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Phaser

Phaseris a program for:

1. molecular replacement

2. experimentalphasing

3. normal-modeanalysis
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Idea

h k l F ˒

0 0 1 12.6 123

0 0 2 2.1 12

0 0 3 69.9 287
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0 0 1 10.4 113

0 0 2 3.5 18

0 0 3 57.2 265



Problem

Real crystal form Imaginary crystal form
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Separability

(ű, ɣ, ə) (x, y, z)
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Model error

Model 
incompleteness

Position errors

Calculate from unit 
cell composition

Calculate from 
sequence identity
(Chothia& Lesk)



Likelihood weighting

Position errors

Incompleteness

Optimal resolution-
dependent weights



PhaserWorkflow

Molecular 
Replacement



Molecular Replacement Workflow

Rotation search Translation search

Packing testRefinement



Brute Search

Χ

Calculate likelihood for each gridpoint



Brute Search

Find peaks

Χ

Calculate likelihood for each gridpoint



Fast Search

Calculate 
approximation 

by FFT
Peak search

άwŜǎŎƻǊŜέ ǿƛǘƘ 
likelihood



Rotation Search

ÝDependent only on the point group

Ý Typically small signal



Rotation peaks

Peak
Peak

Centre of coalesced peak

Translation function is very sensitive to 
orientation and may not find a solution 

in such a case!



Translation Search

Solutions are recognizable at this stage 
(high Z-score)



Packing

Clashes between models 
decrease credibility  in 

solution



Packing

Surface loops may change 
conformation



Packing

A small number of clashes 
is acceptable



Refinement

The rotation and 
translation 
functions were 
performed on a 
(not very fine) 
grid

The solution can be 
improved if the grid is 
taken away and the 
rotational and 
translational  
parameters optimized



Partial Structure
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Partial Structure
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Partial Structure
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Tree search with pruning

1st component

2nd component 

Search order set up automatically based 
on resolution and expected error!



άaŀƴǳŀƭέ ƳƻƭŜŎǳƭŀǊ ǊŜǇƭŀŎŜƳŜƴǘ

Solution Superposition

New solution

Model



άWƛƎǎŀǿ ǇǳȊȊƭŜέ ǎǘǊŀǘŜƎȅ



Restricted search



Restricted search



Restricted search

Large noise peaks



Restricted search



Ensembles

Ensembles may be more suitable models 
for certain flexible proteins families

However, it is usually time-consuming to 
assemble the models

Automatic ensemble model generation



Usage

SALIQA- SEN- GDHLT

SALIRV- QDDDDGRLS

GAVVAEY-- GDD-- AT

SKLCTE- QVKPG- NID



Weighting

Sequence 
alignment

unweighted weighted

Structural 
alignment

unweighted

Sequence 
alignment


