Module 4 - Background

How do simple organisms evolve into complex ones? This question is at the heart of any explanation of the hierarchy of life. Beginning with relatively simple prokaryotes (bacteria and Archaea), at least two evolutionary transitions in individuality (ETIs) had to happen to produce the plants, animals, fungi, and other large, multicellular groups we see today.


The eukaryotic lineage, which includes all life on Earth other than bacteria and Archaea, originated with the endosymbiotic union of an Archaean and a bacterium. Likewise, the initial origin of the chloroplast, which ultimately underlies all plants and eukaryotic algae, was another endosymbiotic event, between a unicellular eukaryote and a cyanobacterium (blue-green alga). In a few cases, secondary and even tertiary endosymbioses have occurred when a eukaryote consumed a eukaryotic alga.


The other important ETI leading to complex multicellular life is the origin of multicellularity itself. It would be more accurate to say "the origins of multicellularity," since there have been many1. Plants, animals, fungi, red algae, brown algae, and several groups of green algae each represent an independent origin of multicellularity.


The volvocine green algae (Volvox and its close relatives) are a model system for understanding the origins of multicellularity2. Although they diverged from unicellular ancestors around 220 million years ago3, large, complex forms such as Volvox still coexist with smaller, less complex forms. This diversity makes the volvocine algae ideal for understanding the morphological and developmental changes by which a single-celled organism can evolve into a complex, multicellular one4,5. This module uses the volvocine algae to illustrate the steps involved in this transition.
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