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conclusions



our microbial ignorance

J. J. Audubon, Birds of America 
1827-38

J. Leidy, Freshwater Rhizopods of 
North America 1879
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outline
● modern phylogenetics of microbial eukaryotes

– five Kingdoms
– historical reconstruction
– modern hypothesis and dates

● chastity of amoebae
● protozoan immortality
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modern historical reconstructions
● cladistics (Hennig)

– monophyletic groups
– synapomorphy



monophyly and synapomorphy



modern historical reconstructions
● cladistics (Hennig)

– monophyletic groups
– synapomorphy

● molecular sequencing
– central dogma of molecular biology
– sequences as basis for reconstructions



central dogma of molecular biology



woesian revolution



probabilistic reconstructions



modern eukaryotic phylogeny
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modern eukaryotic phylogeny



summary 1
● bulk of diversity is microbial
● modern historical reconstructions are based 

on sequences and probabilistic models



outline
● modern phylogenetics of microbial eukaryotes
● chastity of amoebae

– sex and asex
– Muller's ratchet
– re-evaluating the evidence

● protozoan immortality



sex
• meiosis followed by nuclear fusion (Kondrashov, 1988)



amoebae are asexual
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amoebae are asexual?
● sarcodina?
● exceptions?

– gamete fusion
– synaptonemal cplx
– strange things
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amoebae are asexual?
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amoebae are asexual?
● phylogeny
● sexual eukaryotic ancestor
● inviability of long-lived asexual lineages



Müller's ratchet

t=0



Müller's ratchet
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Müller's ratchet
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Müller's ratchet

t=1



Müller's ratchet

t=2



Müller's ratchet

Recombination Morgan, 1916



amoebae are asexual?
● sarcodina – no
● exceptions - no

– gamete fusion
– synaptonemal cplx
– strange things

● ratchet
● eukaryotic phylogeny



asexuality is inconsistent



asexuality is inconsistent – or not!
● adequate cultures
● adequate observation
● gender?
● genetic determination?



summary 2
● theory of sex says amoebae should be sexual
● data says amoebae should be sexual
● there are a number of experimental issues



outline
● modern phylogenetics of microbial eukaryotes
● chastity of amoebae
● protozoan immortality

– the issue
– the data
– the future



immortality
● 1890 – 1920
● binary fission



immortality
● 1890 – 1920
● binary fission
● senescence

“One thing is certain, however: because amoebae 
reproduce by division, endlessly, passing everything on 
yet giving up nothing, the first amoeba that ever lived is 
still alive. Whether four billion years old or merely three 
hundred, he/she is with us today.”

Tom Robbins, Even Cowgirls get the Blues.



clonal lines
● culture lineages of mostly ciliates

– cilia
– nuclear dualism



fate of clonal lines



fate of clonal lines



fate of clonal lines



experimental issues
● “slides were wiped with a very clean cloth”
● “dead lineages were substituted for siblings”



experimental issues



experimental issues



summary 3
● microbes get old!
● sex rejuvenates
● although great tools, much is unknown about 

biology to make claims based on model 
microbes



conclusions
● five Kingdoms is nonsense
● eukaryotes including amoebae are sexual
● the first amoeba that ever lived is not still with 

us today
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