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Neanderthal
by Thomas Henry Huxley

The complete mitochondrial DNA genome of an Mod H |
unknown hominin from southern Siberia odern numans
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The complete genome sequence of a Neanderthal
from the Altai Mountains
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The Strength of Selection Against Neanderthal Introgression
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Geneticists say popular book misrepresents research on

human evolution

08 Aug 2014 | 20:27 BST | Posted by Ewen Callaway | Category: Anthropology, Evolution

More than 130 leading population geneticists have
condemned a book arguing that genetic variation between
human populations could underlie global economic, political
and social differences.

A Troublesome Inheritance, by science journalist Nicholas
Wade, was published in June by Penguin Press in New York.
The 278-page work garnered widespread criticism, much of it

than culture) explain, for instance, why Western governments
are more stable than those in African countries. Wade is
former staff reporter and editor at the New York Times,
Science and Nature.

But the letter — signed by a who's-who of researchers in
population genetics and human evolution — and published in
the 10 August issue of the New York Times — represents a
rare unified statement from scientists in the field and includes

many whose work was cited by Wade. “It's just a measure of
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https://blog.23andme.com/23andme-and-you/23andme-
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" Rapid evolutionary response to a transmissible
A cancer in Tasmanian devils ?

Brendan Epstein!, Menna Jones?, Rodrigo Hamede?, Sarah Hendricks3, Hamish McCallum?,
Elizabeth P. Murchison®, Barbara Schénfeld?, Cody Wiench3, Paul Hohenlohe3* & Andrew Storfer'*




Panel Endorses ‘Gene Drive’ Technology That Can Alter Entire Species

sawvuavoy -~ NYT June 2016

http://www.nytimes.com/2016/06/09/
science/national-academies-sciences-gene-
drive-technology.html

T

Female mosquitoes that have been altered as part of a gene drive experiment. Anthony Jame

[dentification of a functional transposon insertion in the
maize domestication gene b1

Anthony Studer', Qiong Zhao, Jeffrey Ross-Ibarra®?® & John Doebley!




Population genetics: the extension
of Mendelian genetics to evolving
populations

Quantitative Genetics: Extension to
phenotype evolution




The Modern Synthesis - 1930s

eQuantitative Genetics and Population genetics
A quantitative theory of genetic and phenotypic variation.
A quantitative theory of evolutionary change.

from Ridley

R.A. Fisher  J.B.S. Haldane Sewall Wright



The Modern Synthesis - 1930s

eQuantitative Genetics and Population genetics
eSystematics and speciation — biodiversity
ePaleobiology - history of life should be consistent with known

evolutionary mechanisms in extant species
CRE - <l

from Ridley
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?

R.A. Fisher  J.B.S. Haldane Sewall Wright

Th. Dobzhansky  grnst Mayr G.G.Simpson G, Ledyard Stebbins




What is population genetics?

* The genetic basis of evolutionary change.

* The study of genetic variation within and
between populations and species

* The basis of much of “micro”-evolutionary
thought

Nothing in biology makes sense except in light of evolution.
T. Dobzhansky (1973)

Nothing in evolution makes sense except in light of population
genetics. M. Lynch (2005)



What is theoretical Population
genetics?

* The interplay between:

— Mutation, assortative mating, migration, drift,
recombination and selection

— And how these ‘forces’ shape polymorphism and
divergence

|”

— “All models are wrong, but some are useful” —Box



Why are population genetics models useful?

Support or discount verbal models

Build intuition.

Evolution is fundamentally a statistical process.

Mendelian inheritance, segregation, &
recombination provide a powerful framework.

— “theoretical population genetics is a formal reaction to
the existence of sex”



What is empirical Population genomics?

Unlimited talk & text. Now w/ DOUBLE the DATA.




DNA sequencing costs over time

$100,000,000
$10,000,000 20[)3 Average Cost per Mb
Human | $0.01
el 2,000.00
$1,000,000 s6018NCE | $
completed 2014 l $4,000.00
“$1,000 genome”
$100.000 2005 $6,000.00
Next-generation sequencecrj .
sequencing announce
$10.000 introduced Data source
B NHGRI data
$1,000- B Moore's law calculation
2001 2005 Year 2010 2015
Decline in real costs compared to expected declines based on Moore's Law. >
Trend line: Cost per human genome. Line width: Cost per megabase (Mb) E:.: B ROAD
Data: NHGRI https://www.genome.gov/27541954/dna-sequencing-costs-data/ \ INSTITUTE



What is Evolution?

Descent with modification

Genetic changes in populations of organisms over time.



The process of descent

Parents—
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Offspring—
Generation 2

Baum and Smith
Tree-Think

Modified from
book

ing

Past

+—
o=
(9]
(72
[
St
[a W




Descent with mod

RN
54 \,‘\\
VA G
a2
A EE
Q,s\.({(ﬁ

e

125

[

A

» COCHICIHOO

< %
AN SN

)

Q9 65 OO
N\ RN 17

\)
g
5 t. NI

R AN %

>

ification

Pos Generationl ATCCGGAAA

20 DO

' “"gga%» 3 )9.0) ) &
“‘/)@) '.('(9:‘)’@:)?‘@}("5) (00) Q& ©Q
Al e
KNG awpyn

(OOXCC

.

>

' a
</
%

;(-:-.) O ENDCTENE

DXL AL T/

@9) @9, @) €9 @) @9, @9 €9 €9 €O €9

-

-

%
.
@9

o ¥ o] @009 @09),@9), ) @), @V,
; XTI R

( — Mutation from G->A position 6.

Creates a polymorphism
G/A in population

ATCCGAAAA

=3

. 00, (€0).@9 .
=< 3 Modified from
" .'Q“ Baum and Smith

> - >N
OG .)(.*))(:‘.;)’((&‘.) Tree-Thinking
(SO — book



Descent with moc
N
b‘fg

-

”
L\
X,
-

ification

WS L.
% e/g’?’zg%«\‘\\,

ATCCGGAAA
Generation 1

Past

! 0
(& ZN ‘?&i‘/‘
S EENE BRI
"‘\ ‘{/("/( ,}(A\\@'/,{/‘:}’K\\ ATCCGGAAA
Q¥ 08" o8 COCOCILONED # O ATCCGGAAA
\J

RN
%’ %

L)

A >

NG avssw i
”(’:5 S e

00 TC
¢ %&@’(5’&%@@@@@'@:{’@% o
i PN

N

Present

©9),@9) 00,09 @9),@9),09),@0,@9,@9),@0 @0 @0
v, % 3

PR AN ZANGZZ NS\
@ &3 CATCICICICHENEICHED @1-;4-:-3@ Modified from
[ ,‘,.‘!‘!,‘ngﬂvl’! -0'. !¢,s‘~ Baum and Smith

o] (@9 @) @9 @9 @0 09 69 ©9 @9 @0 €9 ©9 @9, @9, 0P L

X X /LR A K ree-Thinking

DRI CH IO /Generation 15 book

ATCCGAAAA



Time

Ancestor
ATCCGGAAA
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*DNA sequencing

| iII ||| |T N | | Il |||LI|. | |’|rr 1 FI TI* Varlants In the Adh gene Of
57 1—||r|| (L] i i“i fi”l 1 [T I I L il |||| L T H” 37 D' Me/anogaster
Kreitman 1983
(l) 2(?0 4(?0 6(])0 8(?0 1 IOPO l 12]00 . 14100 . 16[00 . 18[00 ) 2q00 . 22]00 . 2490 .260.0 bp

[GCTGATCTGCGATTACTAGCGACTCCGACTTCATGACG

*Provides unbiased description
of genetic variation
*Coding, noncoding
e[ndels

412 m‘s NATURE VOL. 304 4 AUGUST 1983

Nucleotide polymorphism at the
alcohol dehydrogenase
locus of Drosophila melanogaster
Martin Kreitman

Museum of Comparative Zoology, Harvard University, Cambridge, Massachusetts 02138, USA

The sequencing of eleven cloned Drosophila melanogaster alcohol dehydrogenase (Adh) genes from five natural
populations has revealed a large number of previously hidden polymorphisms. Only one of the 43 polymorphisms results
in an amino acid change, the one responsible for the two electrophoretic variants (fast, Adh-f, and slow, Adh-s) found
in nearly all natural populations. The implicartion is that most amino acid changes in Adh would be selectively deleterious.




Basic currency of modern population genetics
Aligned orthologous sequence across individuals

Sequence data

LOCUS (plural loci)
An allele

ATG CAG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT GAT




Basic currency of modern population genetics
Aligned orthologous sequence across individuals

Sequence data

Each diploid individual’s genotype consists of 2 haplotypes (orthologous sequences)

ATG CAG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT GAT
ATG CAG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT TAT




Basic currency of modern population genetics
Aligned orthologous sequence across individuals

Sequence data

Each diploid individual’s genotype consists of 2 haplotypes
At each locus/position individuals are homozygous or heterozygous

ATG CAG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT GAT
ATG CAG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT TAT




Basic currency of modern population genetics
Aligned orthologous sequence across individuals

Sequence data

Each diploid individual’s genotype consists of 2 haplotypes
At each position homozygous/heterozygous

ATG CAG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT GAT
ATG CAG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT TAT
ATG CAG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT TAT
ATG CAG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT TAT
ATG CAG CGT ATT TCA CAT TTG GGA CTT GTA TTT ACG GCT GAT
ATG CAG CGC ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT GAT
ATG CAG CGC ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT GAT
ATG CAG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCC TAT




Basic currency of modern population genetics
Aligned orthologous sequence across individuals

Sequence data

A sample from a population

Species 1

ATG CAG CGT ATT TCA CAT TTGC GGA CAT GTA TTT ACG GCT GAT
ATG CAG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT TAT
ATG CAG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT TAT
ATG CAG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT TAT
ATG CAG CGT ATT TCA CAT TTG GGA CTT GTA TTT ACG GCT GAT
ATG CAG CGC ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT GAT
ATG CAG CGC ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT GAT
ATG CAG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCC TAT

Species 2 ATG CGG CGT ATT TCG CAT TTA GGA CAT GTA TTC ACG GCT TAT




Basic currency of modern population genetics
Aligned orthologous sequence across individuals

Sequence data

A sample from a population
Syn

Species 1 No_nsyn 2 Sln Sln

ATG CRG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT (GAT

ATG CAG CGT ATT TCA| CAT TTG| GGA CAT GTA TTT| ACG GCT TAT

ATG CAG CGT ATT TCA| CAT TTG| GGA CAT GTA TTT| ACG GCT TAT

ATG CAG CGT ATT TCA| CAT TTG| GGA CAT GTA TTT| ACG GCT TAT

ATG CAG CGT ATT TCA| CAT TTG GGA CTT GTA TTT ACG GCT (GAT

ATG CRG C§%§ATT TCA| CAT TTG| GGA CAT GTA TTT ACG GCT (GAT

ATG CAG CGC) ATT TQA| CAT TTG|GGA CAT GTA TTT| ACG GCT (GAT

ATG CAG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCC TAT

ATG CGG CGT ATT TCG| CAT TTA GGA CAT GTA TTC| ACG GCT TAT
Species 2

M Q/R R I S H L G R/L V P S A Y/D




Basic currency of modern population genetics
Aligned orthologous sequence across individuals

Sequence data

A sample from a population

ATG CAG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT GAT
ATG CAG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT TAT
ATG CAG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT TAT
ATG CAG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT TAT
ATG CAG CGT ATT TCA CAT TTG GGA CTT GTA TTT ACG GCT GAT
ATG CAG CGC ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT GAT
ATG CAG CGC ATT TCA CAT TTG GGA CAT GTA TTT ACG GCT GAT
ATG CAG CGT ATT TCA CAT TTG GGA CAT GTA TTT ACG GCC TAT

Four simple summaries of polymorphism:

The frequency of each site.

Number of segregating sites.

- Heterozygosity: Fraction of all sites where an individual is heterozygous
Pairwise Diversity:

Fraction of sites that differ between two sequences chosen at random



¢ How much DNA variation is there?
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* Actual genotype frequencies.
 SNP A-4213906 0.07 0.40 0.53



Hardy Weinberg Expectations

Mum Dad

In adults just before reproduction

Frequency of A =p ‘ '

Frequency of a = q

Me
What’s the frequency of AA homozygotes?

What do | have to assume?



A
SNP A-4213906 p=0.27

Freq. of AA
Freq. of Aa
Freq. of aa

d

g=0.73

Actual genotype frequencies.

SNP A-4213906 0.07

0.40

0.53



The Empirical Relationship between Genotype and allele Frequencies in a European population
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What if genotype frequencies were not in Hardy
Weinberg at their HW proportions?

AA Aa aa
0.2 0.14 .66

o p=f+ %, =0.2+.14/2=0.27 q=f _+ %f, =0.73

* Freqg. of AA=p? =0.272=0.079
* Freq. of Aa=2pq =2x0.27 x0.73=0.394
* Freq.ofaa=q?> =0.732=0.533

Genotype frequencies returned to Hardy Weinberg Proportions within one generation
Of random mating!

Therefor the Hardy Weinberg expectations/proportions are an equilibrium if nothing
interesting happens in popgen.



Kuru outbreak in the Fore people

The Fore people of Papua New Guinea practiced
ritual funereal cannibalism (till 1950s) e

coding polymorphism (Methionine/Valine) at % Tetex it
codon 129 of PRNP. Homozygotes for either  ©*0 1 s 5 -
allele develop prion disease at a higher rate. = %" S a* o &

Met/Met Met/Val Val/Val RS S T A A

4 23 3 https://en.wikipedia.org/wiki/Creutzfeldt
%E2%80%93Jakob_diseasett/media/
File:VCJD_Tonsil.jpg

Chi-squared statistic significance =0.0034



Frequency of red hair = 0.01



