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Nothing in Biology Makes Sense Except
in the Light of Evolution

Theodosius Dobzhansky (1900-1975)




Inferences from Fossils
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Every creature alive today had
ancestors

Not all fossils had descendents



How Evolved are YOU?

e True or False?

The first living organisms were like bacteria
The Coelacanth is the living fossil of the first four limbed vertebrate

Humans evolved from chimpanzees

Modern hunter-gathers resemble humans before the advent of
agriculture

The Basque are a paleolithic relict population

The Australian aboriginals are like the original people that migrated “Out
of Africa” 50-70 kybp.

- ALL ARE FALSE'!

« Fallacy of the Contemporary Ancestor:
— Misguided anthropocentric view regards humans as the pinnacle

of evolution. Evolution has no direction or goal !

« |f evolution = genetic change, humans are /ess evolved than
monkeys or mice - they have lower genetic diversity (and perhaps
“civilization” is driving them to phenotypic identity as well)



Fallacy of Linear Evolution

« Examples of Stupid & Dangerous questions:
— What is the genetic basis for low IQ?
— Which languages/species are the “most evolved™?
— What is the ancestral biological homeland of
population X?

» Genetic diversity cannot be traced to a single time and place.
Different segments of genome converge to different
ancestors.

* Nordic people have Irish mtDNA. Are they Irish?

— Where did my ancestors live, a thousand years ago?

 After n generations, we have 2”*n ancestors.
— n=30 (600-900 ybp): Ancestors ~ 1019
— n=40 (800-1200 ybp): Ancestors ~ 10712

- OUR ANCESTORS LIVED EVERYWHERE !



Inferences from Genetics

Sequencing cost: 6 Giga Bases = 2 human
genomes = $10,000



Biology 101

Life starts as a single cell with 46
chromosomes, 23 from the female egg
and 23 from the male sperm

The cell divides and differentiates into
~ 1013-10"4 cells (our bodies).

We regenerate our bodies ~ 500 fold in a
ifetime: 10’ new cells per second !

Cells multiply by Mitosis : demo
Meiosis produces germ line cells: demo



Jerusalem_2008/mitosis_animation.htm
Jerusalem_2008/meiosis_animation2.htm
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The Human Y Chromosome

~58 MB, paternal
iInheritance, 90% non-
recombining

few coding genes

Palyndromic,self
recombination in male
meiosis.

Few variants (~5000)

Derived from X about
300,000,000 years ago.
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maternally inherited
Bacterial Origin, Circular,
Symbiosis ~ 2 billion YBP
Encodes 37 genes

o 22 tRNAS, 2 rRNAS,

» 13 proteins (energy
metabolism)

100-300,000 copies in cells
mutatation rate 1/400 births
10X higher than nDNA

ATP8 ATP6



Uniparental Inheritance of Y & mtDNA
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Mutations mark the tree of evolution

Scientists try to read this record !

Somatic mutation — non-heritable

- normal soma: daughter cells
carry mutation — ‘somatic mosaic’

« cancer: clonal expansion

of mutant cells

Germ-line mutation — heritable



Mutation clues
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Two Main Models of Human
Evolution

MULTIREGIONAL HYPOTHESIS

African European Asian Indonesian

H.erectus H. erectus H. erectus H. erectus
Neanderthals Ngandong

Modern Modern Modern Modern

Africans Europeans Asians Australians

OUT-OF-AFRICA HYPOTHESIS

African European Asian Indonesian
H. erectus H. erectus H.erectus  H.erectus
Neanderthals . ——— Ngandong _
Modern Modern Modern Modern
Africans Europeans Asians Australians




Distribution of Y Chr Groups
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] The Genographic Project - Human Migration, Population Genetics, Maps, DNA - Microsoft Internet Explorer
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- Deepest branches are exclusively
sub-Saharan African

- TMRCA estimated at ~ 170,000 YBP

- TMRCA for the « out of Africa »
group estimated at 50,000 YBP

v

Strong support to the recent
African origin of modern
humans

Cann et al. (1987) Nature 325(6099):31-6.
Ingman et al. (2000) Nature 408(6813):708-13
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MNon-African
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1 Chukchi

J 2 Australian
- 3 Australian

4 Piman

: 5 Italian
6 PNG Highland
_’}? PNG coast
8 PNgé—lighlgmd
= T eorgian
1L(JJ German

——11 Uzbek
———12 Saam
13 Crimean Tatar

14 Dutch
15 French
—16 English
——17 Samoan
—18 Korean
: 19 Chinese
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21 Chinese
i 22 PNG coast

98 23 Australian
24 Evenki
25 Buriat
26 Khirgiz
27 Warao
28 Warao
29 Siberian Inuit
30 Guarani
31 Japanese
32 Japanese

African
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100

33 Mkamba

34 Ewondo
35 Bamileke

|36 Lisongo
37 Yoruba
38 Yoruba

{ 39 Mandenka
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42 |bo
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98 2| | 44 Mbenzele
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48 Kikuyu
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Human mtDNA Migrations

http:/fwww.mitomap.org/mitomap/WorldMigrations. pdf
Gopyright 2002 © Mitomap.org
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Geographic Location of MRCA of Selected Loci

Diseases

Chr 11 B Globin 326 Samples | African root Harding et al
2670 b 1997
Hemoglobino
pathies

Chr 18 LPL 71 Samples Africa and Clark et al
9734 b elsewhere 1998
Cardiovascula
,
Diseases

Chr 16 MC1R 356 Samples | Africa and Harding et al
954 b elsewhere
Skin pigment

X PDHA1 35 Samples Africa Harris and
4200 b Hey, 1999
Neurological




“Standard” Parsimony Tree
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4 | | |
0 B & F, which are groups found in
10E10T
| Asia, are classified in the R sub-clade,
. which is mostly E
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Table 1. The ethnicities of the mtDMA data
analyzed in this study

Population Ethnicity Size

America

India 93
apanese 674
Malaesia 14

ailwaEn 12
Cther areas ba L

Australia

Caucasian
Finland 194
Italy 53
Other arsas 67

Eurape

LUnspecifiied arsas

G. Alexe, R. Vijaya-Satya, D. Platt, M. Seiler, T. Bhanot, S. Hui, M. Tanaka, A. Levine, G. Bhanot, ‘Principal
Component Analysis and Clustering Reveal Alternate Phylogeny for the N and M Clades’, J of Molecular
Evolution, 2008.



Rows = samples

Columns = mtDNA Loci
Green = 0 (no mutation)
Black = 1 (mutation) .
900 SequencesinMand N
Out-group = LO/L1



Principal Component Analysis
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Haplogroups within Clades

| Data each clade I

10-Fold Cross-Validation

e.g.,

y |

Partitioning /

relocation

k=2, .k opt
kdevel Ensemble Consensus
Clusten'ng

Agreement Matrix I

Robust pattern identification
Tra/Test Protocol

Agglomerative




Clustering Reveals tree

Sample equal size sub

sets from
k robust haplogroups
Repeat ensemble

=] 2
|

Consensus tree

i

dynamics

Root migration tree
based on Poisson ‘ ‘ I I

Vahkdate haplogroup
assignment

I




Divide the Data into 2,3,4... k,,; clusters
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Major mtDNA CLADES

A

150-200K Years

2885C

v

8468T 13506T

2416C 82064 92216

247G B25T 2758G 71464
8655C 10688G 108107

TEOA 1018G 3524C 41MA

10115C 11944C 135804

87014 9540T

T521G 72560 13650C

Cann et al. (1987) Nature 325(6099):31-6.
Ingman et al. (2000) Nature 408(6813):708-13
Alexe et al, 2008. submitted

108737

439C 10400T

14783C 150434

LO/LT  Africa

L2 Africa

L3 Africa

Europe, Eurasia,
N N. and S. America

M Asia, Eurasia,
Oceania, Australia



1-2-3 PCs for N Clade. Note location of B and A/J/T/U/H

hwi

Figure 5a. N-Clade PCA projections. The pnemonic in the middle assigns colors o the haplogroup labeles for the samples in this clade. Mote that B and A
are much closer than B and any of JIT/H/UMY. The inference is that B and A separated later than B and JITHUM.




116747 11947G 16292T

N Clade Tree 189G 195C 204C 1243C 3505G 5046A 8251A 8994A

235G 663G 1736G 4248C 4824G 8794T 16290T 16319A

Time depth ~ 60,000 years

150T 5231A 5417 A 12358G 12372A 16257A 16519T

1719A 8251A 12501A

204C 1598A 8584A 9950C 12361G 15223T

15508T 15662G 15851G 15927A 16243C
195C 225A 1719A 6221C 6371T 14470C 16278T

8594C 10754G 14544A 16304C 16524G

Eastern

16183C

1119C 3497T 15346A

5147A 5417A 10607T

Migration

3970T 6392C 6962A 10310A 10609C

11016A 13183G 14893G
5465C

9123C 16261T
499A 4820A

4086T 9053A 16172C

| _]13590A 16136C

11467G 12308G 12372A

12406A 12882T 13928C 16304C

3480G 9055A 9698C 11299C

14167T 14798C 16224C

Western N 11719G 14766C

72C 4580A 15904T 16298C

3197C 9477A

Migration

8269A

2706A 7028C

5460A 8269A 13879C 16145T

295T 462T 489C 3010A

12612G 13708A 16069T

16172C 16222T 16261T
14798C

4216C 11251G
15452A 16126C

709A 1888A 4917G 8697A 10398A 10463C

12633A

13368A 14905A 15607G 15928A 16294T |11812G 14233G 16189C

N9a

B5

R5
B4c

- Nob

B4a
B4b
Bk

' F1
F2

u*
us

J2
T

Asia, N. & S.
America

Europe, Eurasia
Americas




Haplogroup JT > Jand T

 Haplogroup T originated in Mesopotamia ~ 10,000 ybp
and moved northwards. High concentrations around the
eastern Baltic Sea.

« Haplogroup J: Defined by a mutation ~ 45,000 ybp in
the DNA of a woman who lived in the Caucasus region.
Further mutations in the J line are identified as J1a1
(27,000 yrs ago), J2a (19,000 yrs ago), J2b2 (16,000
years ago), J2b3 (5,800 yrs ago), etc.

 Haplogroup J and T associated with the spread of
farming and herding in Europe during the Neolithic
Era (8,000-10,000 yrs ago). All other West Eurasian-
origin groups (H, V, U, K, W, |, X) were previously
given to hunting and gathering.



http://en.wikipedia.org/wiki/Mesopotamia
http://en.wikipedia.org/wiki/Baltic_Sea

SNP 5417, M7a/M7b, homoplasy
M Clade Tree Jomon/Yayoi
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Divergence of haplogroup M7 into
subhaplogroups M7a, M7b, and M7c




‘mtDNA Eve’ Live?

How Long Ago Did

T o/ Toy =243 +- 1.7 > Ty = 206K +/- 14K if Ty; . = 10°

ochimol

Ehimoe

miOHA haplogrowpa

R R N R 2 R R

miDMA haplogroups

Humans-Chimp/Bonobo

Human-Human




39 KYA

N Clade
40 KYfAr\Migration

47 KYA

"

L0,L1,1.2
L.3 Clades
in Africa

M Clade
Migration

50 KYA




mtDNA and migrations into Europe




into N. & S. America
11,000-15,000 YBP

Ocean Levels were lower
N, during Ice-Age ,

N,
- 4




Migrations in the South Pacific Islands

o ~63KYA -
/ awail
o ~48KYA S 1.4-1.2 KYA
Marquesas
1.7-1.4 KYA

,." Lapita culture
! 3.5-2.9 KYA

FrasKA \
: ——) Cook Islands
1.8—1.4 KYA \

New Zealand
1.0-0.8 KYA

Remote Oceania

Near Oceania

Easter Island
1.4—1.0 KYA




SCANDINAVIANS HAVE SCOT AND IRISH mtDNA

f Scandinavians




Y-Chromosomes, Slavery and Colonization

~0.5 million
Portuguese
(1500-1808)

~6 million
Europeans

(1808-)

~4 million

~2.4 million Africans
Native Americans (1550—1850)

(in situ)




European Gypsies came from Rajasthan, India

1000 YA




mtDNA and the Jewish Migrations out of Palestine




Where can | learn more?

« Take a Genetics Class
 Popular Books:
— Matt Ridley: ‘Genome’, ‘The Red Queen’, ‘Nature via Nurture’

— Richard Dawkins: ‘The Ancestor’s Tale’, ‘The God
Delusion’, ‘The Selfish Gene’, ‘River out of Eden’, ‘The Blind
Watchmaker’

— Brian Sykes: ‘The Seven Daughters of Eve’, ‘Adam’s Curse’
 Text Books:

— Hartl, Clark: ‘Principals of Population Genetics’

— J. Gillespie: ‘Population Genetics, a concise guide’

— Jobling et al: ‘Evolutionary Pop. Genetics and Disease’

— Ewens, ‘Mathematical Population Genetics’



How can | find my ancestral mtDNA
and Y haplogroup?

How can | trace my ancestry?

https://genographic.nationalgeographic.co
m/genographic/index.html

http://www.dnaancestryproject.com/ydna |
ntro_howto.php

 http://www.familytreedna.com/



MtDNA Report

HVS1 Sequence
Haplogroup: M*
16111T, 16223T, 16311C, 16519C

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTA
CCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTACATT
ACTGCCAGTCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTG
TAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGCTTACAAG
CAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAG
CCACCCCTCACCCACTAGGATACCAACAAACCTACCCACCCTTAACAGTAC
ATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTT
CTCGTCCCCATGGATGACCCCCCTCAGATAGGGGTCCCTTGACCACCATCC
TCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCC
CATAACACTTGGGGGTAGCTAAAGTGAACTGTATCCGACATCTGGTTCCTA
%Xgéﬁ (_? ((33CCATAAAG CCTAAATAGCCCACACGTTCCCCTTAAATAAGACA



Y-Chromosome Report
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Typical Reports

Maternal Lineage based on 10 SNPs plus
HVS1 sequence

Paternal Lineage based on Y chromosome
STRs + SNPs


Jerusalem_2008/mtdna1_report.jpg
Jerusalem_2008/mtdna2_report.jpg
Jerusalem_2008/mtdna2_report.jpg
Jerusalem_2008/Y_Chromo_report.jpg
Jerusalem_2008/Y_Chromo_report.jpg
Jerusalem_2008/Y_Chromo_report.jpg
gyan_Y_Chromo.jpg

Open Questions



12 Major Language Groups (Greenberg) into which the
6000 languages in the world can be classified
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Questions from fossils and
archaeology

~800 KYA

heidelbergensis (antecessor)

* Did early hominids
(H. heidelbergensis,

~250 - 28 KYA H. neanderthalensis)

neanderthalensis Contribute tO the

40 KYA modern gene pool?

Modern humans ° Wh at were the

20 KYA relative c.on_trlbutlons

Glacial maximum of Paleolithic and
Neolithic settlers?

~10 KYA

Beginning of Neolithic transition



Were Neanderthals a Different Species or do we
still carry their DNA?

Human—-Human

Human—Neanderthal

Human—Chimpanzee

0

10 20

30

50 o0

Number of pairwise differences

70



How 50% of humanity views
EVOLUTION!

THEN T




And then there are the doubters




The Real Promise of Genetics

Individualized therapy: markers for disease risk,
prognosis and treatment efficacy.

Understanding and treating complex diseases:
Cancer, Diabetes, Heart disease, Parkinson’s
Disease, Alzheimers, Obesity,
Hypercholesterolemia

Understanding Complex Traits: Longevity,
Athleticism, Height, Musical Ability

Making effective Vaccines: HPV, FLU, HIV/AIDS,
Hepatitis



Physics is what physicists do at night.

R. Feynman




Biology some
Pirystes is whatA physicists do at night.

Crick

Pauling Schrodinger

.? ]

¢y} Who is this
physicist?

L | Venki =
Ri Ramakrishnan
n 2009 Nobel
%4 . Prize for
l Chemistry

ANl rights reserved.
ial is prohibited.
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