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Key topics for today:

DKN
- - How did life on Earth get started?
. - Whatis the early history of life on Earth?
How do we study the past?

Before and after the Cambrian Explosion
The when and how of colonizing land
Mass extinction




April 10 Lecture

April 10, 2012

THE

TIME

MACHINE

H. G, WELLS

s

.
%

n

UNRAVEL

THE CLUES AND
CRACK THE CASE

Ve
f’ﬂ,. J.\‘
) =

v,

.




April 10 Lecture April 10, 2012

Let's frame the problem:
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Setting the boundary condition: Age of the Earth
Prof. Clair Patterson (Caltech, GPS)

1956 — determined age of Earth to be 4.55 £ 0.07 billion years
—— —

204Ph (primordial), 2%6Pb, 207Pb (decay products of 238U, 235U) but also primordial

—

‘zzq_"ﬁul .;(CA'T’D
Roe-Rop kfehT-1)

a, b = different meteorite Canyon Diablo meteroite
R, € Ph207/Pb R:2 =

k = U238/1J235 today (137.8 ¢

A, = U%35 decay constant (9.72 * 10-'%yr')

), = U238 decay constant (1.537 * 10-10yr")

C. Patterson (1956) Geochim. Cosmochim. Acta
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Tungsten ilncundr.T

How did life first emerge? (EXIST) N
- — % ) .\ l
- Need building blocks:

Pre-biotic soup

1953 Mille~throsy (U-oC >
Gm ¢&’% M

[CH,. ”Hs; h‘)_? 2:03
=7 amine acd nuclerdes

Mineral surface catalvsm
1980s Gunter Wachtershauser (with Claudia Huber)
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|

http://exploringorigins.org
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How did life first emerge? !PERSIST)?

- Need to be able to replicate M -7 ﬂ”‘ﬁ
z,bosbvmg cafe £S5

M'QIV)
—

T. Cech and S. Altman found evidence in 1980s (Nobel Prize) for:

Ribozme. ") S-Im—;}ubﬁ‘c_ ey
2) Catoht3S rmkaa
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How did life first emerge? (EXIST & PERSIST EFFICIENTLY)
—_——

~ Solving the problem of separating self from rest: membranes

- Why is compartmentalization useful? 1\
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How did life first emerge? (EXIST & PERSIST EFFICIENTLY)

Solving the problem of separating self from rest: membranes

- Why is compartmentalization useful?

- How do vesicles grow? J. Szostak (Harvard)

—

http://exploringorigins.org &"’
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Once the first life forms arose, then what happened/when?
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How do we know?
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Shark Bay, Australia
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C"'\"c“. | MQH s
Iterations between Lab — Field - Modeling
Vel A Y

Laboratory Field (today) Rock record (ancient field)

_IB

Petroff et al. (2010) Biophysical basis for the geometry of conical stromatolites PNAS 107:9956-9961
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Banded Iron Formation

ihdiveof~ b3 g asdure_

& Billions of Years Ago (10°)
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What types of clues do we have to work with?
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Some important early dates ﬁs‘ ‘F oz- @
VooV

F_ : : i
4 3 2 1 0 {Ga)

< 4.4 7 8180 content of zircons points to existence of water
Valley et al, A Cool Early Earth, (2002) Geology. 30: 351-354.
,? 3.85 &'3C content of graphite inclusions from Akilia, Greenland

Maijzsis et al (1996) Nature 384

3.467 Cyanobacterial fossils? [morphological fossils] é—

34 Stromatolite platforms in western Australia
Mojzsis et al (1996) Nature 384

Photosynthetic microbial mats

Tice and Lowe (2004 ) Nature 431:549

2.77  Sterols, first eukaryotes? [molecular fossils] Z&——

2.4 MIF §33S, 345, 363 reveals atmospheric oxygen
Farquar et al (2000) Science 289:756
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The Archean Cyanobacterial Microfossil Debate ‘I/

Mamn Bras;er Oxford

Schopf (1993) Science, Brasier et al (2002) Nature
= -3 mlmefm"j
Alamanf's
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The Molecular Fossil (a.k.a. “Biomarker”) Brawl

Prof. Jochen Brocks, ANU
d

Prof. Roger Summons, MIT
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Archean Molecular Fossils and
the Early Rise of Eukaryotes

Jochen ). Brocks,’** Graham A. Logan,? Roger Buick,’
Roger E. Summons?

Molecular fossils of biological lipids are preserved in 2700-million-year-old
shales from the Pilbara Craton, Australia. Sequential extraction of adjacent
samples shows that these hydrocarbon biomarkers are indigenous and synge-
netic to the Archean shales, greatly extending the known geological range of
such molecules. The presence of abundant 2a-methylhopanes, which are char-
acteristic of cyanobacteria, indicates that oxygenic photosynthesis evolved well
before the atmosphere became oxidizi he presence of steranes, particularly

' ides persuasive evidence for

“ion to 1 b‘i[[io
Science (2000) ’)’op ID //

%

rs before the extant fossil
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Let's take a look at some of the key assumptions here...

2-Me-hopanetetrol cholesterol
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Archean Molecular Fossils and
the Early Rise of Eukaryotes

Jochen ). Brocks,#* Graham A. Logan,” Roger Buick,’
Roger E. Summons?

Meolecular fossils of biological lipids are preserved in 2700-million-year-old
shales from the Pilbara Craton, Australia. Sequential extraction of adjacent
samples shows that these hydrocarbon biomarkers are indigenous and synge-
netic to the Archean shales, greatly extending the known geological range of
such molecules. The presence of abundant 2c-methylhopanes, which are char-
acteristic of cyanobacteria, indicates that oxygenic photosynthesis evolved well
before the atmosphere became oxidizing. The presence of steranes, particularly
cholestane and its 28- to 30-carbon analogs, provides persuasive evidence for
the existence of eukaryotes 500 million to 1 billion years before the extant fossil
record indicates that the lineage arose.

Reassessing the first appearance of eukaryotes and
cyanobacteria PO

Birger Rasmussen', lan R. Fletcher', Jochen J. Brocks™ & Matt R. Kilburn®

—9@5].& loack. daf=e_
Ia"g.;ld > [ F8-1.68
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ki gt B — e Bt

/
Topic for Thursday: Can we define generic ‘biosignatures” that could hmg
us search for life on other planets? What would you look for if you were
the chief scientist?
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Key concepts for today — Part 2:

1. Before and after the Cambrian Explosion
2. The when and how of colonizing land

3. Mass extinction
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Multicellular Archaea MEASURING RELATEDNESS
Pyrodictium occulatum THROUGH SEQUENCE

rRNA
—_—

Slowly changing
deep divergences

Do iﬂ mitochondrial genes have the same sequence? NO!

OV EK

Have populations evolving on opposite sides
of Oahu diverged into two species?
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Today'’s lecture:

Key concepts for today — Part 2:

1. Before and after the Cambrian Explosion
2. The when and how of colonizing land

3. Mass extinction




April 10 Lecture April 10, 2012

Posstls = Pubers fRMS
SEQuaicE DATA- —InFelerlcs
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Oldest Evidence for oxygen in ) Cambrian
evidence for atmosphere First radiation
life o : 4 Eukaryotes
Earth Fhotosynthetic \
forms \ microbial mats
~4 .6 hya \ MII' \J LI I
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[Time (bya]]

Oldest Evidence for oxygen in ) Cambrian
evidence for atmosphere First radiation
life p e \ Eukaryotes
Earth Photosynthetic
farms microbial mats
"46 h}fa \ ‘UI" ] - s " e w
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Ediacaran - oldest definite multicellular life

2

Evidence:

1.
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Ediacaran Doushantou Formation, China

Jpay HOGRARILL FuCROSUPY
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B e
Free-living Propagule
stage(s) release

| - ' | -
Donoghue et al., 2006
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Animals - Ediacaran

Evidence — Gene Sequences

PHANEROZOIC
Paleozoic Mesozoic Cenozoic

0.6 0.5 0.4 0.3 0.2 0.1 0.0
Ediacaran Efomg (ol

oldest definite
multicellular life
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What was the Cambrian Explosion (or radiation)?

PHANEROZOIC

Paleozoic Mesozoic Cenozoic

0.6 0.5 0.4 0.3 0.2 0.1 0.0
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Why all at one time?
A0,
Crvhead,

Cactt om

oSZ(':I;- o Crndends,
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The Water-to-Land Transition

ﬁ Terrestrial Animals {insectssamp_mhiansi_

I Paleozoic Mesozolc Cemziic

0.6 0.5 04 0.3 0.2 0.1 0.0
[Time (bya)]
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The Water-to-Land Transition

v ‘ Animals (insactslangw

Paleozoic Mesozolc Cennziic
0.6 0.5 0.4 0.3 0.2 0.1 0.0
[Time (bya)]
35
30
B Stratospheric Orone
2 { Tha Crone Loyer)
= 20
§ I5
5
0 Tropospheric Ozone
5
05105202
Ozone Amount

{pressure, milli- Poscals)
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PWM lh—-ﬂ( .
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Life in the underground
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Key aspects that drive selection in the terrestrial
The medium is: y

- A~ wra S\I««lf"lﬂ.

Next lecture — some detail about how they do this?
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At the end of the day - extant forms




April 10 Lecture April 10, 2012

% atmospheric O,
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' Plate tectonics and continental drift

[Time (bya)]

PHANEROZOIC
Paleozoic Mesozoic Cenozolc
| |
= , d
0.6 0.5 0.4 0.3 0.2 0.1 0.0




Prevalent theories — causes of Phanerozoic extinctions

Paleozoic . - Mesozoic | Cenozoic,
- [E—
0.6 0.5 04 0.3 0.2 0.1 0.0
Drop in sea level : v ' \ :
due to plate tectonics Drop in sea level Central Atlantic magmatic Anthropogenic
~ 50% extinction due to glaciation activity, global warming,
of animals & plants ~ 90% extinction atmospheric CO2

Volcanic activity, v extinction Asteroid-induced,

formation of the supercontinent supercontinent breakup
70 — 90% extinction 70-90% extinction



April 10 Lecture April 10, 2012

Golden toad
Central America
Once abundant, not seen since 1980
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