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PARTICLE PICKING
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ONE MORE NOTE
ABOUT DEFOCUS

Highlights
*The spatial-coherence envelope function has

almost no effect under the conditions used in
cryo-EM.
*Even for defocus values as high as 8 [Um, this

envelope remains negligible compared to other
factors.

*On the other hand, delocalization of high-
resolution information can become an important

factor.

*For many situations, it may thus be beneficial
to use defocus values as high as ~5 Um or
more.

Ultramicroscopy
ke folume 222, March 2021, 1132113

Defocus-dependent Thon-ring fading

Robert M, Glaeser ® 2 &, Wim LH. Hagen °, Bong-Gyeon Han ©, Richard Henderson ©,
Greg MeMullan € Christopher |, Russo

Show more

+ Add to Mendeley «2 Share wa Cite

https:doi.ceg/10.1016/ ) ultramic. 2021 113213 Get rights and content

Under a Creative Commons license ® open Geoess



ONE MORE NOTE
ABOUT DEFOCUS

Download : Download high-res image (2MB)

Download : Download full-size image

Fig. 1. Examples showing the focus-dependent delocalization of information carried by
interference between scattered electrons and the unscattered, reference wave.



ONE MORE NOTE
ABOUT DEFOCUS

Fig. 3. Image “gold-20”, recorded at 8 Um
defocus, showing how delocalization of one of the
half-wavelets corresponding to the Au (111)
lattice planes is moved outside the field of view
of the camera. Gold nanoparticle #2 is labelled,
with the diffracting crystallite labelled A, and the
positions of 2.35 A lattice fringe patches labelled
B and C. Area C is outside the field of view, so
this half-wavelet is not observed and it does not
contribute to the power spectrum. Area B is shown
at higher magnification in the right panel

of Fig. 1B. The area outlined in the center would
be the only region able to produce Thon-ring
modulations at the 2.35 A gold-lattice spacing in
all directions, but, within this field of view, there is
only about half of one of the 17 gold particles
that is located within the outlined area. As a
result, the power spectrum of this image shows no
Thon-ring contribution to the power spectrum of

such nanoparticles.

>



https://www.sciencedirect.com/topics/physics-and-astronomy/crystallite
https://www.sciencedirect.com/science/article/pii/S0304399121000127
https://www.sciencedirect.com/topics/materials-science/nanoparticle

ALIGNMENT
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ALIGNMENT
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CLUSTERING
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VALIDATION

3D map generation —
Resolution estimation

* FSC between 2 half-maps

— Independent refinement of the
two halves (gold standard)

— Independent high resolution shells

* Local resolution

— Resmap

— Bsoft LocRes

— Masking individual domains

* Variance estimation
— Resmap

2023-02-15 : 25716 EMDB map entries, 14303 PD8 ceordinate antries RCSB PDE | PDBe

EMDataResource

Unifisd Data Resource for 3DEM

Home About~ ODeposit Search> Tools* Events* News Links Halp ~

Validation

A key mission of EMDataResource is to engage the 3DEM community in activities that encourage develop validation pracedures for 30EM
struciures. The Electron Microscopy Validation Task Force [EM VTF) met on Seplember 28-29, 20170 at Rutgers Urivarsity in New Brunswick NJ.
The workshop was co-chared by Richard Mendersan (MRC, Cambiridge) for map validation and Andrej Sali (UCSF) for model valildaton. The EM
VTF's inflial recommendstions are publehad here: Henderson ot al (2012), Structure 20, 206-214. We have sleo hosted map and modeai challenges
with the goal of encouraging developmen: of new assessment procedures. Results are summarized in this 2070 Biopolymers Special Issue and this
2018 Journal of Structural Blology Specal Issue,

Campiled below are valdation servers that we are gware of that can be used o assess 3DEM Map and Madel quaity. Please send any
correctionsfadditions to help@emdataresource.org.

Validation Services: Maps

« Fourior Shell Corralation (FSC): Upbad two independant half maps, recerve the calculated FSC curve in a standardized format for depesition
nta EMDB, view and downioad a plot of the FSC curve (example plot). Ceveloped and hosted at PO8e,

» 30OFSC: Promdes & quantitative measure of drectional resolution anisotropy, s described in Tan et al Nature Methods 2017, Hosted at the
Salk Institute (requires login},

» Tit-Pair: Validate map hand and averall shape for lower resclution maps in which secondary structure features are absent, This servar,
ariginally devaloped by the Rosenthal group (Wasllewski et al J. Struct Blol 2014), has been migrated to PDBa.

« Scipion: Calculate the local resoluticn of your map using ResMap, Blocres [from Bsolt), and MonoReas (Xmipo). Reference: Mingo et al Protein
Science 2077. Hosted st CNB-CSIC (Span).
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> J Struct Biol. 2009 Apr;166(1).67-78. doi: 10.1016/).jsb.2008.12.008. Epub 2008 Dec 30

E I N ST E I N F R 0 M A method for the alignment of heterogeneous

macromolecules from electron microscopy

Maxim Shatsky ', Richard J Hall, Steven E Brenner, Robert M Glaesar

Affiliations 4 expand
PMID: 19166941 PMCID: PMC2740748 DOI: 10.1016/.isb.2008.12.008
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EINSTEIN FROM
NOISE

Mao et al (2013) Henderson (2013)
PNAS 110: 12438-12443 PNAS 110: 18037-18041

-adapted from Tom Walz



VALIDATION TIPS

Compare reference free averages
with projections

Tilt-pair analysis
“Gold standard” FSC
Randomize phases

Appearance of expected
secondary structure elements

only checks consistency of 3D map
with 2D data — excellent, also
establishes handedness — not
necessarily needed (but now pretty
much default) — excellent
(implemented in software
packages) — Evaluate with
published information

-adapted from Tom Walz

Structure

Outcome of the First Electron Microscopy
Validation Task Force Meeting

Richard Henderson,' Andrej Sall,? Matthew L. Baker,® Bridget Carragher,* Batsal Devkota,® Kenneth H. Downing,®
Edward H. Egelman,” Zukan%Feng." Joachim Frank,**® Nikolaus Grigorieff,'® Wen Jiang,'" Steven J. Ludtke,?

Ohad Medalia,'>2 Pawel A. Penczek,' Peter B. Rosenthal,'* Michael G. Rossmann,'® Michael F. Schmid,?

Gunnar F. Schroder,'® Alasdair C. Steven,'” David L. Stokes,'® John D. Westbrook,* Willy Wriggers,'® Huanwang Yang,®
Jasmine Young,® Helen M. Berman,® Wah Chiu,? Gerard J. Kleywegt,?° and Catherine L. Lawson®*




VALIDATION TIPS

Compare reference free averages
with projections

Tilt-pair analysis
“Gold standard” FSC
Randomize phases

Appearance of expected
secondary structure elements

only checks consistency of 3D map
with 2D data — excellent, also
establishes handedness — not
necessarily needed (but now pretty
much default) — excellent
(implemented in software
packages) — Evaluate with
published information

-adapted from Tom Walz




VA I. I DAT I 0 N T I PS Rosenthal & Rubinstein (2015) Curr. Opin. Struct. Biol. 34: 135-144

Rosenthal & Henderson (2003) J. Mol. Biol. 333: 721-745
Henderson et al. (2011) J. Mol. Biol. 413: 1028-1046

Compare reference free average
with projections

Tilt-pair analysis

“Gold standard” FSC

Particle stack (—a.)

Randomize phases

Appearance of expected Q & Q o 9 G

secondary structure elements

only checks consistency of 3D ma
with 2D data — excellent, also
establishes handedness — not
necessarily needed (but now prei
much default) — excellent
(implemented in software
packages) — Evaluate with
published information
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Particle stack (+a)

-adapted from Tom Walz



VALIDATION TIPS

Compare reference free averages
with projections

Tilt-pair analysis
“Gold standard” FSC
Randomize phases

Appearance of expected
secondary structure elements

only checks consistency of 3D map
with 2D data — excellent, also
establishes handedness — not
necessarily needed (but now pretty
much default) — excellent
(implemented in software
packages) — Evaluate with
published information

-adapted from Tom Walz
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VALIDATION TIPS

Compare reference free averages TLTURECTION ¥ ; ° 0 15°  30°
with projections WIETRR, T U

Tilt-pair parameter plot Tilt-pair phase residual plot

Tilt-pair analysis
“Gold standard” FSC

Randomize phases

Appearance of expected
secondary structure elements

only checks consistency of 3D map
with 2D data — excellent, also
establishes handedness — not
necessarily needed (but now pretty
much default) — excellent
(implemented in software
packages) — Evaluate with Rosenthal & Rubinstein (2015) Curr. Opin. Struct. Biol. 34: 135-144
published information

-adapted from Tom Walz



VALIDATION TIPS

Compare reference free averages

with projections
Tilt-pair analysis
“Gold standard” FSC
Randomize phases

Appearance of expected
secondary structure elements

only checks consistency of 3D map

with 2D data — excellent, also
establishes handedness — not

necessarily needed (but now pretty

much default) — excellent
(implemented in software
packages) — Evaluate with
published information

-adapted from Tom Walz
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Summary of the results for all submitted
particles:

Minimal PMase Residual: $2.53*
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VALIDATION TIPS ...«

Box length: 155
Degree of symmetry: 1
Compare reference free averages Object size ratio: 0.66
with projections

FSC plot
Tilt-pair analysis ick and drag m the chart area to zoam

— FSC
“Gold standard” FSC 5 sigma & 12.0A
1/2 it ® 14.4A
Randomize phases _
PR (U . S ST P 0.5 1604
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. RS 14.2A

only checks consistency of 3D map
with 2D data — excellent, also
establishes handedness — not | . an 1 Qradtk Giben
necessarily needed (but now pretty Soktiat fremienci{A™)
much default) — excellent

(implemented in software

packages) — Evaluate with

published information

-adapted from Tom Walz



FSC

-adapted from Rich Hite
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VALIDATION TIPS

Compare reference free averages
with projections

Tilt-pair analysis
“Gold standard” FSC
Randomize phases

Appearance of expected
secondary structure elements

only checks consistency of 3D map
with 2D data — excellent, also
establishes handedness — not
necessarily needed (but now pretty
much default) — excellent
(implemented in software
packages) — Evaluate with
published information

-adapted from Tom Walz
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Figure 3. Resolution assessment by Fourier shell correlation (FSC) and its validation by the noise
substitution test. (a) FSC between half-maps where particle orientation refinement uses image
data to 7 A resolution (red circle) or to 7 A but where high resolution data beyond 17 A has
been substituted with data with randomized phases (HR-noise, green circle) or data from noise
images (HR-noise, blue circle). Portion of FSC signal due to over-fitting is shown by the shaded
blue region (FSCn), and the portion due to true structural signal is the shaded pink region
(FSCtrue). (b) FSC curves as above but where particle orientation refinement has been limited
to 17 A resolution. The ‘free shells’ above 17 A resolution show no over-fitting because they
were not used in refinement. (c) FSCn between half-maps for noise-substituted data shows FSC
artefacts that result from a tight mask. (d) FSC curve (red), also called Cref, between whole-map
and coordinate model placed in the map by rigid body fitting crosses the 0.5 threshold at a
point indicating 7.6 A resolution. Flexible fitting of the model produces an overly optimistic FSC
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https://www.sciencedirect.com/science/article/pii/S0959440X15000925
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Randomize phases
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packages) — Evaluate with
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-adapted from Tom Walz
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