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There is lots of variation at the genome level
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Evolutionary history of populations is complex

EURASIA

Mutation

Denisova cave

Recombination

Genomic
processes

Effective population sizes

Population split times

Migration rates

Demography

Natural selection:

= Beneficial mutations involved in adaptation Callaway (2009) Nature

Selection

= Deleterious mutations with negative effect



Bioinformatics and Population genomics

 Example I: New method to infer demographic history

* Example Il: Using simulations to obtain predictions
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Siberia and colonization of the Americas
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Hypothesis: Continuity vs Replacement of populations

Data: Ancient and present-
day samples; 625 blocks of
1Mb (~1.5 Million SNP)

Method: Composite

likelihood - fastsimcoal2
(Excoffier et al, 2013 Plos Genetics)
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Hypothesis: Continuity vs Replacement of populations

past

For instance:
B = 1 indicates continuity: g l ﬁ
Kolyma descends from Yana S I
a
B = 1 indicates replacement ’L' Lanl
of Yana by Kolyma ‘ I =
\ Europe Ancient Ancient Neo- East
present (sardinia) North Paelo- siberian Asia

Siberians siberian (Even) (Han)
(Yana) (Kolyma)




Estimates indicate replacement with gene flow
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Summary: 3 migration waves

3 cient
Tianyuan 7"

Ancient North Siberians (Yana) reached Siberia before 30 ka (thousand-years ago)
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Summary: 3 migration waves

Paleo-Siberians (Kolyma) migrated after Last Glacial Maximum (26.5 ka)

Native-Americans are closer to Kolyma, with 20% of Yana contribution
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Summary: 3 migration waves L

* Paleo-Siberians (Kolyma) were replaced by Neo-Siberians, likely &
associated with the cooler period “Younger Dryas” (12.8-11.5 ka) 3%
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Effect of population range expansions

Distance from Ethiopia (Km)
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Effect of population range expansions

Results from models (simulations)
Distance from Ethiopia (Km)

n () Genetic diversity
B (¢ 1 CQOO EO(:.‘QO 30 (J)CC‘ , , H et-
25 o l 0.24
® Africa ® South Asia 25
9 © West Asia Island Southeast Asia 0.22
s . ] @ Caucasus @ Southeast Asia
@ Europe ® Papua o 20 r 0.20
Central Asia ® Australia o
> © EastAsia Americas 2 15 r 0.18
= Siberia g’ L 016
2 g |
L 201 o - 0.14
> ® 5
5 l 0.12
Q T T T T
= 1 2 4
GC') 0 0 30 0
latitude
O]
O

Pagani et al (2016) Nature Sousa et al (2014) Curr Opin Genet Dev



Effect of population range expansions

Results from models (simulations)
Distance from Ethiopia (Km)
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Bioinformatics and genomic data allow us to
reconstruct the evolutionary history of populations

* Evidence of at least three migration waves in Siberia,
likely associated with climatic events
Sikora et al (2019) Nature
* Range expansions lead to accumulation of

deleterious mutations at the edge of expansion
Sousa et al (2014) Curr Opin Genet Dev
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Modeling range expansions with simulations

Simulations of spatial expansions
show accumulation of deleterious
mutations at the edge of expansion

Experimentally verified in different
organisms, e.g. in bacteria and
humans

Bosshard et al 2017 Genetics;
Peischl et al 2018 Genetics
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Estimates consistent with replacement with gene flow

Date (ka) |
29.2%
, . 30.3
Split East Asia —— (26.8-36.4)
Split Kolyma1, USR1 o
phit Kolymat, — (20.9-27.9
y ( 20.2 ) 16.6%
vana > Kolymat = (15.5-23.7) —
Yana > USR1 19.7 0
13.3-23.5 18.3%
Bottleneck USRH [\ '.]5 0' ) (9.8-20.3) 3.9%
(12.5-19.5) ®
\
Europe Ancient North  Ancient Ancient  Neo-Siberians East Asia
(Sardinia) Siberians Beringians Palaeo-Siberians (Even) (Han)
(Yana) (USR1) (Kolymat)

« Kolyma is the closest population to Native Americans (USR1 and Karitiana)

» Native Americans with a contribution of up to 20% from Yana



Yana genetic legacy is widespread across Eurasia

Genetic similarities
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