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https://www.biotecnika.org/2018/04/in-a-moonshot-
for-biology-earth-biogenome-project-to-sequence-all-
of-the-planets-eukaryotic-biodiversity/



https://www.smithsonianmag.com/science-nature/becoming-
human-the-evolution-of-walking-upright-13837658/
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http://www.plantphysiol.org/content/171/1/437
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Borrowed from Begun & Gurche 2006 Scientific American
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http://www.windows2universe.org/earth/polar/inuit_image_gallery.html

Skin colour map for indigenous people
Predicted from multiple environmental factors

From lightest ... ... to darkest skin
] | no data

Source: Chaplin G.2, Geographic Distribution of Environmental Factors Influencing Human Skin
Coloration, American Journal of Physical Anthropology 125:292-302, 2004; map updated in 2007.



How many changes were
involved?

What types of change do they
involve (e.g., enhancers, gene
duplications etc...)?

Can we generate a
comprehensive list of the
changes?

What were the typical fitness
effects of beneficial changes?

2015

1000 Genomes Project
Timeline 2000 - 2016

CATGACGTCGCGGACAACCCAGAATTGTCTTGAGCGATGGTAAGATCTAACCTCACTGOCGGGGGAGGCTCATAC
CTGGGGCTTTACTGATGTCATACCATCTTGCACGLGGATAGAATGACGGTGCCCGTGTCTGCTTGLCTCGAAGCA
ATTTTCTGAAAGT TACAGACTTCGATTAAAAAGATCGGACTGLGLATGOGCCCOOAGAGACATGCGTGATAGTCA
TITTTCGACGTGTCAAGGACTCAAGGGAATAGT TTGGCGGGAGCGT TACAGCTTCAATTCCCAAAGGTCGCAAGA
AT AT TCAACTACTGGT TTCGGCCTAATAGGTCACGT TTTATGTGAAATAGAGGGGAACCGGCTCCCAAAT
COCTGGGTGTTCTATGATAAGTCCTGCTTTATAACACGGGGCGGTTAGGTTAAATGACTCTTCTATCTTATGGTG
ATCCAAGCGCCCGCTAATTCTGTTCTGT TAATGT TCATACCAATACTCACATCACATTAGATCAAAGGATCCCCG
AGCCCAGTCGCAAGGGTCTGCTGCTGTTGTCGACGCCTCATGTTACTCCTGGAATCTACCTGCCCTCCCCTCACC
GGTTAAGGCGTGTGATCGACGATGCAGGTATACATCGGCTCGGACCTACAGTGGTCGATCGACTGGCTACTGLLY
TG GGTTCGGCGCGTAGTTGAGTGCGATAACCCAACCOGTGGCAAGTAGCAAGAAGACCTACCTGLGTCACCTT
AGACAACCTAACTAATAGTCTCTAACGGGGAATTACCTTTACCAGTCTCATGCCTCCAATATATCTGCACCGLTT
CAATGATATOGCCCACAGAAAGTAGGGTCTCAGGTATCGCATACGOCGOGLCCGGGTCOCAGLTACGCTCAGGAC
GACAGTAGAGAGCTATTGTGTAATTCAGGCTCAGCATTCATCGACCTTTCCTATTGTGAATATTGTGCTAATGCA
TCTCGTCCGTAACGATCTGGGGGGCAAMMCCGAATATCCGTATTCTCGTCCTACGGGTCCACAATGAGAAAGTCC
TGOS TGATCGTCAGT TAAGT TAAATTAAT TCAGGC TACGGTAAACTTGTAGTGAGC TAAGAATCACGGGAATC
ACGGGTTCGCTACAGATGAACTGAAT TTATACACGGACAACTCATCGCCCATTTGGGCGTGOGCACCGCAGATCA
AAAGTGGCAGATTAGGAGTGCTTGATCAGGT TAGCAGGTGGACTGTATCCAACAGCGCATCAAACTTCAATAAAT
CCAAAGCGTTGTAGTGATCTAAGCACCCCTGAACAGTGGCGCCCATCATTAGCGTAGTACAACCCTTCCCCCTTG
AGGTGLGACATGGGGCCAGTTAGCCTGOCCTATATCCCTTGCACACGTTCAATAAGAGGGGCTCTACAGCGOCGE
T AT TAGGAT GCCGACC O AT AT T GG TAACTGTATGT TCATAGATATTTCTTCAGGAGTAATAGCGACA
AGCTGACACGCAAGGGTCAACAATAATTTCTACTATCACCCCGCTGAACGACTGTCTTTGCAAGAACCAACTGGG
CTTAGATTCGCGTCCTAACGTAGTGAGGGLCGAGTCATATCATAGATCAGGCATGAGAAACCGACGTCGAGTCTA
CACACGAGTTGTAAACAACTTGATTGCTATACTGTAGCTACCGCAAGGATCTCCTACATCAAAGACTACTGGGCG
ATCTGGATCCGAGTCAGAAATACGAGTTAATGCAAATTTACGTAGACCGATGAAMACACGTGLCCATGGGTTGLGT
AGACCGTAGTCAGAAGTGTGLLGCGLTATTCGTACCGAACCGGTGGAGTATACAGAATTGCTCTTCTACGACGTA
AGGAGCTCGGTCCCCAATGLACGCCAAAAAAGGAATAAAGTATTCAAACTGCGCATGGTCCCTOCGCCGGTGGLA
CTATTATCCATCCGAACGTTGAACCTACTTCCTCGGCTTATGLTGTCCTCAACAGTATCGCTTATGAATCGCATG
CLGCTGTGGATCTTAACGACCACATTCTTAATTCCGACCGATCACCGATCGCCTTTCCTCGCTGGTACAATGAGT
ACTAAGTTATCCAGATCAAGGTYTTGAACGGACTCGTATGACATGTGTGACTGAACCCGGGAGGAAATGCAGAGAA
CTGTT T AAGGCCTCTGCT T TGGTATCACTCAATATAT TCAGACCAGACAAGTGGCAAAATTTCGTGLGCCTCTC
CTAGGTATTCACGCAACCGTCGTAACATGCACTAAGGATAACTAGCGCCAGGGGGGCATACTAGGTCCCGGAGLT
AAAGACTACCCTATGGATTCCTTGGAGCGLGGACAATGCAGACCGATTACGACACAATTATCGGGATCGTCTAGA
GOTATTATTAGCAAGACAATAAAGGACATTGCACAGAGACTTATTAGAATTCAACAAACAGGATCATATCATGCG
GIGTTGGGTCGGGCAAGTCCCCGAAGLTCGGCCAAMAGATTCGCCATGGAACCGTCTGGTCCTGTTAGCGTGTAC
LTI TG T TCCGGGTACCATAGATAGACTGAGAT TGOGTCAAAAAAT TGOGGCGAAAATAGAGGGGCTCCTY
TGTAGAAATACCAGACTGGGGAAT TTAAGCGCTTTCCACTATCTGAGCGACTAAACATCAACAAATGCGTCTACT
CGAATCCGCAGTAGGCAATTACAACCTGGTTCAGATCACTGGTTAATCAGGGATGTCTTCATAAGATTATACTTG
COCCGACGCGACAGCTCTTCAAGGGGCCGATTTTTGGACTTCAGATACGCTAGAATTTAAAGGGTCTCTTACACC
TGCTGLGGLCTGCAGGGACCCCTAGAACTTGCCGCCTACTTIGTCTCAGTCTAATAACGCGCGAAGCCGTGGGGCA
CGTGACCT TAAGTCGCAGAGCGAGTGATGAAT T TGLGACGCTAATATGOGTGAATAGAGACT TATATCATCAGGG
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Proportion of functional changes
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Fig. 1. Time scales for the signatures of selection. The five signatures of
selection persist over varying time scales. A rough estimate is shown of
how long each is useful for detecting selection in humans. (See fig. S1 for
details on how the approximate time scales were estimated).

Sabeti et al. 2006 Science



ATG GTG GTG GAA GAA A ATA AAA GCATATA GAA GAT CCC...
Met Val Vval u Glu Glu e Ile Lys Ala@le Glu Asp Pro...
Met Val val y Glu Glu r Ile Lys AlajBeu Glu Asp Pro...
ATG GTA GTG A GAA GAA A ATA AAA GCGFCTA GAA GAT CCT...
divergence =3
non-synonymous divergence D,=3
sites =8
non-synonymous sites L, =34
divergence per-site =3/8 =.38
non-synonymous divergence per-site d,=3/34=.09

On average d./d, = 1/6 => selection to maintain the protein
dn>ds => selection favors protein changes

Muse & Gaut 1994; Goldman & Yang 1994
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Table 1. Biological Process Categories with an Excess of
Putatively Positively Selected Genes (Nominal p less than 0.05;
MWU) among a Total of 133 Biological Process Categories

Biological Process Number of Genes p-Value
Immunity and defense 417 0.0000
T-cellF-mediated immunity 82 0.0000
Chemosensory perception 45 0.0000
Biological process unclassified 3,069 0.0000
Olfaction 28 0.0004
Gametogenesis 51 0.0005
Natural killercell-mediated immunity 30 0.0018
Spermatogenesis and motility 20 0.0037
Inhibition of apoptosis 40 0.0047
Interferon-mediated immunity 23 0.0080
Sensory perception 133 0.0160
B-ell- and antibody-mediated immunity 57 0.0298

Borrowed from Nielsen et al. 2005

PRM1 Exon 2

WHRR- ﬂ -nﬂﬂccn

Human
uman - GCGCCAGACATGGACCCCGCCGTCGTGG

. AATCACAGAAGATGCAGAGTAAGACCTGGACGCCGCCGTCGTGG
Chimp
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"The Red Queen has to run faster and faster
in order to keep still where she is. That is
Borrowed from Sabeti et al. 2006 exactly what you all are doing!"
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The “classic” sweep model
Maynard Smith & Haigh 1974
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Takes on the order of tens of
thousands of years in humans

Maynard Smith & Haigh 1974



sweep recovery

O —
O © O —
O
5 O
00 o0 S ‘@—J}

Recovery takes up to 2M
years in humans

Maynard Smith & Haigh 1974
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Genetic diversity levels per kb
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Przeworski et al. 2005



Genetic diversity levels per kb

Classic sweep
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A canonical classic sweep: SLC24A5
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Fig. 6. Effect of SLC24A5 genotype on pigmentation in admixed populations. (A) Variation of

B SLC24A5

Borrowed from Lamason et al. 2005, Coop et al. 2009
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Selection on standing variation
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Przeworski et al. 2005, see also Hermission and Pennings 2005, 2006



Genetic diversity levels per kb

Sweep on standing variation (f=5%)
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Duffy blood group locus

Borrowed from Hamblin & Di Rienzo 2002



Proportion of
loci that were
recent targets of
a classic sweep
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Teshima et al. 2006
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Skin colour map for indigenous people
Predicted from multiple environmental factors

From lightest... ... to darkest skin
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Source: Chaplin G.2, Geographic Distribution of Envirc | Factors Infl ing Human Skin
Coloration, American Journal of Physical Anthropology 125:292-302, 2004; map updated in 2007.

https://en.wikipedia.org/wiki/Allen%27s_rule
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Summary

** Humans have obviously adapted in numerous ways in the last 10 million years or
so, as have other primates

J/

** Adaptations sometimes leave a distortionary effect on patterns of genetic variation
between species and among individuals. When we look for these distortionary
effects, we (implicitly or explicitly) assume a specific model of how natural
selection works

J/

** The classic selective sweep model helps us identify a number of interesting cases,
such as SLC24A5 and LCT. However, multiple lines of evidence suggest it was not a
common mode of human adaptation, at least in recent human evolution

4

L)

L)

* An alternative is strong selection on individual alleles already present in the
population, but there too, we see very few cases of highly differentiated alleles
among human populations.

*¢* So where are human adaptations hiding in the genome?



