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Last week:

O Species concepts and definitions
How do we define a species and
how does this relate to modern
humans?

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?

0 The serial founder effect
What are the genetic signatures of
the human expansion out of Africa?
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Last week:

|
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0 Genomics of modern human origins
What does (ancient) DNA tell us
about the origins and evolution of
modern humans?
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O Species concepts and definitions
How do we define a species and
how does this relate to modern
humans?

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

(a) (b)

Ewope  Africa Asia Euwrope  Africa Asia

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

A

0 The serial founder effect
What are the genetic signatures of
the human expansion out of Africa? © )

Stringer 2001
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Last week:

: . e eatumiConirel s Eastern Asia | Australasia
O Species concepts and definitions o s I e 8 bt

How do we define a species and
how does this relate to modern
humans?

APTNISEYANS
DA ot
PR

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

Fig. 7 Origin and evolution of Homo sapiens Brauer 2015
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Last week:

O Species concepts and definitions
How do we define a species and
how does this relate to modern

humans?
e

0 Genomics of modern human origins | fa

What does (ancient) DNA tell us ; Y

about the origins and evolution of W A 4

modern humans? %0

e e

0 Models of anthropogeny o

What model of modern human
origins is best supported with the
current fossil and genomic

evidence? Genetlc Diversity

0 The serial founder effect
What are the genetic signatures of
the human expansion out of Africa?

Henn et al. 2012
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This lecture:

0 Modern human dispersals
When, how, and why did
anatomically modern humans
disperse out of Africa?

O Neutral and adaptive evolution
What is the difference between
evolution by chance and evolution
under selection?

d Co-evolution
Do the genotype and phenotype co-
evolve?
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Competing modern human dispersal models

O Timing:
« ~130ka
« ~50ka

O Mode: Number of dispersals

« 1 Out-of-Africa event \ fa
« 2 Out-of-Africa events : Y

O Mode: Route of dispersal " :.‘.
« Southern (to Arabian Peninsula) Yoo
» Northern (to Levant) o

Henn et al. 2012
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Competing modern human dispersal models

O Timing: Europe  Africa Asia
« ~130ka
« ~50ka

O Classical Out-of-Africa and
replacemnet view: Out-of-Africa at
~50ka and replacement of other
hominins (e.g. Neanderthals in Europe
and erectus in Asia)

““‘:::"")
b)

(

Stringer 2001
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Competing modern human dispersal models

O Timing:
« ~130ka
« ~50ka

O Classical Out-of-Africa and
replacemnet view: Out-of-Africa at
~50ka and replacement of other
hominins (e.g. Neanderthals in Europe
and erectus in Asia); However,

« Skhul and Qazeh represent

anatomically modern humans
(AMH) outside of Africa between
~80-130 ka
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Competing modern human dispersal models

O Timing:
« ~130ka
« ~50ka

Fuyan,
Liujiang,
Lunadong,
Zhirendong
70-120 ka

[ * Callao ~70 ka

Lenggong ~75 ka

O Classical Out-of-Africa and
replacemnet view: Out-of-Africa at
~50ka and replacement of other
hominins (e.g. Neanderthals in Europe
and erectus in Asia); However,

« Skhul and Qazeh represent

anatomically modern humans

(AMH) outside of Africa between
~80-130 ka Sl L
Some Asian fossils could be pene- PUNUNg ~120 ka2 *

contemporaneous
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Competing modern human dispersal models

O Timing:
« ~130ka
« ~50ka

O Classical Out-of-Africa and
replacemnet view: Out-of-Africa at
~50ka and replacement of other
hominins (e.g. Neanderthals in Europe
and erectus in Asia); However,

« Skhul and Qazeh represent

anatomically modern humans
(AMH) outside of Africa between
~80-130 ka

Some Asian fossils could be pene-
contemporaneous Lida Ajer ~65 ka? * ;
Occupation of Southeast Asia and @J * 4
Australia by ~65 ka Madjebebe ~65 ka
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Competing modern human dispersal models

O Timing:
« ~130ka
« ~50ka

O Classical Out-of-Africa and
replacemnet view: Out-of-Africa at
~50ka and replacement of other
hominins (e.g. Neanderthals in Europe
and erectus in Asia); However,

« Skhul and Qazeh represent

Tam Pa Ling ~45 ka

o

\

anatomically modern humans o ‘
(AMH) outside of Africa between

~80-130 ka * Niah Cave ~45 ka

@
o

Some Asian fossils could be pene-
contemporaneous

Occupation of Southeast Asia and
Australia by ~65 ka

Occupation of Eurasia >45 ka

Lake Mungo ~45 ka *

15 | Modern Human Origins, Lecture 7 13/12/2017



EBERHARD KARLS

UNIVERSITAT
TUBINGEN

PLRE  DFG

Competing modern human dispersal models

O Timing:
~130 ka
~50 ka

O Mode: Number of dispersals
1 Out-of-Africa event
2 Out-of-Africa events
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Competing modern human dispersal models

O Timing:
~130 ka
~50 ka

130-80 ka

O Mode: Number of dispersals
1 Out-of-Africa event
2 Out-of-Africa events

Reyes-Centeno H. 2016

17 | Modern Human Origins, Lecture 7 13/12/2017



EBERHARD KARLS

UNIVERSITAT
TUBINGEN

GLURE  DFG

Competing modern human dispersal models

O Timing:
~130 ka
~50 ka

30-40 ka

O Mode: Number of dispersals
1 Out-of-Africa event
2 Out-of-Africa events

Reyes-Centeno H. 2016
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Competing modern human dispersal models

0 Mode: Route of dispersal

« Southern (to Arabian Peninsula)

« Paleoenvironment: passage
more likely between 145-115 WSk
ka and again between 80-65

105-80 ka

* Northern (to Levant)

« Paleoenvironment: passage
more likely between 140-75
ka

Blome et al. 2012
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Competing modern human dispersal models

Australian Levantine fossils

fossils

0 Mode: Route of dispersal

-145

« Southern (to Arabian Peninsula) A L] L3 ]
 Paleoenvironment: passage 107 (]
more likely between 145-115 _—— ——
. £ 130 A [Austr.|
ka and again between 80-65 2 ]
%g -120 1
* Northern (to Levant) 115 B
« Paleoenvironment: passage g
more likely between 140-75 8
k 8
<! 8
e
 In either route, conditions were cold 8- %
and dry between 75-55 ka 21C 8
2]
55
%]
-3
-2 1
S 0 N B D 8 3 | -

0 10 20 30 40 50 60 70 80 90 100110120130 140
Age (ka)

Tierney et al. 2017

20 | Modern Human Origins, Lecture 7 13/12/2017



EBERHARD KARLS

UNIVERSITAT
TUBINGEN

PLRE  DFG

Competing modern human dispersal models

Australian Levantine fossils

fossils

0 Mode: Route of dispersal

-145

« Southern (to Arabian Peninsula) A L] L3 ]
 Paleoenvironment: passage 107 (]
more likely between 145-115 _—— ——
. £ -130 - [Austr._]
ka and again between 80-65 2 ]
%g -120 1
* Northern (to Levant) 115 B
« Paleoenvironment: passage g
more likely between 140-75 8
k 8
<! 8
 In either route, conditions were cold 8- %
and dry between 75-55 ka 21C 8
2]
« Why disperse during arid o5
conditions time period? © 4
-3
« Lag in genomic estimates? e e T ——

0 10 20 30 40 50 60 70 80 90 100110120130 140
Age (ka)

Tierney et al. 2017
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Competing modern human dispersal models

O Mode: Route of dispersal
Southern (to Arabian Peninsula)

Northern (to Levant)
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Competing modern human dispersal models

O Timing:
« ~130ka
« ~50ka

0 Mode: Number of dispersals
e 1 Out-of-Africa event
e 2 Out-of-Africa events

O Mode: Route of dispersal
Southern (to Arabian Peninsula)

Northern (to Levant)

Clear evidence of northern route
~90-120 ka, but extinct lineage?
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Competing modern human dispersal models

O Timing:
« ~130ka
« ~50ka

0 Mode: Number of dispersals
* 1 Out-of-Africa event

e 2 Out-of-Africa events Manot Cave ~55 ka

O Mode: Route of dispersal
Southern (to Arabian Peninsula)
Northern (to Levant)

Clear evidence of northern route
~90-120 ka, but extinct lineage?

Evidence by ~55 ka. Possible
hybrid?
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Competing modern human dispersal models

O Timing:
« ~130ka
« ~50ka

0 Mode: Number of dispersals
* 1 Out-of-Africa event

e 2 Out-of-Africa events Manot Cave ~55 ka

O Mode: Route of dispersal
Southern (to Arabian Peninsula)
Northern (to Levant)

Clear evidence of northern route
~90-120 ka, but extinct lineage?

Evidence by ~55 ka. Possible
hybrid?

No fossils yet reported in southern
Arabian Peninsula
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O Revised view:

Expansion ~130 ka to the Levant
and possibly further into Eurasia,

followed by extinction
*  Small populations? o et B

«  Contributions to Neanderthals? SN
*  Competition with other hominins? Geneticadmicture
«  Middle Paleolithic / MSA toolkit? s
with Denisovans
Major dispersal between ~80-50 ka S e s Ea —
l\‘, "
2 % ;A Ku'k z”“":}i" l
= = Up
= = Yai -Cho
= | TeshikTash 2 Bal ba NiafiCave
=5 3 2 ooy Torge" F: T
i} "ﬂm """"" ] m.m B
2 Lial
H
tl- F7
Skha!
125 Tabun R
Neandertals B Modern humans B venisovans I i tioresiensis

Bae et al 2017
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The serial founder effect

O Serial founding effect (or cascading
bottlenecks)

1.

Decreasing intra-population
diversity with geographical

distance from Africa

Genetlc Diversity

O S

Henn et al. 2012
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The serial founder effect

O Serial founding effect (or cascading
bottlenecks)

1. Decreasing intra-population
diversity with geographical
distance from Africa

Increasing inter-population
diversity between populations
with geographical distance
separating them

Genetlc Diversity

Henn et al. 2012
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The serial founder effect

O Serial founding effect (or cascading
bottlenecks)

1. Decreasing intra-population
diversity with geographical
distance from Africa

Increasing inter-population
diversity between populations
with geographical distance

separating them

Expecled helerozygosity

or 1.0

00 02 04 08

T
o 5000 10000 16000 20000 25000

Great circle geographic distance using waypoints fiem]

Ramachandran et al. 2005

30 | Modern Human Origins, Lecture 7

13/12/2017



EBERHARD KARLS

UNIVERSITAT
TUBINGEN

GLURE  DFG

The serial founder effect

O Serial founding effect (or cascading

bottlenecks) 104 e .
o . §500tas] Yot some o,
1. Decreasing intra-population gfin_ﬁ_ o ey A ; &
diversity with geographical a8 N e
distance from Africa §8%
& 8027
Increasing inter-population 0.0

T T T I I T 1
5,000 10,000 15,000 20,000 25,000 30,000 35,000

diversity between populations 0
Distance from African origin (kmj

with geographical distance

separating them

Phenctypic msiance
00 02 04 056 038 1.0
L

5000 10000 15000 20000 25000 30000 35000
Geographic disiance (Km)

Manica et al. 2007; Betti et al. 2011
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The serial founder effect

O Serial founding effect (or cascading

bottlenecks) - o
=3 u
- . :
1. Decreasing intra-population :
diversity with geographical : o i - S
distance from Africa g e
Increasing inter-population - DismortomAEa )
diversity between populations
with geographical distance 10 g Lo
separating them - i
g 202
5 06 £ 0
E: 04 — é 1.0 -
£ 208 o
. £ 06- .
®" T e 204 "
g g O'S Arric’a{aﬁ=0.063 ,

T T T T T T T T T
0 5000 10000 15000 20000 25000 0 2000 4000 6000 8000
geographical distance (km) geographical distance (km)

Atkinson 2011; Hunley et al. 2012
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The serial founder effect

O Serial founding effect (or cascading
bottlenecks)

1. Decreasing intra-population son- om0
- . . . O p:O.‘CL‘.S 2:::‘“
diversity with geographical o] % meme

0.02400 —

distance from Africa

0.02200 —

#0 Q%D
@ = =
g;vﬁ?

Variance

0.02000 —

Increasing inter-population sorso
diversity between populations oo |
with geographical distance e e e e e
separating them Geograph Disnce

P

Lycett & von Cramon-Taubadel 2008
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Modes of evolution

O Neutral evolution (or drift) refers to
changes in the genotype and
phenotype that refer to chance events

or stochastic processes (e.g. random
mutations)

US Department of Enerqgy
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Modes of evolution

O Adaptive evolution (or selection)
refers to changes in the genotype and
phenotype that are due to non-random
or non-stochastic processes (e.g.

environmental)

US Department of Enerqgy
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Modes of evolution

Note: changes in genotype and phenotype
can occur during an organisms lifetime,
but they will not be inherited to the next
generation unless they occur along the
germ line or an epigenetic process.

US Department of Enerqgy
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Drift and selection in human evolution

O Adaptive evolution is thought to have
played an important role in early
human evolution

20MYA

Rogers Ackermann & Cheverud 2004
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Drift and selection in human evolution

O Adaptive evolution is thought to have
played an important role in early
human evolution

U Netural evolution is thought to play the
primary role in recent human evolution

Weaver et al 2007
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Drift and selection in human evolution

chromosome

Direct comparison of netural
genomic and phenotypic
variation between populations is

significant

US Department of Energy; Reyes-Centeno et al 2017
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Drift and selection in human evolution

Direct comparison of netural
genomic and phenotypic
variation between populations is

significant

F.; Distances

0.25

0.2 +

o
=
&3]

o
[

0.05 +

r=0.591
p=<0.0001 .
: Ll 0“ )

P, DIstances

Reyes-Centeno et al 2017
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Drift and selection in human evolution

e .
- g
= I - < =
= * Lo
e S
A S
2 N ey

beztan,

O Adaptation still plays an important role _ N §

* e.g. adaptation to high altitude

environments: independent
(convergent) evolution and possible
hominin introgression in Tibet g

HIF2A, HIF1A
ET-1

Carotid body
PHD2, HIF1A, HIF2A

Heart
PHD2, HIF2A, HIF1A

&)} Bone marrow
4 B V PHD2, HIF1A

HIF1A
PDK1

Kidneys Vasculature

PHD2, HIF2A HIF1A, HIF2A
EPO VEGFA, NOS2

Bingham & Lee 2014
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Drift and selection in human evolution

O Adaptation still plays an important role

* e.g. adaptation to high altitude

environments: independent
(convergent) evolution and possible
hominin introgression in Tibet

o 500 1000 1500 2000 2500 3000
Altitude (meters)

Fig. 2. Aldtude (x-axis) by opacity (y-axis). Number of languages: N = 26. Shared
variance: 2 = 0.27

Nichols 2013
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Drift and selection in human evolution

O Adaptive evolution is thought to have
played an important role in early
human evolution

O Netural evolution is thought to play the
primary role in recent human evolution

0 Adaptation still plays an important role

e.g. adaptation to high altitude
environments: independent
(convergent) evolution and possible
hominin introgression in Tibet

Multiple candidate genes that are
associated with phenotypes

Genes

LCT,MANZ2A1,SI, SLC27A4,PFARD, SLC25A20,NCOA1,
LEPR, LEPR, ADAMTS19, ADAMTS20, APEH, PLAU, HDACS,
UBR1, USP26,SCP2, NKX2-2, AMY1,ADH, NPY1R, NPY5R

Cytochrome P450 genes (CYP3A5, CYP2E1, CYP1A2 and
CYP2Ds6)

CD58,APOBEC3F,CD72,FCRL2, TSLP,RAG1,RAG2,CD226,

IGJ, TJP1, VPS37C, CSF2, CCNT2, DEFB118, STAB1, 5P1,
ZAP70, BIRC6, CUGBP1, DLG3, HMGCR, 5TS, XRN2, ATRN,
G6PD, TNFSF5. HbC, HbE, HbS, Duffy. a-globin

LEPR,PON1, RAPTOR, MAPK14,CD36,DSCR1, FABP2, SOD1,

CETP, EGFR, NPPA, EPHX2, MAPK1, UCP3. LPA, MMRN1

SLC24A5,SLC25A2, EDAR, EDAZR, SLC24A4,KITLG, TYR,
6p25.3, OCA2, MCIR,MYOS5A, DTNBP1, TYRP1, RAB27A,
MATP, MC2R, ATRN, TRPM1, SILV, KRTAPs, DCT

CDK5RAP2, CENPJ], GABRA4, PSEN1, 5YT1, SLC6A4, SNTG1,

GRM3, GRM1, GLRA2, OR4C13, OR2B6, RAPSN, ASPM, RNT1,

SV2B, SKP1A, DAB1, APPBP2, APBA2, PCDH15, PHACTR1,
ALG10, PREP, GPM6A, DGKI, ASPM, MCPH1, FOXP2

BMP3,BMPR2, BMP5, GDF5
MYH16, ENAM

Function or phenotype

Digestion of milk and dairy products;
metabolism of carbohydrates,
starch, proteins, lipids and
phosphates; alcohol metabolism

Detoxification of plant secondary
compounds

Immunity, pathogen response;
resistance to malaria and other
crowd diseases

Energy metabolism, hot or cold
tolerance; heat-shock genes

The externally visible phenotype
(skin pigmentation, hair thickness,
eye and hair colour, and freckles)

Nervous system, brain function and
development; language skills and
vocal learning

Skeletal development

Jaw muscle fibres; tooth-enamel
thickness

Laland et al 2010
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Co-evolution in human evolution

Darwin‘s hypothesized the co-evolution
of languages and genes

“If we possessed a perfect pedigree of
mankind, a genealogical arrangement
of the races of man would afford the
best classification of the various
languages now spoken throughout the
world....”

Charles Darwin, 1859
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Co-evolution in human evolution

-
Genotype space @

Theoretical framework: one can trace
how the genotype and phenotype
affect each other

« Selection acts on phenotypes
and gene frequency changes as
a consequence

Phenolype space

Lewontin et al 2010
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Co-evolution in human evolution

-
Genotype space @

« Language and behavior can be
considered as an extended /

phenotype &
AN 3
EP, EP; EP,

Phenolype space

Extended Phenotype space

Lewontin et al 2010
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Co-evolution in human evolution

“Organic evolution is not the only
sort of evolution in the sense of a
process of cumulative change. When
a level of intelligence making
symbolic speech possible was
reached in the anthropoid line, a new
evolutionary process emerged,
enormously more rapid than organic
evolution.”

- Language and behavior tend to Sewall Wright, 1950
change much faster than the

genotype
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Co-evolution in human evolution

mlnm‘ w
« Darwin’s hypothesized the co-evolution Mo Pygy wnksown
West African .
of languages and genes ﬁ o 3—"'9::‘“?““'“
_E Sm(BhusI_n:n] Ehoisan
Langua d t e J— e o
guage and gene trees sl 4
sometimes mirror each other, but o] § |
. L ! [ IndeEu L]
other times do not Sutnin ] T
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Nature Education 2010; White et al. 2003; Beyin 2013
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https://www.nature.com/scitable/ebooks/cell-biology-for-seminars-14760004/118242296#bookContentViewAreaDivID
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