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Oxytricha to Homo represents approximately 1.8 
billion years of independent evolutionary history

Nei M, Xu P, Glazko G.
PNAS. 2001 Feb 27;98(5):2497-502. 



MIC

MAC Macronucleus:

Oxytricha cell

• 50 megabase genome (50x106 bp) (20x smaller than
MIC)
• ~20,000 gene-sized nanochromosomes
• nanochromosomes average 3.2kb long
• Usually 1 gene per nanochromosome
• 1900n
• Short telomeres
• No centromeres
• Protein expression

Micronucleus:
• 1 gigabase genome (1x109 bp)
• 120  euchromosomes
• diploid
• scrambled genes
• direct repeats, transposons
• transcriptionally silent
• “dark matter”

Oxytricha Nuclear 
Dimorphism
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The Oxytricha Sexual Cycle
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A MIC mashup of 13 genes in 55 
pieces



Questions

• How does the cell decide to delete or 
retain a given DNA segment (gene piece)?

• How does the cell know the correct order 
for 

• What machinery performs genome 
rearrangements?

95% 
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OLD MAC NEW MAC
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Template Model

Prescott, Rozenberg, Ehrenfeucht,  J. Theoretical Biol.  2003 Angeleska A, et al., J. Theoretical Biol.  2007



Mariusz Nowacki

University of Bern

http://www.youtube.com/watch?v=5YHVP2xDbS0
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OLD MAC NEW MAC

1 5432

4 3215

MIC

transcription

1 2 3 4 5
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Limited or no DNA  
rearrangement

RNAi
dsRNA feedingdsRNA feeding

Nowacki et al., Nature 2008
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PCR
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Pol‐α
PCR

MDS 3‐31

RNAi against putative templates stalls 
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Examples of aberrantly rearranged 
molecules
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Microinject RNA template

Progeny MAC 
DNA:

… …543

… …453

Artificial RNA template microinjection re-programs 
the genome rearrangement pathway

Nowacki et al., Nature 2008

New MAC 
development

Conjugation



New MAC 
development

Conjugation
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Switched chromosomes are transmitted to next 
generation

Progeny  MAC 
DNA:

injctrl injctrl injctrl
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inj

F1 Generation F2 Generation

Nowacki et al., Nature 2008

Microinject alternative DNA template



Transfer of artificial nucleotide substitutions 
from RNA templates to nanochromosomes 

RNA-directed DNA proofreading
Nowacki et al. Nature 2008

sense

antisense

both strands
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Point substitutions are inherited by F2 and F3 
generations
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Templates as epigenetic regulators of genome 
architecture



Open Questions

• What polymerase makes templates? 
– How do RNA template-introduced mutations affect 

Oxytricha evolution? 

• What machinery mediates the 
rearrangement process?
– A role for transposases only found in the MIC 

genome (Nowacki et al., 2009)
• How are deleted and retained regions 

specified?
– A role for small RNAs (Fang et al., in revision)
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