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Introduction

• It is thought, according to the theory of  evolution, that 
membrane bound organelles evolved from once free living 
prokaryotic cells via endosymbiosis (aka 
compartmentalization).
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Introduction 
II

• The analogy of  a clock can be used to place the major events in the 
history of  life on Earth in the context of  the geologic record 
AND the theory of  evolution.
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Figure 25.8b
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The First Single-Celled 
Organisms

• The oldest known fossils are stromatolites, rocks formed 
by the accumulation of  sedimentary layers on bacterial mats

• According to the theory of  evolution, stromatolites date 
back 3.5 billion years ago

• Evolutionists believe that prokaryotes were Earth’s sole 
inhabitants for more than 1.5 billion years
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The First Single Celled-Organism(s)
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Photosynthesis and the Oxygen Revolution

• According to the theory of  evolution, most 
atmospheric oxygen (O2) is of  biological 
origin

• O2 produced by oxygenic photosynthesis 
reacted with dissolved iron and precipitated 
out to produce banded iron formations

© 2017 Pearson Education, Inc.



9

O2 Increase in Atmosphere

• O2 accumulated gradually in the 
atmosphere from about 2.7 to 2.4 
billion years ago, and then shot up 
rapidly to between 1% and 10% of  its 
present level

• This “oxygen revolution” caused 
the extinction of  many prokaryotic 
groups

• Some groups survived in anaerobic 
environments; others adapted using 
cellular respiration to harvest 
energy

• Basically, anaerobic bacteria 
became aerobic bacteria.

• How?
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The First Eukaryotes

• Evolutionists state that the oldest fossils of  
eukaryotic cells date back
1.8 billion years

• Eukaryotic cells have a nuclear envelope, 
mitochondria, endoplasmic reticulum, and a 
cytoskeleton

• The evolution theory states that eukaryotes 
originated by endosymbiosis when a 
prokaryotic cell engulfed a small cell that 
would evolve into a mitochondrion

• The engulfed cell would have had to been 
able to use oxygen. 

• Aerobic prokaryote (bacteria)

• The engulfed cell becomes an endosymbiont.

• An endosymbiont is a cell that lives 
within a host cell.
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The First Eukaryotes

• Anaerobic host cells would 
have benefited from 
endosymbionts that could use 
oxygen as it built up in the 
atmosphere

• Over time, the host and 
endosymbionts would have 
become interdependent, 
forming a single organism.

• Over time, the two cells would 
have to become dependent on 
each other to survive.

• Co-dependent on each other.
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The First Eukaryotes

• In order to become a 
photosynthetic eukaryotic 
cell, some evolutionist 
believe that the cell that was 
engulfed was 
cyanobacteria—a 
photosynthetic protist.**
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Eukaryotes & The Theory of  Evolution

© 2017 Pearson Education, Inc.

All eukaryotes have mitochondria or remnants of  
mitochondria, but not all have plastids (chloroplasts and 
related organelles) 

Serial endosymbiosis supposes that mitochondria 
evolved before plastids through a sequence of  
endosymbiotic events

Mitochondria and plastids likely descended from 
bacterial cells; the original host is thought to be an 
archaean or close relative
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Figure 25.10
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Figure 25.10a
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Figure 25.10b
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Evolutionist Evidence for Endosymbiotic Origin

• Key evidence supporting an endosymbiotic origin of  mitochondria and plastids:

• Inner membranes of  both organelles are similar to plasma membranes of  living bacteria

• DNA structure and cell division are similar to bacteria

• Both organelles transcribe and translate their own DNA

• Ribosomes are more similar to bacterial than to eukaryotic ribosomes
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The Origin of  Multicellularity
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The evolution of  
eukaryotic cells allowed 
for a greater range of  

unicellular forms

A second wave of  
diversification occurred 

when multicellularity 
evolved and gave rise to 
algae, plants, fungi, and 

animals 



Early Multicellular Eukaryotes

• According to the theory of  evolution, the oldest fossils of  multicellular 
eukaryotes are small red algae from about 1.2 billion years ago

• Older fossils from about 1.8 billion years ago may also be multicellular 
eukaryotes, but they can’t be resolved taxonomically

• The Ediacaran biota were an assemblage of  larger and more diverse soft-
bodied organisms that lived from 635 to 541 million years ago
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