the tropics

The potential data in Brazil: ongoing projects =

» Xingo (Excavation ongoing: dating collections) ('%‘*‘w ez ' 3
*  PAINS (Excavation ongoing: 9.5 cal kyBP) )}/
* Serranopolis (Survey) \ in_ coomg s
*  Fluvial shell-middens in Sao Paulo (Museum) “u Serranopoljs  Butzeiros
* Coastal shell-middens in Espirito Santo (Excavation X. Villagran) \ 78 pains FMWgantana
» Serra Capivara (Excavation ongoing, no collagen so far). ﬁ” vale mb;r,::;"::;sm
* Lapa do Santo in Lagoa Santa (Excavation: 9.5 cal kyBP) *’ e
*  Fluvial terrace Buritizeiros presented 40 skeletons (A.Prous, 6.0 cal kyBP) v
*  Fluvial shell-midden in Amazonia! (Eduardo Neves) % i (
N - g

Xingo Buritizeiros Vale do Ribeira
(Capelinha)



Getting bigger: skeletons in the tropics

The potential data in Brazil: ongoing projects =

» Xingo (Excavation ongoing: dating collections) Y ez ' 3
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The “cranial argument” for the settlement of the New World
1. The “Two Main Biological Component Model” (Paleoamericans vs Amerindians)

Dimension 2

2961

15.16

0.70

-13.75

-28.20

-27.48

Multi-dimensional scaling based on craniometric variables

Facial reconstruction by Richard Neave of Luzia

Early Americans crania had a different cranial morphology.
High morphological variation in the last continent to be setlled.
The recent Pericues, Fueguians, Botocudos are late survival of the first population.
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BOTOCUDOEASIER ; 7 e
Nﬁgb 3 y CABECUDA
LAGOR KN £ _Q?fi'émeu\' Nmom MOKAPY U
T a5
AUSTRALI 3R, Ee‘m NANANYTNG ', ; !
TEITQ L B g : -4
TASMANIA ?:%j /uura/;MAr«ngT %
' ' g WACR
BUSI;MAN
. BERG
fumé%mm BURIAT
-12, 59 2 I31 17I20 32'09

Strauss et al., 2015 AJPA



Cranial morphology as proxy for ancestry?

The nature of the data at hand: small differences, great variation.

Factor 2: 16,93%

-

Only ca. 15% of total variance is between groups.
Great overlap between individuals of very distant populations.

Analysis must rely on average obtained from populations.
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Factor 1; 22,20%

Principal component based on worldwide series from Howells database

Fst

Dissimilarity
Fraction

~0.15

0.00

~0.15

0.3

Strauss and Hubbe 2010



Cranial morphology as proxy for ancestry?

The nature of the data at hand: small differences, great variation.
* Only ca. 15% of total variance is between groups.

* Great overlap between individuals of very distant populations

* Analysis must rely on average obtained from populations.

A

. Fst ~0.15 ~0.15
= Agsirlo-Molanesians Dissimilarity 0.00 0.3
£ Fraction

Factor 1. 22,20%

Principal component based on worldwide series from Howells database
(95% confidence intervals)

Strauss and Hubbe 2010



Cranial morphology as proxy for ancestry?

The nature of the data at hand: small differences, great variation.
* Only ca. 15% of total variance is between groups.

Great overlap between individuals of very distant populations

Analysis must rely on average obtained from populations.

2} Australo-Melanesians

2 Fst ~0.15 ~0.15
; ' Dissimilarity 0.00 0.3
= Fraction

Faclor 1. 22 20%

Principal component based on worldwide series from Howells database
(25% confidence intervals)

Strauss and Hubbe 2010



Geneética
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Geneética

MtDNA

* DNA mitocondrial: heranca materna, alta taxa de mutacgao, alto numero por célula, nao-recombinante.
* Natureza haploide e uni-parental torna mais susceptivel a deriva e extingao por efeito fundador.

* Inicialmente classificados a partir de ‘restriction fragment length polymorphism’ (RFLP)

* Atualmente é relativamente barato e simples obter o mitogenoma completo
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Geneética

O reldgio molecular
* Taxa de mutacao, duracao geracional, mistura

30 million years later:

CAATCGATCG

23 million years later:

CAATTGATCG

Common ancestor:

CAATTTATCG

23 million years later:

CAATTTATCT

50 million years later:

CAATTTATTT

Local de Origem = maior variabilidade

Reich 2018



Geneética

The genome can be understood as a sequence of |etters.

1 23 3 billion
human cell pairs of chromosomes genomes pairs of nucleotides
»
(o)
Nucleus Paternal Maternal Paternal Maternal

Differences in those sequences are caused by mutations.

Paternal OQOQO\O‘O‘O‘O\"\O"‘O

TG ¢ A A G c
TG ¢ A G c E]—MUTAHON

Maternal O\O%"\O‘O\O\"O‘O\O\O

Reich 2018



Y chromosome ancestor All your genealogical ancestors Mitochondrial DNA ancestor

v
32,768 i e = 1112
3% 15 generations ago = o
, 7~
14 7 1,041
13 s 970

\ 12 '

Number of
ancestral stretches

Number of
genealogical

ancestors of DNA that
Percentage that contributed
contributed to you

DNA to you

Your 23 chromosome pairs
+ mitochondrial DNA

47

Reich 2018



Geneética

Diferentes tipos de heranca

* Autossomos, Y e mt

The chopping up of chromosomes every generation ...

Chromoﬁnme

s HHHH ARAAnRA A

% 7

SR RURSRS
el U O
- R r'

.. provides a clock for dating mixture events.

Neanderthal ONA for chromasome 12

DNA from a Romanian individual 200-100 years after mixture

LITE 1 (1 ST AN I | [ (0 (NTTH
DNA from a Siberian individual 8000-5.000 years after mixture Seapmenitsial Neancierhial NG

DNA from a present-day Chinese person 54.000-45,000 years after mixture

Reich 2018



Argueogenética

Argueogenética

Wiki



Argueogenética

Argueogenética

. Sample preparation
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DNA antigo

DNA antigo revolucionou o estudo do Antropocéno
* Género e identidade: Guerreiros Viking eram mulheres
* Mistura ancestral: Presenca de DNA Neanderthal em humanos
» Origem geografica: Luzia ndo veio da Oceania, origem da agricultura
: DNA do calculo dentario
: Neandertais usavam!

* Fenotipo: Pela clara é uma novidade adptativa recente na Europa

Capacidade de digerir leite, gene da linguagem (FOXP2)
« Organizacao social: Patri versus matrilocalidade
» Selecao natural: Quando tem incio?
» Cronologia: Povoamento da América entre 25 e 18 mil anos atrds
« Patologias: Causa de morte, agente da peste Azteca, origem tuberculose

« Genomas botanicos: Amazbnia antrépica, manejo milenas de araucadrias



America

American mtDNA

* Haplogrupos: A2, B2, Clb, Clc, C1d, D1 (95%), X2a, D2, D3, C4 e D4h3 (5%)

*Desde Wallace 1985

* Marcadores uni-parentais apontam para baixa diversidade e ancestralidade comum.
* Semelhanga com grupos do leste asiatico — origem geografica?

* Baixa diversidade indica populacao inicial pequena.
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N. Nad S. Nad N. Amerinds C.Amerinds S.Amerinds
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Torroni, 1993



America

American mtDNA
* Filogeografia do Haplogrupo A2
* Frequencia mais elevada na América do Norte, tipico em grupos Inuit e Na-Dene

* Frequencia elevada na regicao de Kamchatka (Nordeste Asiatico) entre Chukchis (Sibéria)
« Comum em baixe frequencia por diversas regides da Asia

Wikipedia



America

American mtDNA

* Haplogrupos: A2, B2, Clb, Clc, C1d, D1

* Marcadores uni-parentais apontam para baixa diversidade e ancestralidade comum.

* Evento Unico de migracao teria dado origem a maior parte das populagdes atuais.

* Variaveis raras: D4h3a ao longo da costa pacifica (Norte e Sul) e X2a no noroeste da América do Norte.
*Migragdes especificas em menos de 2000 anos (Perego et al., 2009).

* Rapida expansao da populacao fundadora com pouco fluxo génico apds assentamento inicial.

*Relégico molecular: 26,300 até 9,700 cal. AP (baixa diversidade e auséncia de pontos de calibracao)

* E o impacto do genocidio pds invasao europeia?

. ‘ Sibéria
A ‘ - @ ® A2
. ’&/% America  Fagundes et al. (2008) : ", = B2
: ¢ C1
- . o A D1
. : Achilli et al. (2008) S -~ v D4h3a
D . .
Ho and Endicott (2008), data —=
‘ from Achilli ef al. (2008) A
. B Ho and Endicott (2008), data .
.—’—4
from Fagundes et al. (2008) &
26.3 9.7
| T L T T T 1
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Llamas 2016



America

American mtDNA

* 92 mitogenomas pré-coloniais. Cobertura média: 112x
* Classificados em 84 haplotipos distintos, nenhum dos quais existe hoje.
* [dade sincronica para o ancestral comum mais recente de todos haplogrupos (A2, B2, C1, D1 e D4h3a)

* Compativel com que todos fizessem parte de uma mesma populag¢ao fundadora.

* Separacao da populacao siberiana durante o LGM: 24.9-18.4 mil AP.

* Inicio da diversificacdao das linhagens nativas da América: 18
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America

American mtDNA

* Haplogrupos: A2, B2, Clb, Clc, C1d, D1 (95%), X2a, D2a, D3, C4c e D4h3 (5%)

* Marcadores uni-parentais apontam para baixa diversidade e ancestralidade comum.
* Semelhanga com grupos do leste asiatico — origem geografica?.

* Baixa diversidade indica populac¢ao inicial pequena.

* D3 e D2a ocorrem apenas no norte da América do Norte, apenas em Inuit, Aleuta e Na-Dené

*E também na Sibéria - > Esses grupos teriam origem (pelo menos em parte) diversa dos ‘Primeiros
Americanos’

“Maturation” of the
New World founders
-A2; B2; Clb; Clc;
Cld; C4c; DI; D4h3;
X2a - during the LGM
in the Beringian glacial
refugium

thousands of yago Oven 2008
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American mtDNA
* Aplicado a sub-haplogrupos especificos da América do Sul: 14,0-14,6 ky BP.
*A2y, B2b6, B2b11, B2ab, A2z e B2b3

148+ 1.1ky

160
148 £1.2 Ky \ s [
; 3

N e EEEE
B2b2 | B2b3 |}

+0.9Ky

I
T

[
B .

Fic. 3. Phylogenetic relationships and geographical distributions of B2b modem mitogenomes. Each color corresponds to a country, thus colors of
mitogenomes (squares) in the schematic tree correspond to their (maternal) geographical origin. In the tree, each square corresponds to one
mitogenome unless otherwise indicated by the number close or below the square. Each black dot on a branchindicates a mutation. In the map, the
number of mitogenomes is shown per country and the sizes of circles are proportional (except for Ecuador and Peru) to the numbers of

mitogenomes.

Brandini 2017
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American mtDNA

* Entre 16-13 mil AP observa-se diversificacao genética

* Aumento de 60 vezes no tamanho populacional, possivelmente decorrente da chegada a América onde
havia terrenos ecologicamente favoraveis para a vida humana.

* A data de 16 mil anos para o inicio da expansao demografica antecede a formacao dos corredores livre
de gelo (11.5-11.0) e portanto favorece uma chegada pela costa, com rapida expansao até Monte Verde

(14.6 mil AP)

* A ‘paradinha’ na Beringia — entre 2,4 e 9 mil anos

Skyline bayesiano |

30 25 20 5. 10 5  Oka
C

105

104

zis uonejndod aA1l93))9 9jewWa) pajewi}sy

103

Llamas 2016
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American mtDNA

Population
expansion

Divergence

Siberians/proto- T le Native American
Native Americans founder lineages

Llamas 2016
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A Parada na Beringia

* Skyline Bayesian plot

140° 160° 180° 160° 140°
@A Exanswn out of East Central Asua, 43-36kya

‘.
‘e W

B. Occupation of Beringia, 36- 16kya

® o
* » x B

Current [ Exposed
. la‘ljwd seafloor
@after 36kya

N

North American ice sheets
$ 3000 Km
| .|

Kitchen 2008
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American mtDNA
* Dados genéticos confirmam a dimensao genocida da invasao européia

7
2x10
% European contact (~500 ypb) Clovis (~ 13,000 ypb)

Monte Verde &
Paisley Cave (~14,500)

3x10° ,
Bayesian
credibility
region

95 %
4.5x10°- 90 %
85 %

80 %
75 %
70 %
65 %
60%

6.7x10"-

Female effective population size x g

4
1x10 ' T T T ’ T v T T T y T T T T 1
0 2500 5000 7500 10,000 12,500 15,000 17,500 20,000

Years before present

Ofallon 2011



#01 7 D4h3b

Americs S 17

@#07 | Danzat

American mtDNA - Haplogrupo D4h3a 5

* Existe uma variante muito rara na China (D4h3b). o1

* Na América ocorrencia mais comum na Am. do Sul, na costa _Ezm iz
Pacifica do México e Califérnia. ont -
* Coalescéncia semelhante aos ‘haplogrupos fundadores’

* Presencga no Chile de versdes basais indica expansao rapida.
Compativel com rota costeira

>
>
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>
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©#25 | Dap3as

PERU EO -
4|_E

BOLIVIA OB | hihsas
BRAZIL o#1 "
ECUADOR L ——a
S. AMERICA —
MEXICO g
CALIFORNIA e
USA ———— o2
CANADA  ous
mMr Jxzg

THe0O G000

00b10  0.0009 0.0008 ' 0.0007  0.0006 " 0.0005  0.0004 0,003 0.0002 00001 00000  Substtuions per Site

Perego 2009
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American mtDNA — Haplogrupo X2a
* Ojibwa apresenta 25% do ‘Haplogrupo X’2a, Sioux 15%, Nuu-Chah-Nulth 12%, Navarro 8%, Yakima 5%
(Torroni).
* Originalmente descrito como tipico, mas de baixa frequencia, em popula¢des europeias.
*Migracao recente? Conexdes profundas com a Europa?
* Existem especificades Europeias e Amerindias, ndo é exatamente igual.
* Tempo de coalescencia 23-36 mil anos.

Recent aDNA Sample Locations
a Vantage 1500-500 BP 14.3% X
b-d: 200 BP 0% X

e Klunk Mounds 1850-1650 BP 4.7% X
f: Norris Farm 650 BP 3.9% X
g: Hopewell 2150-1450 BP 0.0% X ‘
@ Anzick Site 12,590-12,722 calBP (human remains)
12,764-13,038 calBP (artefacts)
+ @ Mal’ta Sitc 24.423-23,891 calBP (human remains)

Oppenheimer 2014
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American
* Autossomos
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America

Native American genome

* 364,470 SNP, 52 American population, 493
samples.

* Cluster-based analysis (k = 4) using ADMIXTURE
shows evidence of some West-Eurasian-related

and sub-Saharan-African-related ancestry in many

Native Americans before masking (top), but little
afterwards (bottom).

E o efeito da miscigenac¢ao
poOs invasao?

l’Sem filtro para miscigenagao

West Eurasian

Sub-Saharan African
Com filtro para miscigenagao

ayBexnA-olesn

uBy1RYOWEY

_ —-_m -
o EW@%“
= Chlpawyan
‘I_‘"u

—IyoMNYD

INsjy-ows3

Linguistic familias
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CURRENT ANTHROPOLOGY Vol. 27, No. §, December 1986
© 1986 by The Wenner-Gren Foundation for Anthropological Research, all rights reserved 0011-3204/86/2705-0004%$2.25

The Settlement of the Americas:
A Comparison of the Linguistic,

Dental, and Genetic Evidence

by Joseph H. Greenberg, Christy G. Turner II, and Stephen L. Zegura

Greenberg 1986
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O sinal ‘Australo-Asiatico’ na Amazonia

e Karitiana, Surui e Xavante derivam de uma populag¢ao fundadora cujo ancestral é mais préximo dos atuais
nativos da Australia, Nova Guiné e llhas Andaman do que qualquer populacao Européia ou Nativa
Americana. -> ‘Population Y’ (Ypykue’ra significa Ancestral em Surui)

0.003

-0.001

Skoglund, 2015
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O coprolito pré-Clovis de Oregon, EUA [ca. 14,270-14,000 cal AP]

* Presenca humana pré-Clévis

%7 Washington

$
<
@
W
g
O
g
AS)

0 miles 100
0 km 100

;;i O Lakes

Paisley Y e

n leCaves

=

7®Fishbone Cave

@ Playas

Idaho

Nevada

AMS dates (conventional

mtDNA ¢ years BP) Fig. 1B

Sample Hg p : Cave no.# CIE** TPt

165l 1_te o Beta Analytic  Oxford Univ. ’
replication

1294-PC-5/7D-4 B2* C. latrans Uppsala Not tested 1,308 + 28 5 1 - nfa

1374-PC-1/2A-28 B2t Uppsala 6,640 + 40 6,608 £ 35 1 - nfa

1294-PC-5/6B-40 B2t C. lupus/ familiarisy| Uppsala 10,050 + 50 10,965 + 50 5 2 Human nfa
1294-PC-5/6B-50 A2} V. vulpes Uppsala 12,260 + 60 12,140 + 70 5 3 Human Human
1294-PC-5/7C-31 B§,58% Uppsala/Leipzig 12,290 + 60 12,345 £ 55 5 4 Human Human
1374-PC-5/5D-3111 1l B2t Uppsala 12,400 + 60 12,275 + 55 5 5 - Human
*Copenhagen SNaPshot, Uppsala Pyrosequenced, Uppsala cloned; tCopenhagen SNaPshot,
§Copenhagen SNaPshot, Uppsala Pyrosequenced, Leipzig

Mitochondrial DNA Hgs were identified with different techniques across laboratories as follows:
Copenhagen cloned, Uppsala Pyrosequenced, Uppsala cloned and sequenced; $Copenhagen SNaPshot, Uppsala Pyrosequenced;

cloned and sequenced. Although Hgs A and B are based on independently replicated results, sub-Hgs A2 and B2 are in general based on single laboratory analyses. For details, see SOM text. |ICanid
sequences detected with generic mammalian 165 mtDNA primers. 9Kequences are indistinguishable over genetic marker. #Sample identification in Fig. 1B. **Result of crossover
immuneelectrophoresis analysis. (-) no result recovered because of poor protein preservation in the sample (see SOM text for more discussion). t1Result after reconstitution in trisodium phosphate
solution. n/a, sample not assessed. §§Insufficient DNA was available to further resolve the haplogroup. Il lIFig. 51.

Gilbert 2008
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Paleo-Esquimo ‘Saggaq’ [ca. 4.000 AP]
* Quatro fios de cabelo humano encontrados em sedimentos congelados (permafrost)
* Cultura ‘Arctic Small Tool Tradition’, evidencia mais antiga de 5,500 no Lago Kuzitrin no Alaske.

* Datacdo por MAS: 4.044+-31 -> 4170-3600 cal. Yr. BP (considerando efeito reservatério marinho)

* Analise isotdpica indica dieta marinha.

* Tipo sanguineo: A+; Olhos marrom, cabelo grosso, pele ndo-branca, incisivo em forma de pa

*Cera de ouvido seca — tipica de América e Asia
* Adaptado a climas frios.

Sugpioq (Autia)
vk
Xinag

Haida Languages

Kuskokwm

el £# Dena. Holkachik

& Tingt M Atna Tonaina.

N Geon T Tao ™ o
Tichone R

Gnii’

Nug® Gigéan
Rifolet ik ot Saan PR
East GréenBic W el
e Saami
Phe Saami
Ume Saami Veps.
Sounern Saami

Fig 2 from Reich 2012.
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Rasmussem, 2010
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Paleo-Esquimé ‘Saggaq’ [ca. 4.000 AP]
* Cera de ouvida seca, com cheiro fraco, quebradica e esbranquicada: tipica na Asia e América
* Cera de ouvido melequenta, com mal cheiro e amarelada: tipica da Europa e Africa

Fig 2 from Reich 2012, Rasmussem, 2010
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Paleo-Esquimo ‘Saggaq’ [ca. 4.000 AP]

* Consistente com Na-Dene Chipewyan, indica idade minima para esse vento tardio de fluxo génico do
nordeste asiatico.

*Nenhuma relacdo com América Central ou do Sul

* Haplogrupo Y: Qla

‘Sagqaq’ é mais proximo a

Populag¢ao viva mais ao norte no .
populag¢des do velho mundo

Velho
/

‘8 e &

00
& A AA ..
? AMA&‘ Europeans
A

o
w

A @ Chukchis
@ Koryaks
© Yukaghirs
A East Greenlanders
A West Greenlanders
) A Na-Dene
A :
Middle America s
Dolgans
South America O Selkups
-0.13 O Kets i
O Yakuts

& PC2(39%) &

o
@

Fig 2 from Reich 2012, Rasmussem, 2010
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O genoma ‘Clévis’ [ca. 13,000 -12,600 cal. AP]

* Esqueleto de Anzick-1(12,707-12,556 cal. BP). Associado (acima) de ‘fardo’ Clévis?

* Origem asiatica ou europeia?

* Genoma sequenciado em 14,4 X

* Anzick-1é geneticamente mais semelhante a todos nativos Americanos atuais do que qualquer outra
populagao vivente.

*Anzick-1 faria parte da populacdes diretamente ancestral a maioria das popula¢des Nativas Americanas (-
Artico Na-Dené e Inuit-Aleuta).

* Divergéncia profunda entre populacdes nativa Americanas que precede Anzick-1

*Impossibilidade de uma migracao Solutreana, incompativel do MDCBP ou ocupacao profunda

Cc Anzick, MT Human remains il Clovis
Jake Bluff, OK | |

Colby, WY

Murray Springs, WY -

Sheriden Cave, OH -

Blackwater Draw, NM

Shawnee-Minisink, PA -

Lehner, AZ 4

Domebo, OK

Paleo Crossing, OH

Dent, CO

Extent of glaciation ‘ ' Anzick, MT Osseous tools

}38% ca: 8P Sloth Hole, FL 4
] 14, cal sp X e
13,000 cal & . ‘ Lange Ferguson, SD

ik

i

13,000

cal yrsp

12,000 —
12,500

Fig 1 from Rasmussem, 2014 Rasmussem, 2014; Becerra-Valdivia 2018
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O genoma ‘Clévis’ [ca. 13,000 -12,600 cal. AP]

* Esqueleto de Anzick-1 foi encontrado em 1968 préximo a Wilsall, Montana.

* Encontrado por operarios e nao em uma escavagao profissional.

* Crianga do sexo masculino encontrada em ‘associagao’ com um conjutno de mais de 100 artefatos liticois
e 0sseo associados a cultura Clovis.

* Datagao ‘complicada’: 10575-9005 cal. AP e 13,490-13,265.

-
SR-8151 (Anzick-1)
ERECONR i nes OxA-36,729 (AG) i I
AA-313A (decalcified collagen) OxA-36,166 (AF) BN P
CAMS-80535 (decalcified collagen) A OKAX-2734-18 | apee
(NRC-01, AG wiD 450m filler) ] —
) & | B —
AA-313B (unireated gelatin) — OxA-X-2739-54 A
\NRC-02, HYP) —
CAMS-B0537 (gelatin) A s :
— SR-T599 (antler rod)
CAMS-80536 (KOH-collagen) - OxA-35.731 (AG)
Beta-163833 (alkali collagen) —‘.'.‘— OxA-35.732 (aF)
CAMS-3512 (0.45 um fitered gelatin] —é— OXA-X-2734-19
INRC-01, AG wi.45ym filler) — =
XAD/single amino acid dates Oxh-X-2739-55 A
|(NRC-02, HYP) Hay e
) i, |
AA-2078 (aspartic acid) A - (sr-7802 (antler rod)
) I : H
AA-2979 (glutamic acid) = OxA-35,733 (AG) _ .lh-h__i
AA-2980 (hydroxyproline) =h | OxA-35,781 (AF)
AA281 (glycine) 1< OxA-X-2734-20 iV
(MRC-01, AG wil.450m filler)  : :
o i :
AA-2982 (alanine) — OxA-X-2739-56 s :
— {NRC-0Z, HYF) i
CAMS-B0538 (XAD-purified e
gelatin - SR-8147 (Anzick-2)
OxA-35,734 (AG) | et
UCIAMS-61661 (XAD-collagen) = OxA-35,782 (AF) ——a
Bela-168967 (alkali collagen) OxA-X-2734-21 T
IMRC-01, AG wi0.45um fier) —_
Rata-1RAA32 (alkali anllagan) — OxA-X-2730-57 R P
(NRC-02, HYP) —
B T B - VR 1 T 1 R 1 R 1 VR 11—
1
13000 12000 17000 70000

Calibeated date (calBP) Becerra-Valdivia 2018
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O genoma ‘Clévis’ [ca. 13,000 -12,600 cal. AP]

* Haplogrupo: D4h3a, linhagem rara especifica de Nativos Americanos, distribuido ao longo da costa
pacifica da América do Norte e do Sul.

015 010 —0.05 000 0.5
D(Han, Anzick-1; Karitania, X)

Fig 2 from Rasmussem, 2014 Rasmussem, 2014
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O genoma Siberiano do garoto de Mal’ta [ca. 24,600 cal. AP]
* Mal’ta é préximo aos atuais Euroasiaticos do oeste e Amerindios, mas distantes dos atuais grupos do
nordeste Asiatico. Presenca de ‘Venus figurines’ em Mal’ta indica conexao com Paleolitico Superior
Europeu.
* Populac¢des ‘européias’ antes ocupavam um territério mais a leste na Asia
* Entre 11% e 38% da ancestralidade Nativa Americana remonta a essa populagao.
* Semelhante a Afontova Gora-2, datado em ca. 17,000 anos AP — indicando continuidade populacional.
* Assinatura genética européia em Nativos Americanos pré-contato devido a ancestral comum
compartilhado.
* Haplogrupo U sem afiliacao especifica em clados conhecidos sugere populacdo raro ou extinta.

12

Afontova Gora-2

11 ([ ]

4 Mal'ta

ey
o Pppw
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SH

500 km

Fig 2 from Rasmussem, 2014 Raghavan, 2014
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O genoma Siberiano do garoto de Mal’ta [ca. 24,600 cal. AP]

‘the lack of genetic affinity between MA-1 and most populations in south-central Siberia
today suggests that there was substantial gene flow into the region after the Last Glacial
Maximum (LGM), mostly probably from east Asian sources’

0.194

0.142

f3 (Yoruba; MA-1, X)

0.04 -| Native Americans:
Amerind
Na-Dene
Eskimo-Aleut
0.02
B " @ Native
e ; Americans
Europeans ' ‘z“' -
QY]
£ 000 -\ a
Central and . wfiaﬂs 3
south Asians
o . :
-0.02- L £y
Oceanians
East Asians
T T T T T T T
-0.08 -0.02 -0.01 0.00 0.01 0.02 0.03

PCA1

Fig 2 from Rasmussem, 2014

Raghavan, 2014
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O genoma Siberiano do garoto de Mal’ta [ca. 24,600 cal. AP]

* Analise indica que popula¢des do Oriente Médio, Europa, Asia central e Asia do Sul sao mais préximo a
populacdes da América do Sul do que a populagdes da China.

b AR

Yoruba X Han Karitiana Yoruba X Han Karitiana

Surui — : —0—
Dai O !

MA-1 — . ——
Mozabite —
Bedouin —
Palestinian —
Druze —
North ltalian —
French Basque —
French —
Orcadian —
Russian
Adygei -
Balochi —
Brahui —
Burusho —
Kalash —

The most parsimonious explanation
for these results is that Native
Americans have mixed origins,
resulting from admixture between
peoples related to modern-day east
@ Native American Asians and western Eurasians

. ® Ancient Siberian

Makrani — O Middle Eastern
Pathan — . O European .
Sindhi — @ @ Central/south Asian

I I i I I I I I
-0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25

D(Yoruba, X; Han, Karitiana)

SOMIDIVIELES

Fig 2 from Rasmussem, 2014 Raghavan, 2014
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O genoma de Tianyuan [ca. 40,000 cal. AP]

* Geneticamente mais préoximo a populagdes asiaticas viventes e extintas do que com populacdes
europeias. Proximidade maior com Oceania do que Europa.

* Indica que separacao entre Euro e Asia ocorreu antes de 40000 anos.

*Entretanto, apresenta forte afinidade com Europeu de 35,000, indicando que a separacao entre early
Europeans e early Asians nao foi um unico evento de divisao.

* Tianyuan nao é ancestral direto das popula¢cdes que hoje vivem no leste e sudeste asiatico.

* Tianyuan € mais proximo de algumas populacdes da América do Sul do que outras.

0.042 f5(Tianyuan, X; Mouti)
T g— - gl - A_’:(!g‘g" H T
® 'qé{.;’”‘ L ¢ 4 2 Usi‘-ls;\‘i)m i
L 1Goyerat 1 o2 jf-
2 Dasel =1 =
Y
s -5—-_ F=-
0.247 ¢§>f
R
} 2 J
i
0.042 ' fa(Tianyuan, X; Mbuti)

Figure 1. fy(Tianyuan, X; Mbuti) for All Sites Where X Is a Present-Day Human Population or an Ancient Individual
The {5 statistic ranges from 0.04 to 0.25. A higher value (red) indicates higher shared genetic drift between the Tianyuan individual and the (A) present-day
population or (B) ancient individual. The intersection of the dotted lines indicates where the Tianyuan Cave is located. See also Table S2A.

Yang, 2017
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O genoma de Tianyuan [ca. 40,000 cal. AP]

* Tianyuan é mais préximo de algumas popula¢des da América do Sul (Surui e Chane) do que outras.
* Anzick-1 nao apresenta ancestralidade Tianyuan.
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0.019 : » 0.015 e 5 0.01 v Mal’ta1 uropea
- » Ancient North
® ° | ° Eurasian @
Karitiana S Karitiana ® o . o o .
Karitiana Han Ami Mixe Surui
® Suru L} : :
! ® Sumi ® Sul precent-day @ | Present-day @ [ Structured
0.005 DX, Mixe, Tianyuan, Mbuti) 10.002 D(X, Mixe, Papuan, Mbuti) = D{X, Mixe, Onge, Mbuti) East Asian . Native American : Populatlon
' ®
Chane c.,!,,e Chane
L

Yang, 2017
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O genoma de Kennewick [ca. 8400-9690 cal. AP]

* 200 mg of metacarpal bone
*Haplogrupo mtDNA X2a, Y: Q-M3
*Conville é uma das 5 tribos que pediu a repatriacao do esqueleto — foi genotipada — Late survival?

D(YRI,Kennewick)(X,Karitiana)
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O genoma de Kennewick [ca. 8400-9690 cal. AP]

* 200 mg of metacarpal bone
*Haplogrupo mtDNA X2a, Y: Q-M3
*Conville é uma das 5 tribos que pediu a repatriacao do esqueleto — foi genotipada
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America

Genoma do Pleistoceno final no Alasca

* Esqueleto de duas criancgas de ‘Upward Sun River (USR)’ foram datados em 11.5 kyBP.

AB-NNA + SNA divergence in:

NNA-SNA divergence in:

North America, south of Beringia East Beringia Old World
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Modelo atual do povoamento com base em dados genéticos

~20 ka

72
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East Beringia
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Moreno-Mayar et al. 2018 Nature



Argueogenética do Povo de Luzia
Implicacdes para o povoamento da América

Anzick-1

Belize
Mayahak Cab Pek

20ka: Early Amerindian divergence
16ka: Divergence of Anc-A and Anc-B
15ka: First arrival to South America

R o 12ka: Arrival of Clovis related populations to S. Amer.
NLIMEN AN instiuto, Central
NETANGY 0 5 A de biociencias Andes
9ka: Disappearance of Clovis related populations

from Lagoa Santa region

Population continuity

Replaced lineage Los Rieles

Primary South American ancestry
Southern
Anzick-1 related ancestry ; Cone

Late Central Andes ancestry
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Objetivo -> avaliar a partir de analises arqgueogenéticas:

* Afinidades genéticas extra-continentais — a Populag¢ao Y.

* Afinidades genéticas com a América do Norte — trés eventos de troca génica.
 Continuidade e substituicao populacional na América do Sul.

 Relagdo entre populagdes do ‘Sambaqui Classico’ e da ‘Terra Preta’*.

* Marcadores Uniparentais™.

* EDAR - fixacao convergente em ambos os lados do Pacifico.

* Proximos Passos...
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As populacdes pré-coloniais incluidas no estudo
» Cell: 49 novos genomas.
« Science: 15 novos genomas.

A\ USR1 ~11,400 BP
] [ ]
m f,(Mbuti, Test; USR1, Anzick-1)
.
u 0.011
B A Anzick-1~12,800 BP
" ]
u
[am
=]
] [ ]
s
®
(2 t' 0.003
Saki Tzul <7, 400BP+—
Mayahak Cab Pek ~8,300 BP Lapa do Santo
~8,600 BP
La Galgada ~4,100 BP
Lauricacha ~8,600 BP i 1%
Lauricocha ~5,800 BP Dil )
Lauricocha ~3,500 BP
Laramate ~900 BP [m] . o
Cuncaicha ~8,000 BP o !
Cuncaicha ~4,200 BP Laranjal -6 700 BP
Cuncaicha ~3,300 BP B a Moraes ~5.600 BP
Pica Ocho ~700 BF o Jabuticabeira 2 ~2,000 BP
O
Los Rieles ~10,300 BP
Los Rieles ~5,100 BF ) Laguna Chica ~6800 BP
Conchall ~700 BF Arroyo Seco 2 ~7,700 BP

Posth et al. 2018 Cell
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As populacdes pré-coloniais incluidas no estudo
» Cell: 49 novos genomas.
« Science: 15 novos genomas.

* A\ USR1 ~11,400 BP
Trail Creek
[ ]
m f,(Mbuti, Test; USR1, Anzick-1)
)
= 0.011
B A Anzick-1~12,800 BP
" ]
Spirit Cave *
o
Fa
] [ ]
s
)
[ 2 t‘ 0.003
SakiTzul ~7 400 BP——
Mayahak Cab Pek ~3,300 BP i Lapa do Santo
~8,600 BP
La Galgada ~4,100 BP
Lauricacha ~8,600 BP i 1%
Lauricocha ~5,800 BP Dil N
Lauricocha ~3,500 BP Sumidouro
Laramate ~900 BP o ¢
Cuncaicha ~9,000 BP |5|
Cuncaicha ~4,200 BP Laranjal -6 700 BP
Cuncaicha ~3,300 BP B a Moraes ~5.600 BP
Pica Ocho ~700 BF o Jabuticabeira 2 ~2,000 BP
|
Los Rieles ~10,300 BP
Los Rieles ~5,100 BF ) Laguna Chica ~6800 BP
Conchall ~700 BF Arroyo Seco 2 ~7,700 BP

Posth et al. 2018 Cell
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ASs amostras
* Quase a totalidade do DNA foi extraido do ‘osso petroso’

Posth et al. 2018 Cell
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A extracado de DNA

* Extracdo de acordo com protocolo de Dabney et al., (2013) e preparacao de biblioteca com o protocolo
de Rohland et al., (2015).

* Amostras foram tratadas com Uracil-DNA glicosilase (UDG) — reduz erros sem afetar nucleotideos
terminais. Captura de 1240k SNPs (Fu et al., 2015) e sequenciamento HiSeq 4000.

* Validacao: Padrdes caracteristicos de degradacao e heterozigose do cromosso X em homens.

P Sample preparation

Step 2: cut the tooth in the line Step 4: Drillinside of pulp
between crown and root aiabas
[a— - e’ ‘
crown &
B ep orage the bone
. ock bags

Cosimo Posth Tiago Ferraz

Ref

5'end Tianyuan MIDNA fragments ~ 3'end

\ |7
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Z 035 I :l 035
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; 020 020 7 =
$ 0.15 0.15 Q [
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AFINIDADES EXTRA-CONTINENTAIS
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Ancestralidade extra-continental — o DNA da Lapa do Santo

* Comparacao com séries de referéncia mundial de populacdes atuais (1240ka SNPs).

0.1

0.00 0.05 0.10

-0.05

-0.10

-0.20

-0.15

-0.10

0.00

0.05

Posth et al. 2018 Cell



Historia Populacional da América

Ancestralidade extra-continental — o DNA da Lapa do Santo
* Comparacao com séries de referéncia mundial de populacdes atuais (1240ka SNPs).
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Ancestralidade extra-continental — o DNA da Lapa do Santo
* Comparacao com séries de referéncia mundial de populacdes atuais (1240ka SNPs).
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Ancestralidade extra-continental — o DNA da Lapa do Santo
* Comparacao com séries de referéncia mundial de populacdes atuais (1240ka SNPs).

0.1

0.00 0.05 0.10

-0.05

-0.10

Lagoa Santa tem DNA Nativo |
Americano

A Australians |

-0.20

0.05

Posth et al. 2018 Cell
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Ancestralidade extra-continental — morfologia craniana

1. Modelo dos dois componentes bioldgicos principais (e.g. Neves e Hubbe 2005)

Dimension 2
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2 7] Multi-dimensional scaling based on craniometric variables
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Ancestralidade extra-continental — morfologia craniana

1. Modelo dos dois componentes bioldgicos principais (e.g. Neves e Hubbe 2005)

2 7] Multi-dimensional scaling based on craniometric variables
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Ancestralidade extra-continental — morfologia craniana

1. Modelo dos dois componentes bioldgicos principais (e.g. Neves e Hubbe 2005)

2 7] Multi-dimensional scaling based on craniometric variables
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Ancestralidade extra-continental — morfologia craniana

1. Modelo dos dois componentes bioldgicos principais (e.g. Neves e Hubbe 2005)

AUSTRALI
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Ancestralidade extra-continental — morfologia craniana

1. Modelo dos dois componentes bioldgicos principais (e.g. Neves e Hubbe 2005)

g
©
@
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Multi-dimensional scaling based on craniometric variables
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Strauss et al., 2015 AJPA
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Ancestralidade extra-continental — morfologia craniana

Os casos de ‘sobrevivéncia tardia’ também nao apresetam sinais de afinidade extra-
continental.

»Pericues*

Locality: Baja California
Date: Recent
Cran. morph: Paleoamerican (Gonzalez-José et al., 2003)
DNA: Amerindian (Raghavan et al., 2015)

»Fuego-Patagonians* »Botocudos*
Locality: South America Locality:east Brazil
Date: Recent Date: Recent
Cran. morph: Paleoamerican (Neves et al., 1999) Cran. morph: Paleoamerican (Strauss et al., 2015)

DNA: Amerindian (Raghavan et al., 2015) DNA: Amerindian (Malspinas et al., 2013)
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Ancestralidade extra-continental — morfologia craniana

Os casos de ‘sobrevivéncia tardia’ também nao apresetam sinais de afinidade extra-
continental.

»EU€Jo Botocudos*“
Locality: South America Locality:east Brazil
Date: Recent Date: Recent
Cran. morph: Paleoamerican (Neves et al.,, 1999) Cran. morph: Paleoamerican (Strauss et al., 2015)

DNA: Amerindian (Raghavan et al., 2015) DNA: Amerindian (Malspinas et al., 2013)
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Ancestralidade extra-continental — morfologia craniana

Os casos
continen

»Fuego

Locality:
Date: Re
Cran. mg
DNA: Am

IMPORTANTE

Estudos possevelmente mostram que os casos de
‘sobrevivéncia tardia’ apresentam afinidades com
linhagens ancestrais (e.gt. Baja California)

No paper da Science as populacdes da Patagonia
(Ayayema 5.1k e Punta Santa Ana 7.2k) parecem
nao ter sido afetados pelo influxo da Meso-América
que dilui a ancestralidade de L.Santa em diversas
populacoes do continente

le extra-

Botocudos*

ity:east Brazil
Date: Recent
auss et al., 2015)
Dinas et al., 2013)
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2. Morfologia craniana do Holoceno Inicial ndo seria diferente
» Nega a prdpria existéncia de uma morfologia “PaleoAmericana”
(e.g. Raghavan et al., 2015)
3. Plasticidade fenotipica (subsisténcia e nutricédo)
« Ameérica do Sul apresenta paisagens e ambientes muito diferentes entre si.
« Ao longo do Holocene mudangas drasticas no padrao de subsisténcia.
« Testes de Lande refutam deriva.
(e.g. Perez et al., 2009, 2011; Menendez et al., 2013)
4. A hipétese do ‘Fluxo Génico Recorrente’
« Morfologia Paleoamericana seria um extremo da variagao.

Fluxo génico continuo entre Asia e América
(e.g. Gonzélez-José et al., 2008; Pascheta et al., 2013)
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2. Morfologia craniana do Holoceno Inicial ndo seria diferente
 Nega a propria existéncia de uma morfologia “PaleoAmericana”
(e.g. Raghavan et al., 2015)
3. Plasticidade fenotipica (subsisténcia e nutricao)
« Ameérica do Sul apresenta paisagens e ambientes muito diferentes entre si.
« Ao longo do Holocene mudangas drasticas no padrao de subsisténcia.
« Testes de Lande refutam deriva.
(e.g. Perez et al., 2009, 2011; Menendez et al., 2013)
4. Ahipotese do ‘Fluxo Génico Recorrente’
« Morfologia Paleoamericana seria um extremo da variagao.

Fluxo génico continuo entre Asia e América
(e.g. Gonzélez-José et al., 2008; Pascheta et al., 2013)

REVISAO DETALHADA NO MATERIAL
SUPLEMENTAR DO ARTIGO DA SCIENCE
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Ancestralidade extra-continental — o DNA do material do Sumidouro
*Comparacao com séries de referéncia da América do Sul (atuais e antigas — incluindo 5 do Sumidouro).

Ld
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A C}aqq?q
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&Y |
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O 0.00- o
Siberiar?.@
o)
-0.051\/ ? oy

Moreno-Mayar et al., 2018 Science
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Ancestralidade extra-continental — o DNA do material do Sumidouro
*Comparacao com séries de referéncia da América do Sul (atuais e antigas — incluindo 5 do Sumidouro).

| DA

América do Norte

0.10 A

0.05 1

Dim 2 (3.5%)

0.00 ~

—0.05 - f: " <§
América do Sul SNA

0.1 0.0 01 02
Dim 1 (15.71%)

Moreno-Mayar et al., 2018 Science
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Ancestralidade extra-continental

* Nova reconstrugao facial com base no Sepultamento 26 da Lapa do Santo.
* Retrodeformagao e posterior reconstrugao pela Prof. Caroline Wilkinson.
» Abandona énfase nas feigdes marcadamente africanas.

* Nao foi feita a partir de andlises genéticas.
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Ancestralidade extra-continental

* Nova reconstrugao facial com base no Sepultamento 26 da Lapa do Santo.
* Retrodeformacgao e posterior reconstrugao pela Prof. Caroline Wilkinson.
» Abandona énfase nas fei¢des marcadamente africanas.

* Nao foi feita a partir de analises genéticas.
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Ancestralidade extra-continental — ‘Populacao Y’

* Um individuo do Sumidouro apresentou ~3% de mistura Australo-Asiatica.

* Todos os demais individuos de L.Santa (n=11/12) ndo apresentam sinal da ‘Populagdo Y.

* Nenhuma outra populagao analisada - incluindo outros ‘Paleocamericanos’ - apresenta esse sinal.

Estatistica f4 f4(Mbuti, Australasian; X, Mixe)

(Teste das quatro populagoes)
A
A

A
Africano .
)OOOOOOOOOOOOCAOOO(
Australo-asiatico .
XO00000000COOTIOOK ) mutacio
Nativos Americanos (égrui) i
Australo-Asiatico
Nativos Americanos _ |—_A‘, (Onge)
_ApOO( Africano Amerindio Amerindio
(Mbuti) (Surui) (Mixe)

Posth et al. 2018 Cell
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Ancestralidade extra-continental — ‘Populacao Y’

* Um individuo do Sumidouro apresentou ~3% de mistura Australo-Asiatica.

* Todos os demais individuos de L.Santa (n=11/12) ndo apresentam sinal da ‘Populagdo Y’

* Nenhuma outra populagao analisada - incluindo outros ‘Paleocamericanos’ - apresenta esse sinal.
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Moreno-Mayar et al., 2018 Science
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Ancestralidade extra-continental — ‘Populacao Y’

* Um individuo do Sumidouro apresentou ~3% de mistura Australo-Asiatica.

* Todos os demais individuos de L.Santa (n=11/12) ndo apresentam sinal da ‘Populagdo Y’

* Nenhuma outra populagao analisada - incluindo outros ‘Paleocamericanos’ - apresenta esse sinal.

USR1
Athabascan
Anzick1
pCave
Lovelock2
Lovelock3 -

S

Maya

Taino -
LagoaSta
Aya\yema
ukpa
Aymara
Quechua
Chane
urui

Karitiana
Piapoco

Ining
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RSN B
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Moreno-Mayar et al., 2018 Science



Historia Populacional da América

Ancestralidade extra-continental — ‘Populacao Y’

Moreno-Mayar et al., 2018 Science
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Ancestralidade extra-continental — ‘Populacao Y’

Moreno-Mayar et al., 2018 Science
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Ancestralidade extra-continental — ‘Populacao Y’

urul merinaio

DXOOOOCOOOOOOCTADOX (Mbuti) (Mixe)  (Mixe)

Moreno-Mayar et al., 2018 Science
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AFINIDADES COM AMERICA DO NORTE
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Excesso de compartilhamento de alelos com Anzick (Clovis):

*Populacdes que tem excesso: Chile LosRieles 10900BP e Brazil LapadoSanto 9600BP.

* Populagdes que NAO tem excesso: Peru_Cuncaicha_9000BP, Peru_Lauricocha_8600BP,
Argentine_ArroyoSeco2_ 7700BP.

OutGroup Test Early South American 1 Early South American 2| f4-statistic Z-score| #SNPs
Mbuti Anzick -12.8k Peru_Lauricocha_8.6k Chile_LosRieles_10.9k 0.002834 | 3.425 | 762k
Mbuti Anzick -12.8k Peru_Cuncaicha_9.0k Chile_LosRieles_10.9k 0.002241 | 2.477 | 726k
Mbuti Anzick -12.8k | Argentina_Arroyo2 7.7k Chile_LosRieles 10.9k 0.001552 | 2.020 | 754k
Mbuti Anzick -12.8k Peru_Lauricocha_8.6k Brazil_LapaDoSanto 9.6k 0.001633 | 3.109 | 955k
Mbuti Anzick -12.8k Peru_Cuncaicha 9.0k Brazil LapaDoSanto 9.6k 0.001005 | 1.542 | 875k
Mbuti Anzick -12.8k Argentina_Arroyo_7.7k Brazil_LapaDoSanto 9.6k 0.000384 | 0.803 | 932k

Posth et al. 2018 Cell
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Excesso de compartilhamento de alelos com Anzick (Clovis):

*Populacdes que tem excesso: Chile LosRieles 10900BP e Brazil LapadoSanto 9600BP.

* Populagdes que NAO tem excesso: Peru_Cuncaicha_9000BP, Peru_Lauricocha_8600BP,
Argentine_ArroyoSeco2_ 7700BP.

OutGroup Test Early South American 1 Early South American 2 f4-statisti Z-scorel #SNPs
Mbuti Anzick -12.8k Peru_Lauricocha_8.6k Chile LosRieles 10.9k 0.002834 | 3.425 || 762k
Mbuti Anzick -12.8k Peru_Cuncaicha_9.0k Chile_LosRieles_10.9k 0.002241 | 2.477 || 726k
Mbuti Anzick -12.8k | Argentina_Arroyo2 7.7k Chile_LosRieles_10.9k 0.001552 || 2.020 || 754k
Mbuti Anzick -12.8k Peru_Lauricocha_8.6k Brazil_LapaDoSanto 9.6k 0.001633 | 3.109 || 955k
Mbuti Anzick -12.8k Peru_Cuncaicha_9.0k Brazil_LapaDoSanto_9.6k 0.001005 | 1.542 || 875k
Mbuti Anzick -12.8k Argentina_Arroyo_7.7k Brazil_LapaDoSanto 9.6k 0.000384 | 0.803 || 932k

Posth et al. 2018 Cell
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Excesso de compartilhamento de alelos com Anzick (Clovis):
* gpWave (Reich et al., 2012): estima o numero minimo de fontes ancestrais que devem ter

contribuido para um conjunto de populacgodes.

Hipotese nula: O par de populagao em
questao tem como origem uma Unica
populacao ancestral homogénea

 Comparacoes que envolvem a Lapa do
Santo levam a uma forte rejeicao da
Hipotese Nula

* Valores significativos apenas quando Clovis
é incluido na analise.

-logyg(p-value)

p—-Values of gpWave Pairs

40,000001

4 Peru_Cuncaicha_4200B8P

«— Peru_Laramate_300BP and
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Excesso de compartilhamento de alelos com Anzick (Clovis):
* gpWave (Reich et al., 2012): estima o numero minimo de fontes ancestrais que devem ter

contribuido para um conjunto de populacgodes.

Hipotese nula: As trés populacdes em questao
tem como origem uma Unica populag¢do ancestral
homogénea (Rank 0) ou duas populagdes
ancestrais homogéneas (Rank 1)

Valores significativos de ‘p” apenas quando
Cldvis é incluido na analise
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Historia Populacional da América

Afinidades néo se limita a Anzick e inclui também Spirit Cave:
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Moreno-Mayar et al., 2018 Science
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gpGraphWave (Patterson et al., 2012): Out of Africa
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gpGraphWave (Patterson et al., 2012):

Out of Africa

Determina se um modelo especifico de divergéncia e mistura
populacional é consistente com todas as estatisticas-f relacionando
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gpGraphWave (Patterson et al., 2012): out of Africa
Determina se um modelo especifico de divergéncia e mistura
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Historia Populacional da Ameérica

Excesso de compartilhamento de alelos com Anzick (Clovis):
* gpWave (Reich et al., 2012): estima o numero minimo de fontes ancestrais que devem ter
contribuido para um conjunto de populacgodes.

Quando os mesmos testes sao aplicados a todos os possiveis

pares de populagoes nativas pos-coloniais da América do Sul

nenhuma comparacao rejeita a Hipdtese nula de uma unica
populag¢ao ancestral homogénea (Rank 0).

Como e quando ocorre essa intensa homogeneiza¢ao genética
das populag¢oes nativas da América do Sul?

Posth et al. 2018 Cell
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Excesso de compartilhamento de alelos com Anzick (Clovis):
* gpWave (Reich et al., 2012): estima o numero minimo de fontes ancestrais que devem ter
contribuido para um conjunto de populacgodes.
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Historia Populacional da América

‘Clovis first’?!1?1?
* Dados genéticos estdo entre as evidéncias mais robustas para a ocupacao pré-Clovis do continente

Americano.

* Primeiro estudo de arqueogenética do Novo Mundo foi justamente a comprovacao de uma ocupacgao

pré-Clovis!

g

i*Fishbone Cave
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W 2 4
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8 o J
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Paisley
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NN

AMS aates (conventional

DA ¢ years BP) Fig. 18
Sample Hg - Cave oy CIE** ™H
1651l S‘!e o.’ Beta Analytic Oxford Univ. :
replication

1294-PC-5/7D-4 B2* C. latrans Uppsala Not tested 1,308 = 28 5 1 - n/a
1374-PC-12A-28 B2t Uppsala 6,640 + 40 6,608 + 35 1 - n/a
1294-PC-5/6B-40 B2t C. lupus/ familiarisY] Uppsala 10,050 + 50 10,965 + 50 5 2 Human n/a
1294-PC-5/6B-50 A2t V. vulpes Uppsala 12,260 = 60 12,140 £ 70 5 3 Human Human
1294-PC-5/7C-31 BS,5% Uppsala/Leipzig 12,290 = 60 12,345 £ 55 5 4 Human Human
1374-PC-5/5D-311 | B2t Uppsala 12,400 + 60 12,275 £ 55 5 5 - Human

*Copenhagen SNaPshot, Uppsala Pyrosequenced, Uppsala cloned; Copenhagen SNaPshot,

Mitochondrial DNA Hgs were identified with different techniques across Laboratories as follows:
Copenhagen cloned, Uppsala Pyrosequenced, Uppsala cloned and sequenced;
cloned and sequenced. Although Hgs A and B are based on independently replicated results, sub-Hgs A2 and B2 are in general based on single laboratory analyses. For details, see SOM text

sequences detected with generic mammalian 165 mtDNA primers.  YSequences are indistinguishable over genetic marker.

1Copenhagen SNaPshot, Uppsala Pyrosequenced;

immunoelectrophoresis analysis. ) o result recovered because of poor protein preservation in the sample (see SOM text for more discussion).

solution. n/a, sample not assessed.

$$insufficient DNA was avaiable to further resolve the haplogroup.

i1 IFig. S1

#Sample identification in Fig. 1.

$Copenhagen SNaPshot, Uppsala Pyrosequenced, Leipzig

ICanid

**Result of crossover
t1Result after reconstituion in trisodium phosphate

Gilbert et al. 2008 Science



Historia Populacional da América

‘Clévis first’?!?1? NAO, NUNCA, JAMAIS!

*» Dados genéticos estao entre as evidéncias mais robustas para a ocupagao pré-Clévis do continente

Americano.

* Primeiro estudo de arqueogenética do Novo Mundo foi justamente a comprovagao de uma ocupagao

pré-Clovis!
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Historia Populacional da América

* Dados genéticos estdo entre as evidéncias mais robustas para a ocupacao pré-Clovis do continente
Americano.

* Primeiro estudo de arqueogenética do Novo Mundo foi justamente a comprovacdao de uma ocupacgao
pré-Clovis!

Native American S
founder lineages :
, i , j16.4 ’ . |® Replicate 1
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Time (ka) ¢ Replicate 3

Gilbert et al. 2008 Science



Historia Populacional da América

‘Clovis first’ na América do Sul?
* No presente estudo as amostras mais antigas sao: Los Rieles (~10,900 AP), Sumidouro (~10,400 AP), Lapa
do Santo (~9,600 AP), Belize (~9,300 AP).
* No presente estudo as amostras com afinidade Anzick s3o: Los Rieles (~10,900 AP), Sumidouro (~10,400

AP), Lapa do Santo (~9,600

AP), Belize (~9,300 AP).
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o Jabuticabeira 2 ~2,000 BP

Laguna Chica ~6,800 BP
Arroyo Seco 2 ~7,700 BP

Posth et al. 2018 Cell
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‘Clovis first’ na América do Sul?
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‘Clovis first’ na América do Sul?
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Historia Populacional da América

‘Clovis first’ na América do Sul?
* No presente estudo as amostras mais antigas sao: Los Rieles (~10,900 AP), Sumidouro (~10,400 AP), Lapa

do Santo (~9,600 AP), Belize (~9,300 AP).
* No presente estudo as amostras com afinidade Anzick s3o: Los Rieles (~10,900 AP), Sumidouro (~10,400

AP), Lapa do Santo (~9,600 AP), Belize (~9,300 AP).
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Historia Populacional da América

‘Clovis first’ na América do Sul?
* No presente estudo as amostras mais antigas sao: Los Rieles (~10,900 AP), Sumidouro (~10,400 AP), Lapa

do Santo (~9,600 AP), Belize (~9,300 AP).

* No presente estudo as amostras com afinidade Anzick s3o: Los Rieles (~10,900 AP), Sumidouro (~10,400

AP), Lapa do Santo (~9,600 AP), Belize (~9
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Historia Populacional da América

‘Clovis first’ na América do Sul?
* gpGraph com protocolo semi-automatizado de minimizacao de ‘Z’
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Historia Populacional da América

‘Clovis first’ na América do Sul?
* gpGraph com protocolo semi-automatizado de minimizacao de ‘Z’
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Historia Populacional da América

‘Clévis first’ na América do Sul?
* gpGraph com protocolo semi-automatizado de minimizacao de ‘Z’
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Historia Populacional da Ameérica

‘Clovis first’ na América do Sul?
* gpGraph com protocolo semi-automatizado de minimizacao de ‘7’
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Possibilidade da linhagem de Anzick-1 derivar da
‘Ancestralidade Sul Americana primaria’.

Migragao do sul para o norte?
Populagoes de 10 mil anos claramente nao sao basais: ‘they

result from complex admixture events between earlier
established populations — Unsampled Pop A’ (Moreno-Mayar 2018)

— |

( USA San Nicolas ~4,900 BP ) ( USA Anzick-1 ~12,800 BP )

Posth et al. 2018 Cell



Historia Populacional da América

‘Clovis first’ na América do Sul?
* gpGraph com protocolo semi-automatizado de minimizacao de ‘7’
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Historia Populacional da América

‘Clovis first’ na América do Sul?
* gpGraph com protocolo semi-automatizado de minimizacao de ‘7’
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‘Clovis first’ na América do Sul?
* gpGraph com protocolo semi-automatizado de minimizacao de ‘7’
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‘Clovis first’ na América do Sul?
* gpGraph com protocolo semi-automatizado de minimizacao de ‘7’
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Historia Populacional da América

Continuidade e descontinuidade populacional macro-regional:
*A partir de ~9000 AP nos Andes (Lauricocha e Cuncaicha)

* A partir de ~¥8600 AP no Cone Sul (Arroyo Seco 2 e Laguna Chica)

* A partir de ~5800 AP (?) no ‘Brasil’.
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Continuidade e descontinuidade populacional macro-regional:
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Continuidade e descontinuidade populacional macro-regional:
*A partir de ~9000 AP nos Andes (Lauricocha e Cuncaicha)
* A partir de ~¥8600 AP no Cone Sul (Arroyo Seco 2 e Laguna Chica)
* A partir de ~5800 AP (?) no ‘Brasil’.
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Continuidade e descontinuidade populacional macro-regional:
*A partir de ~9000 AP nos Andes (Lauricocha e Cuncaicha)

* A partir de ~¥8600 AP no Cone Sul (Arroyo Seco 2 e Laguna Chica)
* A partir de ~5800 AP (?) no ‘Brasil’.
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Historia Populacional da América

Continuidade e descontinuidade populacional macro-regional:
*A partir de ~9000 AP nos Andes (Lauricocha e Cuncaicha)
* A partir de ~¥8600 AP no Cone Sul (Arroyo Seco 2 e Laguna Chica)
* A partir de ~5800 AP (?) no ‘Brasil’.
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Historia Populacional da América

Continuidade e descontinuidade populacional macro-regional:
*A partir de ~9000 AP nos Andes (Lauricocha e Cuncaicha)

* A partir de ~¥8600 AP no Cone Sul (Arroyo Seco 2 e Laguna Chica)
* A partir de ~5800 AP (?) no ‘Brasil’.
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Historia Populacional da Ameérica

Continuidade e descontinuidade populacional macro-regional:
* Analise do material do Sumidouro confirma que inexiste uma ancestralidade direta entre os grupos

de L.Santa e os Nativos Americanos atuais.
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Historia Populacional da América

Continuidade e descontinuidade populacional macro-regional:
* Dados morfoldgicos também apontam para descontinuidade (Hubbe et al., 2014)

©
O -
M~

Northe: rn.Brazﬂ Tupi

Guarani
[ ]

Ma.rajé

Umbu
A

Séo Paulo ri\.erli.ne shellmounds

Parana shellmounds

Santa Catarina ceramic sites
Séo Paulo ihellmounds

Santa Catarln‘a shellmounds
Central Bra:xl Botocudo
Kamaka
L ]

Karrgang

Southern B-r:zil Botocudo

\. LATE HOLOCENE

Lagoa Santa
|

LEGEND
B EARLY HOLOCENE
A MID HOLOCENE

W,

f
-8.45

T T
1.42 6.35

Stress = 16.3%

T
-3.52

1
11.29

Hubbe et al. 2014 AJPA
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Continuidade e descontinuidade populacional macro-regional:
* Dados morfoldgicos também apontam para descontinuidade (Hubbe et al., 2014)
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Historia Populacional da América

Continuidade e descontinuidade populacional macro-regional:
* Dados morfoldgicos também apontam para descontinuidade (Hubbe et al., 2014)
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Historia Populacional da América

Continuidade e descontinuidade populacional macro-regional:
* Dados morfoldgicos também apontam para descontinuidade (Hubbe et al., 2014)
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EDAR V370A



Historia Populacional da América

EDAR V370A — Convergéncia

Ampla gama de efeitos pleiotrépicos: forma do incisivo em pa, foliculos capilares, grossura do cabelo,
densidade de glandulas sudoriperas e padrao de ramificacao dos dutos das glandulas mamarias.
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Praticamente fixado (100%) tanto em populagdes do Leste Asiatico como Nativos Americanos.

Nas amostras antigas apresentam o alelo ancestral um individuo da Lapa do Santo e um individuo de
Laranjal. USR1 e Anzick-1 também apresentam o alelo ancestral.

Posth et al. 2018 Cell



Historia Populacional da Ameérica

EDAR V370A — Convergéncia

Ampla gama de efeitos pleiotropicos: forma do incisivo em p3, foliculos capilares, grossura do cabelo,
densidade de glandulas sudoriperas e padrao de ramificacao dos dutos das glandulas mamarias.

Praticamente fixado (100%) tanto em populagdes do Leste Asiatico como Nativos Americanos.

Nas amostras antigas apresentam o alelo ancestral um individuo da Lapa do Santo e um individuo de
Laranjal [ 1eP 4~ Ammiale A snmalafinn cincnnnbainn o alala oo cbaal

s

Fixacdo ocorreu de forma paralela na Asia e
na Ameérica.

Sele¢ao ou deriva?
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Historia Populacional da América

Conclusdes
Povoamento da América do Sul é um processo complexo que envolveu a inuimeros eventos de
dispersao, divergéncia e mistura — rapidos e quase simultaneos - de popula¢des ancestrais conhecidas

e outras desconhecidas.

Entender as implicacdes populacionais da Pop-Y em L.Santa é urgente.

Relagdo entre morfologia e moléculas parece refletir fendmenos de escala intra-continental e nao

extra-continental.

@ .
4,
Ancient oﬁ\b
Beringians A
\
>
Anzick-1 ¢
7
California
Channel N\

Islands

@ 20ka: Early Amerindian divergence

@ 16ka: Divergence of Anc-A and Anc-B

@ 15ka: First arrival to South America

@ 12ka: Arrival of Clovis related populations to S. Amer.

Central
@ 9ka: Disappearance of Clovis related populations Andes @
from Lagoa Santa region
Lapa do
Santo
Population continuity Brazil
Los Ricres

Replaced lineage

B Primary South American ancestry /

Anzick-1 related ancestry

Southern
Cone

Late Central Andes ancestry
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O SAMBAQUI JABUTICABEIRA 2
CONCHEIRO vs. TERRA PRETA



Historia Populacional da América

Relacdes do Sambaqui Jab 2 com populagdes nativas:
* Sambaqui Jabuticabeira 2 apresenta afinidades com grupos nao Tupi-Guaranis.
* Afinidade com grupos Jé parece maior quando o individuo do nivel de terra preta € incluido.

Outg. Test Pop 1 Pop2
Mbuti  Jab. 2_Tot. Parakana (Tupi-G.) Kaingang (Ge)
Mbuti  Jab.2_Tot. Guarani (Tupi-G.)  Kaingang (Ge)
Mbuti  Jab. 2_Tot. Arara (Carib) Kaingang (Ge)
Mbuti  Jab.2_Conch.  Guarani(Tupi-G.)  Kaingang (Ge)

Mbuti

Jab. 2 _Conch.  Parakana (TupiG.) Kaingang (Ge)

f3(Mbuti; Test, Brazil_Jabuticabeira2_2000BP)

Z-score  #SNPs
3.842 44322
2.687 45181
0.185 42046
2.155 40713
3.124 39931
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Relacdes do Sambaqui Jab 2 com populagdes nativas:
* Sambaqui Jabuticabeira 2 apresenta afinidades com grupos nao Tupi-Guaranis.
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Relacdes do Sambaqui Jab 2 com populagdes nativas:
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Historia Populacional da América

Relacbdes do Sambaqui Jab 2 com populagdes nativas:
* Sambaqui Jabuticabeira 2 apresenta afinidades com grupos nao Tupi-Guaranis.
* Afinidade com grupos Jé parece maior quando o individuo do nivel de terra preta € incluido.

Outg. Test Pop 1 Pop2
Mbuti  Jab. 2_Tot. Parakana (Tupi-G.) Kaingang (Ge)
Mbuti  Jab.2_Tot. Guarani (Tupi-G.)  Kaingang (Ge)
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Mbuti  Jab.2_Conch. Parakana (TupiG.) Kaingang (Ge)

f3(Mbuti; Test, Brazil_Jabuticabeira2_2000BP)
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3.842
2.687
0.185
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44322
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42046
40713
39931

Topo: Sambaqui T. Preta (1300-1100AP)
Individuos analisados: 1
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Individuos analisados: 7
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Historia Populacional da América

Relacdes do Sambaqui Jab 2 com populagdes nativas:
* Sambaqui Jabuticabeira 2 apresenta afinidades com grupos nao Tupi-Guaranis.
* Afinidade com grupos Jé parece maior quando o individuo do nivel de terra preta € incluido.

Outg. Test Pop 1 Pop2 Z-score  #SNPs
Mbuti  Jab. 2_Tot. Parakana (Tupi-G.) Kaingang (Ge) 3.842 44322
Mbuti  Jab. 2_Tot. Guarani (Tupi-G.)  Kaingang (Ge) 2.687 45181
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BASE: Sambaqui Concha (2300-1800AP)
Individuos analisados: 7
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Historia Populacional da América

Marcadores Uniparentais — Jabuticabeira 2
* Expressiva homogeneidade entre os sete individuos do ‘Sambaqui classico’.
* Mudanca na ocupacao corresponde a mudanca de haplogrupo (Clc -> B2)

Individual ID Nivel Haplogroup
Jabuticabeira2 — Burial 102 Terra Preta B2
Jabuticabeira2 — Burial 43 Sambaqui Classico Clc
Jabuticabeira2 — Burial 111/112_nonPathological Sambaqui Classico Clc
Jabuticabeira2 — Burial 111/112_Pathological Sambaqui Classico Clc
Jabuticabeira2 — Burial 110 Sambaqui Classico Clc
Jabuticabeira2 — Burial 10B Sambaqui Classico Clc
Jabuticabeira2 — Burial 34 Sambaqui Classico Clc
Jabuticabeira2 — Burial 11A Sambaqui Classico Clc

T T - ey

54 B Vs

{ Sambaqui Classico 5 Terra Preta

e RN Y S . ! . S Posth et al. 2018 Cell




Historia Populacional da América

Marcadores Uniparentais — Jabuticabeira 2
* Expressiva homogeneidade entre os sete individuos do ‘Sambaqui classico’.
* Mudanca na ocupacao corresponde a mudanca de haplogrupo (Clc -> B2)

Individual ID Nivel Haplogroup
Jabuticabeira2 — Burial 102 Terra Preta B2
Jabuticabeira2 — Burial 43 Sambaqui Classico Clc
Jabuticabeira2 — Burial 111/112_nonPathological Sambaqui Classico Clc
Jabuticabeira2 — Burial 111/112_Pathological Sambaqui Classico Clc
Jabuticabeira2 — Burial 110 Sambaqui Classico Clc
Jabuticabeira2 — Burial 10B Sambaqui Classico Clc
Jabuticabeira2 — Burial 34 Sambaqui Classico Clc
Jabuticabeira2 — Burial 11A Sambaqui Classico Clc
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Historia Populacional da América

Marcadores Uniparentais — Jabuticabeira 2
* Expressiva homogeneidade entre os sete individuos do ‘Sambaqui classico’.
* Mudanca na ocupacao corresponde a mudanca de haplogrupo (Clc -> B2)

Individual ID Nivel Haplogroup
Jabuticabeira2 — Burial 102 Terra Preta B2
Jabuticabeira2 — Burial 43 Sambaqui Classico Clc
Jabuticabeira2 — Burial 111/112_nonPathological Sambaqui Classico Clc
Jabuticabeira2 — Burial 111/112_Pathological Sambaqui Classico Clc
Jabuticabeira2 — Burial 110 Sambaqui Classico Clc
Jabuticabeira2 — Burial 10B Sambaqui Classico Clc
Jabuticabeira2 — Burial 34 Sambaqui Classico Clc
Jabuticabeira2 — Burial 11A Sambaqui Classico Clc
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Historia Populacional da América

Marcadores Uniparentais — Jabuticabeira 2
* Expressiva homogeneidade entre os sete individuos do ‘Sambaqui classico’.
* Mudanca na ocupacao corresponde a mudanca de haplogrupo (Clc -> B2)

Individual ID Nivel Haplogroup
Jabuticabeira2 — Burial 102 Terra Preta B2

Jabuticabeira2 — Burial 43 Sambaqui Classico Clc

| Sambaqui Classico
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Historia Populacional da América

LimitacOes

O primeiro terco da ocupacao do continente ndo esta amostrado.
Radiagdo rapida torna particularmente necessario elevado nimero amostral.
No Brasil, em especial, existem areas enormes sem amostras — antigas e presentes.

Artigos ja nascem ‘obsoletos’ -> imediata jung¢ao dos dados Cell + Science

—
—
—




Historia Populacional da América

LimitacOes

* O primeiro terco da ocupacado do continente ndao esta amostrado.

* Radiagao rapida torna particularmente necessario elevado numero amostral.

* No Brasil, em especial, existem dreas enormes sem amostras — antigas e presentes.

* Artigos ja nascem ‘obsoletos’ -> imediata juncdo dos dados Cell + Science
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Proximos passos...

Aumentar a amostragem genomica de populacdes Nativo Americanas
* JP-FAPESP: Diversidade Gendmica dos Nativos Americanos (inicio 2017)

* Coordenacdo: Tabita Hinemeier
oy  HUMAN
LA POPULATION
VX4 GENOMICS LAR

2 ey
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Aumentar a amostragem genomica de populacdes Nativo Americanas
* JP-FAPESP: Diversidade Gendmica dos Nativos Americanos (inicio 2017)
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Proximos passos... Projeto JP-FAPESP

e . . _ ™
HISTORIAS INDIGENAS DE LONGA DURACAO
O BRASIL PRE-COLONIAL PELA OTICA DA ANTROPOLOGIA VIRTUAL E DA
ARQUEOGENETICA.

|

1. Arqueogenética
2. Antropologia Virtual

3. Escavacoes Arqueoladgicas

A FAPESP
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MARCADORES UNIPARENTAIS



Historia Populacional da Ameérica

Marcadores Uniparentais - mitogenomas

* Diversidade caracteriza Lapa do Santo (oposto para Jabuticabeira 2)

* Haplogrupo D4h3a é raro entre popula¢des atuais. Marcador de uma expansao costeira pelo Pacifico?
*Presenca em dois individuos da Lapa do Santo e um de Moraes
* Além desse estudo: Anzick (USA), 939 (Canada), Conchali (Chile), Shuka’kaa (Usa)

Individual ID mt Haplogrupo

LGpGDOSGHtO_BUfiG/4 A2 Y ' Pe‘r'egq et\_;";ll. 2(309 Evol. Biol.
LapaDoSanto Buriall5 A2 - R
LapaDoSanto Buriall8 A2 L "

LapaDoSanto Burial23 Adult2 A2 i
LapaDoSanto Buriall7 A2 20 ’

LapaDoSanto Burial30 B2 .
LapaDoSanto_Burial32 B2 i

LapaDoSanto Burial23_SubAdult1 B2 - B A
LapaDoSanto Buriall Cld1 Py

LapaDoSanto Buriall6 D4h3a Jras

LapaDoSanto _Burial28 D4h3a 80

Laranjal LARAN2 Burial2 A2 "
Laranjal LARAN4 Burial3 A2 .. D4h3a &
Moraes_Burial5 D4h3a

Posth et al. 2018 Cell
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Marcadores Uniparentais - mitogenomas

* Diversidade caracteriza Lapa do Santo (oposto para Jabuticabeira 2)

* Haplogrupo D4h3a é raro entre popula¢des atuais. Marcador de uma expansao costeira pelo Pacifico?

*Presenca em dois individuos da Lapa do Santo e um de Moraes
* Além desse estudo: Anzick (USA), 939 (Canada), Conchali (Chile), Shuka’kaa (Usa)

_Individual ID mt Haplogrupo
LapaDoSanto Burial4 A2
LapaDoSanto Buriall5 A2
LapaDoSanto Buriall8 A2
LapaDoSanto Burial23 Adult2 A2
LapaDoSanto Buriall7 A2
LapaDoSanto Burial30 B2
LapaDoSanto Burial32 B2
LapaDoSanto Burial23 SubAdultl B2
LapaDoSanto Buriall Cld1
LapaDoSanto_Buriall6 D4h3a
LapaDoSanto_Burial28 D4h3a
Laranjal LARAN2 Burial2 A2
Laranjal LARAN4 _Burial3 A2
Moraes_Burial5 D4h3a

o -y

30.0
28.0
26.0
24.0
220
20.0
18.0

=160

140

120

—10.0
I8.0
6.0
40

—.. D4h3a

. ol Pe‘riegq etal. éGOQ Evol. Biol.
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Marcadores Uniparentais - mitogenomas

Auséncia do Haplogrupo X2a

S wear?

Recent aDNA Sample Locations

a Vantage 1500-500 BP 14.3% X 34%
b-d: 200 BP 0% X
e Klunk Mounds 1850-1650 BP 4.7% X 30%
f:Norris Farm 650 BP 3.9% X 26%
g Hopewell 2150-1450 BP 0.0% X
@ Anzick Site 12,590-12,722 calBP (human remains) 22%
12,764-13,038 calBP (artefacts)
- @ Mal’ta Sitc 24.423-23,891 calBP (human remains) 18%
14%
10%
6%
2%
0

<

Oppenheimer 201x xxx
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Marcadores Uniparentais — Cromossomo Y

* Haplogrupo C2b é extremamente raro: chegada ao Novo Mundo posterior a 6000 anos atras (Roewer et al,,
2013)?
* Entretanto, esse haplogrupo foi identificado em um individuo da Lapa do Santo.

* O haplogrupo Q1a2al1b-CTS1780 é raro atualmente mas estava presente em 1/3 das amostras analisadas
nesse estudo.
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Distribuicao do haplogrupo C2b (arﬁarelo). Roewer et al., 2013
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America

O genoma ‘Clévis’ [ca. 13,000 -12,600 cal. AP]
* Esqueleto de Anzick-1(12,707-12,556 cal. BP). Associado (acima) de ‘fardo’ Clévis?
* Origem asiatica ou europeia?

* Genoma sequenciado em 14,4 X
* Anzick-1é geneticamente mais semelhante a todos nativos Americanos atuais do que qualquer outra

populagao vivente.

*Anzick-1 faria parte da populacdes diretamente ancestral a maioria das popula¢des Nativas Americanas (-
Artico Na-Dené e Inuit-Aleuta).
* Divergéncia profunda entre populacdes nativa Americanas que precede Anzick-1
*Impossibilidade de uma migracao Solutreana, incompativel do MDCBP ou ocupacao profunda

Fig 1 from Rasmussem, 2014

12,000 —

c Anzick, MT ~ Human remains el Clovis
Jake Bluff, OK |
Colby, WY p=—d
Murray Springs, WY - | —
Sheriden Cave, OH | |
Blackwater Draw, NM e |
Shawnee-Minisink, PA f——e]
Lehner, AZ 4 e
Domebo, OK | e |
Paleo Crossing, OH | S—
| Dent, CO ]
Extent of glaciation - Anzick, MT Osseous tools Inmmm—
|:| 16,000 cal sp Sloth Hole, FL A Ir—]
13’8% gg: g: . ; Lange Ferguson, SD  —
cal yrsp

12,500

13,000

Rasmussem,

Becerra-Valdivia 2018



America

O genoma ‘Clévis’ [ca. 13,000 -12,600 cal. AP]

* Esqueleto de Anzick-1 foi encontrado em 1968 préximo a Wilsall, Montana.

* Encontrado por operarios e nao em uma escavagao profissional.

* Crianga do sexo masculino encontrada em ‘associagao’ com um conjutno de mais de 100 artefatos liticois
e 0sseo associados a cultura Clovis.

* Datagao ‘complicada’: 10575-9005 cal. AP e 13,490-13,265.

-
SR-8151 (Anzick-1)
ERECONR i nes OxA-36,729 (AG) i I
AA-313A (decalcified collagen) OxA-36,166 (AF) BN P
CAMS-80535 (decalcified collagen) A OKAX-2734-18 | apee
(NRC-01, AG wiD 450m filler) ] —
) & | B —
AA-313B (unireated gelatin) — OxA-X-2739-54 A
\NRC-02, HYP) —
CAMS-B0537 (gelatin) A s :
— SR-T599 (antler rod)
CAMS-80536 (KOH-collagen) - OxA-35.731 (AG)
Beta-163833 (alkali collagen) —‘.'.‘— OxA-35.732 (aF)
CAMS-3512 (0.45 um fitered gelatin] —é— OXA-X-2734-19
INRC-01, AG wi.45ym filler) — =
XAD/single amino acid dates Oxh-X-2739-55 A
|(NRC-02, HYP) Hay e
) i, |
AA-2078 (aspartic acid) A - (sr-7802 (antler rod)
) I : H
AA-2979 (glutamic acid) = OxA-35,733 (AG) _ .lh-h__i
AA-2980 (hydroxyproline) =h | OxA-35,781 (AF)
AA281 (glycine) 1< OxA-X-2734-20 iV
(MRC-01, AG wil.450m filler)  : :
o i :
AA-2982 (alanine) — OxA-X-2739-56 s :
— {NRC-0Z, HYF) i
CAMS-B0538 (XAD-purified e
gelatin - SR-8147 (Anzick-2)
OxA-35,734 (AG) | et
UCIAMS-61661 (XAD-collagen) = OxA-35,782 (AF) ——a
Bela-168967 (alkali collagen) OxA-X-2734-21 T
IMRC-01, AG wi0.45um fier) —_
Rata-1RAA32 (alkali anllagan) — OxA-X-2730-57 R P
(NRC-02, HYP) —
B T B - VR 1 T 1 R 1 R 1 VR 11—
1
13000 12000 17000 70000

Calibeated date (calBP) Becerra-Valdivia 2018



