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GoalGoal

nn A faster way of producing coalescent data A faster way of producing coalescent data 
for chromosomalfor chromosomal--length regions (cf. length regions (cf. 
existing methods such as Hudsonexisting methods such as Hudson’’s s msms))



Why?Why?
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Why?Why? -- Growth of genomeGrowth of genome--wide wide 
datadata

nn e.g. SNPe.g. SNP--chipschips

nn New analysis methodologies being developedNew analysis methodologies being developed

nn Need to test them somehow.Need to test them somehow.
–– Usual strategy: simulate test dataUsual strategy: simulate test data
–– Problem: traditional (coalescent) models too slow.Problem: traditional (coalescent) models too slow.

nn SimulationSimulation--based analysis methods (Rejection based analysis methods (Rejection 
algorithms, Importance Sampling)algorithms, Importance Sampling)



Generating test dataGenerating test data

nn Real data + perturbationReal data + perturbation
–– e.g. bootstrap resamplinge.g. bootstrap resampling

nn Model + simulationModel + simulation
–– e.g. coalescente.g. coalescent



Real data + perturbationReal data + perturbation

nn Advantage Advantage –– ‘‘modelmodel’’ is correct. is correct. 
–– DonDon’’t know how the data got there, but it t know how the data got there, but it 

used the correct model.used the correct model.

nn Disadvantage Disadvantage –– subsequent perturbation subsequent perturbation 
adds noise (overadds noise (over--dispersion). What do we dispersion). What do we 
end up with?end up with?



Model + simulationModel + simulation

nn Advantage Advantage –– Know what you are gettingKnow what you are getting

nn Disadvantage Disadvantage –– May take a long while to May take a long while to 
get it + how accurate is the model?get it + how accurate is the model?



ModelModel--based approachbased approach

nn Traditionally, many groups have used Traditionally, many groups have used 
coalescent modelscoalescent models

nn Such models are slow for chromosomalSuch models are slow for chromosomal--
length regionslength regions



Ancestral historyAncestral history



Genes/SNPs have ancestors tooGenes/SNPs have ancestors too

1          2        3       4       5        6



Coalescent Coalescent –– Longer regionLonger region

A                             B



Full coalescent models are slow for Full coalescent models are slow for 
chromosomalchromosomal--length regionslength regions
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Why so slow? Why so slow? –– Longer region.Longer region.
Memory + Parts of ARG are not Memory + Parts of ARG are not 

usedused

3

4

1

2

A                             B



Find a faster wayFind a faster way…….How?.How?

nn Use an approximation to the coalescentUse an approximation to the coalescent

nn Advantage  Advantage  -- it will be fasterit will be faster

nn Disadvantage Disadvantage –– itit’’s an approximation (to s an approximation (to 
an approximation)an approximation)



Something to worry about?Something to worry about?

nn Is the coalescent model appropriate for Is the coalescent model appropriate for 
chromosomalchromosomal--length regions?length regions?

nn ItIt’’s an asymptotic model that assumes s an asymptotic model that assumes 
events are rare (i.e. prob. of order 1/N).events are rare (i.e. prob. of order 1/N).

nn e.g. Recombination is not rare in this e.g. Recombination is not rare in this 
context.context.



Chromosome
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Chromosome

Wiuf and Hein Wiuf and Hein ““Along the Along the 
ChromosomeChromosome”” algorithmalgorithm



Chromosome

Builds subset of ARG



CommentsComments

nn Slower than Slower than msms (larger subset)(larger subset)
–– Includes many recombinations in nonIncludes many recombinations in non--

ancestral materialancestral material

nn Suggests a simplificationSuggests a simplification



Types of recombinationTypes of recombination

1.1. Ancestral materialAncestral material
2.2. NonNon--ancestral material ancestral material 
3.3. NonNon--ancestral materialancestral material
4.4. NonNon--ancestral materialancestral material
5.5. NonNon--ancestral materialancestral material

ancestral material

non-ancestral material



Types of recombinationTypes of recombination

1.1. Ancestral materialAncestral material
2.2. NonNon--ancestral material ancestral material 
3.3. NonNon--ancestral materialancestral material
4.4. NonNon--ancestral materialancestral material
5.5. NonNon--ancestral materialancestral material

ms                                      Wiuf Hein



SMC  algorithm (SMC  algorithm (McVeanMcVean and and 
Cardin 2005)Cardin 2005)

SMCSMC’’ algorithm (Marjoram and Wall algorithm (Marjoram and Wall 
2006)2006)



Chromosome



Chromosome



Chromosome



nn SMC SMC -- delete old line, then add new;delete old line, then add new;

nn SMCSMC’’ –– add new line, then delete old.add new line, then delete old.



Chromosome



Chromosome
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Chromosome



Outline of formal statementOutline of formal statement

nn L(x): length of tree at x L(x): length of tree at x єє [0,1][0,1]
nn Simulate y~Exp(L(x)Simulate y~Exp(L(x)ρρ/2)/2)
nn If x+y<1If x+y<1

–– Start next tree at x+y by adding a recombination at a Start next tree at x+y by adding a recombination at a 
point chosen uniformly over the current treepoint chosen uniformly over the current tree

–– Add new line using usual coalescent priorAdd new line using usual coalescent prior
–– Delete old lineDelete old line

nn ElseElse
–– StopStop



RunRun--times (secs) for ms (3 GB times (secs) for ms (3 GB 
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RunRun--times (secs) for ms (3 GB times (secs) for ms (3 GB 
RAM)RAM)
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Behavior of LDBehavior of LD
Decay of r^2, n=10
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Ongoing work: GeneralizationsOngoing work: Generalizations



Recombination/mutation rate Recombination/mutation rate 
variationvariation

nn Appeal to Poisson process theoryAppeal to Poisson process theory
nn PostPost--process the data.process the data.
nn To simulate a region of width D, with a To simulate a region of width D, with a 

rec. param. that is R times above norm:rec. param. that is R times above norm:
–– Simulate region of width RD.Simulate region of width RD.
–– Contract to become width D.Contract to become width D.
–– Remove each mutation with prob. (RRemove each mutation with prob. (R--1)/R1)/R



Population structure Population structure –– migmig. rate=1. rate=1
(n=20, theta=1, m=1, b=0, repeat=100000)
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Population structure Population structure –– migmig. . 
rate=0.1rate=0.1(n=20, theta=1, m=0.1, b=0, repeat=100000 (last of ms=10000))
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Gene conversionGene conversion

nn Add gene conversion event in same way Add gene conversion event in same way 
as a recombinationas a recombination

nn Return to previous tree at end of tractReturn to previous tree at end of tract

nn Disallow other recombination/gene Disallow other recombination/gene 
conversion within length of tract conversion within length of tract on any on any 
lineline..



Gene conversionGene conversion
(n=20, theta=5, beta=0, repeat=100000)
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Remedy?Remedy?

nn Allow other events to occur within the Allow other events to occur within the 
distance covered by a gene conversion distance covered by a gene conversion 
tract.tract.

nn Must keep more than one, last tree.Must keep more than one, last tree.



ConclusionsConclusions

nn When you can use ms, you should do so.When you can use ms, you should do so.
nn For long regions,  SMC provides a very For long regions,  SMC provides a very 

close approximation to an exact answer close approximation to an exact answer 
that is otherwise unobtainable that is otherwise unobtainable 

nn For gene conversion, low migration rates, For gene conversion, low migration rates, 
…….?.?
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The EndThe End



Coalescent (Kingman)Coalescent (Kingman)

nn Stochastic processStochastic process
nn Parameters: Parameters: θθ ((mutmutnn),   ),   ρρ ((recombrecombnn))
nn Given there are K lines:Given there are K lines:
1.1. Coalescence Coalescence w.pw.p.   (K.   (K--1)/(1)/(θθ++ρρ+K+K--1)1)
2.2. Mutation Mutation w.pw.p.            .            θθ /(/(θθ++ρρ+K+K--1)1)
3.3. Recombination Recombination w.pw.p.   .   ρρ /(/(θθ++ρρ+K+K--1)1)

nn Times between events Times between events 
~ ~ Exp(KExp(K((θθ++ρρ+K+K--1)/2)1)/2)


