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My two roles
• Lecturer in Institute of Cardiovascular and 

Medical Sciences, University of Glasgow
• SULSA Technologist

The SULSA Imaging Technologist at the University of Glasgow 
will support the biological imaging community in Scotland by 
providing technical advice and support on a range of imaging 
systems including two-photon confocal microscopy, whole 
organ/body fluorescence/luminescence imaging and structured 
light applications, writing customised open source software for 
image analysis for university labs across Scotland, and 
coordinating and teaching computational techniques associated 
with imaging.

~3 days/week



My background
• Ion channels in skeletal & cardiac muscle 

membrane
• Membrane biophysics
• Ca handling in skeletal muscle
• Whole heart electrophysiology

– arrhythmias
– electrode arrays
– optical mapping
– 2P confocal linescan recording of Vm from 

single cells (isolated and in situ)

software



Case studies

• Chromosome segregation in E.Coli
Prof. David Leach, Edinburgh

• Tracking lymphocytes in lymphoid tissue
Prof. Pasquale Maffia, Glasgow

• Collection & analysis of images of 
membrane voltage in cardiac tissue
Cairn Research Ltd., scientific instruments manufacturer



Case study 1
(Customer: Prof. Leach + team, Edinburgh)



Background
• In E.Coli, domains of L & R chromosome arms 

(replichores) occupy distinct cellular locations
• During replication, domain segregation results in 

translational symmetry of chromosome arms
• Track position of palindrome region

as it is replicated and segregated

• Arrays of tetO & lacO 
sites visualized on 
binding with TetR-YFP 
& LacI-CFP

• Twin YFP-CFP spot

TetR – tetracycline repressor protein
LacI – lac repressor protein



Existing setup

• Zeiss Axiovert 200 + Photometrics cooled CCD
• 0.129μm per pixel resolution
• Acquisition: MetaMorph 6.3r2 software
• Analysis: CFP, YFP images foci

– Autodeblur: blind deconvolution
– MetaMorph: standard threshold + centroid (x,y)

• Analysis: Brightfield images cell outlines
– MetaMorph: ‘fibre length’ function

• Foci and cells counted & correlated manually!





Solutions considered

• Software to correlate MetaMorph data
– read files exported from MM
– perform calcs inside MM using VB extension
– MM ‘journals’ (macros) not suitable

• Custom program to analyze cell & foci 
images and to correlate data



Two recent papers

2008

2007



Cell outline analysis (Guberman et al., 2008)



Cell outline analysis (Guberman et al., 2008)



Foci analysis (Rogers et al., 2007)



Precision: fitting vs centroid

~0.1 pixelMean absolution deviation:     ~0.01 pixel

handles close/overlapping foci



Software: ColiMate (MATLAB)



Software: ColiMate



Software: ColiMate



Final figures: Derived histograms

"... most definitely exceeded all of our expections" Martin White



Case study 2
(Customer: Prof. Pasquale Maffia, Glasgow)

Imaging leucocyte dynamics in aorta 
adventitita of apolipoproteinE-/- mice



sub-diaphragmatic
region of

abdominal artery
of mouse

T lymphocytes
Cell Tracker™ Red

Adventitia elastin
autofluorescence

para-aortic
lymph node

MPLSM of ATLO
(artery tertiary lymphoid organs)



Problem: Tissue drift

uncorrected corrected

Volocity 5 cell tracking module
no drift correction



Solution: Custom software

vector subtraction
3D display
movement statistics



Leukocyte invasion associated with local T- and B cell-
mediated immune responses in atherosclerosis

corrected

ATLO

pLN

Paper submitted to Circulation journal



Case study 3: Real-time imaging of 
membrane voltage in cardiac tissue

Hamamatsu photodiode array
16x16 (256) pixels
1000 frames/sec
16 bit digitization

(Customer: Cairn Research Ltd, scientific instruments manufacturer)



Recording software: QRecord (Delphi)



Analysis software: Optiq (Delphi)

So far, software in use in 5 UK laboratories and UC Davis



Example of use:
Visualising electrical waves in hearts

epicardial pacing (rabbit) ventricular fibrillation (rat)



Services available
• free email/phone consultation on imaging hardware and image 

analysis software
• free visits to lab to discuss research problem and potential 

solutions
• training in use of existing commercial or freeware software (if 

suitable for task)
• development of custom software (if existing software 

unsuitable)
• ImageJ macros and plugins
• MATLAB scripts, functions and graphical user interfaces
• C/C++, Delphi, Java or Python standalone programs
• real-time or performance-critical drivers and standalone 

programs
• hardware interfacing
• training in user-level programming



Main areas of software 
development (& teaching)

• ImageJ
– macros & plugins

• MATLAB
– scripts & GUIs
– good built-in support (toolkit) for image processing

• Delphi (compiled language)
– ideal GUI development language
– a few image processing libraries: PixeLook, GraphicEx, 

Intel IPL, ImgSource

Java

Javascript

IDL
Python

Perl

R statistics

C / C++
Origin

Excel

ITK



Solution patterns

data acquisition custom analysis macros / plugins

scripting advicecoordinating

? ?

Blue = existing   Red = custom

ImageJ



Typical process
• Initial contact: meeting, email

• Visit lab

• Discuss

• Read, think

• Propose solution

• Implement

• Deliver, show

• Fix, extend



Funding model

• service not tied to specific labs or 
equipment

• no consumables or equipment maintenance
• no charge to users of the ‘facility’



Guiding principles

• Simple as possible
• Not re-invent wheel

– but be prepared to develop new methods
• Cheap as possible

– all software freely available
– (charge for hardware development)

• Happy, productive customers
– publications! 


