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* QOrigin of life happened once a long time ago.

* The question of Life’s origin is difficult to
answer but not impossible.

e Remember the rules of science predicate a
“natural” explanation, this might not always
seem the most reasonable or probable but slides
that follow represent the best plausible natural
explanation.

* Although some explanations are speculative
they still lead to testable predictions in the lab.
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e The theme to look for throughout this powerpoint is
CHANGE.

* The earth has changed, it is changing today and will
continue to change into the future.

e This change includes both the abiotic and biotic.

* Look for examples of abiotic factors effecting biotic change but
also look for examples throughout earth’s history where the biota
effect the earth’s abiotic characteristics.

e The changes in earth and its living organisms are
episodic, significant events followed by stasis, repeated
over and over again through time.

Friday, December 14, 2012



What did early earth look like?

* The easy answer...nothing like it does today!

* The early earth was a barren, inhospitable place devoid
of any life.

There were no oceans, no oxygen.

Earth was under continual bombardment of rock and ice from
the formation of the solar system.

Latest evidence suggests that the atmosphere was primarily
nitrogen and carbon dioxide.

Volcanoes were large and numerous, the earth as hot.
UV radiation was great with no atmosphere to filter it

Lightning was widespread
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How did life begin? Spontaneous Generation

e Dating back at least to Aristotle was the thought that life
originated from a “life force”.

e This idea spontaneous generation or abiogenesis held
that living organisms could arise from non-living
material.

e This idea has been dispelled and today we know that
cells come from cells, life from life.

 Ironically we support the idea of abiogenesis, however,
its meaning is more limited and specific.

* Modern abiogenesis refers only to the origin of the first
living organism(s), some 3.5+ billion years ago!
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Classical Spontaneous Generation Dispelled

* The first evidence against this idea dates back to 17th
century.

* Francesco Redi carried out a simple experiment that did
not support the idea of spontaneously generation.

OPEN MAGGOTS

Maggots did

not originate
from the non
living beef,

they came
from fly eggs.

GAUZE

PARCHMENT
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Classical Spontaneous Generation Dispelled

* In the 1748 John Needham, rekindles the debate.

e Knowing that heat killed organisms Needham boiled his
nutrient broth and left it out on the table, only to find
microbes growing days later.

John Needham Experiment (1748)

days later

e ﬂ e 4

= = ! )\ ‘ v
P \

chicken broth with broth appeared clear

- 2 of life after boiling
microbial growth brath has

microbes in it
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Classical Spontaneous Generation Dispelled

e Lazzaro Spallanzani answers
Needham later that century
with yet another definitive Spallanzani’s Experiment

experiment.
Gravy Is Gravy is
: . . boiled boiled
e Spallanzani carried out yet

another simple experiment

that showed microbes could

travel in the air Flaskis | Ml Flaskis
. open 6 6 sealed

e Some were still not convinced

they said that removing the air l '

was unfair because it aravyis I R
teeming with ~ free of

COntained the ”hfe f()rce' ! . microorganisms W microorganisms
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Classical Spontaneous Generation Dispelled

e Enter Louis Pasteur.

e Pasteur puts the debate to rest with the experiment

below.

Its amazing just how
many scientific
discoveries involved a
little “luck”. For

example both
/ Spallanzani and Pasteur
) were lucky to show no
) S ;; growth in their

respective bottles
because neither of
them sterilized their
glassware at that time.
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Spontaneous Generation... A Footnote

* It was the work of these scientists who paved the way
for scientists after them.

e From their work our knowledge of microbes grew
including of course the knowledge of pathogens and
ultimately the development of vaccines.

e see next slide
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Year

1840s

1854

1857
1867

1873

1876

1882

1884

1886
1892

1899

1899
1915-1917

1918

1957

Event

Ignaz Semmelweis shows that hand washing between visiting mothers can prevent
childbirth fever.

Dr. John Snow studies a cholera outbreak in the Soho neighborhood of London and
determines it was caused by contaminated water at the Broad Street pump. His methods
found the field of epidemiology.

Louis Pasteur develops the germ theory.

Joseph Lister develops the use of phenic acid (phenol) to treat wounds and for antiseptic
surgery.

Gerhard Henrik Armauer Hansen discovers the leprosy bacillus (Mycobacterium leprae)
and demonstrates that leprosy is a contagious disease and not inherited as was the
popular belief. In many countries leprosy is still called Hansen's disease in his honor.
Robert Koch and Cohn identify a bacterium, Bacillus anthracis as the cause of anthrax
and publish their research.

Koch isolates the Tuberculosis bacillus, Mycobacterium tuberculosis.

Koch puts forth his postulates, which are standards for proving that a microorganism is
the cause of a disease. Application of Koch's postulates continues to reveal the
association of many diseases with pathogens.

John Brown Buist is the first person to see a virus.

Dmitri Ivanowski publishes the first evidence of the filterability of a pathogenic agent, the
virus of tobacco mosaic disease.

Martinus Beijerinck recognizes the unique nature of lvanowski's discovery. He coins the
term contagium vivum fluidum - a contagious living fluid.

Friederich Loeffler and Paul Frosch discover that foot and mouth disease is also caused
by a filterable agent.

Frederick Twort and Felix d'Herelle discover bacterial viruses.

In the fall of 1918, as World War | was ending, an influenza pandemic of unprecedented

virulence swept the globe, leaving some 40 million dead in its wake. A search for the
responsible agent began in earnest that year, leading to the first isolation of an influenza

virus by 1930.
D. Carleton Gajdusek proposes that a slow virus is responsible for the wasting disease

kuru. In subsequent years several diseases are shown to be caused by slow viruses
(later renamed prions) including mad cow disease.

Friday, December 14, 2012




How did life begin? Modern Abiogenesis

e The current explanation involves 4 general steps.
* 1. The synthesis of small organic molecules.
° 1M0NOoMmers
e 2. The synthesis of large organic molecules.
* polymers
e 3. The synthesis of vesicles.
* protocells
* 4. The synthesis of self-replicating RNA

* ribozymes
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Synthesis of Small Organic Molecules

o As the earth formed and cooled there was an abundance

of certain chemicals.

* mnitrogen oxides, carbon dioxides, methane, ammonia,
hydrogen, hydrogen sulfide, water vapor

e Recent evidence confirms that meteorites carry carbon
compounds, 1-2% of their mass.

* meteorite fragments have been analyzed and found to
contain, some amino acids, simple sugars, lipids and
nitrogenous bases.

e Under favorable conditions these compounds may have
formed simple organic compounds, monomers.
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Synthesis of Small Organic Molecules

e The favorable conditions are as follows:
o 'Time billions of years available
* Energy earth was very hot and its slowly cooled
* Building Blocks by-products of earth’s formation

* A reducing (or even neutral) atmosphere

* the presence of oxygen would have would have created a degradative
environment where the breakdown of compounds would have been
favored over the synthesis of compounds

e In the 1920’s two chemists Oparin and Haldane hypothesized that
a reducing atmosphere would favor the production of organic
molecules
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Stanley Miller & Harold Urey Experiment

e These scientists set out to test Oparin & Haldane’s
hypothesis.

* They tried to recreate the conditions of early life in the
laboratory to see if they could in fact create organic
compounds from inorganic precursors:

e They were able to create some organic compounds

(amino acids for instance)

* Latest evidence suggests that the atmosphere was not the reducing
atmosphere that this experiment assumed but instead a neutral
atmosphere made of primarily nitrogen and carbon dioxide. New
experiments like Miller & Urey’s have confirmed that a neutral
atmosphere also produces organic compounds.
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Stanley Miller & Harold Urey Experiment

Electrodes
\\\

Expemmem& (7

Miller and Urey set up a closed system in their

laboratory to simulate conditions thought to have NH-
existed on early Earth. A warmed flask of water
simulated the primeval sea. The strongly reducing 4

“atmosphere” in the system consisted of H,,
methane (CH,), ammonia (NH;), and water vapor.

. : . To H,O Hy
Sparks were discharged in the synthetic vacuum

atmosphere to mimic lightning. A condenser cooled
the atmosphere, raining water and any dissolved
compounds into the miniature sea.

Spark chamber

Resulks
~ J
As material circulated through the apparatus,
Miller and Urey periodically collected samples for Condenser
analysis. They identified a variety of organic
molecules, including amino acids such as alanine ;:@

and glutamic acid that are common in the proteins .
of organisms. They also found many other amino
acids and complex,oily hydrocarbons.

Boiling
chamber

Conclusiown

Organic molecules, a first step in the origin of
life, can form in a strongly reducing atmosphere.

-=XI-—l—eat source

Organic molecules
collect in the trap

—~

&
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Stanley Miller & Harold Urey Experiment

* Latest evidence suggests that the atmosphere was not the reducing
atmosphere that this experiment assumed but instead a neutral
atmosphere made of primarily nitrogen and carbon dioxide. New
experiments like Miller & Urey’s have confirmed that a neutral
atmosphere also produces organic compounds.

e Also even with neutral atmosphere some suggest that local areas
around hydrothermal vents and volcanoes may have had reducing
characteristics |

Iron=Sulfur World
Hypothesis
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Synthesis of Large Organic Molecules

e All cells have a vast collection of large macromolecules.

e Some research has shown that a solution of amino
acids and nucleotides have formed spontaneously
when dripped onto hot sand, clay or rock.

* the clay etc acts as a catalyst

* the results are not overwhelming as the proteins that did
form were are mix of linked and cross-linked amino acids
unlike the our proteins
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The Synthesis of Vesicles

e The synthesis of vesicles.

vesicles form spontaneously when lipids and other
organics are added to water

soft mineral clays thought to be present on early earth
have been shown to increase the rate of production of these
vesicles

these vesicles could have trapped organics inside during
their formation or small organics may have diffused
through the membrane later

vesicles have been shown to grow and reproduce on their
own
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The Synthesis of Vesicles
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O O e e e v e S e e e e,
CE AE A E A A B A E A A A A AL A A A A AL A A A A A )
0558888088888 8 8888883888

inverse micelle

X I I I I O IO AN
phospholipid molecule Bilayer sheet

-
-
-

Sw
-
“
-

/

hydrophilic (polar)
phosphate head

hydrophobic (nenpolar)
fattv acid tail
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The Synthesis of Self-Replicating RNA

Until recently biology had a “chicken or the egg” problem.
DNA synthesis requires proteins, protein synthesis requires DNA

e Then came the discovery of ribozymes, an RN A molecule that
contains genetic instructions and has catalytic properties.

* Up to this discovery it was believed that proteins were the only
organic molecule that had catalytic properties, now we realize that
organic catalysts include certain proteins and certain nucleic acids.

e Single stranded RNA is thought be the first genetic molecule.

* In fact because single stranded RNA could fold into different
shapes (phenotype) and contained genetic instructions
(genotype), natural selection could have driven its evolution.
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The Synthesis of Self-Replicating RNA

e RNA self replicates, vesicles grow and split (reproduce) passing
on some the self replicating RNA

e Protocells would have limited amounts of genetic instructions,
traits and metabolism.

e Those that best able to exploit resources would have been
selected for

e RNA could serve as a template for DNA synthesis

 DNA may have been selected for because its double stranded
structure is far more stable.
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The Synthesis of Protocells

THE GLOWING, GROWING HORDES:
RNA, with red fluorescent dye adsorbs to
the surface of a montmorillonite clay
particle encapsulated by a fatty acid
vesicle labeled with green fluorescence.
This structure forms through a process
of self organization mediated by the
clay, and illustrates a possible pathway
by which the precursors of the first living
cells could have formed.

MICI’OSCOPIC it
layers af clayv

i Nucleoudes undergoing
polymenzation

| RNABREEDING GROUNDS i _
-~ Inthe water solutionhs in Which they formed nucleotlde_s

would have had little chance of combining into long

 strands able to store genetic information. But under the

 right conditions—for example, if molecular adhesion

- forces brought them close together between microscopic
- layers of clay (above)—nucleotides might link up lnto
single strands similar to modern RNA i
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The Evolution of

RNA Molecules

some RNA’s would be more
stable and replicate faster
than others and would be
therefore more fit

%q g’\‘\ \gw RNA molecules

=0

Selection for ability
to catalyze a
chemical reaction

% Molecules with some
ability to catalyze the

%«
& reaction
&

Amplification and mutation
to create large pool of
similar RNA molecules

Ex

v Repeat the
y selection-amplification-
¥ mutation process

Molecules with best

is C\\e\’\ ability to catalyze the
reaction

D Brooks/Cole -~ Thomson Learning
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Origin of Life Summary

Unregistered PowerVideoMake
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Origin of Life Interview

Jack W. Szostak, Ph.D. discusses
his work on model protocells
capable of copying DNA

Audio Interview by Benjamin Lester
Howard Hughes medical institute




Major Events in Earth History

* Formation of earth and abiogenesis

]
250Z0iC Cenozoic
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Land plants
Animals Origin of solar
system and Earth
Billions of years ago
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roterozoic Archaean
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Multicellular/ 2
eukaryotes
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Single-celled | CroC
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What did the first cells look like?

* Nobody can say for sure. (I have found conflicting information but

here is what I can say)
* Science agrees the first cell was a very simple prokaryotic.

e Science agrees that the first cell would have been anaerobic (does not
require oxygen)

* Science also agrees that this prokaryote was a chemotroph (uses
chemicals for energy source)

*  Most feel that these prokaryotes were heterotrophs (carbon source
from organic compounds)

*  Some sources feel believe that the first cell would have used carbon
dioxide as its carbon source thus making it an autotroph.

Final Verdit:  Anaerobic Chemoheterotrophic Bacteria
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What did the earliest fossils look like?

* The earliest known fossils date back to 3.5 billion years ago.

* Stromatolites are rock like structures composed of layers of
bacteria and sediment.

* Life itself likely evolved prior to this as result we estimate the first
cells evolved somewhere around 3.8 billion years ago.
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Major Events in Earth History

* Atmospheric Oxygen

]
250Z0iC Cenozoic
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N
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eukaryotes
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Major Events in Earth History

* The earliest metabolism likely produced ATP via
glycolysis. *

* The earliest form of photosynthesis likely used the
electrons from hydrogen sulfide (used up quickly).

¢ Life’s first Major Crisis

* The earliest form of photosynthesis likely used the
electrons from water. (cyanobacteria)

— S

/7~ Produces "\
| atmospheric

6002 + 6 H20 9 Ce H 1 206
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Major Events in Earth History

* The production of oxygen accumulates on earth
around 2.3 - 2.7 billion years ago.

* theme...biotic effecting the abiotic

* The oxygen rich atmosphere has a significant effect
on the evolution of living organisms

* theme...abiotic effecting the biotic
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Major Events in Earth History

* The oxidative (degradative) atmosphere posed a
challenge to living organisms.

Second Major Crisis

* The oxidative atmosphere also provided an
opportunity for living organisms to gain energy.

Aerobic Respiration- A Major Innovation
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Major Events in Earth History

Friday, December 14, 2012



Major Events in Earth History
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Endosymbiont Theory

...could have been undigested prey or a parasite

Nuclear envelope
Endoplasmic
reticulum Nucleus
/ Mitochondrion

Infolding N Ancestral
of plasma i - Cell with =13 photosynthetic
membrane =72 | nucleus and , P eukaryote
/ -~~~ endomembrane | | ‘, = Plastid

\ = ¢ et -, _system \ > y /4 =T
q; ==, | — S _— Q — \. ﬁ Q%

| - - Engulfing of @
S photosynthetic

prokaryote

& Cytoplasm Engulfing — | -
| e of aerobic | oo
P, heterotrophic «
n, T Ancestral prokaryote
e prokaryote _—
Plasma Mitochon::irion B e
membrane Ancestral
heterotrophic
eukaryote
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Major Events in Earth History

There is an overwhelming amount of evidence
to support this theory and and these ideas.




Evidence for Endosymbiosis

Prokaryotes Mitochondria & Chloroplasts




What are the advantages of
membrane bound organelles?
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Evolution of Cells

Other Fung

Cyanobacteria  eubactenia (yeasts! Protists Archaebacteria

Chloroplasts

Mitochondna
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Major Events in Earth History

* Evolution of Multicellular Organisms

]
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How did multicellularity evolve?

* Around 1.7 BYA multicellularity evolves.

* Unicellular eukaryotes form aggregates.

* These aggregates form multicellular colonies.
* The cells in the colony become specialized.

* Division of labor becomes pronounced.

* The colony cells become dependent on each others
survival and you now a precursor for multicellular
organism.
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How did multicellularity evolve?

A collection of autonomously
replicating cells form a colony
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Major Events in Earth History
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Major Events in Earth History

* (Colonization of Land- 500 - 420 MYA

* plants, fungi and animals

]
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Land plants
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N
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eukaryotes
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Major Events in Earth History
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Table 26.1 The Geologic Record
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Big Bang to Now...in 1Tmin. 34 sec.

CCHH : Cell Biology Ammation

Amino Acids and Protein
Cell Function Overview
Cell Anatomy
Cell Membranes
Chromosome Structure
DNA
structure
replication
transcription
translation
Evolution
Glycolysis
Golgi Apparatus
Krebs Citric Acid Cycle
Meiosis
Mitochondria/Electron Transport
Mitosis
pH
Photosynthesis
light reactions
dark reactions
Virus
Water

from the author

(‘ ' license
# © 2012 ScienceGraphics
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The Fossil Record

* Fossils provide a window into the past.

* The fossil record reveals...
* organisms have changed over time
* many past organisms are unlike today’s organisms
* many organisms have gone extinct
* relationships between organisms
* emergence of new traits and the loss of others

* age of the organisms
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The Fossil Record

e Keep in mind the fossil record is an incomplete picture
into the past.

* Fossils are by nature rare...

e organisms must die in the right place and the right time to be
preserved

e even if the preservation occurred, geological changes destroyed
many of them

e fossils are biased remains, environmental biases and structural
biases

* for example most remains are limited to hard shells, bone and teeth
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The Fossil Record

* None the less the fossil record still reveals a wealth of
information about our past.
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Fossil Formation Review

© Rivers bring sediment to
the ocean. Sedimentary
rocks containing fossils

@ Over time, additional strata
are added, containing

: fossils from each time © As sea levels change and the

. period. seafloor is pushed upward,
sedimentary rocks are

exposed. Erosion by rivers

4 reveals strata; older strata

g ~———————__ contain older fossils.

Younger e, .

stratum with [ E——

more recent o ans R tias

fossils = :

Older stratum T i
with older T
fossils T
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Fossil Trends Review

Recent fossils are
@f&% : found in recent
Most recent S 3
Sediments sediments
Numerous
extinct species

Fossil types differ in
each sedimentary
rock layer

New fossil types mark
changes in environment

g Only primitive fossils
Oldest G :
Sediments TR ® are found in older
sediments
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Radiometric Dating (Fossils & Rocks)

* Relative Dating

* We can say that one fossil is older than another depending on the
strata in which we find the fossils

e If we find a fossil “X” (unknown age) in rock strata where fossils
“Y” (known ages - index fossils) are found we can assume that the
age of fossil “X” to be similar to that of the index fossil“Y”.

* Likewise if we can date the age of rocks that hold fossils of a
predetermined age to be similar to age of the fossils and vice versa.

e This allows a quick, easy and subjective way to estimate ages.

e By itself the reasoning is circular unless we somehow already
calculated objectively the ages of those things we are comparing our
rocks or fossils to.
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Radiometric Dating (Fossils & Rocks)

* Absolute Dating
e Relative dating only works if we have absolute ages

e Absolute dating is not error proof however, it is objective and accurate
to certain small degree of error.

* Absolute dating is based upon the decay radioactive isotopes
e Every radioactive isotope has a measurable rate of decay.

e The rate of decay is expressed by its half-life, the time required for
50% of the parent isotope to decay.

e If we compare the amount of parent isotope in a sample rock or fossil
to the original amount of parent isotope present when that rock or
fossil formed we can extrapolate its age from its rate of decay (half life)
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Radiometric Dating (Fossils & Rocks)

100 Number of parent atoms

Number
75

of

atoms 50

1/4 some
similarities
exist

25

1/32

1/64

Number of daughter atoms

Number of half lives
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Radiometric Dating (Fossils & Rocks)

1. *'C as bicarbonate

T o ——

- - Dl L

- Q. \_’ - ..-.—

St

' While an organism, in this case a clam,

is alive, it assimilates the different iso-

topes of each element in proportions
determined by their relative abundan«
in the environment. Carbon-14 is taks
up in trace quantities, along with muc
larger quantities of the more commor
carbon-12.

| After the clam dies, it is covered

with sediment, and its shell even-
tually becomes consolidated into
a layer of rock as the sediment is
compressed. From the time the
clam dies and ceases to assimilate
carbon, the amount of carbon-14
relative to carbon-12 in the fossil
declines due to radioactive decay.

' After the clam fossil is found, its age

can be determined by measuring the
ratio of the two isotopes to learn how
many half-life reductions have oc-
curred since it died. For example, if
the ratio of carbon-14 to carbon-12 in
this fossil clam was found to be one-
fourth that of a living organism, this
fossil would be about 11,200 years old.
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Radiometric Dating (Fossils & Rocks)

100

~
(4]
|

Carbon-14 radioactivity (%)
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| |
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- 14C as bicarbonate
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@) After the clam dies, it is covered
with sediment, and its shell even-
tually becomes consolidated into
a layer of rock as the sediment is
compressed. From the time the
clam dies and ceases to assimilate
carbon, the amount of carbon-14
relative to carbon-12 in the fossil
declines due to radioactive decay.

@ While an organism, in this case a clam,
is alive, it assimilates the different iso-
topes of each element in proportions
determined by their relative abundances
in the environment. Carbon-14 is taken
up in trace quantities, along with much
larger quantities of the more common
carbon-12.

(b)

€ After the clam fossil is found, its age
can be determined by measuring the
ratio of the two isotopes to learn how
many half-life reductions have oc-
curred since it died. For example, if
the ratio of carbon-14 to carbon-12 in
this fossil clam was found to be one-
fourth that of a living organism, this
fossil would be about 11,200 years old.
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Determining the Age of Fossils & Rocks

* Final Points
e There are over 40 different radiometric dating techniques

* they differ in either the element or they way in which
they are measured

e The different techniques agree that the earth is billions of
years old.

e QOther dating techniques exist

* they include ice core sampling, tree rings, magnetism in
rocks and more
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A Rise, A Fall and Something New

* The the theme of this presentation...Change!

* The earth has witnessed episodic explosions of life,
remarkable speciation events and widespread adaptive
radiations.

* cambrian explosion, colonization of land, time of dinosaurs,
the rise of mammals

e The earth has also witnessed episodic mass extinctions.

* 5in total, including the Permian extinctions and the
Cretaceous extinctions

Life is on a very long roller coaster ride!
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A Rise, A Fall and Something New

Life is on a very long roller coaster ride! BUT WHY?
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A Rise, A Fall and Something New
* Change!

e The earth is forever changing, episodic large scale
geological events have played a big part

* production of oxygen, meteor impacts, ice ages, climate
change, volcanic eruptions, methane release,

Friday, December 14, 2012



A Rise, A Fall and Something New
Mass Extinctions Past—and Present?
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A Rise, A Fall and Something New

* Change!

e Even on a slower acting or smaller scale the earth is
dynamic.

* vplate tectonics move land masses, mountains are formed,
lakes created, seas disappear, rain patterns shift,etc,

Friday, December 14, 2012



A Rise, A Fall and Something New

The earth’s continents are m Cirasa ot 10 mion
<) Himalayss, the tallest
not stationary, they are o
continually moving.

and youngest of Earth’s
major mountain

ranges. The continents
continue to drift.

Cenozoic

65.5 Y som - i By the end of the

“Americh e Mesozoic, Laurasia
and Gondwana
separated into the
present-day continents.

Laurasia
/ m By the mid-Mesozoic,

GOV?/} Pangaea split into

s, northern (Laurasia)
and southern
(Gondwana)
landmasses.

135

Millions of vears aao
Mesozoic
o

At the end of the

Paleozoic, all of
Earth’s landmasses
251 / gL were joined in the

supercontinent
Pangaea.

Paleozoic
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A Rise, A Fall and Something New

The earth’s plates either pull apart or crash into
one another. The boundaries of these plates are
highly active (earth quakes/volcanoes).
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A Rise, A Fall and Something New

* The “Two”: the Earth and its Organisms
are extricably tied together!

e The change of one effects the other
* Are we now on the verge of a 6th major extinction?

e Will human impact on on planet be added to the list of
causes for mass extinction?

* 4 of the 5 mass extinctions did occur when earth’s
temperature were abnormally high
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The Tree of Life

e Evidence suggests that all life shares a universal
common ancestor.

Other Fungs
Cyanobacteria  eubactena Plants Animals lyeasts) Protists Archaebactena

Chloroplasts

q

Mitochondna

Universal Common Ancestor
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The Tree of Life

* Traits of the... Universal Common Ancestor

~ prokaryotic ™\ T _ cytosol
( -no membrane ) ____ / cell membrane ° ( -different from
\_ bound organelles7  simple \_--made of lipids \, outside solution

~—— 1 metabolism

makes simple
proteins

7 \’ﬁa\«

/" simple genetic
" material

Unicellular
N -Self contained
"I functions

reproduced
-asexually

e —— / anaerobic or aerobic \
: , | \ depending on site of
| evolution

chemotrophic
| -likely heterotrophic may
\_ have been autotrophic
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The Tree of Life

* Originally the most inclusive groups included 2, then 5 kingdom:s.

e Today, our most inclusive groups include 3 domains, with many
kingdoms.

archaea are more closely

E U ba Cte ri d E U kq rYOtes Arc h aed related to eukaryotes

———

— = — ——

o —— __ S than eubacteria
/ Other N~ Fungs N~
\ Cvanobacteria eubactenia @ Plants Animals (yeasts! ProtistsIArchaebactena

¥ eukaryotes are more closely
‘ related each other than
prokaryotes are to each other

eukaryotes are directly
related to eubacteria

not all prokaryotes
are closely related

all life shares a | prokaryotes split early
common ancestor in earth’s history
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The Tree of Life

e Physiological, structural, molecular and genetic evidence has been
used in generating the tree of life. (Here are some examples)

Descriptions Explanations
Ditferences Eukaryotes | Archaea Eubacteria

Reproduction Mit.osi.s/ B.inailry B.ina.lry
Meiosis | Fission | Fission

Multicellularity Exists + : :

Nucleus + : :

Membrane Bound Organelles + - -

Microtubules/ Filaments + - -

Peptidoglycan Cell Wall : : +
Chromosome shape linear circular | circular

Chromosome number multiple | single single
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