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J. Theoret. Biol. (1967) 14, 225-274
On the Origin of Mitosing Cells

LYNN SAGAN

Department of Biology, Boston University
Boston, Massachusetts, U.S.A.

(Received 8 June 1966)

‘- A theory of the origin of eukaryotic cells (“‘higher’’ cells which divide by
S, = classical mitosis) is presented. By hypothesis, three fundamental organelles:
U <~ j‘:l U A the mitochondria, the photosynthetic plastids and the (94 2) basal bodies
(1938-2011) of flagella were themselves once free-living (prokaryotic) cells. The evolu-
VAFRTATEY tion of photosynthesis under the anaerobic conditions of the early atmos-
phere to form anaerobic bacteria, photosynthetic bacteria and eventually
blue-green algae (and protoplastids) is described. The subsequent evolution
seavss of aerobic metabolism in prokaryotes to form aerobic bacteria (proto-
flagella and protomitochondria) presumably occurred during the transition
to the oxidizing atmosphere. Classical mitosis evolved in protozoan-type
cells millions of years after the evolution of photosynthesis. A plausible
scheme for the origin of classical mitosis in primitive amoebofiagellates is
presented. During the course of the evolution of mitosis, photosynthetic
plastids (themselves derived from prokaryotes) were symbiotically
acquired by some of these protozoans to form the eukaryotic algae and the
green plants. |
. The cytological, biochemical and paleontological evidence for this theory
is presented, along with suggestions for further possible experimental
verification. The implications of this scheme for the systematics. of the
lower organisms is discussed.
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Higher plant

1 Present
Arabidopsis Arabidopsis
plastid nucleome
Plastome size: Nuclear genome size:
154 kb ~130 000 kb
Hypothetical proteins: Hypothetical proteins:
87 ~24 000
Nucleus
Saccharomyces
Synechocystis cerevisiae
Genome size: Nuclear genome size:
3573 kb 12 068 kb
Hypothetical proteins: Hypothetical proteins:
3168 5885
* Origin of plastids Mitochondrion

Cyanobacteria-  Mitochondriate

like eukaryote .
Trends in Plant Science
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Non-Mendelian Inheritance in
Mirabillis (Four o’clock) and Pelargonium
(Geranium)

-

Carl Correns Erwin Bauer
(1864-1933) (1875-1933)
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10 1

e e e e e e e e

BB FIZHITS
TSRAFRETSAFF
DNADZEFHHEEHZRT S

Plastid DNA Nuclear DNA

Sakamoto, Miyagishima, Jarvis The Arabidopsis Book (2008)
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