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2OLILE early in Earth’s history
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~ = Top layer uses
- photosynthesis

Lower layers use top
layer’s byproducts
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° [V |crofossns dating to
3.5 billion years ago

e Difficult to distinguish
from mineral
structures

® Analysis shows that
some structures
contain organic
carbon
-found in at least 3 sites




SREVIGENCE N metamorpt
ekSItnatlife existed

BIB5IIIioNS years ago
[FOW C12/CL fraction in

fock layers suggests life

== Bjological processes prefer

i —

= (Cl2{o C13
e — - .
-~ - - * Find lower fraction of C!3
~ = Non-biological processes
have no preference, so find

eqgual amounts
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r{o% bejore ~4-billion'years old are rare and
rlzifel te r) Jnd

' r e oftheavy bombardment ended about 3.8-
) o)} 1on Vears ago
Eazst devastatlng impact between 4.2-3.9 bill. Yr ago

— 2 ldence suggests life as long as 3.85 billion

—

= years ago and definitely at 3.5 billion years ago

\.'

-® [ife rose and dominated the planet between
100-500 million years
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*RIDINATL ,J"r-‘f- living fossil

J r e rruf- alike the DNA sequence

weﬂ hi species, the more recent their
J ;g‘énce and extinction of their common
—ar Stor
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Belgte JalandrArchaeas genetic material' NOI" separated

Eukarya

Bacteria animals
halobacterium siime
purple bactena " A molds
= e methanobacierium
oyanabacteria gram-posilive entamoebage
acteria AT " .
bacteria methanococcus thermoplasma plants

ciliates
flagellales

flavobacteria thermoproleus

thermococcus
pyradictium A methanopyrus
lhermotoga microsporidia

diplamonads

g

aguifex

g Fossils .. .l _—
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SN ENS URIKELY
=N010,, > no ozone: UV destroys molecular bonds
¥Stigliow ponds

B@nce favored, full of organic material

= A_Jv Jen evaporated organic chemical concentration
1,‘_‘*“" NCreases making it easier to combine complex
—  molecules leading to life

- — Current experiments indicate lack of chemical energy
~ sufficient to support life

“® Deep-sea vents/hot springs

— DNA evidence suggests that early organisms survived
In conditions similar to deep-sea vents

— Plenty of chemical energy available
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J JJU]I)J ‘0rganisms today and those dated

3.5 DJJJJ@ years ago are remarkable
JV"ﬁ-d

= \ﬁﬁg - are the natural chemical processes

that could have led to life?
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A_ssumptlons
— Life began under chemical conditions of early Earth
— Life did not migrate to Earth
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2 1) LI20US . scientists hypothe5|zed that the
SHIENT JF‘ 5 in the early atmosphere, fueled
PYASL 1ght would spontaneously create

= ))r,‘ nlc molecules

f ..ested by Miller-Urey experiment 1950°s
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MIIET 'rey E daerlmeﬂt)“" |

SHISEHICISK partia Iy ﬁIIe W|th water and heated
o) r)Jz)r ce Water vapor (sea)

S/ ater Ve 3por was moved to a second flask where
fiEthane and ammonia vapor was added
= (@tmosphere)

— C—
r— '_
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«,."E1ectr|c sparks (lightening) in second flask was

—_—

= ~ energy source for chemical reactions

-® Below second flask, water vapor cooled (rain)
and recycled to first flask (sea)

® Result: turned brown with amino acids and other
complex organic molecules
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earth's condensing

column

- primitive
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Wehave discussed the ormation of the
Splaisystem and the formation of the
terestrial planets. Now, what is wrong

e

vith the Miller-Urey experiment?
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SHDIfiErEnt mixes of gases to represent
_erJJr

> JJrrr\ S t energy sources, like UV

nlight)

= -esuits ALL PRODUCE AMINO ACIDS AND

—-'
: i

--j “COMPLEX ORGANIC MOLECULES

— Not as much as original experiment
— MUST be more sources of organic material
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o Cr) aml al reactions In atmosphere
— | J.) » perlments show this is likely

J Orr 2) |c material brought by impacts

: 'hemlcal analysis of comets and
: ’carbonaceous chondrites show that they have
"»‘" ‘organic molecules

“e Chemical reactions near deep-sea vents

— Heat from undersea volcano can fuel chemical
reactions between water and minerals
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Jiransitionfrom chemistry to. ... =
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20aanic rr olecules are ng blocks.of .
ife, |

SOV g bablllw of forming life even if
IEPEC ted several times.

.,-,-f n =ermed|ate steps of high probability are
== ’-hecessa ry
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Were 'r' gwar [FOM Organisms that live
TJJJy
SDINAY _double -Stranded = complicated

. j‘iL\ A obwous candidate, more simple than
— DNA
',j_j‘" ‘Hereditary information

- — Can serve as template for replication
— Fewer steps to produce backbone structure

\.
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VA and DNA require enzymes

determlned that RNA might
ze thelr own replication instead of
er enzymes

Early Earth was an RNA-world
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SRORNEARY Earth, short strands o RNA like
HBIECUIES Were produced spontaneously
rurruJJ\ ‘or completely

S RINA ke molecules that could replicate faster
| w 4ess errors soon dominated population

gymg errors introduced mutations, ensuring
:.f”i:ﬁe production of many variations of successful
~  molecules

- o Allowed molecular evolution to continue
e RNA-world gave way to DNA-world

— DNA less prone to copying errors
— DNA more flexible hereditary material
— RNA kept some of its original functions
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SROIENIC SOUP WaS too dilute to favor the creation
Of wm) ex organic molecules

= ,u ugs riment with possible solution: When
nr nd clay or rock is placed in dilute organic
=50 ﬁtlon complex molecules self-assemble

> - -

_f"’::"’ Organlc molecules stick to surface of clay

—
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-~ — Increases density and likelihood of reactions

~ — Strands of RNA up to 100 bases have been produced
this way
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SAOLIES Jﬁ a "ganic minerals may have also
jadiarsimilar role
o Iy

Jﬂﬁ’ (fool’s gold)

.GSItlve charges on surface which allows
'erganlc molecules to adhere

- — Formation of pyrite releases energy which
- could be used as fuel for chemical reactions
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AEVantages to
SNCIOSING ENZYyMES
w]-.t molecules
BEElose proximity.

E;a:fmcreases rate of
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= reactions between
- them

® [solate contents from
outside world

N RNA

self-replication =
of RNA Ac==S—

self-replicating RNA
s template on o EE—
a small protein eeessssy ., o ¥
(chain of arnino acids)
forms

protein @

protein acts
zyme that

aids RNA
replication

a This diagrar
replicating RNA ¢

isolate
ment insi

peration

protein
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ments suggest that membrane
J s eX|sted on early Earth

Jrrﬁ:} ontaneously

= — Cool down warm-water solution of amino
= -aC|ds
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—_— I\_/le lipids (fats) with water

—

- ——



r‘JrJ\/ olut@g&'nd RqM —

ENEISI0IGaNISMS had S|mple metabollsm

r\rrn)ﬁ was O, free, must have been
clfiET Obic

=P o) any chemoheterotrophs

‘—

= ‘Dbtamed nutrients from organic material

; ~— Obtained nutrients from inorganic material

® Modern archaea appear to be close to the root of
the tree of life

® Obtaining energy from chemical reactions involving
hydrogen, sulfur and iron compounds (all
abundant on early Earth)
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P\ Etlral selection probably resulted in
relgclie J} er5|f|cat|on

NVIOUET 'DNA has enzymes that reduce the
Iate of ‘mutations

"’ NA is not so lucky, more likely to have
== -=c~opy|ng errors

-
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-® Higher mutation rate in early evolution
than now
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VGSImportant new metabolic process evolved
Jr,JJ,ufh
J Orgm Sii 15 that lived close to ocean surface

probal 1y developed means of absorbing sunlight
(V. in particular)

"'@nce ‘absorbed, developed method of turning it
= ":=1nto energy
- — Modern organisms of purple sulfur bacteria and green

sulfur bacteria much like early photosynthetic
microbes, use H2S instead of H20 for photosynthesis
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Usiple) Welteliiode otosynt esis eveloped later, pernaps
] FJJJJJ.E years ago

Flrst e ,J,)L) afing inicyanobacteria (blue-green algae)
”‘/ _U’Ct of O,, released into atmosphere
| ged the worldI
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rock and minerals
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RISETO1"O, po

SROZNSHhighly reactive;

SINRILEIRO5 Would reac
Ir) WS

@5 could ‘not accumulate in atmosphere until
J,Jrr' e rock was saturated

BRROCKS! 2-3 bill. Yr old called banded iron
~___—;-'f aermatlons show atmosphere had <1% of
— current amount of O,

'-

———

~ ® Rock evidence suggests that O, amounts in
atmosphere began to rise about 2.0 bill. Yr ago

® Clear evidence of O, near current levels appears
only 200 million yr ago
— Find charcoal (fossil fuel)
— Indicates enough O, in atmosphere for fires to burn
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1ave created a crisis for

SRRISErOf Q WOLU
[1f< 2 -
2 Oy ezl cts with bonds of organic materials

-3 )_u lvmg Species avoided effects of O,
— because they lived or migrated to
= =underground locations

- — Many anaerobic microbes found in such
locales today
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= EUKaryotes J“" ‘

SO5Sillevidence dates to 2.1 bill. Yi ago
SRIDELES fwhen O; rising in atmosphere

- JJ\J% VIdence suggests that prokaryotes and
§ lfyotes separated from common ancestor

;l, Juch: earlier
= . :
-._;‘_0;02 played a key role in eukaryote evolution

— Cells can produce energy more efficiently using
aerobic metabolism than anaerobic metabolism

— Adaptations of aerobic organisms could develop
adaptations that required more energy that would be
available for anaerobic organisms
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rJJ& ned where liguid water exist
r) and Was more complicated

SiHad e ) develop means of collecting solar
el 'ergy above ground and nutrients below

- - 4-‘-;: ... T——
-~

life'in shallow ponds or edges of lakes
jf?-— Water evaporates

- — Natural selection favored that which could
withstand periods of drought

o Ljfe
o Lifee
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MESSHEXTInCions

Quaternary

Devonian Permian
Ordovician Sllurian Carboniferous Triassic Jurassic Cretlaceous Tertiary 1
80 — .
End-
Permian
50 b= Late §

Ordovician

Late
Triassic

xtinction

a
(=)

0= Late

Devonian

rgent

oe

1
300

|
240

180

time befere present (millions of years)
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'Pos JJ]J“ ISes

ey
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J rme sites found for K-T boundary
: % _spected for Permian extinction 245 mill yr ago

= Active volcanism
j,,:}- ,

e (limate change

—
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- — External influence for copying errors

® [ncrease in solar particles or radiation hitting
surface

® | ocal supernova




Prise vel & w

> J\/JJJ’ Jgr% apes, lemurs and humans have

"_ancestor that lived in trees

B =) ife.

] 'I5er arms for swinging between branches
f'Eyes In front of head for depth perception

—-g

-~ — Offspring would be born more helpless than
~ other animals

——,—
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JIENOT evolve from gorillas or monkeys
ura al common ancestor that lived just a
|1I|on years ago

T /b of human genome is identical to
,’genome of the chimpanzee

~® D9 difference in genome separates the
success of humans verses chimps

— Also Indicates evolution of intelligence is
complex
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ATLETRIOM| ids diverged from chlmps and
Joilias; volutlon has followed a complex path

JJ,JHJP‘ oL Us hominids species existed, some

Jt the same time period
; :,:' humans are the same species

Fll‘St skull fossils that are identical to modern
f ‘human skulls dates to 100,000 yr old

® Our ancestors shared the Earth with
Neanderthals

— Went extinct 35,000 years ago
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Home habilis

= 3
7
() 2/\\ s ——
/ —— < Australopithecus
< /N— robustus e
7~ \
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Australopithecus TR /’\,
bojsei @

Australopithecus
africanus

= 3

= )3 1/_& ]
Australopithecus / — /—v\‘/

afarensis by’

?
= Ardipithecus
2 ramidus

5.0 45 4.0 35 3.0 2.5 2.0 1.8 1.0 0.5 0

millions of years ago
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gyelution
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40, OJJ@ ears
- JVJ.J,.J: ) rates are slow

J JrJ ial 4c cuIturaI changes
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= ;ransmlssmn of knowledge between generations
-ﬁ = e Spoken to written word, thousands of years

’

= =--; & agriculture

| '0 Trechnological evolution
— Result of coupling between science and technology

— About 100 years between industrial revolution to
landing on the Moon and generating weapons of
mass destruction

SVYOIUHORT




