EBERHARD KARLS

UNIVERSITAT
TUBINGEN

E WORDS GENES DFG

White et al. 2003

Modern Human Origins
Hugo Reyes-Centeno, Yonatan Sahle, Christian Bentz

26 November 2018, Lecture 6



EBERHARD KARLS

UNIVERSITAT
TUBINGEN

GLURE  DFG

Last week:

C Hominin taxonomy
How do we classify human fossils?

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

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

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

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

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

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

Morphological species
Phenetic clustering of organisms
based on anatomical traits

Genetic species
Genetic clustering of organisms
based on genetic frequencies

Phylogenetic species

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

C 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
Genetic species Evolution of .
Genetic clustering of organisms reproductive D
based on genetic frequencies isolation “
In isolation
Phylogenetic species L
New distinct
: _ species after @
Evolutionary species equilibration  \_

Ancestral-descendant sequence of  UEE IS
populations terminating by extinction

|. Karonen 2006
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Species concepts and speciation

C Biological species Allopatric Peripatric

Reproductively isolated populations.

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

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

based on anatomical traits Barrier New niche
formation entered

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

based on genetic frequencies

In isolation In isolated
niche

Phylogenetic species

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

Ancestral-descendant sequence of  UEE IS
populations terminating by extinction

|. Karonen 2006

6 | Modern Human Origins, Lecture 6 26/11/2018



EBERHARD KARLS

UNIVERSITAT
TUBINGEN

GLURE  DFG

Species concepts and speciation

C 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

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

based on genetic frequencies

Morphological species
Phenetic clustering of organisms
based on anatomical traits

In isolation In isolated In adjacent
niche niche

Phylogenetic species

New distinct
: : species after _
Evolutionary species equilibration

Ancestral-descendant sequence of  RUMEUAEUES

populations terminating by extinction

|. Karonen 2006
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Species concepts and speciation

C Biological species
Reproductively isolated populations.

Interbreeding is possible by species Origir|1at|_
recognition and compatible population

fertilization system.

Morphological species Initial step of
: : . speciation
Phenetic clustering of organisms

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

Phylogenetic species

New distinct
. _ species after ‘
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

10 | Modern Human Origins, Lecture 6 26/11/2018



EBERHARD KARLS

UNIVERSITAT
TUBINGEN

GLURE  DFG

AN

10nm Q‘?{%‘Q

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 -

C Sexual reproduction ol 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

C Cellular structure
AMitochondria
ANucleus

Nature Education 2010
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C Chromosomes
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Nature Education 2010; 23andMe
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Basics of inheritance

C Chromosomes

ADNA strand
AGenes
ANucleotides

US Department of Enerqgy
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Basics of inheritance

C Recombination
at the cellular level, genetic diversity
is produced by the process of
recombination
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Nature Education 2010; 23andMe
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Basics of inheritance

C 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:

C mitochondria
inherited maternally

C 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

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

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

i
[ Africa I L
O Asia L P-lﬁlﬂ
@ 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

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

Chromosome DNA) | | gﬁﬁ;
- l

I . N
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[ Asia
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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
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046
MNortheast Asian

the geographical distribution of different
clades within a phylogeny

A

Optimal for uni-parental loci
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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
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22 | Modern Human Origins, Lecture 6 26/11/2018



EBERHARD KARLS

UNIVERSITAT
TUBINGEN

= [ OTA

VFG

Phylogeography

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

A

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 Atiny part of our total inheritance!

A The autosome (nhon-sex
chromosomes) are excluded

A Y-chromosome changes depend to
some extent on f at
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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C Microsatellites
Non-functional regions of the
genome, consisting of repeating 2-6
basepairs; also refered to as short-
tandem repeats (STRS)

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

C Genomes
The entire genetic information of an
organi smés nucl eu JU v i ¥ W it
and sex chromosomes; both 13 1“4 15 16 17 18
functional and non-functional)

19 20 21 22 X Y
Nature Education 2010; 23andMe
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Genome-wide approaches

C Microsatellites
Non-functional regions of the
genome, consisting of repeating 2-6 |-

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
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Novembre & Ramachandran 2011
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Genome-wide approaches

SNPs DNA

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

Rotated PC1

functional regions
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Novembre & Ramachandran 2011
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Genome-wide approaches

SNPs DNA

C 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

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

functional regions

SNPs DNA

Novembre & Ramachandran 2011
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Genome-wide approaches

SNPs DNA

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

functional regions

S (both aut osomal

Novembre & Ramachandran 2011
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