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Origins of BUSTER (1989-)
Proper implementation of ab initio phasing by entropy 

maximisation and likelihood ranking (as proposed in 
1984), a topic for a Transactions Symposium in 1994.

Most general implementation of Bertaut’s linearisation 
formula for computing moments of trigonometric 
structure factors from random-atom structures under 
very general hypotheses (including NCS).

Powerful tree search (sampling by error-correcting 
codes, …).

Likelihood computation, analysis and optimisation.
Possible incorporation of external phase information 

(elliptic Rice likelihood function) and of systematic 
resolution of phase ambiguity by “mode permutation”.

 In 1994: connection to the TNT refinement package



The first BUSTER-TNT (1994)

BUSTER-TNT used TNT, with BUSTER 
replacing the least squares X-ray term with 
Maximum Likelihood.

Produced “superior” maps from a given model 
and dataset. 

Was ineffective at moving model into map.



Improving BUSTER-TNT 2004-2007

We drew on the experience of rewriting SHARP (1998-
2002), which produced speedups of 20-200, as well as 
much improved results thanks to a better optimiser.

 Improve:

 Much better X-ray scaling ...

 Much better optimizer

 Command line interface in place of old style gui



Before …

Initial model in 
wrong place

Density showing 
up in right place

Model not being 
moved into 
density



… and After

Model is now 
being moved 
into density



 The new optimiser highlights the importance of observations/parameter ratio
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BUSTER improvements 2008…

Need to improve the economics of observations 
vs. parameters:

1. Better NCS
 New method for ncs: LSSR

 -autoncs option

1. target restraints

2. TLS

3. Improved protein geometry function



BETTER NCS 2008

Buster improvement 1:
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Better NCS by Local Structural 
Similarity Restraints (LSSR)
Conventional superposition-based NCS is 

laborious to use.
Developed LSSR a much easier to use 

approach to NCS in 2007, released 2008
LSSR involves local contact distances
Is much softer than superposition-based 

methods – violations entail only a fixed cost
-autoncs method in BUSTER fully automated 

detection and application
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Application of autoBUSTER –
autoncs to re refinement of 60 pdb 
structures

 Conclusion: as can be expected using NCS produces 
slightly better Rfree and markedly better Rfree-Rwork gap

 -autoncs circumvents the “to use or not to use” dilemma
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TARGET RESTRAINTS 2008

Buster improvement 2:
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LSSR Target Restraints

NCS restraints couple two chains within the structure 
being refined.

But suppose you know the chain being refined is 
similar to a structure that has already been solved (the 
“target”).

For example:
  ligand complex with higher resolution apo
  two crystal forms of the same protein
  partial datasets from non-isomorphous crystals
  following radiation damage

Apply LSSR restraints to the fixed target structure 
supplied as pdb file
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LSSR Target example: glutamate receptors
2e4y 3.40Å resolution MR solution from
2e4u 2.35Å resolution

www.globalphasing.com/buster/wiki
14

structure Rwork/ 
Rfree

Ramach 
% core

molprob 
score

MR solution 0.354 
0.351

91.7% 3.03

AB control  
no NCS no 
target

0.220 
0.269

87.4% 3.22

AB -autoncs 0.227 
0.249

91.0% 3.06

AB
-target 2e4u
-autoncs

0.235
0.247

92.2% 2.95

iteration
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TLS 2009

Buster improvement 3:
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IMPROVED GEOMETRY 
FUNCTION 2009

Buster improvement 4:
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2009 Improved Geometry Function

Looked at exactly what TNT and refmac 
did for every geometry term

Where better adopted refmac
Improved things where possible

 BOND & ANGLE EH99 in place of EH91
 TORSION sinusoidal term now used
 CONTACTS ideal distances including 1-4

Result is an improved geometry function

17



Pietro C5 example:
2008 autoBUSTER worsens geometry quality indices
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Job old
autoBUSTER

Refmac old
autoBUSTER

Refmac 2008 autoBUSTER

Molprobity 
Clashscore

172
0th percentile

43
55th percentile

131
3rd percentile

41
61st  percentile

155
1st  percentile

Rotamer
outliers

42.0% 19.5% 36.8% 19.7% 41.8%

Ramachandran
outliers

12.8% 6.0% 9.0% 5.6% 11.4%

Ramachandran
favoured

66.0% 79.0% 70.3% 80.3% 68%

MolProbity
Score

4.80
0th percentile

3.84
24th percentile

4.61
1st  percentile

3.81
25th percentile

4.74
1st  percentile

REMARK 500 bad 
angle

? ? ? 22 37



Pietro C5 example:
2009 autoBUSTER improves geometry quality indices
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Job old
autoBUSTER

Refmac old
autoBUSTER

Refmac 2009 autoBUSTER

Molprobity 
Clashscore

172
0th percentile

43
55th percentile

131
3rd percentile

41
61st  percentile

18
96th percentile

Rotamer
outliers

42.0% 19.5% 36.8% 19.7% 17.9%

Ramachandran
outliers

12.8% 6.0% 9.0% 5.6% 5.6%

Ramachandran
favoured

66.0% 79.0% 70.3% 80.3% 81.9%

MolProbity
Score

4.80
0th percentile

3.84
24th percentile

4.61
1st  percentile

3.81
25th percentile

3.42
51st  percentile

REMARK 500 bad 
angle

? ? ? 22 1



AN EXAMPLE SHOWS WHAT 
COMBINATION CAN DO

Buster improvements:
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tutorial example: 1osg

complex between BAFF with the 
peptide bhpBR3

3.0Å resolution 
Two  protein trimers each binds 

cyclic peptide
Originally  refined with refmac 

including (weak) rmsD NCS
Tutorial wiki example 

www.globalphasing.com/buster/wiki
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autoBUSTER refinement of 1osg
structure BUSTER Rwork 

Rfree

Gap
Rfree  –Rwork  

Molprobity 
Ramach.  
favored

Molprobity 
score

1osg pdb (refined 
B’s)

0.185
0.243

5.8% 94.5% 2.81

autoBUSTER 
control no NCS

0.169
0.249

7.8% 95.4% 2.59

autoBUSTER  -
autoncs

0.181
0.223

4.3% 96.4% 2.23

autoBUSTER  -
autoncs TLS

0.169
0.211

4.1% 96.5% 2.23

autoBUSTER with automated LSSR NCS results in 2% 
drop in Rfree, better gap and better geometry

TLS produces further improvements. 22



There is an extra peptide at a crystal 
contact: not clear from EDS

Unmodelled peptide
1osg.pdb EDS Fo-Fc map 
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Extra peptide: initial BUSTER map

Unmodelled peptide
1osg.pdb BUSTER  Fo-Fc  map 
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Extra peptide: -autoncs could just interpret

Unmodelled peptide
-autoncs BUSTER  Fo-Fc  map 
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Extra peptide: clear from difference map 
with -autoncs & TLS despite bulk solvent 
correction

Unmodelled peptide
-autoncs & TLS BUSTER  Fo-Fc  map 
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Second upgrade: results

Better R-values
 Lower Rfree
 Lower Rfree- Rwork gap

Better model quality
 Better Molprobity scores (even without explicit hydrogens)
 Better Ramachandran plot statistics

Better maps and difference maps
Examples:

 2wfw (out of Tom Womack’s weekly PDBRuns)
 The RNA Polymerase II – TFIIB complex structure



2wfw: released 12 May 2009, 1.6Å resolution

Electron Density Server Initial BUSTER maps



2wfw: released 12 May 2009, 1.6Å resolution

Initial BUSTER maps Rebuilt & re-refined model



2wfw: released 12 May 2009, 1.6Å resolution

As deposited After default 
refinement

After 
remediation

Rwork 0.210 0.228 0.193

Rfree 0.246 0.263 0.215

Rotamer outliers % 4.70 3.69 1.78

Ramach. outliers % 3.32 3.88 0.29

Ramach. favoured % 94.5 93.35 98.3

Molprobity score 2.55 2.27 1.28

Molprobity percentile 12 26 97
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poster M-228 Monday
Come and see if 
your pdb entry has 
been selected as 
interesting!
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