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Overview	
  

•  Introduc2on	
  to	
  female	
  meiosis	
  and	
  female	
  
meio2c	
  drive	
  
– Meio2c	
  drive	
  
– Fer2liza2on	
  requirement	
  for	
  female	
  meiosis	
  

•  Poten2al	
  for	
  sperm	
  to	
  influence	
  female	
  
meio2c	
  drive	
  

•  Models	
  show	
  sperm	
  evolve	
  to	
  prevent	
  female	
  
meio2c	
  drive	
  

•  Specula2on	
  /	
  Conclusion	
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4	
  products	
  enter,	
  1	
  gamete	
  leaves	
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Asymmetry	
  in	
  female	
  meiosis	
  provides	
  
an	
  opportunity	
  for	
  chea2ng	
  ‘drivers’	
  
•  Example:	
  The	
  AB10	
  system	
  in	
  maize	
  results	
  in	
  
the	
  dispropor2onate	
  transmission	
  of	
  knobby	
  
centromeres	
  in	
  the	
  2nd	
  meio2c	
  division	
  

hZp://www.dawelab.org/neocentromeres-­‐meio2c-­‐drive	
  

Ab-­‐10	
  Driver	
  (black)	
  

No	
  Driver	
  



Polymorphic	
  Meio2c	
  Drivers	
  are	
  costly	
  

•  Theory	
   •  Data	
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Features	
  of	
  (female)	
  meiosis	
  
interpreted	
  as	
  defense	
  against	
  drive	
  

•  Genome	
  doubling	
  in	
  MI	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Haig	
  and	
  Grafen	
  1991	
  

•  Meio2c	
  arrest	
  (Mira	
  1998)	
  

•  Sex-­‐differences	
  in	
  recombina2on	
  	
  
	
  	
  	
  rates	
  (Brandvain	
  &	
  	
  
	
  	
  	
  Coop	
  2012)	
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  drive	
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Models	
  

•  Popula2on	
  gene2c	
  models	
  
•  Supplemented	
  analy2cal	
  approxima2ons	
  with	
  
exact	
  recursions	
  

•  Specific	
  Models	
  
– Single-­‐locus	
  	
  

•  Sperm	
  haplotype	
  models	
  
•  Paternal	
  genotype	
  models	
  

– Two-­‐locus	
  
•  Drive-­‐modifier	
  system	
  [both	
  2ghtly	
  linked	
  and	
  unlinked]	
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  driver	
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  have	
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  frequency.	
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With	
  a	
  cost	
  in	
  heterozygotes,	
  
Driver	
  must	
  exceed	
  some	
  threshold	
  	
  

frequency	
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  spread	
  



Summary	
  of	
  single	
  locus	
  model	
  

•  Self-­‐promo2ng	
  drivers	
  have	
  a	
  more	
  difficult	
  
2me	
  invading	
  and	
  fixing	
  than	
  tradi2onal	
  
drivers	
  

•  Self-­‐promo2ng	
  drivers	
  cannot	
  be	
  maintained	
  
as	
  a	
  stable	
  equilibrium	
  

•  Results	
  hold-­‐ish	
  for	
  both	
  sperm-­‐dependent	
  
and	
  male-­‐genotype	
  dependent	
  model	
  (not	
  
shown,	
  a	
  sliver	
  of	
  parameter	
  space	
  sustains	
  a	
  
protected	
  polymorphism)	
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•  Standard	
  driver	
  starts	
  @	
  drive-­‐selec2on	
  equilibrium	
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  starts	
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•  Allowed	
  modifier	
  to	
  suppress	
  or	
  enhance	
  drive	
  



Results	
  of	
  two	
  locus	
  model	
  

•  Under	
  all	
  linkage	
  
rela2ons	
  the	
  
sperm	
  ac2ng	
  
muta2on	
  invades	
  
and	
  fixes	
  when	
  it	
  
prevents	
  drive,	
  
and	
  cannot	
  
spread	
  when	
  it	
  
enhances	
  drive.	
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Summary	
  

•  To	
  avoid	
  occurring	
  in	
  low	
  fitness	
  homozygotes	
  
sperm	
  evolve	
  to	
  prevent	
  female	
  drive,	
  
regardless	
  of	
  linkage	
  rela2ons	
  	
  



Previous	
  Evidence/	
  Specula2on	
  

•  At	
  the	
  ln	
  locus	
  (mice)	
  
female	
  drive	
  alleles	
  
are	
  less	
  effec2ve	
  
when	
  fer2lized	
  by	
  
driving	
  sperm	
  

•  Interpreted	
  as	
  a	
  
mechanism	
  to	
  make	
  
healthy	
  offspring	
  

•  Not	
  relevant	
  to	
  plant	
  because	
  of	
  the	
  alterna2on	
  
of	
  genera2ons	
  L	
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