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Outline

+ Some facts about human genetic diversity
Different scenarios of human evolution

+ The transition between Neanderthals and modern
humans

+ Ability to distinguish between different scenarios of
human evolution, and finding the geographic origin of
modern humans




Early modern humans sites
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Extent of molecular diversity on
different continents
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Locus Marker Africa (N) Asia [N) Highest
system genetic
diversity”
MDMA HVSI 72 120 63 Africa
MDMNA HVSII 72 120 63 Africa
MNRY 6 STRPs 72 120 B3 Africa
NRY 43 biallelic 3 507 1415 Africat
Autosome 60 5TRPs 72 120 63 Africa
Autoscme 45 STRPs 216 2458 302 Africa
Autoscme 30 RFLP= 72 120 63 Europe
Altosome 13 Alus 72 120 63 Africa
Autosome 8 Alus 176 33 350 Africa
PLAT STRP1/AlU 924 352 386 Africa
PLAT STRF2/AIU 1030 410 422 Africa
Tishkoff and Williams 2003
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Y chromosome worldwide diversity
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Summary of human sequence studies.
Length T.eea  Earliest branching
Location Gene (Kb) a* n' KY  lineage in Africa only
mtDONA Whale genome 16.5 - 53 170 Yes
mtDNA HVR1 non-coding 0.4 62 2778 = Yes
miDNA Wheale coding genome 15.5 5 178 240 B
Yp11.3 ZE 0.7 15 205 -
NRY SMCY 40 5 53 41-68 Yes
NRY DBY g 5 70 ag-100 Yes
NRY DFFRY 15 5 70 40-65 Yes
NRY Not known (] -] 108 89 -
A e and Xp11.4-3 MAQ-A (five segments) 188 8 56 No
Xp21.3 Gk intron 1 1.9 8 10 410 Ne
Xp21.3 ZFX intron i1l 15 336 1090 Yes
s Xp22.2-1 Pdhat introns 9 and 10 1 8 10 1050 Yes
oca 'on o Xp22.2-1 Pdhat exons 7 to 10 4.2 8 as 1780 Yes
Xq13.2 Non-coding region 10 = 69 540 Yes
Xq21 Dmd intron 7 2 4 41 210 -
ancestra Xq21 Dmd intron 44 1.4 8 10 1350 Yes
Xq21 Dmd intron 44 3 4 41 1560 Yes
Xq21-22 Plp intron 5 0.7 8 10 1280 Yes
Xg26.1 Hprt introns 2 and 8 2 8 10 530 Yes
sequences Xq27.2-1 FiX intron 4 3.7 11 36 282 Ne
1924 Mostly introns 10 8 61 1378 Yes
1921 psGBA 5.4 12 100 ©1-18¢ Yes
8p22 LPL 10 3 7l = -
11p15.5 f-globin 3 98 528% " ao0 Yes
14q24 EDN 1.2 4 67 1150 -
1431 ECP 1.2 4 54 1090 =
16G24.3 MCI1R 095 18 €72 1000 Yes
16924.3 MC1R promoter 8.7 3 54 1520 Yes
16p73.3 5’ region MS205 intron 1.7 ] 50 1040 Yes
17q23 ACE 24 2 11 1113 -
19q13.2 APOE 5.5 4 96 311 -

Excoffier 2002 22q11.2 Non-coding 9.9 16 64 1288




Alternative models of human evolution

Europe Africa Asia Europe Africa Asia Europe Africa Asia
| «—>|
> >
Recent African Origin Multiregional evolution Recent African Origin
(RAO) with local hybridization
Europe  Africa Asia Europe  Africa Asia Africa Asia Europe
] V==
Recent African Origin Out of Africa, again Recent African Origin with
with old bottleneck and again, and back range expansion and

subdivision

Use more realistic models of human
evolution

- Spatially explicit models
- Take environmental information into
account

* Model interactions and potential
competition between populations




Environmental variables affect
migrations and demog

Current and past
vegetation

)
Topography

Hydrography
and coastlines

Environmental information can be
translated into:

Carrying capacity Relative Friction

individuals / 10,000 km?




Demographic simulations

Density per generation
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Simulating genetic data

Demographic
data base

Migration rates

population densities

Backward in time

rv neti taat . ] .
Observed genetic da adt o > Simulated genetic data
the same sample location

Comparison through
summary statistics
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Inference, parameter estimation




Neanderthal replacement in Europe
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Neanderthal Modern

* Successors of H. erectus
« Evolution over more than 400,000 years
* Final morphology around 120,000 BP

Expansion of modern humans into

Europe

* Arrival in Europe around 45-30 Ky BP

* East to West Colonization

* Originated from Near-East?

 Simultaneous retreat et disappearance of Neanderthals
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Mellars, 2004




Neanderthal genetic remains
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Estimations of hybridization rate between
Neanderthals and modern humans

Observation: Total absence of Neanderthal sequences in modern humans

Compatible with up to 25% Neanderthal initial introgression into modern gene
pool under a simple demographic scenario

Africa
B. C. Near. Europe
HS HN sl | Hn G5 I_[ HN
N
N
N
HS HS HS HS
Contemporary Contemporary Contemporary humans
humans humans

— ) H_J
~
Previous models :

- Instantaneous admixture
- Unsubdivided populations

Our model :

- Spatial expansion

- Progressive hybridization
- Subdivided population

Nordborg, 1998 ; Serre et al. 2004 Currat & Excoffier 2004




Simulation conditions

Human range

Neanderthal range
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3,500 demes
K=10-25 females
Density=0.015-0.03 ind./km?

f. e 7,250 demes
i} iil‘ i K=40 females
@™ Density=0.06 ind./km?

Simulating colonization and interaction

Populatlon A Each generation:
N N 3 1. Hybridization (admixture)
A /'2_/ 2. Logistic regulation (including
i —/’.‘( ; | density-dependent competition)
£ vy : A
:=f’_/; 3 3. Migrations
iDer ;4 \ Cohabitation period
‘ N AR ; S0 e A 2
—-:—’;/‘ 30 4 B .
i == admixture event

No of admixture event

J T 0
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Time (in generation)

10



1- Demographic simulation

1'600 generations ago (— 40’000 years)
[] Neanderthals

] Unoccupied
[l Cohabitation

£

Neanderthals
N i “

Modern
_«—31— Humans
e origin

Past =———=—"= > Present

2 - Genetic simulation

Present: 4,000 mtDNA sequences in 100 demes (100 samples of 40 genes)

Local admixture rate: 0.01
Modern

! Humans [ Unoccupied
[l Neanderthals
[] Modern HS
Bl Cohabitation

B Modern genes

[J Neanderthal genes

Present == > Past
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Genetic simulations used to
estimate admixture proportions

Data
>4000 monophyletic modern human sequences

Simulation

Genealogy of 100 samples of 40 genes distributed
uniformly over Europe, for different demographic
scenarios and different admixture proportions

Estimation of the likelihood

Proportion of simulations for which the genealogy of the
4000 sampled genes is monophyletic (does not contain

Neanderthal genes) MRCA HS

/

Upper limit of Neanderthal contribution

Average admixture rate per deme
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Total number of hybridization: 120 1863
Neanderthal initial contribution
to modern gene pool :  0.09% 1.33%
400x smaller 20x smaller
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= Absence or very low levels of hybridization between
Neanderthal females and modern men

» Implies sterility or lower fertility of hybrids if mtDNA is
neutral

= Support for the Recent African Origin model

» Same phenomenon would be expected for interaction
between H. erectus and H. sapiens in Asia.

= Does not completely exclude the possibility of gene flow
through male Neanderthals

— Need to look at nuclear markers

STR data set
377 STR loci in 22 populations

Orcadian (32), .
® Russian (50) Yakut (50)
French (531 . _
Basque (48)* _ ltalian (28) Ayl e Japanese (62)
Sardinian (56) Burusho (50) .
~ Palestini (102) _ * Han (70)
Mozabite (60) . «Brahui (50)
* Makrani (50)
Mandenka (48) Cambodian (22)
Yoruba (50) .
. Biaka Pygmee (72)
» Mbuti Pygmee (30) Papuan (34)

*Bantu Keny (24)

Rosenberg et al. 2002
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Short Tandem Repeats

(STRs)

TP OX GenBank Sequence
D128391 GenBank Sequence (4ccession Ma8651)

(Accession GO§921)

1 2 3 4 EM,
CACTAGCACC CAGAACCGTC

[
| MACAGGATCA ATGGATGCAT AGGT AT CoTEs srhTRaeAE
1

TTETCCTAGT TACCTACGTA TCCATCTATC TATCTATCTA
5 & 7 5 3 1a 11 12 13 ] —
TTAGGGAACC CTCACT!

49 A AATCCOTTGE GAGTGACTTA
TCTATCTATC TATCTATCTA TCTATCTATC TATCTATCTG 7 19 11
voow g e a
51
81 EERlcAGAGS GGATTTATTA CTTACTTACT TACTTACTTA
TCTGTCTETE TETCTGTCTE TOTACTOTCS COTARATAAT
ACARAGGACAG ALGGGCCTAG
GAGGAATTAG CTCAAGTGAT ATGCAGGCCTG AMBAATCTCA 121

121 TEITCCTETC TTCCCGEEATC
CTCCTTAATC GAGTTCACTA TACCTCCGAC TTTTTAGAGT 7

141 SACCAGOGCA CASCCCEACT

161 TEACAGTOCA TOTECAAGCT GGAGACCCAG GGACACTAGE CTEETCECET CTOCEECTEA
ACTGTCAGGT AGACGTTCGA CCTCTGEETC CCTGTEATCC

501 TTOGACCTEA GEAGTTCAAT

AGUATGGCTC AGTCCAGGTC TARAAGCCA ALCCTEEACT CCTCAASTTE

20t TCGTACCGAG TCAGGTCCAG ATTTTCGGT
L

241 ALCCTGTETE GTTCCCAGTT

TTGGACACAC CAAGGGTCAA

I
GACTGGCACL GARCAGGCAC
CTEACCGTET CTTGTCCETE

2 El 4 i N
CTTACTTACT TACTTACTTA

TTTGGECAL ATALACGCTG
CAAACCCOGTT TATTTGCEAC

COGGALGGEA ACAGGAGTAL
GCCCTTCCCT TGTCCTCATT

TGTETTCAGA AGACCTGEGA
ACACAAGTCT TCTGGACCCT

TTTEGATGAL TCTCTTAATT
AAACCTACTT AGAGAATTAA

ceree

GGAGSE
|
i

(AGAT), (AATG),

Tested scenarios of human

evolution

A) Unique origine

-4,000 generations -30,000 generations
120 900 yours tau <780,000 years (-600,000 years)
e I T
Oid f —
World » N =20,000 -
\N = 100 during 100
10 generations Time
L]
B) Multiregional origins .
-
C)
e T
N, = 10,000, N, = 1,000
+
N=
Europe W,= 10,000, N, = 1,000 100,
k3 L]
N N, = 10,000; 20,000
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25 potential geographic origins

' 25 simulated origins

= 22 population samples

Multiregional scenarios

Table 1: Description of the nine ME scenarios (numbered 26 to 34).

N m (=10%
Scenario# Africa Europe Asia Africa Europe/Asia
26 Nm=0.1 (all regions 7000 7000 7,000 0.143 0.143 .
(@l regions) ' ’ Equal continental

27 Nm=1 (all regions) 7000 7000 7,000 1.43 1.43 + sizes, equal

28 Nm=10(allregions) 7,000 7,000 7,000 143 143 migration rates

29 Nm=01(alregions) 20,000 1,000 1,000 0.05 1 . .
Equal migration

30 Nm=1(allregions) 20,000 1,000 1,000 05 10 ' rates between

3 Nm =10 {all regions) 20,000 1,000 1,000 5 100 continents

32 Nm=01(nAfica) 20,000 1000 1,000 005 005 Africa send

k] Nm = 1 {in Africa) 200000 1000 1,000 05 05 t more migrants

24 N = 10 (in Africa) 20000 1,000 1,000 5 5 than it receives

N is the effective number of genes in a continent.
m is the probability of emigration per gene per generation
Nm is the number of emigrant genes per generation per continent.

15



...... Assignment scores for
| different scenarios

1. Compute observed genetic distances (F5;) between all 4 |
B

Pir
pairs of populations — D,
2. For geographic originj,j=1..25 N o

1.Simulate 10,000 genetic data sets (1, 20, or 377
STR loci) and Dy, (i) m
2.Compute the correlations between the observed m
and the simulated genetic distance matrices p; = fomo
Corr(Dobs, Dsim M)
3.From the distribution of g , take the 90%
quantile value (Ry) as the assignment score for
the j-th origin S py
3. Select the evolutionary scenario with the largest
assignment score (largest Ry;), thus giving the best fit
between observed and simulated data.

Ability to recover a scenario

Unique origin vs. multiregional

Frequencies of correct assignment Qa G. 91, G“ G,. O,,
Single origin  Multiregional Total 61 @4 Q. G" @' Gw @m

1 locus 05935(0438) 0388 (0420) 0790 (0433
( ) ( ) ( ) 3, G, O &, 2
20 loci 0.995 (0.884) 0.992 (0.877) 0.994 (0.882)

_ G, @, ™.,
377 loci 1.000 (0.991) 1.000(0.991) 1.000 (0.991)
@7 Gﬂ 1locus Gﬂ G:s
ea ea O“ O1: O“ en .. .; .n .1. .u .a
ei ei el eu eil OIl ezl .1 .4 .n .u .u .u .:1
Oz Gl en qu en ., .a .-n .l'r .n
O| e11 . ea .c .11 ) ‘u
ﬁ, Gn 20 loci Oﬂ e= .7 .“ 377 loci Qu Qu

16



Scores of
different scenarios

R90 statistic

@®-02: Simulated data with
e ®:02° ascertainment bias
Possibility of STR S 88 o
ascertainment bias:
STR loci chosen for
their high diversity
in Europe

Conclusions and perspectives

Multiregional scenarios are clearly rejected
Best fit with a unique and East-African origin
But...

- Relatively low correlation
- Even more complex scenario required!
+ Competition
+ Dynamic environment
* Culture
* Neolithic transition
+ Selection
Need to integrate simulations into a an inference
framework

= Approximate Bayesian Computation : ABC
(Beaumont et al. 2002)
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