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Human Evolution

Cantius, ca 55 mya

The continent-hopping habits of early primates
have long puzzled scientists, and several
scenarios have been proposed to explain how
the first true members of the group appeared
virtually simultaneously on Asia, Europe and
North America some 55 million years ago.

P -Eocene thermal (PETM),
one of the most rapid and extreme global warming
events recorded in geologic history.

= Originated in Africa and spread across Europe and
Greenland to reach North America.

= Originated in North America and traveled across a
temporary land bridge connecting Siberia and Alaska.
= Originated in Asia and fanned out eastward to North
America and westward to Europe.

Cantius was an early Eocene primate. ™ F
Naote the flar nails and forward facing eyes.

Darwinius masillae

e |lda

¢ Primate
fossil from
Messel pit
in Germany

e Ca47M
years old

Franzen et al., PloS One 2009




Primates

« Distinct group
within the
mammals

Placement of Darwinius among the primates

Darwinius ek el — Lf

* Primate phylogeny

Which are our closest relatives?

(B) Orangutan (C) Gorilla

(D) Chimpanzes

oy

Hominoidea Superfamily




Human
Ghromosome 2 Chimpanzee Gorilla

«About 1 % of bp
differ between
chimps and
humans
«Proteins are
extremely similar,
but differences
exist

els it allin the
regulatory
sequence?
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Hominids have a very similar genomic organization!

Human/ape split ca 5-8 MYA

Patterson et al., Nature 441, pp1103-1108
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Evolution of hominins




Species uncertainty within the
hominins

Drawing species limits between fossils is very
tricky

Lucy (Australopithecus afarensis)
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A hominin radiation

The approximate temporal extent of named hominin
taxa in the fossil record
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Australopithecus sediba
- the dawn of Homo?
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Additional fossils were described in 5 papers in September 9, 2011 issue of Science
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For most of the last 4 My, hominid species have co-occurred.
For example, Australopithecus boisei (left) and Homo ergaster
(right)

both lived 1.7 Mya at Koobi Fora, Kenya.
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Sahelanthropus tchadensis
6-7 Mya
Not clear if it was bipedal

Some suggest this was ancestral to chimps

H. sapiens sapiens

. H. ergaster, 1.75 My

A: Chimpanzee, modern H.H
B: A. africanus, 2.6 My 1: H. heidelbergensis, 125K-300K
C: A. africanus, 2.5 My J: H. s. neanderthalensis, 70K
D: Homo habilis, 1.9 My K: H. s. neanderthalensis, 60K
E: H. habilis, 1.8 My L: H. s. neanderthalensis, 45K
F: H. rodolfensis, 1.8 My M. H. s. sapiens (Cro-Magnon), 30K
| G: H. erectus. 1.75 My N. H. s. sapiens. modern
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What makes humans human?

 Are there “quantitative” or just

“qualitative” differences?




How did we people Earth?

http:/fcseligman.com

The distribution of land masses at several points in
geological time

Mountanons highlands (1500 m)
Uther land masses ~25 Mya
Shallow oceans (<200 m)

1 Ocean basins (200 m

(¥ Late Oligocenc

Homo erectus spread (~1.8 Mya) from Africa to Europe
and Asia and evolved into H. neanderthalensis




The movement of human populations from about
50,000 to 10,000 years ago

Age (Mya E. Asia S.E. Asia Africa Europe

W sapiens
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The “Hobbit”

« Homo floresiensis or diseased H. sapiens?

ﬁc”f {%’ L

m:a; >
Flores
*Used most likely tools

*Two skeletons from ca. 80,000
and 17,000 years ago.




Hypothesis: H. floresiensis is an
island dwarf form that evolved
from a hominin ancestor

» Problem: The “hobbit” brain is too small
to be simply a scaled down sapiens or

erectus brain

 But... dwarf species of hippos show a
similar disproportionate reduction in

brain size

Hobbit or modern human?
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2 " Gordon et al., PNAS 2008

« Shape analysis of cranial morphology
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Foot of H. floresiensis combines
basal and derived features

3@ 3 40 4 4B 52 56 B0
Prigucirvial pheiukiri IWriselatarsal 1| ength ratio («100)

« Good for
walking but
not for
running?
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Is the foot too
ancestral for
H. erectus?

 Cranial
features are
similar to
Homo erectus

6.16(1) Two hypotheses on the origin of modern humans

(A) Multiregional hypothesis
Africa Asia  Europe

Homo sapiens

H. sapiens
(archaic)

Time

Homo erectus

1.3 Mya

6.16(2) Two hypotheses on the origin of modern humans
(B) Replacement hypothesis

Africa Asia  Europe

Horro sapiens

H. sapiens
(archaic)

Homo erectus
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Biogeography of Homo sapiens
Human mtDNA Migrations
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Tree based on mtDNA
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The movement of human populations from about
50,000 to 10,000 years ago
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Can we really exclude sapiens-
neanderthalensis interbreeding?

EMI Meanderthals

Conl l:‘I"I‘I['N')I' d ry humans

 Just a matter of mtDNA sampling error?
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Serre et al., 2004 PLoS Biology
No Evidence of Neandertal mtDNA Contribution
to Early Modern Humans

A scientific revolution!

A Draft Sequence of the
Neandertal Genome

Rishard E Green, ™13 Johannes Krauss, 1§ Adrian W, Briggs1§ Temislay Marisic,'§

Ud Sterzel,'t§ Martin Kircher," § Nick Pattersan, "t§ Heng Li,"t Weimei Zhai,'fll

Markss Hii-Vang an, 't Mancy F. Hansen,"t Eric Y. uurma,' .\uu—sapdn Malaspinas, 't
Jeffrey D. Jensen,’t Tomas Marques-Bonet, ™1 Can Alian,’t Kay Prifer, 't Matthias Meyer,'t
Heman A Burbano,*t Jetfrey M. Good, ™t Rige Schults.* Ayiauer Aximu-Petri® Anne Butthof,’
Barbara Haber,! Barbara Hafiner,' Madlen Siegemund,? Antje Weihmans,® Chad Nusbaum,®
Eric 5. Lander,” Carsten Russ,” Nathaniel Neved” Jason Affourtis,” Michael Fgholm,”
Christine Verna,** Pavan Rudan,' Bejana Brajkovie,'* Feljin ru—m” hwan Gufic,
Vladimir E. Doromichey,** Liubow V. Golovanova,** Carles Lalueza-Fox,™ Marco de la Ilasﬂla."'
Jovier Fontea, X Antania Rocas, = Ralf W, Sahwitz, 37 ailip L F. M-m-\“r Ewan E. i, !
Danied Falush,""| Fwam Rirney, | Jomes C, n*t Montgomery Slatkin'| Rass Nitsen, 't
Barwl Kebso,"{ Michawl Lachmann, "t David Ruich," ™} Svanle Paabo’*}

* Science 2010
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The genetics
of becoming
human

* We split from
most recent
living relative
(chimp) a long
time ago

Could four (or even five) species of
homo co-existed until 40-50KYA?

¢ Reich et al., Nature 2010

Denisovans are a sister group

to Neanderthals
ARTICLE [

Genetic history of an archaic hominin

group from Denisova Cave in Siberia e Neanderthal fossi

- e Vinchia X3 2
Vinclia 30,1

. Han

Genome sequence of finger bone
Hen
" Modern hum
Frerch

Phylogeny using multiple autosomal genes

Yoruba

Figure 1| A neighbour joining tree based on pairwdse autosomal DNA
seyquence divergences for five ancient and five present-day hominins.
Vindija 33.16, Vindija 33 25 and Vindijs 3326 referto the catalogue numbers of
the Neanderthal bones.

* How can we explain the discrepancy?
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Homo neanderthalensis and
speech

* FOXP2 is the only gene that is known (to date) to be
implicated in human speech
— Inactive copy leads to difficulties in speech (Broca’s aphasia)
* Neanderthals share unique human nonsynonymous
mutations in this gene

How the Neanderthal genome helps
to find sapiens specific mutations

Chimp Neanderthal modern human
Ald Leu

* Why do we need
multiple genomes t
be reasonable
certain that a
mutation is new to
modern humans? Ala
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Genes with sapiens-specific
amino acid exchanges
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* Only “out of
Africa” humans
show
Neanderthal
alleles!

* Gene flow after
split and not
ancient
polymorphism

European genome segments most
similar to Neanderthals differ strongly
from other human sequences

[
=

Eufopean—
Alriczin ==

in

]
o

* Comparable
results for Asian
sequence

¢ Now, more
diversity outside
of Africa than
within!
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What about
gene flow
from
Denisovans?

» Ca. 4% of Melanesian
genome shows evidence
of Denisovan introgression

* How do we explain this
biogeographically?

Figure 3| A model of popalition history compatible with the data. ¥
denoues effictive populition stzc. [ denotes Gme of populstion scperudon. f .
lerntes amount of gene flow and &y denotes timee of gene flow: [ree—

Take Home Message

» Mitochondria good from tracking
phylogeography.

» Genomics necessary to catch a glimpse
of gene flow.

» More diversity (of late) that we thought
possible.

» Many humans fossils are now submerged
(last ice age; 80K to 11K ago).

Genetic Evidence of Geographical Groups among
Neanderthals — based on mitochondrial evidence.

Fabre et al., 2009 PloS One.

Figurt 3. Mag resresenting
LT 000N 1190

Meanderthal grograshical distribution is grovss.
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