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Who am I?



Super-Resolution Imaging 
enabled by ImageJ analytics

Structured Illumination Microscopy

Single-Mol. Localization (PALM/STORM)

High-Dens. Localization Mic. (SRRF, …)

> Open-Source, no hidden features
> Community review and support

> For biologists as end users
> Automated updates

Super-Res. Prediction by Neural-Nets
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The diffraction limit



Deconvolution
works on most conventional microscopes
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Real Image Acquired Image
PSF
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Can be calculated by imaging very small 
beads

Can be theoretically generated based on 
experiment properties

Deconvolution





Structured Illumination 
Microscopy

needs a specialised microscope, but you benefit from 
doing your own image processing!

See the talk from Andrew York to know the principles





Single-Molecule 
Localization Microscopy

generally needs a TIRF or HILO capable microscope



Stochastic
Single-molecule 

localization
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~500nm

resolution 10-30nmresolution ~300nm

PALM (Betzig et al., ’06)
FPALM (Hess et al., ’06)
STORM (Rust et al., ’06)

Herbert, & Henriques,  
Microsc. & Microanal., 2012



Super-resolving
a macro structure

Henriques et al., Nat. Meth., 2010



Z = -500 nm

1 μm

Z = 0 nm

1 μm
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1 μm

Astigmatism

Henriques et al., Nat. Meth., 2010 

Encoding the z-position 
into the PSF

Huang et al., Science, 2008 

Henriques et al., Nat. Meth., 2010 



Z = -500 nm

1 μm

Z = 0 nm
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1 μm

Astigmatism

Huang et al., Science, 2008 
Henriques et al., Nat. Meth., 2010 

Encoding the z-position 
into the PSF

Experimental resolution



Photoswitching under 
astigmatism



3D particle detection

Herbert, & Henriques, Microsc. and Microanal., in press 
Huang et al., Nat. Meth., 2008 

Rama et al., PNAS, 2009 
Juette et al., Nat. Meth., 2008



Many different of algorithms for 
this type of analysis 



How are the images created?

• Many different algorithms exist (see Sage 2015, Sage 2018)

STEP 1: DETECTION - ‘DOES THIS LOOK LIKE A FLUOROPHORE?’
Is the intensity what you’d expect?

Are the size and shape what you’d expect?

STEP 2: LOCALISATION - WHERE ARE THE CENTRES OF THE FLUOROPHORES?
In
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Pixels

Gaussian fitting Symmetry measurements
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Going from a sequence of frames with 
blinking molecules to a super-resolution 

reconstruction…

See thesis of Martin Ovesný, who wrote 
ThunderSTORM (it’s awesome)



Martin Ovesný PhD thesis, 2016
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Detection Localisation



Martin Ovesný PhD thesis, 2016



Martin Ovesný PhD thesis, 2016

Input: A list of coordinates with sub-pixel positions of the molecules.  
Output: A corrected list of coordinates with sub-pixel positions of the molecules. 



Martin Ovesný PhD thesis, 2016

Input: A list of coordinates with sub-pixel positions of the molecules.  
Output: A corrected list of coordinates with sub-pixel positions of the molecules. 



Martin Ovesný PhD thesis, 2016



Give a try to  
ThunderSTORM



Variants worth  
knowing…



Variants worth  
knowing…



We have our data,
what about now?



Study protein clustering…

Sezgin et al. 2017

Kusumi et al. 2005  



Study protein clustering…

Sezgin et al. 2017

Kusumi et al. 2005  



Nicovich et al, Nat. Prot., 2018



Caron Jacobs PhD thesis, 2018



Caron Jacobs PhD thesis, 2018



NanoJ - A little bit 
about us!



Laine R.F., Tosheva K., et al., ‘NanoJ: a high-performance open-
source super-resolution microscopy toolbox’. J.Phys.D (2019)



Pre-processing steps

NanoJ-Core



Laine R.F., Tosheva K., et al., ‘NanoJ: a high-performance open-source super-resolution microscopy toolbox’. J.Phys.D (2019)
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NanoJ-CoreChannel alignment

Laine R.F., Tosheva K., et al., ‘NanoJ: a high-performance open-source super-resolution microscopy toolbox’. J.Phys.D (2019)
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Super-Resolution image 
reconstruction

NanoJ-SRRF



plant cell

animal cell bacteria, 
mitochondria

small organisms,
nano-histology of 

tissues

1 cm 1 mm 100 um 10 um 1 um 100 nm 10 nm 1 nm 1 A

viruses,
vesicles

proteins

small 
molecules

electron microscopy

fluorescence microscopy super-resolution

Reviewers:

HFSP: “this would be a great project for Cryo-EM”

MRC: “super-resolution in general should be seen at face value 
as a sophisticated way of analyzing blobs that can only be 

complementary to high-resolution EM”



Live-cell super-resolution

Live-cell compatibility

illumination:
>kW/cm2

acquisition:
minutes-hours

illumination:
mW/cm2

acquisition:
seconds

SIM
110-150nm

STED
20-150nm

PALM/
STORM
20-50nm

Widefield
200-300nm



100 frames at 40mW/cm2

Super-Resolution Radial Fluctuations 
(SRRF, reads as surf)

Gustafsson, Culley, et al., Nat. Comms. 2016

Nils Gustafsson Siân Culley



100 frames at 40mW/cm2

Gustafsson, Culley, et al., Nat. Comms. 2016

100 FPS

Super-Resolution Radial Fluctuations 
(SRRF, reads as surf)

radiality transform

Nils Gustafsson Siân Culley



bottom line… for a very dead and fixed cell, 
SRRF will be similar to PALM & STORM

… but for a live-cell, labeled with GFP, 
using 10.000-fold less illumination

Siân Culley Kalina Tosheva

Culley, et al., IJBCB, 2018



Single-particle averaging

NanoJ-VirusMapper



Single-particle averaging (VirusMapper)
NanoJ-VirusMapper

Gray R., et al. ’VirusMapper: open-source nanoscale mapping of viral 
architecture through super-resolution microscopy’ Sci. Rep. (2016)

SIM of VACV

2 µm 

100 nm



Single-particle averaging (VirusMapper)
NanoJ-VirusMapper



Quality control in super-
resolution microscopy

NanoJ-SQUIRREL

Siân Culley



Quality control (SQUIRREL)
NanoJ-SQUIRREL

Error map

FRC map

Culley S., et al. ’Quantitative mapping and minimization of super-resolution optical imaging artifacts’ Nature methods. (2018)



Image formation
Diffraction Limited Labelled structure

Artefact-free SRfull Diffraction Limited

≅⊗ = ×

PSF

⊗≈

Culley, et al., N Meth., 2018



SQUIRREL error-mapping pipeline

Reference

Super-resolution

Register images
Convert 
SR to 

diffraction-
limited 

equivalent

Quality metrics: 
• RSE 
• RSP

Reference

Diffraction-limited 
equivalent

Generate 
error map

increasing error

Culley, et al., N Meth., 2018



Er, this sounds complicated

Culley, et al., N Meth., 2018



Improving acquisitions

5 µm

Reference 500 frames 60000 frames

Alexa 647-phalloidin 
60000 frames dSTORM

Culley, et al., N Meth., 2018



Improving acquisitions

Over half of the acquired data is disruptive



Can we do better?
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Can we do better?

Culley, et al., N Meth., 2018



Gustafsson et al, Nature Communications 2016

What is the best 
combination of number of 
frames, LED power and 

exposure time?

MitoTracker Red - fixed sample  
1 second acquisition

SRRFing SQUIRRELs

Culley, et al., IJBCB, 2018

Siân Culley



Gustafsson et al, Nature Communications 2016

What is the best 
combination of number of 
frames, LED power and 

exposure time?

Widefield
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10µm

10% LED
100 frames

@10ms

20% LED
10 frames
@100ms

20% LED
30 frames
@33ms

20% LED
10 frames
@100ms

Culley, et al., IJBCB, 2018

Siân CulleySRRFing SQUIRRELs





Thevathasan &
 Kahnw

ald et al., bioRxiv, 2019



Multimodal imaging

NanoJ-Fluidics



Fluidics exchange (Pumpy)

Almada P., et al. ’Automating multimodal microscopy with NanoJ-Fluidics’ Nature comms. (2019)

NanoJ-Fluidics



Fluidics exchange (Pumpy)

Almada P., et al. ’Automating multimodal microscopy with NanoJ-Fluidics’ Nature comms. (2019)

20 µm

…

20 µm

Live-cell imaging 

HeLa cells 
Tubulin-GFP

HeLa cells 
DAPI 
Tubulin-GFP 
Phalloidin-AF647

3D imaging
Automated fixation 

and labelling

NanoJ-Fluidics



NanoJ-FluidicsSequential labelling (with Pumpy)
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