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Recombination and the hitchhiker	



An important advantage of sex and recombination is 
that they allow beneficial alleles to escape from 
surrounding harmful alleles.	



Fisher 1930; Peck 1996; Otto & Barton 1997	





Recombination and the hitchhiker	



New beneficial mutations are likely to arise with 
deleterious alleles at some neighboring site.  

If the beneficial allele rises to fixation fast enough, and 
recombination is rare enough, then both alleles will become fixed. 

  

  Making it difficult to determine which site was under selection 
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Once fixed, the population will have to wait for a compensatory 
mutation to occur to eliminate the deleterious hitchhiker. 

  
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  

Once fixed, the population will have to wait for a compensatory 
mutation to occur to eliminate the deleterious hitchhiker. 

  Causing a fixed mutation load until this occurs 
Hadany & Feldman 2005 
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Recombination can, however, uncouple the beneficial 
allele from the hitchhiker: 

  

    
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Recombination can, however, uncouple the beneficial 
allele from the hitchhiker: 



Recombination and the hitchhiker	



What is the chance that recombination fails to uncouple 
a beneficial allele from a deleterious hitchhiker?	



  Causing a fixed mutation load until this occurs 

  Making it difficult to determine which site was under selection 
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We constructed a haploid model to address this issue. 

  

1 - sd 

  

  

  
1 

1 + sa - sd 

1 + sa 

Fitnesses: 
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We constructed a haploid model to address this issue. 

  

rare 

  

  

  
~ 1 - p0 

p0 =1/N 

0 

Initial population: 
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We constructed a haploid model to address this issue. 
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  
~ 1 - p0 

p0 =1/N 

Initial population: 
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We constructed a haploid model to address this issue. 

  

  

Over time: 

€ 

pt =
p0 e

sa −sd( ) t

p0 e
sa −sd( )t + 1− p0( )

€ 

dpt
dt

= sa − sd( )pt 1− pt( )
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For the deleterious allele to hitch all the way to fixation 
there must be no “successful” recombination events. 

•  Chance of a recombinant   = 2 pt (1-pt) r 
•  Chance of the fitter recombinant  = 2 pt (1-pt) r/2 
•  Chance that a recombinant establishes  = Πt 

€ 

Πt =
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For the deleterious allele to hitch all the way to fixation 
there must be no “successful” recombination events. 

•  Chance of a recombinant   = 2 pt (1-pt) r 
•  Chance of the fitter recombinant  = 2 pt (1-pt) r/2 
•  Chance that a recombinant establishes  = Πt 

€ 

Πt = 2 sasd
sa pt + sd 1− pt( )

sa = 0.5, sd = 0.1  
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For the deleterious allele to hitch all the way to fixation 
there must be no “successful” recombination events. 

•  Chance of a recombinant   = 2 pt (1-pt) r 
•  Chance of the fitter recombinant  = 2 pt (1-pt) r/2 
•  Chance that a recombinant establishes  = Πt 
•  Chance that no fitter recombinant establishes in generation t: 

       = (1 - pt (1-pt) r Πt)N 

•  Chance that no fitter recombinant establishes in any generation: 

€ 

Pr(Hitch) = 1− pt 1− pt( ) r Πt( )N
t=0

fixation

∏



Recombination and the hitchhiker	


For the deleterious allele to hitch all the way to fixation 
there must be no “successful” recombination events. 

•  Chance of a recombinant   = 2 pt (1-pt) r 
•  Chance of the fitter recombinant  = 2 pt (1-pt) r/2 
•  Chance that a recombinant establishes  = Πt 

€ 

Pr(Hitch) =
sa
sd

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

−ω

•  Chance that no fitter recombinant establishes in generation t: 
       = (1 - pt (1-pt) r Πt)N 

•  Chance that no fitter recombinant establishes in any generation: 

€ 

ω =
2N r sa sd
sa − sd⎛ 
⎝ 

⎞ 
⎠ 
2
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This simple result ignores: 

•  drift 
•  stochastic acceleration of the  chromosome, given it 

is not lost while rare 

€ 

Pr(Hitch) =
sa
sd

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

−ω

€ 

ω =
2N r sa sd
sa − sd⎛ 
⎝ 

⎞ 
⎠ 
2
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•  Diffusion 

pt 
0 1     
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•  Diffusion with killing 

pt 
0 1     

  

Killed 
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€ 

Pr(Hitch) ≈ e−1/(Nsd ) sa
sd

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

−ω

€ 

Pr(Hitch) =
1− e−2Snet
1− e−2pSnet
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ ×

U−ω
0 −2 pSnet + Sd( )[ ]Lω−1 −2Sd[ ]−U−ω

0 −2Sd[ ]Lω−1 −2 pSnet + Sd( )[ ]
U−ω
0 −2 Snet + Sd( )[ ]Lω−1 −2Sd[ ]−U−ω

0 −2Sd[ ]Lω−1 −2 Snet + Sd( )[ ]

€ 

Sd = Nsd
Snet = N sa − sd⎛ 

⎝ 
⎞ 
⎠ 

ω =
2N r sa sd
sa − sd⎛ 
⎝ 

⎞ 
⎠ 
2  *Slightly* higher probability of hitching 
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Advantage of , N sa 

Pr(Hitch) 

N r  = 1 

N =1000 
N sd = 10 
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Advantage of , N sa 

Pr(Hitch) 

N r  = 1 

N =1000 
N sd = 10 

Less recombination 

More recombination N r  = 2 

N r  = 0.5 
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Advantage of , N sa 

Pr(Hitch) 
N =10,000 
N sd = 10 

N =1000 
N sd = 10 

N r  = 1 

N r  = 2 

N r  = 0.5 

 Net selection and recombination rates matter, 
not population size on its own.  
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€ 

r < rcrit ≈
sa − sd
Nsd

ln 1/c( )
2 1+ sd /(sa − sd )( ) ln (sa − sd ) /sd( ) −1/(Nsd )( )
⎡ 

⎣ 
⎢ 
⎢ 

⎤ 

⎦ 
⎥ 
⎥ 

For hitchhiking to occur more than a fraction, c, of the time: 
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Disadvantage of , N sd 

Pr(Hitch) 

N r 

N sa = 20 N sa = 50 

10% 

50% 90% 

10% 
50% 90% 



Recombination and the hitchhiker	



  Net selection and recombination rates matter, not                  
population size on its own.  

  The probability of a hitch declines exponentially with recombination. 
  The faster the sweep (higher sa), the more likely a hitch. 
  The worse the load (higher sd), the less likely a hitch. 

Rough rule of thumb:  A linked 
deleterious allele hitchhikes to 
fixation more than 50% of the time if  

€ 

r <
sa − sd( )
4Nsd
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  The probability of a hitch declines exponentially with recombination. 
  The faster the sweep (higher sa), the more likely a hitch. 
  The worse the load (higher sd), the less likely a hitch. 

Rough rule of thumb:  A linked 
deleterious allele hitchhikes to 
fixation more than 50% of the time if  

€ 

r <
sa − sd( )
4Nsd
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€ 

Pr(Hitch) ≈ 2 eγN sa( )− r / sa
A similar calculation can be performed for a neutral allele: 

Rough rule of thumb:  A linked neutral 
allele hitchhikes to fixation more than 
50% of the time if  

€ 

r <
sa
4
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N rcrit 

 Neutral and weakly deleterious alleles are much more likely to hitch 

Advantage of   
 N (sa – sd) 

N sd  = 0  

N sd  = 2  

N sd  = 1  

N sd  = 5  
N sd  = 10  



Recombination and the hitchhiker	



 Neutral and weakly deleterious alleles are much more likely to hitch 
 “Missing hitchhikers”:  The fact that deleterious alleles fail to 
hitchhike as often as neutral alleles implies that recombination events are 
enriched in the region of selective sweeps, obscuring signs of selection. 
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Within the human genome:  

•  Recombination rate within gene: Ne r ~ 1  (Ne = 10,000) 
•  Expected proportion of genes with deleterious alleles 

 0.53  for Ne sd < 1 
 0.031  for 1 < Ne sd < 10 
 0.007  for 10 < Ne sd 

Selection from Boyko et al 2008 
Recombination from McVean et al (2004) 
U from Eyre-Walker & Keightley (1999) 

  Reasonable chance of a within-gene weakly deleterious allele hitching 
  Recombination between genes typically too high in humans 
  Hitching more likely in facultative sexuals 
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 For organisms like humans, deleterious hitchhikers are likely confined to 
within the gene 

  More problematic for facultative sexuals or selfers 

  Unlinking deleterious hitchhikers is likely to preserve genetic variation in 
genomic regions surrounding a selected site, obscuring signs of selection  


