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VERY IMPORTANT geometrical difference!
The conceptual base of cryoEM

Note the 
“geometrical 
differences”!!



The cryoEM “resolution revolution”: 
A few numbersA few numbers

In 2012, FOUR structures below 4 A were solved. Now…..
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With a huge impact in the study of 
macromolecular flexibilitymacromolecular flexibility



The cryoEM “resolution revolution”: 
Why now?

1) Excellent specimen preservation

Why now?

1) Excellent specimen preservation 
in cryogenic conditions

2) Excellent microscope stability and 
automation

3) New Direct Electron Detectors

4) New Methods for Image 

www.ebi.ac.uk/pdbe/emdb/www.ebi.ac.uk/pdbe/emdb/

Processing and Software



EM is a GIGO systemEM is a GIGO system

• The good thing about EM is that it always gives a volume
• The bad thing about EM is that it always gives a volume

I

Accurate data Good 
reconstructions

Good 
decisions

Image
Processing

Garbage In Garbage OutBad Garbage In Garbage Outdecisions



Many steps in cryo EM involve local optimizers: 
Goal function landscapeGoal function landscape
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Model bias

  

1000 images

Model bias=local minimum!!

Shatsky, M.; Hall, R. J.; Brenner, S. E. & Glaeser, R. M. A method for the alignment of 
heterogeneous macromolecules from electron microscopy. J Struct Biol, 2009, 166, 67‐78



New New ImageImage ProcessingProcessing MethodsMethods::
ChangingChanging thethe landscapelandscape ofof solutionssolutionsChangingChanging thethe landscapelandscape of of solutionssolutions
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Statistical Methods for Image Processing: Statistical Methods for Image Processing: 
Conceptual basesConceptual basesConceptual basesConceptual bases



Statistical Methods for Image ProcessingStatistical Methods for Image Processing



but errors happen….

Which cryo EM map do you believe?Which cryo EM map do you believe?

Subramanian map:EMDB_2848 Mao map: EMDB_5447



MapMap validationvalidation



How can we analyze the quality of a 3D map? 

• Let go to “first principles”
– Consider “Basic” characteristics of a 3D map: Soft 
validationvalidation



Soft alignment validation

With Soft validation we refer to NECESSARY 
conditions that a valid 3DEM map must verifyconditions that a valid 3DEM map must verify.

With Soft validation we DO NOT mean SUFFICIENT 
conditions that a valid 3DEM map must verifyp y



AccuracyAccuracy and and precisionprecision



Checking for precission

We can project the 3DEM map into a regular grid of orientations and for eachWe can project the 3DEM map into a regular grid of orientations and for each 
projection image determine the set of “best” orientations

Clustered caseClustered case Not Clustered case



Checking for precission

The cluster tendency of the orientations can be quantified by the Hopkins 
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For each particle k we define:

1 1i i 



Checking for precision

FOR EACH PARTICLE

Alignability of Alignability of 
reference imagesreference images

Alignability of Alignability of 
experimental imagesexperimental images

Alignability of noiseAlignability of noise



Checking for precission

FOR EACH PARTICLE

Alignability of Alignability of 
reference imagesreference images

Alignability of Alignability of 
experimental imagesexperimental images

Alignability of noiseAlignability of noise

Alignability precision  = 1Alignability precision  = 1 Alignability precision  = 0Alignability precision  = 0

Alignability precision  = ?Alignability precision  = ?



Checking for precission

Ali t b tt th1P Alignment better than 
noise with a 
significance of 95%1

1
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but errors happen…. and can be sorted!

Which cryo EM map do you believe?Which cryo EM map do you believe?

Subramanian map EMDB 2848Subramanian map:EMDB_2848 Mao map: EMDB_5447



Checking for accuracy



SoftSoft‐‐alignment validationalignment validation

88,125 particles deposited in EMPIAR

91% particles align with precision

98% particles align with accuracy98% particles align with accuracy

90% particles align with accuracy and precision



SoftSoft‐‐alignment validationalignment validation

124,478 particles deposited in EMPIAR

75% particles align with precision

45% particles align with accuracy45% particles align with accuracy

38% particles align with accuracy and precision



SoftSoft‐‐alignment validationalignment validation



Test Test onon CHALLENGE CHALLENGE datasetsdatasets



SoftSoft‐‐alignment validation for pruningalignment validation for pruning



SoftSoft‐‐alignment validation for pruningalignment validation for pruning



SoftSoft‐‐alignment validation for pruningalignment validation for pruning



SoftSoft‐‐alignment validation for pruningalignment validation for pruning



SoftSoft‐‐alignment validation for pruningalignment validation for pruning



SoftSoft‐‐alignment validation for pruningalignment validation for pruning



… and making everything simple to use!… and making everything simple to use!
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… and making everything simple to use!… and making everything simple to use!



… and what about resolution? (a very ”final” … and what about resolution? (a very ”final” 
quality indicator)quality indicator)quality indicator)  quality indicator)  

• An ideal map should have the same “amount• An ideal map should have the same  amount 
of detail” (resolution) in all directions, but 

l d ffreality is different…

– Because of molecular flexibility
B f li t– Because of alignement errors

• So, resolution is “local”



State of the Art

C tl th th th d f ti ti l l l tiCurrently, there are thre methods for estimating local resolution:

Blocres: [Cardone2013] It was the piooner in the resolution methods[ ] p
and belongs to the bsoft package.

ResMap: [Kulcukelbir2014] Released in 2014 currently it is the mostResMap: [Kulcukelbir2014] Released in 2014, currently it is the most
popular method.

MonoRes: [submitted] Recently developed and added into the
Scipion image processing framework.



MonoRes

M R A d f ll t ti th d f d t i i thMonoRes: A new and fully automatic method for determining the
local resolution of 3D maps

The root of this new algorithm is an extension of the concept of
analytic signal, called monogenic signal. Thus, the map is filtered at
different frequencies and the amplitude of monogenic signal isdifferent frequencies and the amplitude of monogenic signal is
calculated, then a criteria for determining the resolution is computed.



MonoRes

• The local energy is obtained from the transformed map 
( i i l) hi h ll d i(monogenic signal), which allows decomposing a 
function/map into envelop and phase terms. 

• Local resolution is defined as the highest frequency at which• Local resolution is defined as the highest frequency at which 
local energy is significantly higher than noise



MonoRes

Aquaerovirus at 3.2 A (FSC at 0.143) 

M R R l ti M

Size 760x760x760   MonoRes took ~4h

MonoRes Resolution Map



… and making everything simple to use!… and making everything simple to use!

MonoRes is fully integrated in Scipion v1.1. Its interface is
very simple



… and making everything simple to use!… and making everything simple to use!

MonoRes is also highly connected with chimera, generating

M R R l ti M

Ribosome at 5.5 A (FSC at 0.143)

a colored resolution map

MonoRes Resolution Map



Interconnecting Structural Biology resources: Interconnecting Structural Biology resources: 
WestWest‐‐LifeLifeWestWest LifeLife

POWERFIT, DISVIS, ..., ,

EMDB

pyDockSAXS



An what about biological significance?: An what about biological significance?: 
3DBIONOTES3DBIONOTES,, Enriching macromolecular dataEnriching macromolecular data3DBIONOTES3DBIONOTES,, Enriching macromolecular dataEnriching macromolecular data



An what about biological significance?: An what about biological significance?: 
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BIOCHEMICAL DATABIOCHEMICAL DATA

STRUCTURAL
MODEL

STRUCTURAL
MODEL

• PTM
• Linear motifs
• Epitopes

BIOCHEMICAL DATA • PTM
• Linear motifs
• Epitopes

BIOCHEMICAL DATA

MODELMODEL p p
• Disorder

p p
• Disorder

• Variants• VariantsDATABASE
ENTRY

DATABASE
ENTRY

• Variants
• Cancer
• Genetic diseases

• Variants
• Cancer
• Genetic diseases

BIOMEDICAL DATABIOMEDICAL DATA



3DBIONOTES: Enriching macromolecular data3DBIONOTES: Enriching macromolecular data

• Single interface to display EMDB PDB and UniProt• Single interface to display EMDB, PDB and UniProt 
entries 

• Annotating structural models• Annotating structural models
• Protein annotations displayed at sequence and 
structural levelstructural level

• Interactive annotation viewer
• Enriching data with other protein resources• Enriching data with other protein resources
• http://3dbionotes.cnb.csic.es



3DBIONOTES GUI3DBIONOTES GUI

ATOMIC STRUCTURE

PROTEIN ANNOTATIONS

PROTEIN SEQUENCE



Biomedical dataBiomedical data



Biochemical data Biochemical data 



… and making everything simple to use!… and making everything simple to use!



… and what about biological significance? … and what about biological significance? 

• Hybrid Models: 
– 3DIANA: 
Fitting of atomic resolution data intoFitting of atomic resolution data into 
medium_resolution EM maps

• A given hybrid model is assigned a reliability g y g y
score by  3DIANA evaluating its likelihood in 
terms of the Domain‐Domain‐Interactionsterms of the Domain Domain Interactions  
implied in the proposed hybrid model

Segura et al, BioPhysicis J., 2016



… and what about biological significance? … and what about biological significance? 



And the people behind…….

• Carlos Oscar Sanchez‐Sorzano and Roberto Marabini 

• Javier Vargas• Javier Vargas

• Joan SeguraJoan Segura

• Jose Luis Vilas and Ruben Sanchez

• Pablo Conesa, Jose Miguel de la Rosa and Scipion team

• And all the talented predocs, postdocs and engineers along the 
years!



And the people to come…

Always looking for talented y g
engineers, predocs and 
postdoc fellows!postdoc fellows!



Instruct Biennial Structural Biology MeetingInstruct Biennial Structural Biology Meeting

WESTWEST--LIFE Instruct MeetingLIFE Instruct Meetinggg

Brno, Czech Republic
24th to 26th May 2017



LetLet meetmeet at at BrnoBrno!!


