
Becoming one: While the cytoplasmic bridges provide an initial way for the cells to 
stick together, they are not a permanent solution. In most multicellular volvocine species, 
the bridges break down as cellular differentiation begins, at which point cell wall proteins 
form the extracellular matrix, which takes on the task of holding the organism together.

early emBryogenesis: In some species, 
cells linked by cytoplasmic bridges form 
a bowl-shaped structure, with the flagella 
of the cells facing in. To become mobile, 
the bowl must invert, an action thought to 
be achieved by the movement of the cells 
relative to the cytoplasmic bridges that link 
them. If the cells do not stop once the curva-
ture of the bowl is reversed, they can come 
together at the ends to form little spheroids, 
such as those seen in Volvox species.

successful swimmers: In single-celled 
Chlamydomonas, basal bodies at the base of 
their two flagella are positioned such that the 
flagella beat in opposite directions (left). This 
arrangement would be counter-productive for 
Volvox, for example, whose cells are arranged in a 
spherical ball. The volvocine solution: Rotate the 
basal bodies in opposite directions by 90 degrees 
such that they become parallel, and the flagella can 
work together to help the organism swim (right).

The evoluTion of VolVox 
 
The volvocine algae are a model system for 
studying the evolution of multicellularity, as 
the group contains extant species ranging 
from the unicellular Chlamydomonas to a 
variety of colonial species and the full-fledged 
multicellular Volvox varieties. Comparing 
the biology of these organisms, evolutionary 
developmental biologist David Kirk of the 
Washington University in St. Louis proposed 
12 steps that were key to this transition. 
Here are some highlights.

D. L. Kirk, “A twelve-step program for 
evolving multicellularity and a division 
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mulTiple cell Types: While many volvocine algae divide symmetrically, produc-
ing daughter cells of the same size, the evolution of asymmetric cell division was a key 
step in the division of labor between the somatic, swimming cells and the reproductive 
gonidia in Volvox. Early in development, just a few asymmetric divisions result in gonidia, 
some 30 times the size of the somatic cells, that will give rise to the next generation.

sTicking TogeTher: A necessary step in the evolution of 
multicellularity is for cells to be able to stick together. Because 
all volvocine algae replicate via multiple fission, incomplete cell 
division achieves this goal, resulting in the formation of cyto-
plasmic bridges that link the cells together.
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