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Sooner or later, everything old is 
new again
Stephen King, The Colorado Kid



What has been will be again, 
what has been done will be done 
again; there is nothing new under 
the sun
Ecclesiastes 1:9
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Why multi-crystal?



Multi-crystal approaches
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Data completeness

Only possible to collect incomplete data from a single crystal due to 
radiation damage: obtain a complete dataset by combining data from 
multiple crystals
• small crystals
• room-temperature

data collection



Increased signal-to-noise for weak data

• Given only random errors, the standard error σ in a measurement is 
reduced by √n if the measurement is repeated n times
• Beware Rmerge and Rmeas!
• Use CC½ and 〈I/σ〉mrgd

Karplus, P. A., & Diederichs, K. (2015) Current opinion in structural biology, 34, 60-68



Increased signal-to-noise for weak data

• Improve weak anomalous signals for phasing

Liu, Q., Zhang, Z. & Hendrickson, W. A. (2011) Acta Cryst. D67, 45-59



Room temperature

• Cryo-cooling may hide biologically significant 
structural features
• Virus crystals often suffer on cryo-cooling
• In situ data collection
• Radiation damage occurs at an absorbed dose 

one to two orders of magnitude lower than at 
cryogenic temperatures

Fraser, J., Clarkson, M., Degnan, S. et al. (2009) Nature 462, 669–673
Sanchez-Weatherby, J., Sandy, J., Mikolajek, H. et al. (2019) J. Synchrotron Rad. 26, 291–301
Nave, C. & Garman, E. F. (2005) J. Synchrotron Rad. 12, 257–260



Time-resolved crystallography

• Study dynamics of light- or chemical-induced reactions using serial 
femtosecond (SFX) or synchrotron (SSX) crystallography



Challenges



Symmetry determination

• Identification of consensus symmetry from 
narrow wedges or stills can be challenging
• Complicated by presence of potential 

indexing ambiguity
• New algorithms have been developed to 

help in symmetry determination from 
narrow wedges and stills

Brehm, W. & Diederichs, K. (2014). Acta Cryst. D70, 101–109
Gildea, R. J. & Winter, G. (2018). Acta Cryst. D74, 405–410



Non-isomorphism

• Inclusion of non-isomorphous crystals may degrade the final data set
• Unit cell clustering may help identify outliers or different populations



Non-isomorphism

Clustering on pairwise correlation 
coefficients may help identify outliers

Giordano, R., Leal, R. M. F., Bourenkov, G. P. et al. (2012). Acta Cryst. D68, 649–658
Santoni, G., Zander, U., Mueller-Dieckmann, C. et al. (2017). J. Appl. Cryst. 50, 1844–1851



Non-isomorphism

• ΔCC½ method omits each data sets in turn and calculates the resulting 
improvement (or deterioration) in CC½

Assmann, G., Brehm, W. & Diederichs, K. (2016). J. Appl. Cryst. 49, 1021–1028



Preferential orientation

• Crystal symmetry and morphology combined with data collection 
conditions may lead to preferential crystal orientation
• May result in under-sampled regions of reciprocal space
• Check stereographic projection and multiplicity plots



Preferential orientation

• Crystal symmetry and morphology combined with data collection 
conditions may lead to preferential crystal orientation
• May result in under-sampled regions of reciprocal space
• Check stereographic projection and multiplicity plots

Horrell, S., Axford, D., Devenish, N. E., et al. (2021) J. Vis. Exp. (168), e62200



Radiation damage

Rcp statistic accumulates the 
pairwise measured intensity 
differences as a function of dose, 
providing an assessment of 
radiation damage

Winter, G. (2009). PhD thesis
Winter, G., Gildea, R. J., Paterson, N. et al. (2019). Acta Cryst. D75, 242–261



xia2.multiplex



• Automates typical multi-crystal 
workflows
• Run automatically at Diamond for 

data collections on the same sample
• Included with DIALS
• Coming soon to CCP4 i2

Integrated 
data

Integrated 
data

Integrated 
data

Unit cell clustering
dials.cluster_unit_cell

Laue group analysis
dials.cosym

Unit cell refinement
dials.two_theta_refine

Scaling
dials.scale

Resolution Analysis
dials.estimate_resolution

Space group analysis
dials.symmetry

ΔCC½ filtering
dials.scale

Resolution Analysis
dials.estimate_resolution

Isomorphism Analysis
dials.cosym

filtered.mtz

Integrated 
data

Integrated 
datascaled.mtz

xia2.multiplex

Gildea, R. J., Beilsten-Edmands, J., Axford, D., et al. (2022) Acta Cryst. D78, 752-769



Multi-crystal data collections at 
Diamond



Multi-crystal data collections on I24

• Microfocus beam: 5 x 5 µm - 50 x 50 µm
• Wide energy range: 7.8 -24 keV (0.7 -

2.0 Å)
• CdTe Eiger2 9M: ideal for high energy
• Pilatus3 6M: suitable for medium 

energy
• Fast gridscans: queue data collection

from grid scan results
• Serial crystallography: fixed target, thin 

film and LCP extruder



Multi-crystal data collections on VMXi

• in-situ beamline dedicated to room temperature data collection from 
macromolecular crystals
• Entirely automated facility
• Oscillation experiments (up to 60 degrees of data / crystal) for crystals >20 

μm with automatic data processing and merging with results accessed via 
ISPyB
• Grid scans over a user-defined area to assess diffraction quality
• Provides feedback on the diffraction, crystal quality and, in many cases, 

unit-cell parameters and space group, even in the case of micro-crystals (2-
5 μm), allowing effective optimisation of crystallisation
• Structural data is collected at near physiological conditions



Multi-crystal data collections on VMXm

• Aim: single crystal rotation data collection 
from micron sized crystals.

• Micro/nano-focus MX beamline:
• Focused beam (V x H): 0.4 μm x 1.3 μm 
• Defocused beam (V x H): 9 μm x 13 μm

• Standard data collection energy: 21.3 KeV
• Eiger X 9M CdTe (High energy)
• Pilatus 3 6M (Medium energy)

• In vacuum sample position – low background, 
high signal-to-noise data collection.

• Data collection at cryogenic temperatures.

• Integrated scanning electron microscope.



When to use VMXm

• Samples measuring less than 15 μm 
to 1 μm.
• Needles benefit from low signal-to-

noise and micro focused X-ray beam.
• If you can see the microcrystals –

VMXm can measure them!
• If you can’t see the microcrystals –

see electron diffraction. 
• VMXm is sample efficient - large 

number of crystals on a single grid.
• A single sparse matrix crystallization 

droplet can provide enough material 
for 3 grids.

10 μm

10 μm

10 μm

50 μm



Examples



SARS-CoV-2 Mpro: ligand screening

• SARS-CoV-2 main protease
• Central role in viral replication
• Key antiviral drug target
• Conventional fragment-screening 

campaign performed on I04-1
• Over 1250 unique fragments, 

identifying 74 high-value fragment 
hits

Douangamath, A., Fearon, D., Gehrtz, P. et al. (2020). Nat. Commun. 11, 5047



SARS-CoV-2 Mpro: RT ligand screening

• Initial fragment screening performed at cryo-
temperatures (100 K)
• Are room temperature structures identical?
• RT in situ data collections on known ligand hits 

performed on I24 and VMXi
• Preferred orientation (plate-like crystals): vary 

starting angle
• xia2.multiplex provided near real time feedback 

during the experiment

Gildea, R. J., Beilsten-Edmands, J., Axford, D., et al. (2022) Acta Cryst. D78, 752-769
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Automatic dimple maps
gemmi blob 
score (e-)



Jeremy Keown and Jonathan Grimes (STRUBI, Uni. of Oxford)

Adam Crawshaw, Richard Gildea, Jose Trincao (VMXm)

• Polyhedra protein from a nudivirus

• Self-assembles into a dense lattice 
around new viral particles

• MR failed despite AlphaFold models

• 3 x Met engineered into WT clone to 
allow SeMet protein

• P3121 a=53.5 Å, c=105.2 Å,  ɣ=120°

• Solvent content 21%
• Crystals ~ 5 – 7 µm (SeMet); 3 – 5 µm 

(WT)

ToNV



Se-Met to 1.86A WT to 1.7A
Se-Met TonV on 

VMXm

Detector Eiger2 X CdTe 9M

Number of crystals 67

Energy keV 12.67 keV

Resolution 105.0-1.86 (1.90-
1.86)

Unique Reflection 13841(244)

Completeness (%) 91.3(32.0)

Rmerge 0.288(1.342)

I/σI 17.7(0.7)

CC1/2 0.971(0.133)

Beamsize 3.6 x 3.6 µm

Analysis: 
xia2-dials à xia2.multiplex à
Fast_ep/Crank2

ToNV Se-SAD structure solution



I24 SSX: Van Thor Group – Imperial College 
London 

X-Rays

405 nm

488 nm

Baxter, J. M., Hutchison, C. D., Maghlaoui, K. et al. (2022) J. Phys. Chem. B, 126, 45, 9288–9296
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