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Likelihood and automation in Phaser

ÅLikelihood

Å background, use in crystallography

ÅMolecular replacement

ÅSAD phasing

Å log-likelihood-gradient maps

ÅSAD phasing from partial model

Å bootstrapping from MR solution

Å iterative phasing



Concept of likelihood

ÅLikelihood with dice

4 6 8 10

?

Roll 2,3,1,1.

Which die?

p(4)=1/4 4=1/256

p(6)=1/6 4=1/1296

p(8)=1/8 4=1/4096

p(10)=1/10 4=1/10000

1/34=1/81



Principle of maximum likelihood

ÅHow consistent is the model with the data?

ÅWhat is the probability that the data would be 
measured if the model were correct?

ÅOptimise model by adjusting parameters in 
probability distribution

Å parameters include variances (sources of error)

p( ; )L data model=



Illustration of likelihood

ÅRandom data with Gaussian distribution

ÅMean? Variance?

2 3 4 5 6 7 8

Model parameters: mean = m, variance = s
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Illustration of likelihood

m=4, s=1 m=6, s=1



Illustration of likelihood

m=5, s=0.5 m=5, s=2



Illustration of likelihood
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ixpLikelihood sm,; m=5, s=1



Least squares and likelihood

ÅMost experiments have multiple sources of 
error: Gaussian error in observations

Å Central Limit Theorem

ÅLikelihood for Gaussians = least squares



Least-squares line fitting
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Why not least squares in 
crystallography?

ÅGaussian error for observations

ÅError in predicting observation generally 
includes difference between structure factors

Å this is Gaussian in phased difference

Å e.g. F vs. FC from model, FP vs. FPH

ÅPhased error usually dominates

Å elimination of unknown phase changes probabilities



Applying likelihood to crystallography

ÅFind probability distribution for observations

Å start from structure factor probabilities

Å eliminate unknown phase angles

ÅAdjust parameters to optimise likelihood

Applications:

Å calculating model phase probabilities

Å structure refinement

Å experimental phasing (isomorphous/anomalous)

Å likelihood-based molecular replacement



The Central Limit Theorem

ÅProbability distribution of a sum of independent 
random variables tends to be Gaussian

Å regardless of distributions of variables in sum

ÅConditions:

Å sufficient number of independent random variables

Å none may dominate the distribution 

ÅCentroid (mean) of Gaussian is sum of centroids

ÅVariance of Gaussian is sum of variances


