
3DEM > GENERAL METHODS

SINGLE PARTICLE RECONSTRUCTION 
(SPA): Introduction



o 2D projection images of a 3D object are recorded with an EM

o 2D projections are aligned to generate a 3D reconstruction

o However unlike electron tomography, we do not know the angles of projections 

o Angels of projections are computed with the help of a computer

SINGLE PARTICLE RECONSTRUCTION > INTRODUCTION

General principle of single particle reconstruction



2D classification to 
group similar images

SINGLE PARTICLE RECONSTRUCTION > INTRODUCTION

Retrieved from http://people.csail.mit.edu/gdp/cryoem.html

2D EM images

Sample/particles	in	
vitreous	ice	

Electron	micrograph	
(projection	images)



Obtaining 3D structure of particle (need 
to know the projection angles)

SINGLE PARTICLE RECONSTRUCTION > INTRODUCTION

Retrieved from http://people.csail.mit.edu/gdp/cryoem.html

2D classification to 
group similar images

Particles 2D	classes



An EM image is the 2D projection of a 3D object. 
One image is not sufficient to deduce the 
structure of a sample particle. Therefore, to 
obtain a 3D reconstruction, tens of thousands of 
2D projections of the object are recorded.

SINGLE PARTICLE RECONSTRUCTION > INTRODUCTION



Single Particle Reconstruction is a method used in 3D EM when multiple copies of 
the particle of interest are present

We expect that the particles are present in different orientations on a EM grid (to 
have all projections, angular coverage)

SINGLE PARTICLE RECONSTRUCTION > INTRODUCTION



SINGLE PARTICLE RECONSTRUCTION > INTRODUCTION

Ø In SPA, a 3D reconstruction of the particle is generated by averaging the images of single 

particles produced by an electron microscope

Ø To generate a 3D reconstruction, the sample must be pure or homogenous

Ø The sample is spread uniformly across an EM grid in the form of a thin film and plunge frozen 

to embed the particles in vitreous ice (cryo) or stained with negative stain to enhance the 

contrast (smaller molecules).



SINGLE PARTICLE RECONSTRUCTION: 
Main steps



3.	Imaging	:	Electron	Microscopy

4.	Data	quality	assessment

2.	Sample	Preparation	for	SPA

5.	CTF	determination	and	correction	

6.	Particle	selection

7.	2D	Classification

8.	3D	Classification

1.	Sample	preparation	(Biochemistry)

9.	3D	reconstruction

10.	Model	building

SINGLE PARTICLE RECONSTRUCTION > STEPS



SINGLE PARTICLE RECONSTRUCTION: 
Sample preparation



2. SAMPLE PREPARATION >	SINGLE PARTICLE RECONSTRUCTION

Its recommended to check the 
suitability of sample which is done 
using negative staining

The sample should be pure and 
stable

SUGGESTION FOR 
SAMPLE PREPARATION



Preparing EM grids: applying sample onto a 3 mm Cu grids

Why do we need EM grids:

Ø Sample can not be directly analyzed with an EM

Ø Sample is first applied to an EM grid

Ø EM grids provide mechanical support to the sample

Ø Sample can be directly stained (negative staining) or vitrified on EM grid

Ø All the microscopes are equipped to to be used with a standard EM grid

2. SAMPLE PREPARATION > SINGLE PARTICLE RECONSTRUCTION



NEGATIVE STAINING

Ø A quick approach to test the 
suitability of the sample

Ø Embeds macromolecules in heavy 
metal stains

ØReveals the low resolution 3D 
structure of the macromolecule (3D 
shape) Fig: Transmission electron 

micrograph negative stain 
image of the polio virus

2. SAMPLE PREPARATION > SINGLE PARTICLE RECONSTRUCTION



Advantages Of Negative Staining 

Ø Can be performed at room temperature

Ø Generates better contrast

Ø Provides details about the stability and 

homogeneity of the sample

Ø Provides details about the conformational 

heterogeneity of the sample 

Ø Acts as a reference for high resolution cryo EM 

single particle reconstruction

Negative stained EM micrograph 

Cryo-EM micrograph

2. SAMPLE PREPARATION > SINGLE PARTICLE RECONSTRUCTION



IMPORTANCE OF NEGATIVE STAINING IN SPA 

Negative staining helps 
to know about the 
suitability of the sample 
for high resolution 
3DEM 

Sample purification 
can be improved by 
changing buffer, 
salt, or pH to 
improve the sample 
quality

Before embarking on 
a high resolution 
(cryo EM) time 
consuming SPA 
project, almost all of 
the samples are 
analyzed with 
negative staining

2. SAMPLE PREPARATION > SINGLE PARTICLE RECONSTRUCTION



Negative staining provides low-resolution 
structures but it helps in accessing the 
suitability of a sample

To overcome the drawbacks of negative 
staining, high-resolution EM structures are 
obtained using cryo EM (under native 
condition).

2. SAMPLE PREPARATION > SINGLE PARTICLE RECONSTRUCTION



Ø Cryo EM is a technique where biological samples are embedded 
(preserved) in vitreous ice and imaged by EM at cryogenic temperature 

Ø Sample is embedded in vitreous ice by plunge freezing them in their native 
conditions.

What is cryo EM?

2. SAMPLE PREPARATION > SINGLE PARTICLE RECONSTRUCTION



Plunge freezing is a method where first 
the sample is spread into a thin film over 
an EM grid.

It is then rapidly submerged into liquid 
nitrogen cooled liquid ethane called 
cryogen.

This process is performed with great 
care to keep the sample at cryogenic 
temperature all the time after Vitrification 

2. SAMPLE PREPARATION > SINGLE PARTICLE RECONSTRUCTION



Ø 3 mm electron microscope grids are coated with carbon film of ∽500 Å thickness perforated with holes 
of 1-2µm in diameter

Ø The particles of interest are embedded in the holes on this grid in vitreous ice
Ø To do so, a thin layer of sample suspended in water is rapidly frozen in liquid ethane to form vitreous ice
Ø The specimen is maintained continuously below -160°C during storage and also during imaging in the 

electron microscope to prevent the formation of ice crystals

2. PREPARING EM GRIDS >	PLUNGE FREEZING

Ideal cryo EM grid



2. PREPARING EM GRIDS >	PLUNGE FREEZING



3. Imaging/Data Collection 
for cryo EM and Single 
Particle Reconstruction

3. EM imaging



Ø Recording or acquiring images of sample 
on an EM is EM imaging

Ø Several thousands (some times millions) 
of images are required for high resolution 
SPA

Ø Automated data acquisition enables to 
image large number of images

3. EM imaging



An automated single particle acquisition 
software is used to collect thousands of EM 
images

Atlas 
Acquisition

Square 
Selection

3. EM imaging

Hole 
selection

Automated	data	acquisition	can	be	explained	in	three	steps	



In this step, the whole grid is imaged at low magnification
with a low intensity beam and large defocus to find areas with 
thin ice and good particle distribution.

Atlas Acquisition

3. EM imaging



3.IMAGING/DATA COLLECTION > SQUARE SELECTION

Selecting good square/meshes based on ice quality and cracks

Square Selection



3.IMAGING/DATA COLLECTION > HOLE SELECTION

Selecting good holes based on ice quality

Hole Selection



Three image exposure is selected per hole in this example

3. IMAGING/DATA COLLECTION > HOLE SELECTION

images	on	the	

Defining area for imaging



3. IMAGING/DATA COLLECTION > OVERVIEW

Screenshot of automated data acquisition process during imaging  



4. DATA QUALITY 
ASSESSMENT, CTF 
CORRECTION AND 
PARTICLE SELECTION



4. Data quality assessment > Astigmatism

A bad Micrograph

Continuous oval Thon rings in the power spectra 
(FT) of micrograph indicate high quality 
micrograph.

A good Micrograph

Good and Bad Micrographs: Astigmatism

Astigmatism:	Due	to	
different	focus	in	X	and	Y	
direction.	Astigmatism	
occurs	when	a	magnetic	lens	
is	not	perfectly	round	



A Good Micrograph

Good and Bad Micrographs: Drift

Continuous oval Thon rings in the power spectra 
(FT) of micrograph indicate high quality 
micrograph.

A Bad Micrograph

4. Data quality assessment > Drift

Drift is the apparent "movement" of 
the specimen in the image. It can 
be caused by many factors such as 
mechanical vibrations, electro 
magnetic interferences, thermal 
differences.



Good and Bad Micrographs: Particle density

4. Data quality assessment > Particle density

Good	density High	density



5. Contrast Transfer 
(CTF) determination 
and correction

5. CTF determination and correction 



What is Contrast Transfer Function (CTF)? 

Ø The contrast transfer function (CTF) mathematically describes how 
aberrations in a transmission electron microscope modify the image of a 
sample

Ø CTF depends on several parameters such as: defocus, spherical 
aberration coefficient, source size and point spread function

Ø In a very simple term, CTF describes how information (in terms of spatial 
frequency) is transferred to EM images

5. CTF determination and correction 



Images of carbon film and their power spectra (FT), showing 
Thon rings and corresponding CTF curves

§ One image is obtained at 
0.5μm defocus, and other 
at 1μm defocus 

§ The Thon rings of the 
second image are located 
closer to the origin and 
oscillate more rapidly 

§ The rings alternate 
between positive and 
negative contrast, as seen 
in the plotted curves

5. CTF determination and correction 

CTF estimation

Orlova, E. V., & Saibil, H. 
R. (2011). Structural 
Analysis of 
Macromolecular 
Assemblies by Electron 
Microscopy. Chemical 
Reviews, 111(12), 7710–
7748. 
doi:10.1021/cr100353t



*

CTF Correction

CTF curve of uncorrected data
CTF curve after Phase correction

5. CTF determination and correction 

CTF curve after amplitude correction

Orlova, E. V., & Saibil, H. R. (2011). 
Structural Analysis of Macromolecular 
Assemblies by Electron Microscopy. 
Chemical Reviews, 111(12), 7710–7748. 
doi:10.1021/cr100353t



ØWithout CTF correction an EM 
image is not a true projection 
representation of a 3D object

Ø high resolution structure is not 
possible without CTF 
correction

Importance of CTF correction

5. CTF determination and correction 



6. PARTICLE 
SELECTION 



Micrographs has many particles

Selecting and windowing out individual particle is called particle selection

6. PARTICLE SELECTION > INTRODUCTION



Different types of particle selection

Manual

Automated: template 
based

Semi-automated 
(neural)

6. PARTICLE SELECTION > PROCESS



Micrograph Selected Particles (Neural)
Black boxes: user selected
Green boxes: Auto based on 
manually selected

Particle Composite for 1 
micrograph

6. PARTICLE SELECTION > PROCESS



Different view

Different conformation 

Damaged (partial)

The reasons why the particles look different 
although they are similar copies are:

6. PARTICLE SELECTION > PROCESS



7. 2D Classification

7. 2D CLASSIFICATIONS



Multivariate Statistical Analysis (MSA) is the study of a number of 
variables, simultaneously, to identify the relationship between them.

For example, to predict the weather on any given day, a 
meteorologist may require data on a number of parameters, such 
as, temperature, pressure, wind speed, humidity etc.

7. 2D CLASSIFICATIONS > Multivariate Statistical Analysis (MSA) 



7. MULTIVARIATE STATISTICAL ANALYSIS > INTRODUCTION 

MSA helps to identify the variables that:

Contribute the most to 
the overall variability 
of the data

Are related to each 
other, that is, the 
variables whose value 
changes with respect 
to each other



Multivariate Statistical Analysis can be used to generate a class average, that is, one 
single image to represent a group of images that all look the same.

7. MULTIVARIATE STATISTICAL ANALYSIS > GENERATING CLASS AVERAGES

Retrieved from: 
http://biomachina.org/courses/structures/091.pdf



7. MULTIVARIATE STATISTICAL ANALYSIS > GENERATING CLASS AVERAGES

Electron micrograph

Electron 
micrograph 
selected particles 
(highlighted in 
green)

Windowed out 
particles

2D class 
averages

Work flow of 2D classification



7. 2D CLASSIFICATIONS 

Right side image need to be shifted

Right side image need to be rotated

Right side image need to be both 
shifted and rotated

During 2D classification, images are aligned by 
shifting, rotating or by both in 2D space 



An example of a 2D classification of a ribosome data set (2000 images)

7. 2D CLASSIFICATIONS 



Ø Cryo EM images are noisy (low contrast), have low signal to noise ratio 

(>10%)

Ø Averaging similar looking images enhance the contrast by increases signal 

to noise ratio

Ø Class averages are easy to identify the features and helps in alignment 

during 3D reconstruction

Ø 2D classification helps in identifying bad or unwanted images thereby 

improving the quality of data

Ø Its an unbiased process with less user interference 

Main advantages of 2D classifications are:

7. 2D CLASSIFICATIONS 



3.	Imaging	:	Electron	Microscopy

4.	Data	quality	assessment

2.	Sample	Preparation	for	SPA

5.	CTF	determination	and	correction	

6.	Particle	selection

7.	2D	Classification

8.	3D	Classification

1.	Sample	preparation	(Biochemistry)

9.	3D	reconstruction

10.	Model	building

SINGLE PARTICLE RECONSTRUCTION > STEPS

SINGLE PARTICLE RECONSTRUCTION 



8. 3D classification

8. 3D CLASSIFICATION 



8. 3D CLASSIFICATION > INTRODUCTION

Ø All data sets are heterogeneous because of the nature of biological 
macromolecules

Ø Heterogeneity can be because of impurities present in the sample, nature of 
macromolecules (structural heterogeneity) and stability of the sample   

Ø 3D classification is an important application of the single particle 
reconstruction method to sort heterogeneous data into homogeneous sub-
data sets



What is structural heterogeneity?

Ø Structural heterogeneity is the result of dynamic nature of biological system 

Ø It can be because the particles exist in different conformations: An enzyme 
can be present in its active form (active conformation), as well as in its 
inactive form (inactive conformation)

Ø A macromolecular complex can be present in its full form and also in a 
partial form (due to equilibrium, damaged, degradation, etc.)

Ø Particle can be present in a factor bound and unbound form

8. 3D CLASSIFICATION > INTRODUCTION



8. 3D CLASSIFICATION > INTRODUCTION

3D Classification is a process where particles are sorted into distinct homogenous 

populations from a heterogeneous mixture of particles

What is 3D classification?



Why do we need 3D classification when 2D classification can sort the heterogeneity?

vHeterogeneity can be reduced at 2D levels to sort for obvious differences 
visible at 2D level

vHowever, smaller differences can not be sorted out at 2D classification

vSome of the differences cannot be seen at 2D level because of their 
complex geometry

vThese differences can only be sorted at a 3D classification level

8. 3D CLASSIFICATION > IMPORTANCE



Sorting of heterogeneous particles: 3D classification 

8. 3D CLASSIFICATIONS > EXAMPLE

Clean	data
2D	classification	dint	
yield	any	differences	

3D	reconstruction



17%                  34%               49%

Homogeneous 
populations 

8. 3D CLASSIFICATIONS > EXAMPLE



Structures of a monomeric- and dimeric-SecA bound to the ribosome

8. 3D CLASSIFICATIONS > EXAMPLE



How is 3D classification performed? 

Maximum likelihood method: Dataset (images) is randomly divided in different sub data sets. It 
uses a known structure as a reference

Independent 3D reconstructions are determined from these sub data sets and a cross correlation 
is calculated among these reconstructions

This step is repeated iteratively until the particles stops moving between different sub populations

3D reconstructions are compared with each other to find differences or similarities between them

This process is repeated again and again until homogeneous sub sets of images has been 
identified

Homogenous sub data sets are refined to obtain highest possible resolution (atomic resolution is 
preferred but is not always possible)

8. 3D CLASSIFICATIONS > PROCESS



9. 3D Reconstruction: 
Obtaining a 3D structure

9. 3D RECONSTRUCTION



A Transmission Electron Microscope (TEM) 
records 2D projections of a 3D object. Generating 
a 3D reconstruction requires recording a number 
of 2D projections of the 3D objects of interest 
(particles) and then aligning them properly (back 
projection)

However unlike electron tomography, we do not 
the angles of projections

In order to align projection images, we need to 
know the angel of projections related to the 
original objects or relation between different 
projections

Retrieved from http://people.csail.mit.edu/gdp/cryoem.html 

?

9. 3D RECONSTRUCTION > INTRODUCTION 



9. 3D RECONSTRUCTION > THE PROJECTION THEOREM

Fourier Central Section Theorem
or 

The Projection Theorem

Fourier transform of a 2D projection equals the 
central section through its 3D Fourier transform 
perpendicular to the direction of the projection

“Reconstruction of three dimensional structures 
from electron micrographs”
DeRosier. Klug, A. (1968). Nature 217 130-134

“Electron microscopy of unstained biological 
material: the polytropic montage”
Hart, R.G. (1968). Science 159 1464-1467

FT of 2D image is a central section of 3D FT of the 3D object 
perpendicular to the direction of the projection

3Dobject

2D projection

FT of 2D 
projection



9. 3D RECONSTRUCTION > THE PROJECTION THEOREM

Application of the projection theorem in SPA

Inverse	FT	
of	3D	FT

2D	FT	(FT	of	2D	
projections)

Placing2D	FT	
in	3D	DT

3D	object	
(particles)	on	
an	EM	grid

2D	projection	
(EM	images)

3D	object

?



HOW TO FIND THE ANGELS OF 2D PROJECTIONS RELATED TO ITS 3D 
OBJECT?

9. 3D RECONSTRUCTION > METHODS

Two methods are commonly used in SPA for 3D reconstruction:

1. Angular reconstitution method (common line method)

2. Projection matching method (reference based)

? Adapted from 
http://people.csail.mit.edu/gd
p/cryoem.html 



9. 3D RECONSTRUCTION > ANGULAR RECONSTITUTION

Ø It is based on the fact that two different 2D projections of a 3D object always have a 
common one dimensional (1D) line in their projections where amplitude and phase 
are similar in two images

Ø If we can find this common line, a 3D object can be reconstructed from 2D 
projections by aligning the 2D projections along the common lines

Angular Reconstitution



Ø Cryo EM images are noisy so its very hard to find a common line between individual 
images

Ø Common line is determined on class averages which has less noise and better 
contrast

Ø This involves finding a common line that has the same amplitudes and phases in 
the Fourier transform of the two different class averages

Ø The relative orientation of the different class averages is determined based on this 
common line

Ø Sinogram is used to identify common line between two projections

9. 3D RECONSTRUCTION > FINDING COMMON LINES 

How to find a common line ?



9. 3D RECONSTRUCTION> SINOGRAMS 

Sinogram

A plot which allows to identify the common line between two 2D 
classes (similar phase and amplitude in FT in 1D)



2D projections (images) of macromolecules are classified 
into various classes with similar orientations (similar 
views) of the molecules presenting one class.  

9. 3D RECONSTRUCTION > GENERATING SINOGRAMS



9. 3D RECONSTRUCTION > GENERATING SINOGRAMS

Fourier transform of 
class 1 average

Fourier transform of 
class 2 average

The amplitudes and 
phases of both are 
mapped on a table

The phase and 
amplitude that match 
best in both the Fourier 
transforms



The plot formed is 
called a Sinogram. It 
helps to identify the 
common line and 
relative orientation of 
the 2D projections

9. 3D RECONSTRUCTION > GENERATING SINOGRAMS

Aligning tow 2D classes 
based on their common 
line



The relative position of class 1 and class 2 averages do not 
provide the relative angle between the two of them. For this, class 
3 average is inserted in the spatial area.

Class average 3 

FT

FT FT inserted in 3D 
space

Common lines for 
class 1 and 2 
averages 

Common lines 
for class 2 and 
3 averages 

Common lines for 
class 1 and 3 
averages 

9. 3D RECONSTRUCTION >  ALIGNING 2D CLASSES INTO A 3D SPACE



FT

Class average 4 FT FT inserted in 3D 
space

Now, there are enough angular restrictions to place various class 
averages in a 3D space

9. 3D RECONSTRUCTION >  ALIGNING 2D CLASSES INTO A 3D SPACE



Once all 2D FT (2D classes) are inserted in a 3D space, inverse FT of this 3D FT 
will produce a 3D structure 

IFT

9. 3D RECONSTRUCTION > GENERATING 3D STRUCTURE 



9. 3D RECONSTRUCTION > 3D REFINEMENT

v3d refinement is a iterative process where a low resolution initial model is used to obtain a 
high resolution 3D structure

vIn our example, we have determined an initial model from 2D averages using angular 
reconstitution

vRemember a 2D class is average of many images which might be similar but not identical

vSo if we try to align individual images based on the similarity to the projections created 
from our initial model and let this process iterate, this can be called refinement  

vRefinement usually starts with a low resolution 3D model with lesser angular constrain and 
ends with high resolution structure with stringent angular constrain 



The 3D structure is re-projected in all the directions to obtain 2D projections

9. 3D RECONSTRUCTION > 3D REFINEMENT



Re-project the model in all 
possible directions

9. 3D RECONSTRUCTION > 3D REFINEMENT



Images 1 and 6 
correlate best with 
image aImages 2 and 5 correlate best with image e

Image 3 correlates 
best with image c

Image 4 
correlates with 
image bImage 7 

correlates with 
image d

9. 3D RECONSTRUCTION > 3D REFINEMENT

Orlova,	E.	V.,	&	Saibil,	H.	R.	(2011).	Structural	
Analysis	of	Macromolecular	Assemblies	by	
Electron	Microscopy.	Chemical	Reviews,	
111(12),	7710–7748.	doi:10.1021/cr100353t



9. 3D RECONSTRUCTION > RESOLUTION 

3D reconstruction is iterated until resolution stopped to improve 

Resolution is a direct indicator of the quality of a 3D reconstruction. An higher 
resolution map will have more information available

Resolution is determined by a process called Fourier Shell Correlation (FSC):
1. Particles are equally divided into two subsets
2. Two independent 3D reconstructions are determined from each of the two 

subsets
3. A correlation between these two 3D reconstruction is calculated in Fourier 

shell



9. 3D RECONSTRUCTION > RESOLUTION ESTIMATION

Resolution estimation in SPA

Spatial	frequencyRes



9. 3D 
Reconstruction: 
Projection matching

9. 3D RECONSTRUCTION



ØProjection Matching is a process used to reconstruct a 3D structure by using a known 
similar or partially similar structure

ØIn this process, a similar model (reference) is re-projected in all possible directions. 
These reprojections are matched to the 2D images (2D classes) and back projected to 
form a new model

ØProjection matching is similar to the refinement process we discussed during angular 
reconstitution

ØProjection matching is also called biased or reference based 3D reconstruction

9. 3D RECONSTRUCTION> PROJECTION MATCHING



2D Projections of the initial model 2D Classes

Reference New model

Projection matching 
is similar to the 
refinement process 
we discussed 
during angular 
reconstitution.

9. 3D RECONSTRUCTION> PROJECTION MATCHING



2D projections of a reference structure are matched with the 2D class averages of the 
macromolecule to find match

Since projection angels are 
known for the reference 
structure, it can be applied 
to the 2D classes/images of 
unknown structure to create 
a new model 

9. 3D RECONSTRUCTION> PROJECTION MATCHING

Reference

Orlova,	E.	V.,	&	Saibil,	H.	R.	(2011).	Structural	Analysis	of	Macromolecular	Assemblies	by	
Electron	Microscopy.	Chemical	Reviews,	111(12),	7710–7748.	doi:10.1021/cr100353t



Reference 3D reconstructionData/particles

9. 3D RECONSTRUCTION > PROJECTION MATCHING > EXAMPLE

Structure of ribosome bound to a factor reconstructed using an 
empty ribosome as a reference



Main advantage: 
Projection matching does not require to determine a technically challenging initial model 
since a similar structure is available

Main disadvantage: 
Ø It can not be used to determine a new or novel structure (De novo structure)

Ø It can also lead to reference biased resulting in a wrong structure

9. 3D RECONSTRUCTION > PROJECTION MATCHING > ADVANTAGES AND DISADVANTAGES



For example, if pure noise is used as an image, reference based projection 
matching can produce the reference

(a) (b) (c)

A familiar image of Einstein was used as a reference (b), and 
1000 images of pure white noise (a) are aligned to the model 
resulting in producing Einstein image

9. 3D RECONSTRUCTION > PROJECTION MATCHING> DISADVANTAGES

Images Reference Result

(Shatsky et. Al., JBC and 
Henderson R, PNAS)



Advantages and 
limitations of single 
particle reconstruction

SINGLE PARTICLE RECONSTRUCTION > ADVANTAGES AND LIMITATIONS  



SINGLE PARTICLE RECONSTRUCTION > MAIN ADVANTAGES 

Saves a lot of time since there is no need to 
crystallize the sample

Very small amount of the sample is 
required as compared to other methods

The sample can be plunge frozen and its 
structure can be studied under native 
physiological conditions 

1.No Crystallization Required

2.Smaller Amounts of Sample

3. No Special Buffers Required



SINGLE PARTICLE RECONSTRUCTION > OTHER ADVANTAGES 

Samples can be partially pure or 
heterogeneous

The procedure is really fast since the entire 
process can be automated through custom 
build pipelines

Structures can be determined to atomic or 
near atomic resolution to help for novel 
drug discovery

1. Heterogeneous Samples

2. Automated Process

3.High resolution



1. Radiation Damage: The sample can be damaged due to excessive exposure to the electron
beam. To minimize radiation damage, low electron dose can be used. However, this results in
images with more noise

Sample in vitreous ice Sample inside EM

Solution: To minimize radiation damage, low electron dose can be used with cryo EM. However, 
this results in more noisy images with low signal to noise ratio

SINGLE PARTICLE RECONSTRUCTION > LIMITATIONS 



2. Number of Particles Required: Cryo EM images are noisy with low signal to noise
ratio. To enhance the signal thousands or millions of particles may be required to
improve the quality and resolution of 3D reconstruction

Solution: Imaging with direct electron detector (DED) leads to reduction in noise with 
better signal to noise ratio in images. This can help to reduce the number of particles 
required for high resolution 3D reconstruction

SINGLE PARTICLE RECONSTRUCTION > LIMITATIONS 



3. Alignment Precision: In some cases, especially with small particles, it is difficult to align 
the particles. This results in low resolution

4. Conformational Heterogeneity: A sample can be present in both, active and inactive 
conformation (minor conformational differences). These conformations can be difficult to 
separate, resulting in low resolution

5. Orientation Preferences: The orientation of the particles on the grid can sometimes lead 
to a preferred orientation/view. In this case it will not be possible to determine a correct 3D 
reconstruction

SINGLE PARTICLE RECONSTRUCTION > LIMITATIONS 


