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Last week:

0 Hominin taxonomy
How do we classify human fossils?

L Modern human fossils
When and where do we find
anatomically modern fossils?

O Populations and demes
Are population models better than
species models?
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For today:

0 Genomics of modern human origins
What does (ancient) DNA tell us
about the origins and evolution of
modern humans?

0 Models of anthropogeny
What model of modern human
origins is best supported with the
current fossil and genomic
evidence?

O Modern human dispersals
When, how, and why did
anatomically modern humans
disperse out of Africa?
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Species concepts and speciation

O Biological species
Reproductively isolated populations.
Interbreeding is possible by species
recognition and compatible
fertilization system.

O Morphological species
Phenetic clustering of organisms
based on anatomical traits

O Genetic species
Genetic clustering of organisms
based on genetic frequencies

O Phylogenetic species

O Evolutionary species
Ancestral-descendant sequence of
populations terminating by extinction
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Species concepts and speciation

O Biological species Allopatric

Reproductively isolated populations.
Interbreeding is possible by species [kl
recognition and compatible population
fertilization system.

@ Morphological species 'S"igi:ast%gﬁ of
Phenetic clustering of organisms P - L
based on anatomical traits Barrier

formation

M Genetic_species_ : Evolution of -
Genetic clustering of organisms reproductive D
based on genetic frequencies isolation “

In isolation

O Phylogenetic species L

New distinct
: _ species after £ ‘
O Evolutionary species equilibration @

Ancestral-descendant sequence of  UEE IS
populations terminating by extinction

|. Karonen 2006
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Species concepts and speciation

Q Biological species Allopatric Peripatric

Reproductively isolated populations.

Interbreeding is possible by species [kl
recognition and compatible population -
fertilization system.

O Morphological species Lnig?::ast%gﬁ of
Phenetic clustering of organisms P

based on anatomical traits Barrier New niche
formation entered

O Genetic species Evolution of ®
Genetic clustering of organisms reproductive D Q
isolation

based on genetic frequencies

In isolation In isolated
niche

O Phylogenetic species

New distinct ‘ ‘
_ _ species after .
Q Evolutionary species equilibration

Ancestral-descendant sequence of  UEE IS
populations terminating by extinction

|. Karonen 2006
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Species concepts and speciation

O Biological species Allopatric Peripatric Parapatric

Reproductively isolated populations.

Interbreeding is possible by species Origir|1atl_
recognition and compatible population :

Initial step of Y

nitial step o >

speciation @

fertilization system.
Barrier New niche New niche

formation entered entered

O Genetic species Evolution of ( ®
Genetic clustering of organisms reproductive D Q
isolation

based on genetic frequencies

O Morphological species
Phenetic clustering of organisms
based on anatomical traits

In isolation In isolated In adjacent
niche niche

O Phylogenetic species

New distinct
: : species after _
O Evolutionary species equilibration

Ancestral-descendant sequence of  RUMEUAEUES

populations terminating by extinction

|. Karonen 2006
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Species concepts and speciation

O Biological species
Reproductively isolated populations.
Interbreeding is possible by species REigeluEl]
recognition and compatible population
fertilization system.

O Morphological species
Phenetic clustering of organisms

Initial step of q D
speciation

based on anatomical traits Barrier
formation
O Genetic species. : Evolution of
Genetic clustering of organisms reproductive D
based on genetic frequencies isolation
In isolation

O Phylogenetic species

New distinct
. _ species after ‘
O Evolutionary species equilibration
Ancestral-descendant sequence of  RUMEUAEUES
populations terminating by extinction

Allopatric Peripatric Parapatric Sympatric

New niche New niche Genetic
entered entered polymorphism
©
In isolated In adjacent Within the
niche niche population

|. Karonen 2006
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White et al. 2003; Beyin 2013
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Atoms DNA helix Cell nucleus Red blood cell Capillaries Blood vessels

ATOMS MOLECULES ORGANELLES CELLS TISSUES

Nature Education 2010; White et al. 2003; Beyin 2013
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Basics of inheritance

Bo(n o ano -

O Sexual reproduction et e Dr Tatiana’s
common across the animal kingdom DR TATIANA'S Sex Advice

and usually implies pronounced SEX ADVIGE To All

sexual dimorphism TO ALL CREATION Creatlon

THE DEFINITIVE GUIDE TO THE
EVOLUTIONARY BIOLOGY OF SEX

OLIVIA JUDSON

Nature Education 2010
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Basics of inheritance

O Cellular structure
* Mitochondria
* Nucleus

Nature Education 2010
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2 QI

i Bne » X

O Chromosomes

JU I ) ¥y ou

13 14 15 16 17 18
.

i ’" " it )
19 20 21 22 X Y

Nature Education 2010; 23andMe
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Basics of inheritance

O Chromosomes

* DNA strand
* Genes
* Nucleotides

US Department of Enerqgy
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Basics of inheritance

0 Recombination
at the cellular level, genetic diversity
is produced by the process of
recombination

KPR

A

K M « M ?‘. X

JU I

13

14

it

19

15

"

20

¥ Y% N
16 17 18

" pt )l
21 22 XY

Nature Education 2010; 23andMe
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Basics of inheritance

O Geneaology
In theory, you can trace ancestry .

based on genetic inheritance, but A
recombination makes this difficult " “ “

“ Family

Novembre & Ramachandran 2011
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Two regions that do not recombine are:

U mitochondria
inherited maternally

O Y-chromosome
inherited paternally

*some regions do recombine, but not to the same
degree as other chromosomes

" it '

21 22 x|y
Nature Education 2010; 23andMe
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Phylogeography: a method to analyze
the geographical distribution of different

clades within a phylogeny

« Optimal for uni-parental loci
(mitochondrial DNA and Y-
Chromosome DNA)

@ Europe
O America
O Oceania

Cavalli-Sforza & Feldman 2003
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Phylogeography

Phylogeography: a method to analyze Y-chromosome DNA
the geographical distribution of different
clades within a phylogeny

« Optimal for uni-parental loci
(mitochondrial DNA and Y-

Chromosome DNA) | 5 | gﬁﬁ;
Dl

I . N
#ﬁlﬁé&. ﬂ“ J.Eé.ﬁé.“:*l
R

[ Asia

@ Europe
[ America
O Oceania

Cavalli-Sforza & Feldman 2003
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Phylogeography

Phylogeography: a method to analyze

0.102 . .
0.010 New Guinean and Australian
"~ 0.044

0.059 Pacific Islander

0082 _ Southeast Asian

0.093 0

046
MNortheast Asian

the geographical distribution of different
clades within a phylogeny

Optimal for uni-parental loci

0.020

0.018 Los
il

Arctic Northeast Asian

0.029

Amerind

fpord North African and West Asian

0.205
African

(mitochondrial DNA and Y-

D.;I 5 EI.I‘IO EI.IL'IS D.(I)D

Chromosome DNA)

When assuming a certain mutation
rate, it is possible to date the
divergence of different clades within a

phylogeny

Geographical distribution and dating
theoretically together allow inferenes
on key events in human evolution

genetic distance

Cavalli-Sforza & Feldman 2003
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Phylogeography

657073 kya
7] W African
326-482 O Asian
B Australian
E Melanesian
European
ﬁE‘ 135 188 B Native American
; - T
i
[ Pt i
[ T

Qs PN O

1 Saqagaq
2"Cro-Magnon 1
3 Oberkassel 988

A, g K-
4 Loschbour / ﬂ‘%&} -
5 lceman R

6 Dalni Vestonice 13 v,
. . . 7 Dolni Vestonice 14 =) -
« fossils and ancient DNA allow higher 8 Kasonk 14 u
. . Tianyuan 1301
resolution across time and space 10Boshan 11 5 by
Fu et al 2013
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Phylogeography

Phylogeography: a method to analyze
the geographical distribution of different
clades within a phylogeny

Optimal for uni-parental loci
(mitochondrial DNA and Y-
Chromosome DNA)

When assuming a certain mutation
rate, it is possible to date the
divergence of different clades within a

phylogeny

Geographical distribution and dating
theoretically together allow inferenes
on key events in human evolution

fossils and ancient DNA allow higher
resolution across time and space

Fossils

Reyes-Centeno 2016
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A tiny part of our total inheritance!

The autosome (non-sex
chromosomes) are excluded

Y-chromosome changes depedant to
some extent on father's age during
conception (mutations are higher with
older age, which could inflate dates of
divergence)

" it
21 22 x|y
Nature Education 2010; 23andMe
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O Microsatellites
Non-functional regions of the
genome, consisting of repeating 2-6
basepairs; also refered to as short-
tandem repeats (STRS)

O Single-nucleotide polymorphisms
(SNPs)
Base substitutions, deletions, or

insertions at functional and non-
functional regions

D Genomes 6 7 8 9 10 " 12
The entire genetic information of an )
organism’‘s nucleus (both autosomal JL 1S " M tH i
and sex chromosomes; both 13 1“4 15 16 17 18
functional and non-functional)
i ’" " pt )l
19 20 21 22 XY

Nature Education 2010; 23andMe
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Atoms DNA helix Cell nucleus Red blood cell Capillaries Blood vessels

ATOMS MOLECULES ORGANELLES CELLS TISSUES

Nature Education 2010; White et al. 2003; Beyin 2013
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Genome-wide approaches

O Microsatellites
Non-functional regions of the
genome, consisting of repeating 2-6 [ iuseai.
basepairs; also refered to as short- =t
tandem repeats (STRS)

n
rt

Pemberton et al 2013
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Genome-wide approaches

SNPs DNA

The Tree of Life

Primates Gorillas
. . . Chimpanzees Orangutans
O Single-nucleotide polymorphisms
(SNPs) =%
Base substitutions, deletions, or e, _
insertions at functional and non- o . 7N
functional regions diversity E= o |7 com-n._pmale, e

% Lotk o
East Asia, < . B9, ) .
Wsn® o-.
Wit g7
e 9.9
('. _l;i' -

=, - ey
= e e &
A N e
Norihcs and the Mddie East o | g L ]
% \ VO

Sub-Saharan Africa . e

Novembre & Ramachandran 2011
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Genome-wide approaches

SNPs DNA

O Single-nucleotide polymorphisms
(SNPs)
Base substitutions, deletions, or
insertions at functional and non-

Rotated PC1

functional regions

-006 | N \ -
1 ..’ ‘

-004 -0.02 0 002 004 006 008
Rotated PC2

Novembre & Ramachandran 2011
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Genome-wide approaches

SNPs DNA

O Single-nucleotide polymorphisms
(SNPs)
Base substitutions, deletions, or
insertions at functional and non-

functional regions

Novembre & Ramachandran 2011
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Genome-wide approaches

SNPs DNA

O Single-nucleotide polymorphisms
(SNPs)
Base substitutions, deletions, or
insertions at functional and non-

functional regions

Novembre & Ramachandran 2011
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Genome-wide approaches

SNPs DNA

O Single-nucleotide polymorphisms
(SNPs)
Base substitutions, deletions, or
insertions at functional and non-

functional regions

Novembre & Ramachandran 2011
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Genome-wide approaches

=] O Africa
b ye=y
o Souin Ao
O West Eurasia Oa
3 .
g o
B &
31 e
4
O Genomes
The entire genetic information of an % O S 13
organism’‘s nucleus (both autosomal PC1 (7.8% of variance)

and sex chromosomes; both
functional and non-functional)

Mallick et al. 2017
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Ancient genomes and fossils fill in the gaps...

New fossil discoveries inform on the

c : 5 Homo Homo Homo Artifact Traditions
diversity of past populations across V| neanderthlensis sapiens erecius Mo fTeSmaet
o 0m _0 } Upper Paleolithic
time and space &} 0 T Vol Sone Age

£ P i \ & Mousterian
Homo arc;nt_ ropus
= 2 heidelbergensis olset
DNA from these fossils can give us - H @ % o @
more data points of analysis in e J
. or Aenyaninropus ome = Par‘anfhra
reconstructing a phylogeny mffﬂ'b‘eﬂm Hm ;fib,-z,-s robustus
2= ergasmr =2 @ Oldowan @
-‘_-1—-1__* Auslralapzrhecus 25
I garhi
’ Paranthropus
34 H Australopithecus / aethiopicus 3
H afrtcanus
Kenvamhmpus ’ Am:jqjﬂﬁsgc‘us
platyops faked
4= Amrralopirh_ecus = ( Mteifazttzne
anamensis unknown)
Ardlpuhecus I
ramidus
54 £ L5
Ardipithecus I
kadabba
Orrorin Sahe;:;zzthmpus
tugenensis g’ tchadensis
6 " : Figure 449 6
Klein 2009
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Ancient genomes and fossils fill in the gaps...

657 - 973 kya

New fossil discoveries inform on the T ﬁ“‘“ MtDNA s
diversity of past populations across 8 Australian
time and space

B Melanesian
OEuropean
B Native American

DNA from these fossils can give us
more data points of analysis in
reconstructing a phylogeny

1 Saqagaq
2*Cro-Magnon 1
3 Oberkassel 988
4 Loschbour
5 lceman
6 Dolni Vestonice 13
7 Dolni Vestonice 14
8 Kostenki 14
9 Tianyuan 1301

10 Boshan 11 ’27

Fu et al 2013
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Ancient genomes and fossils fill in the gaps...

L Neanderthal admixture
* Neanderthal and modern human
hybrids in the fossil record?

* Pestera cu Oase ~37 ka

*A Skhul/Qafzeh ~90-120 ka
o
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Ancient genomes and fossils fill in the gaps...

O Neanderthal admixture %
* Neanderthal and modern human : N/
narrow hips

hybrids in the fossil record? and trunk ¢ : @
broad hips ~
| X and trunk “?

short
forearm {
"l Z/ g
‘.
f
long short
lower leg lower leg

» Some refer to these potential hybrids
as transitional forms or ,near-
modern“ humans

long
forearm

Israeli near-modern French
human Neanderthal
(Skhul IV) (La Ferrassie I)
Klein 2009
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Ancient genomes and fossils fill in the gaps...

L Neanderthal admixture
* Neanderthal and modern human Neandertal
hybrids in the fossil record?

» Some refer to these potential hybrids
as transitional forms or ,near-

modern“ humans Afficans

non-Africans

* No evidence from mtDNA

1 African

1 African
1African-
American

4 Africans

Krings et al 1997
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Ancient genomes and fossils fill in the gaps...

L Neanderthal admixture
* Neanderthal and modern human
hybrids in the fossil record?

» Some refer to these potential hybrids
as transitional forms or ,near-
modern“ humans

* No evidence from mtDNA

d Other ancient admixture
* Hominin from Denisova Cave,
Russia

...and break down the tree

San

Mbuti

Yoruba
Mandenka

Dinka
Sardinian

French

Karitiana

Papuan

6.0x09 %

Denisova

0.00 0.05 0.10 015 0.20 0.25
Drift parameter

Meyer et al. 2012
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Ancient genomes and fossils fill in the gaps...

L Neanderthal admixture

* Neanderthal and modern human
hybrids in the fossil record?

» Some refer to these potential hybrids
as transitional forms or ,near-
modern“ humans

* No evidence from mtDNA

L Other ancient admixture

* Hominin from Denisova Cave,
Russia

* Neanderthal from Denisova Cave

* Human history more like a web
instead of a tree?

...and break down the tree

a b
 MEF e
\ P II g. | (S B8O°
I -,4 ,l' ‘ ) \
b":. b L ils Denisova
& x S o) B LTy
E "\fpdqa Mezmaiskaya ,_,_P’SQ a5
5 9"_%;}; TS ot | e
AR
/jr’:pz“ { : ‘\, - SL 4‘"
= Thot 151 90N\ asi weerl” 7 .
Denisovans

Modern humans Neanderthals

D.l. Denisova

%
2% 2055, Altai
‘\ Vindija

Mezmaiskaya
N.1.

Oceania

Asia_ 4t

Europe

Africa

Potential
unknown
hominin

Prifer et al. 2009
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Ancient genomes and fossils fill in the gaps...

L Neanderthal admixture
* Neanderthal and modern human
hybrids in the fossil record?

» Some refer to these potential hybrids

as transitional forms or ,near-
modern“ humans

* No evidence from mtDNA
L Other ancient admixture

* Hominin from Denisova Cave,
Russia

* Neanderthal from Denisova Cave

* Human history more like a web
instead of a tree?

Modern humans

Oceania -0 2% . SEE\

Asia_ 4

Europe

Africa

3-6%

...and break down the tree

*A Skhul/Qafzeh ~90-120 ka

Denisovans
Neanderthals
D.l. Denisova

Mezmaiskaya
N.I.

Potential
unknown
hominin

Prifer et al. 2009

41 | Modern Human Origins, Lecture 6

06/12/2017



EBERHARD KARLS

UNIVERSITAT
TUBINGEN

= [ OTA

VFG

Ancient genomes and fossils fill in the gaps...

L Neanderthal admixture
* Neanderthal and modern human
hybrids in the fossil record?

» Some refer to these potential hybrids

as transitional forms or ,near-
modern“ humans

* No evidence from mtDNA
L Other ancient admixture

* Hominin from Denisova Cave,
Russia

* Neanderthal from Denisova Cave

* Human history more like a web
instead of a tree?

Modern humans

Oceania -0 2% . SEE\

Asia_ 4

Europe

Africa

3-6%

...and break down the tree

*A Skhul/Qafzeh ~90-120 ka

Denisovans
Neanderthals
D.l. Denisova

Mezmaiskaya
N.I.

Potential
unknown
hominin

Prifer et al. 2009
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Species concepts and speciation

O Biological species
Reproductively isolated populations.
Interbreeding is possible by species
recognition and compatible
fertilization system.

La Chapelle-aux-Saints
(classic Neanderthal)

Cro-Magnon 1
O Morphological species (carly modem Furopean e
Phenetic clustering of organisms
based on anatomical traits Klein 2009
O Genetic species Denisovans
Genetic clustering of organisms L g . Neanderthals
based on genetic frequencies Oceania  -02% . o De"'swi%o A
Asia_ g / ol Vindija
O Phylogenetic species Europe hLermaiskaya
Africa
O Evolutionary species
Ancestral-descendant sequence of Potential
populations terminating by extinction i

Prifer et al. 2009
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Hypotheses on modern human origins

O Multiple Origins
Multiple origins in different continents
and convergent evolution

by CARLETON S. COON

NEW YORK : ALFRED A-KNOFF
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Hypotheses on modern human origins

Modern Populations

O Multiple Origins Near Eoa Atriea Fast Aca Austrslasia
Multiple origins in different continents N ANL NN [ 4
and convergent evolution Traimoni a—w ke i Uiy Wk

) ) A A

O Multiregional Evolution & \u%/:_:‘s.-m/:_, Mabe ":_:;mﬁ
Dynamic admixture within between A ) A A A
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Frayer et al. 1993
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Hypotheses on modern human origins

Gene Flow with
Isolation by Distance
and Some Long
Distance Dispersal
Shown by mtDNA, Y-DNA,
X-linked DNA, and
Autosomal DMA

G
e
N

O Multiregional Evolution
Dynamic admixture within between
populations across time and space

Range Extansions shown by EDN,
mtDMA, MS205 MC1R, MX1, and TNFS5F

|
/

\f
/

Qut of Asia Expansion Shawn by
Hemaglobin [§ and Y-DNA

Out of Africa Expansion of Homo sapiens
Shown by HFE, HS57182, RRM2P4,
miDNA, and Y-DNA

\

|

A

0.13 {0.096 to 0.169) MYA Gene Flow with |solation by Distance and

Some Long Distance Dispersal Shown by
CYP1A2, ECP, GSPD, HFE, Hemagiobin i,
MENIALASZ, RAM2P4, and Xg13.3

V’;‘
i

Achsulean Out of Africa Expansion Shown
by FUTE, GEPD, Hemeglabin b, HFE,
Lactase, MS5205, and MCTR

g
\

0.65 (0.39 to 0.97) MYA ¢

|
;

Gene Flow with Isolation by Distance
Shown by CCRS, EDN, FUTZ,
FLITs, and PDHA 1

Y
i

o
\

Out of Africa Expansion of Hamo aacius
Shown by CYPiA2, FUT2, and Lactase

1.90 (0.99 10 3.10) MYA

Africa S. Europe 5. Asia

Templeton 2007
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Hypotheses on modern human origins

: - Europe  Africa Asia
0 Multiple Origins

Multiple origins in different continents
and convergent evolution

O Multiregional Evolution
Dynamic admixture within between

opulations across time and space S
pop P o *--..__h__:lgﬁ i
L s H
o o . e 5"‘:. .

O Assimilation 3

Multiregional evolution and

assimilation of expanding modern
humans

(c)

Stringer 2001
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Hypotheses on modern human origins

Multiple Origins Europe  Africa Asia
Multiple origins in different continents
and convergent evolution

Multiregional Evolution
Dynamic admixture within between
populations across time and space

Assimilation
Multiregional evolution and
assimilation of expanding modern
humans

Out-of-Africa [and replacement] \, ] ———-:"‘JJ
b)

Modern human origins in Africa and
replacement of non-modern humans

Out-of-Africa, hybridization, and
replacement (

Stringer 2001
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Hypotheses on modern human origins

Biological species Allopatric Peripatric Parapatric Sympatric

Reproductively isolated populations.

Interbreeding is possible by species [kl
recognition and compatible population

fertilization system.

>
Morphological species Initial step of
Phenetic clustering of organisms P

based on anatomical traits Barrier New niche New niche Genetic
formation entered entered polymorphism

Genetic species Evolution of -
Genetic clustering of organisms reproductive D ‘ ‘@
d g isolation

based on genetic frequencies
In isolation In isolated In adjacent Within the
niche niche population

Phylogenetic species

New distinct
Evolutionary species Eﬁﬁﬁiﬁf’a?iﬁﬁr

Ancestral-descendant sequence of  RUMEUAEUES

populations terminating by extinction

|. Karonen 2006
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Hypotheses on modern human origins

Age Western/Central
Europe | Asia |  Africa |Eastern Asia | Australasia

O Out-of-Africa, hybridization, and
replacement 20

Fig. 7 Origin and evolution of Homo sapiens Brauer 2015
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Hypotheses on modern human origins

Divergence
of Hominin
H MNeanderthal ] Denisavan l A
Py e

lineages
Origin of  ede]
modern humans

Unknown

Hominin

Population [

divergence

Out of Africa

50

-
> .
ANEWHG EEF|  ElSidrdn
/ and
Ancestral / Vindija
European |/

D OUt-Of-AfI’IC&, hybrldlzatlon, a.nd PFESEHE:;); Africa v%:ﬁr;p;:r;?a ggisat America  Oceania
replacement

Nielsen et al 2017
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Species concepts and speciation

O Biological species
Reproductively isolated populations.
Interbreeding is possible by species REigeluEl]
recognition and compatible population
fertilization system.

O Morphological species
Phenetic clustering of organisms

Initial step of q D
speciation

based on anatomical traits Barrier
formation
O Genetic species. : Evolution of
Genetic clustering of organisms reproductive D
based on genetic frequencies isolation
In isolation

O Phylogenetic species

New distinct
. _ species after ‘
O Evolutionary species equilibration
Ancestral-descendant sequence of  RUMEUAEUES
populations terminating by extinction

Allopatric Peripatric Parapatric Sympatric

New niche New niche Genetic
entered entered polymorphism
©
In isolated In adjacent Within the
niche niche population

|. Karonen 2006
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The serial founder effect model

O Cascading bottlenecks or serial
founding events

Henn et al. 2012
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The serial founder effect model

O Cascading bottlenecks or serial
founding events
1. Decreasing intra-population

or 1.0

diversity with geographical g
. . § p] ooty Setaalpee e glo 0 s N ”
distance from Africa 55 : R
Increasing inter-population §s
diversity between populations fai, [ : r , |
0 5000 10000 15000 20000 25000

with geographical distance
separating them

Great circle geographic distance using waypoints fiem]

Ramachandran et al. 2005
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The serial founder effect model

O Cascading bottlenecks or serial
founding events
1. Decreasing intra-population

diversity with geographical
distance from Africa
Increasing inter-population
diversity between populations
with geographical distance
separating them
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Manica et al. 2007; Betti et al. 2011
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The serial founder effect model

O Cascading bottlenecks or serial
founding events = =
1. Decreasing intra-population
diversity with geographical
distance from Africa
Increasing inter-population
diversity between populations g S —
with geographical distance Dkt
separating them
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Atkinson 2011; Hunley et al. 2012
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The serial founder effect model

O Cascading bottlenecks or serial
founding events
1. Decreasing intra-population

d?versity with gquraphical oo | P )
distance from Africa e S el

0.02400 —
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Lycett & von Cramon-Taubadel 2008
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Competing models

Expected under the 2 Oof

Wast Africa  Ghost Ewope  East Asa  Australia
(orubal) {Bardiniang) (Han Chinese) (WCD}
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Nielsen et al. 2017
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