
Radioactivity, Accretion,
Differentiation, Self-compression

Jack Hills Zircon, the oldest rock

RNA World

Protocells

First Cyanobacteria

First 
Eukaryotes

The Great Oxygenation Event

Red and green lines represent the range of the estimates 
while time is measured in billions of years ago (Ga).

First Cells with Mitochondria First Cells with Chloroplasts

First Animals

FIRST LAND PLANTS The Big Bang - 13.8 billion years ago

Earth formed 4.54 Gya
= 4.5 billion years = 4.5 x 109

FIRST 
PRIMATES

First genus 
Homo

First Prokaryotes

!



M
IC

RO
BI

O
 4

80
: M

ic
ro

bi
al

 D
iv

er
si

ty
 

 
Hi

st
or

y 
of

 L
ife

 o
n 

Ea
rt

h 
Ac

tiv
ity

, P
ro

f. 
Kr

is
te

n 
De

An
ge

lis
 

 O
ve

rv
ie

w
: T

he
 E

ar
th

 is
 4

.5
 b

ill
io

n 
ye

ar
s o

ld
, a

nd
 h

ad
 li

fe
 e

ar
ly

 o
n 

th
at

 e
ith

er
 b

eg
an

 th
ro

ug
h 

ab
io

ge
ne

sis
 o

r w
as

 
se

ed
ed

 fr
om

 im
pa

ct
in

g 
bo

di
es

 (a
cc

re
tio

ns
) i

nc
lu

di
ng

 th
e 

M
oo

n.
 It

 w
as

 a
n 

RN
A 

w
or

ld
 u

nt
il 

pr
ot

oc
el

ls 
ev

ol
ve

d 
in

to
 w

ha
t b

ec
am

e 
ou

r l
as

t u
ni

ve
rs

al
 c

om
m

on
 a

nc
es

to
r (

LU
CA

). 
Ev

ol
ut

io
n 

of
 li

fe
 o

n 
ea

rt
h 

re
su

lte
d 

in
 th

e 
m

ic
ro

bi
al

 d
iv

er
sit

y 
w

e 
se

e 
to

da
y.

  
 Ac

tiv
ity

 L
ea

rn
in

g 
G

oa
ls

:  
• 

De
sc

rib
e 

th
e 

ev
en

ts
 th

at
 c

ul
m

in
at

ed
 in

 th
e 

m
ic

ro
bi

al
 d

iv
er

sit
y 

of
 to

da
y.

  
• 

U
nd

er
st

an
d 

th
e 

or
de

r o
f m

aj
or

 e
ve

nt
s i

n 
th

e 
hi

st
or

y 
of

 li
fe

 o
n 

ea
rt

h.
  

• 
Ex

pl
ai

n 
th

e 
ph

yl
og

en
y 

of
 m

od
er

n-
da

y 
en

do
sy

m
bi

on
ts

 a
nd

 v
iru

se
s.

  
 Pr

in
t o

ut
 th

e 
ca

rd
s o

n 
th

e 
re

ve
rs

e 
of

 th
is 

sh
ee

t; 
al

te
rn

at
iv

el
y,

 u
se

 th
e 

ta
bl

e 
be

lo
w

 to
 se

t u
p 

a 
tim

el
in

e.
 F

irs
t, 

w
ith

ou
t l

oo
ki

ng
 a

t t
he

 ta
bl

e,
 tr

y 
to

 p
la

ce
 th

e 
ca

rd
s i

n 
or

de
r. 

Tr
y 

to
 u

se
 re

as
on

in
g 

to
 th

in
k 

ab
ou

t w
hy

 o
ne

 e
ve

nt
 

sh
ou

ld
 c

om
e 

be
fo

re
 a

no
th

er
. K

ee
p 

th
e 

la
st

 tw
o 

ca
rd

s (
th

e 
ta

bl
e 

an
d 

th
e 

Bi
g 

Ba
ng

 c
ar

d)
 a

tt
ac

he
d 

to
 m

ak
e 

a 
sm

al
l f

ol
de

r s
o 

yo
u 

ca
n 

st
or

e 
yo

ur
 c

ar
ds

 a
nd

 u
se

 th
em

 to
 st

ud
y 

la
te

r. 
 

 

bi
lli

on
s 

of
 y

ea
rs

 
ag

o 
(G

a)
 

di
st

an
ce

 
(m

) 

di
st

an
ce

 
fr

om
 

pr
ev

 (m
) 

 M
aj

or
 e

ve
nt

s 
4.

54
 

0 
0 

ea
rt

h 
fo

rm
s 

4.
4 

0.
37

 
0.

37
 

ol
de

st
 ro

ck
 Ja

ck
 H

ill
s z

irc
on

 
4 

1.
43

 
1.

06
 

RN
A 

w
or

ld
 

3.
75

 
2.

09
 

0.
66

 
Pr

ot
oc

el
ls 

3.
5 

2.
75

 
0.

66
 

1st
 p

ro
ka

ry
ot

es
 

2.
7 

4.
86

 
2.

11
 

1st
 c

ya
no

ba
ct

er
ia

 
2.

5 
5.

39
 

0.
53

 
1st

 e
uk

ar
yo

te
s 

2.
3 

5.
92

 
0.

53
 

gr
ea

t o
xy

ge
na

tio
n 

ev
en

t b
eg

in
s 

1.
5 

8.
04

 
2.

11
 

1st
 c

el
ls 

w
ith

 m
ito

ch
on

dr
ia

 
1 

9.
36

 
1.

32
 

1st
 c

el
ls 

w
ith

 c
hl

or
op

la
st

s 
0.

6 
10

.4
1 

1.
06

 
1st

 a
ni

m
al

s 
0.

47
5 

10
.7

4 
0.

33
 

1st
 la

nd
 p

la
nt

s 
0.

06
 

11
.8

4 
1.

10
 

1st
 p

rim
at

es
 

0.
00

02
 

12
.0

0 
0.

16
 

1st
 g

en
us

 H
om

o 
(p

eo
pl

e)
 

 
Q

ue
st

io
ns

: 
1.

 
W

hy
 d

o 
w

e 
ca

ll 
th

e 
la

st
 u

ni
ve

rs
al

 c
om

m
on

 a
nc

es
to

r (
LU

CA
) a

 “
pr

ok
ar

yo
te

” 
bu

t n
ot

 m
od

er
n 

da
y 

ba
ct

er
ia

 a
nd

 a
rc

ha
ea

? 
 

2.
 

Ex
pl

ai
n 

w
ha

t h
ap

pe
ne

d 
fo

r t
he

 m
ito

ch
on

dr
ia

l g
en

om
ic

 D
N

A 
to

 p
la

ce
 it

 in
 th

e 
cl

as
s 

Al
ph

ap
ro

te
ob

ac
te

ria
. W

ha
t h

ap
pe

ne
d 

du
rin

g 
th

is 
en

do
sy

m
bi

ot
ic

 e
ve

nt
? 

 
3.

 
W

hi
ch

 c
am

e 
fir

st
: c

ya
no

ba
ct

er
ia

 o
r c

el
ls 

w
ith

 c
hl

or
op

la
st

s?
 H

ow
 d

o 
yo

u 
kn

ow
? 

4.
 

W
hi

ch
 c

am
e 

fir
st

: l
an

d 
pl

an
ts

 o
r c

el
ls 

w
ith

 c
hl

or
op

la
st

s?
 H

ow
 d

o 
yo

u 
kn

ow
? 

5.
 

W
ha

t d
o 

m
od

er
n 

da
y 

RN
A 

vi
ru

se
s t

el
l u

s a
bo

ut
 th

e 
RN

A 
w

or
ld

? 
 


