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The Structural Biology Pipeline 

Target of interest 
Cloning, 

Expression, 
Purification 

SAXS 

NMR 

CD 

IR 

Microscopy 

MX 

Data Collection Analysis Publication 



MX – A Pipeline within a Pipeline 

Crystallisation Crystal mounting Screening 

Collection Strategy Data Collection Data Reduction 

Structure Solution 

- Difference Maps 

- Molecular Replacement 

- Experimental Phasing 

Model Building 

Refinement 

Validation 



• Defined processes 
• Data Deluge 
• Experimenter overload 
• Better than you? 
• Faster than you? 
• Valuable feedback (near real time?) 
• Focus on science 
• Doesn’t sleep/need a life?  



What can be automated if 
money and time no object 

Crystallisation Crystal mounting Screening 

Collection Strategy Data Collection Data Reduction 

Structure Solution 

- Difference Maps 

- Molecular Replacement 

- Experimental Phasing 

Model Building 

Refinement 

Validation 
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BEAMLINE AUTOMATION HELPS 





10am 9am midnight 

Experienced 

Typical 

How fast can you go? 
Sample auto-

centring: >97% 

Unattended 

~31 datasets/hr 

NB Faster is not always better 



00:45:42 

00:48:11 







What are you looking for? 
Diffraction data? No!  
Science! 
• Novel structure 
• Higher resolution 
• Ligand binding 
• Effect of mutation 
• Chemistry 
• Biology 
• … 

But to get this you need good data 
To see this during experiment - automation 



Load sample Screen Unload / next 

Plan experiment Collect 

Fast feedback 
processing 

Fast feedback 
analysis 

Thorough 
processing 

Thorough 
analysis 

Data collection pipeline 



PLANNING YOUR EXPERIMENT 

EDNA: Collaboration With ESRF 

Mosflm: Andrew Leslie 

XOAlign: Pierre Legrand 



“Screening” 



Kappa Alignment Suggestion 

Mosflm “index strategy autocomplete go” 

EDNA 

Strategies can be found and applied in the data collection UI 



LOOKING AT THE IMAGES (FOR SIGNS 
OF RADIATION DAMAGE AND OTHER 
PATHOLOGIES) 

DISTL: SSRL / LBNL 

DIALS: Collaboration with LBNL & CCP4 



2005: 90 - 180 x 5-30s 2015: 900 - 36,000 x 5-100/s 



Data deluge 
• Inspect individual images? 

– Challenging – may be necessary if all else fails 

• Automated image analysis 
– Looks for spots on the images; estimates resolution; 

powered by DIALS 
– Over whole data set builds up (useful) story of what 

happened 











DID I GET WHAT I NEED? 

fast_dp: uses XDS extensively 

xia2: uses XDS, Mosflm, CCP4 & DIALS 



Data reduction pipelines – Fast DP 



Processing feedback 



Thorough processing pipelines 

• xia2 using XDS / XSCALE 

• xia2 using DIALS / AIMLESS 

• Multi-xia2 tasks taking all sets from sample 
(inverse beam, MAD, …) 

• AutoPROC using XDS 

 

• 10 – 30 minutes after data collection 



Where to find feedback 
Range of processing programs Merging statistics 



DOWNSTREAM PROCESSING 



Automatic Downstream Processing 

Fast feedback: 

• Fast EP 

• DIMPLE 

 

Thorough feedback: 

• MrBUMP 

• Big EP 



Fast EP 





DO I HAVE A LIGAND? 
DIMPLE: CCP4 Collaboration 



+ 

=? 



DIMPLE 



DIMPLE in SynchWeb 





To run MrBUMP automatically: 
- Protein sequence saved in ISPyB 
- One complete dataset processed by Fast DP 

 
 MR solution in 10-30min 

 Download MTZ/PDB files 
 See the log file 

MrBUMP 



Big EP 

• BIG_EP (developer Irakli Sikharulidze) 
– Fast_EP +++ 

– Slow and accurate c/w fast and furious 

• Automatically runs autoSHARP, AutoSol and 
Crank2  

• Phases and attempts model building on SAD 
data 

• If sequence provided will build side chains 

• Many user structures solved 



PHASING EXAMPLE 
Zn-SAD β-lactamase 



Fast DP 

 



Processing images: 1 -> 3600 

Phi range: 0.00 -> 360.00 

Template: C2_s4_1_####.cbf 

Wavelength: 1.23985 

Working in: /dls/i04/data/2016/nt14493-7/processed/C2_s4/data2/C2_s4_1_/fast_dp 

All autoindexing results: 

Lattice      a      b      c  alpha   beta  gamma 

     mC  53.20  61.30  69.30  90.00  93.00  90.00 

     mP  40.60  69.30  40.60  90.00  98.10  90.00 

     aP  40.60  40.60  69.30  92.00  91.90  98.10 

Mosaic spread: 0.07 < 0.08 < 0.09 

Happy with sg# 5 

 53.20  61.30  69.30  90.00  93.00  90.00 

-------------------------------------------------------------------------------- 

      Low resolution  28.01  28.01   1.47 

     High resolution   1.44   6.43   1.44 

              Rmerge  0.055  0.028  0.540 

             I/sigma  15.90  54.20   2.30 

        Completeness   98.7   98.7   91.9 

        Multiplicity    6.5    6.5    6.1 

              CC 1/2   99.9   99.8   86.8 

  Anom. Completeness   97.4   98.2   88.3 

  Anom. Multiplicity    3.3    3.5    3.2 

   Anom. Correlation   37.9   58.2    3.0 

               Nrefl 260102   3109  16707 

             Nunique  39914    481   2742 

           Mid-slope  1.206 

                dF/F  0.064 

          dI/sig(dI)  1.157 

-------------------------------------------------------------------------------- 

Merging point group: C 1 2 1 

Unit cell:  53.22  61.28  69.28  90.00  93.02  90.00 

Processing took 00h 00m 53s (53 s) [260102 reflections] 

RPS: 4842.1 



Fast EP 

2 minutes after experiment finished 



xia2 DIALS 



Big EP 





CONCLUSIONS 



Feedback from your experiment 

• Screening: strategy / alignment suggestions 

• Near-real-time: per-image analysis 

• Fast feedback: fast_dp / fast_ep / dimple 

• Collection is fast so can take a cautious approach 
to collection 

• Thorough processing: xia2, Big EP, MrBUMP 

• Find everything: SynchWeb 

• Find details: 
– E.g. /dls/I04/2016/mx12345-6/processed/ 



Taking this to conclusion 

• Can automate processing and analysis 

• But can also automate collection 

• Beamlines have these capabilities 

– MASSIF, ESRF 

– I04-1 XChem, Diamond 

• Or elements of these capabilities 

– Read the webpages 

– Speak to your local contacts 

– Before your visit 

Screening 

Collection Strategy 

Data Collection 

Data Reduction 

Structure Solution 

- Difference Maps 

- Molecular Replacement 

- Experimental Phasing 

Model Building 



Automated Pipelines Summary 

Diamond ESRF 

Strategies EDNA 
Mosflm 
XOAlign 

EDNA 

Data Reduction Fast DP (XDS) 
Xia2 (XDS/DIALS) 
Autoproc (XDS) 

GrenADES (XDS) 
Xia2 (DIALS) 
EDNA Autoprocessing (XDS) 
Autoproc (XDS) 

Difference Maps DIMPLE DIMPLE 

Molecular Replacement MrBUMP Autorickshaw 

Experimental Phasing Fast EP (SHELX) 
Big EP  

Autorickshaw 
SHELX CDE 

Automated Beamline I04-1 XChem 
VMXi 

MASSIF 



The Good, the Bad (and no Ugly?) of 
automation and pipelines 

• Bad 
– Black box – analysis of failure! 

• Crystals, beamline, software, hardware… 

– Personal preferences not always an option 
– Not always the solution to difficult problems  

• Focussed, supported effort on a few crystals can often solve the problem 

– What has happened? 
• This course should give you the tools to know 

• Good 
– Efficient – you, beamtime, results 
– Better decision making 
– Better data 
– Better results 
– Focus on your science 



Thank you 


