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My two roles

e |ecturer 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
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My background

 |on channels in skeletal & cardiac muscle
membrane

« Membrane biophysics \\

e Ca handling in skeletal muscle \
 Whole heart electrophysiology

— arrhythmias /
— electrode arrays

— optical mapping

— 2P confocal linescan recording of V,, from
single cells (Isolated and in situ)
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Case studies

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

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

e Collection & analysis of images of
membrane voltage in cardiac tissue
Cairn Research Ltd., scientific instruments manufacturer
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Case study 1

(Customer: Prof. Leach + team, Edinburgh)

nature Vol 455|30 October 2008|doi:10.1038/nature07282

LETTERS

Non-random segregation of sister chromosomes in
Escherichia coli

Martin A. White', John K. Eykelenboom', Manuel A. Lopez-Vernaza', Emily Wilson' & David R. F. Leach'




Background

* In E.Coli, domains of L & R chromosome arms
(replichores) occupy distinct cellular locations

e During replication, domain segregation results in
translational symmetry of chromosome arms

e Track position of palindrome region
as it is replicated and segregated
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Replication

TetR — tetracycline repressor protein
Lacl — lac repressor protein

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

Twin YFP-CFP spot



EXisting setup

Zeiss Axiovert 200 + Photometrics cooled CCD
0.129um 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!



Notes for Francis Burton

Typical Data Set

a
TetR-YFP Lacl-CFP overlay
-
s
Y
b
TetR-YFP Lacl-CFP overlay

-

Images typically acquired at a resolution of 129 nm per pixel, but have the ability to acquire at a

resolution of 64.5 nm per pixel (possibly higher with optivar). Calibration bar in a shows 5 pm, b
f

shows 1 pm.

Main quantifications required: ¥
¢« Number of foci per cell - \ i

¢ Location of foci within cells ) ey
. (LAY |+
Typical cell size
s Nutrient rich growth medium: 3 -6 um, 2 — 16 YFP and CFP foci
¢ Nutrient poor growth medium: 1-3 pum, 1 or 2 YFP and CFP foci

Issues with thresholding
s Thresholding cells is fine

* Thresholding foci: issues of heterogeneity of fluorescence intensity and dividing overlapping
foci.



Solutions considered

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

e Custom program to analyze cell & foci
Images and to correlate data



Two recent papers

OPEN a ACCESS Freely available online PLOS COMPUTATIONAL BIOLOGY

PSICIC: Noise and Asymmetry in Bacterial Division

Revealed by Computational Image Analysis at Sub-Pixel

Resolution 008

Jonathan M. Guberman’, Allison Fay?, Jonathan Dworkin?, Ned S. Wingreen', Zemer Gitai'*

1 Department of Molecular Biology, Princeton University, Princeton, New Jersey, United States of America, 2Department of Microbiology, College of Physicians and
Surgeons, Columbia University, New York, New York, United States of America

IOP PUBLISHING PuysicaL BioLocy

Phys. Biol. 4 (2007) 220-227 doi: 10. 1088/1478-3975/4/3/008

Precise particle tracking against a
complicated background: polynomial
fitting with Gaussian weight

Salman S Rogers, Thomas A Waigh, Xiubo Zhao and Jian R Lu 2007

School of Physics and Astronomy, University of Manchester, Manchester M60 1QD, UK



Cell outline analysis (Guberman et al., 2008)

Original cell Contour Identify poles Redistribute outline Connect sides  Draw midline Refine poles  Measurements
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Cell outline analysis (Guberman et al., 2008)
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Focl analysis (Rogers et al., 2007)
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A = Py cos* @ — Pyj cosf sinf + Py sin® 0,

B = Py sin®6 — Py, cos 6 sinf + Py, cos® 6,

C = Pyycos*0 — P3; cos® 0 sin@ + Py, cos? 6 sin? 6
— Pj3cos 8 sin® 0 + Py sin 0,

D = Py sin* @ + Pz sin’ 6 cos 6 + Py sin? 6 cos® 0
+ P3; sin @ cos® 6 + Poy cos* 6.

| P3o| + | Par| + | Pra| + |P03|R

skewness = 5
Py Poy — Pf/4




Precision: fitting vs centroid

Mean absolution deviation: ~0.01 pixel ~0.1 pixel

handles close/overlapping foci



Software: ColiMate (MATLAB)

) ColiMate iy ] |
. ColiMate 1.0
— Files

Load BErightfigid | ; Program started. .. 04-Dec-2009 16:11:05 A1 Loadlog.. |

Tag: Experimental comment

Load CFP | Dir: C\Documents and Settings\FrancisiMy DocumentsiMATLABColiMake), Save log... |
BF: Lambda 4214 Pal+ Ara 1_w1Brightfield. TIF )

Load VP | Cv: 10_Lambda 4214 Pal+ Ara 1_w2CFP.stk I Dispiay
WE: 10_Lambda 4214 Pal+ Ara 1_w3YFP.stk Run lag |

— CFP

Black -

'Experimental comment Zl
— Images
— Brightfield ——————————————— — Scale
V¥ Image  Prom 1 V¥ Show
Colours: o1 I 129
Contrast: 1 IT
[T el [ hid Iﬂ

[V Image  Prop 1

Calours: 01

[~ Focl  Cortrast: 1

— FP

v Image  Prop: 1

Calours: o
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Foci  Cortrast: 1 Wigwy
r

— Results

Settings... | .Dir folder _ il —
\File: BRICFRMYFP filename

Start analysis | \Cells n CFP n WP n

Cell # nicFP n%FF area perimeter midl -
‘CFPRFR % y distCFP izt FP diztMiclline dlist iy

-

iI | _’I_I Save...
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Software: ColiMate

) sermngs TP

— Files
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CFP Image #: I 1 YFP Image & I
File

— Cells Dods[aXe9E0E

Imtensity threshald (0-62535): 2000
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Mindimax area (microns"2):
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— Foci

Smoothing length:
Brightness min/max (0-64;

Max skewness:

o
[min]
th

MWax eccentricity:

Radius minfma:x (microns); 1.29

CFP =ignal boost;

ﬂﬂﬂ? 1414

YFP signal boost:

— Display

Cell colaurs

Cline: I R mdicllire: B Lahels:

:

_?I
=z
CFP marker size: |3— CFP marketr colour: IC—
YFP marker size: |3_ PP marker colaur: IT

Save... | Load... I Ok I Cancel I




Software: ColiMate

1 2z 5 4 & 7 =] 9 10 11 1z

1 |.Dir folder

2 [File BRICFPMYFR filename

3 [Cels m CFP m YFP il

4 el # niZzFP n*'FP ares perimeter midlength mavicth

5 |CFPNYFP x Y distCFP distYFP disthidline diztPole brightness radiuz eccentricity skevwness ratation

B

7 |Dir CDacurnent...

3 |File BR: Lambda 421...

9 |File CFP 10_Lambda ..

10 [File YFP 10_Latmbda ...

11 [Cells 13 CFP 9 %FP -]

12

13 |Cell 1 u] 1] 20743 B.1973 245744 1.0751

14

15 [Cell 2 1 a 29411 7.9542 3.4533 1.0529

16 |CFP 79.3589 81773 1] u] 01209 0.8925 3.8700 22859 0.4396 0.3358 2.0926
17

15 [Cel 3 2 1 31703 5.2911 3.5880 1.1030

19 |CFP 11 5266 EE 5754 1.4516 02315 0.0245 11771 5.3397 1.7938 0.1544 00112 0.1354
20 |CFP 1263903 E5.9584 14816 1.6926 0.4150 0.9866 5.3611 1.7943 0.2329 0.0373 -0.2584
21 |YFP 11.3003 55,9241 0.2313 u] 0.0130 0.9514 44435 21427 0.2430 0.2975 0.5454
22
23 |Cell 4 u] 1] 3.0499 5.1489 3.4858 1.0667
24
25 |Cell 1 u] a 3.5302 92227 40770 1.1204
26
27 |Cell G u] 1] 24349 E.7947 28247 1.0314
28
29 |Cell v u] a 4 4456 10.7945 47293 1.2235
30
31 |Cell g 1 1 21873 B.2085 245620 1.0603
32 |CFP 29.3085 B0.2136 a 0.1936 0.31585 1.0162 5.5422 2.0E64 0.3763 0.0531 22192
33 YFP 291279 E0.1445 0.1936 u] 01432 1.0664 51911 1.9457 0.4471 01307 -0.7611
34
35 |Cell ] 1 a 25464 56051 275828 1.1239
36 |CFP 503481 87.1805 a u] 0.1593 0.9334 7.2959 1.5429 0.3746 0.0197 -0.6357

[]
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Final figures: Derived histograms
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"... 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 | .

_ para-aortic
region of lymph node
abdominal artery
of mouse

T lymphocytes
Cell Tracker™ Red

Adventitia elastin
autofluorescence

MPLSM of ATLO

(artery tertiary lymphoid organs)



Problem: Tissue drift

Volocity 5 cell tracking module
no drift correction

[, el

uncorrected corrected



3D tracks

Solution: Custom software

NEE

Box Axe
r}’”w"w?fﬁ iz @ Mone " Wire (" Shaded || [+ Shaow v lsometic Scale bars.. | .
:}P o I — o R e (R ETIIRT vector subtraction
Shoow ref tracks 3 D d .
Ispla
|_ Label tracks Type p y
BHP 1cti
— . Q movement statistics
(" WiiF
241
242
243 Save
244 '
gjg ) \k—‘)-; Print
247
248
249
250 | =lofx]
251 5
2n2
253
255 placement Rate (pm/ sec) | Meandering Index ~
343 0.10499 |
ooe 0.19260
688 0.22097
46 0.36721
a7e 0.28129
003 0.69997
015 0.45556
Setstyle. |
698 0.41899
|L| _| _,l 5 204 |L| _,l 332 0.32265
276 0.87820
ILI _I _PI Y: ha: 1.70 Time: 117 0.27790
|L| _| _>| z 140 |L| |,| 703 0.19553
|15t ks | 931 0.10659
fac co = CUTIOUTOT T ZTTUFULS T == = = o uf 1817 0.61126
254 3 300.43200 8.64197 0.02877 1.39386 0.00464 0.16129 il
| W




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

s Paper submitted to Circulation journal

corrected

10.0 P %
=
-"E' = 7.5 . 754
g2 L i e ATLO
M 5.0+ 5 50 e

.

B 2.5 : ] ns p3iees

s - !

1 ht (um)
g
G
I vel
(pum/m
Displ.
"

F 00
£ z " H .
< . ] = .t £ 2 . pLN
ﬁ ...-.l. .... - :. . E. 1 -
=]



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

(Customer: Cairn Research Ltd, scientific instruments manufacturer)

Hamamatsu photodiode array
16x16 (256) pixels

1000 frames/sec

16 bit digitization

A b
(4675 ———stamamaxan h

 0nno b




Recording software

x|

CigRecor 4 )| oRecord: Monitor
Dats file directary: |D-\Dala\2I]EIB\Dec\I]71 209 Geae - Camera ~Map scaling I\nst L‘ |Manua\ LI rTrace settings
®1 | Fed [500 [1000 [aae =] |
File: name template: |07Dec2009.5* Mext file: 070 2009512 o e = Auto 1
nst [0 235 —I_ 1z - Toen
Files saved this session: 0 Refresh [+ Update
7 o 285 54 -
D T = ] _I oo | © G ] 25 [ = Site: [104 2]
Mero usane: [ = | Delete | ™
Cam | Filename [Stat  [Dur [ Comment E’
1 07Dec2003 s0 152248 |2 Soontaree stock Bleb vpace B0ms [4.bmp) 30ml/min
1 07Dec200sT 162251 |10 Seonlaree stock Bleb vpace Bms 14 brp) Tmbimin VF 100
i) O7Dec2003.s2 152255 |2 | Boontaree stock Bleh vpace B0ms (4 bmp] 30mlmin 504
1 07Dec2003 53 152286 |2 Soontaree stock Bleh vpace BOms [4.bmp) 30ml/min od
1 07Dec2009.54 162286 2 Soontaree stock Bleb vpace E0ms [4.bmp] 20ml/min
1 07Dec2003 55 152257 |2 | Soontaree stock Bleh vpace B0ms (4 bmp] 30ml/min 50
1 07Dec2009 6 152800 |2 Soontarse stock Bleb vpace B0ms [4.bmp) 30ml/min 1003
1 07Dec2003.57 152802 |2 Soontaree stock Bleb vpace B0ms [4.bmp] 20ml/min T T T T
1 O7Dec2008sB 152805 |2 Goonaree stock Bleb vpace B0ms (4.bmp) ml/min e Eel GRE oe
1 07Dec2009.59 152946 |2 Soontaree stock Bleb vpace B0ms (4.bmp] 30ml/min ﬂ
Cam | Start | Dur | Comment ‘
C;QRecnrd: Setup
Sampling rate (Hz): [1000Hz = Fiel map-
™ Flip [~ Miror
Input mode: |Ref SE .
“Gaire
(i} l It
I e=erckac rptts Camera1: |1 = Camera 2 |1 o
System messages:
Multithrzading enabled
Allocated frame buffers (40960000 bytes] successfully
Loaded NIDAQ-MX librany [nicaiu.dil] successfully
DRl T Save | [ Auosavelles | [0 NI devices detected - Are they switched off?
Mo cameras avallable
Discard | [ Loglie saves Generating test data
i
Comment prefiz: ISuontalee stock Bleb vpace B0ms [4.bmp] 30ml/min
Preset
15:22:56: Saved 07Dec2009.53 - 15:22:56 [25) Soontaree stock Bleb vpace B0ms [4.bmp) 30ml/min ;I 1 0 =NE = Ao
15:22:56: Saved 07Dec2009 54 - 15:22:56 [2) Soontarse stock Bleb vpace Gms [4.brmp) 30mml/min = I j I j I —
152257 Saved 07Dec2009.55 - 15:2257 (2c] Saontaree stock Bleb vpace 6me (4.bmp] 30rml/min Froast B
15:28:00: Saved 07020200956 - 15:28:00 [23) Snontares stock Bleh vpace Blms (4.bmp) 30ml/min
15:26:02 Saved 07Dec2009 57 - 15:28:02 [25] Soortaree stack Bleb vpace 50ms (4.bmp) 30ml/min NN Ao B
15:26:05 Saved 07Dec2009.58 - 1%:28:05 [25] Soontaree stock Bleb wpace 60ms [4.bmp] 30ml/min
15:23:46; Saved 07Dec2009.59 - 15:29.46 [25) Soontaree stock Bleb vpace E0ms [4.bmp] 20ml/min Preset C
15:32:52: Saved 07Dec2009.510 - 15:33:52 (23] S oontaree stock Bleb vpace E0ms [4.bmp) 20ml/min
15.3352 Saved 07Dec2009.511 - 153352 (25] Saontarce stack Bleb vpace E0ms [4.mp] 30ml/min R I ) = feal ‘
hd Continuous acquisition
| ’7 I |5 & [Coven ™| Aequie

Setup

Files

MNotes

[x]
Rec

Monitar — View

| owe | e = = &
e f
Pause | Cancs|
Last preset AAAMA RS AAS
Show last Lastfile: 07Dec2009.511 [ 0% ]

: QRecord (Delphi)

| CiQRecord: View -

|72 2] 784 Gan10 [ Zoom 020000 [~ Nomaize [ Ovelay MW

11800
12000
12200

[usBAYY =l =| ¥ eomers

[Each tace ampliude

16 fps

]

LITE I~ Reverse

Frame: 321




Analysis software: Optig (Delphi)

=

2| ] sffer

ﬁl v Multi select

F Optiq - D:YData’,06Nov2008.594

Dizplay zettings | Stim |

I~ East [T Rev

I~ Horiz

1= e e N EE I Zoom: [207 6= 448 ms

Hide analysis |
[~ Smooth EI

07/12/2008 06Mov2003. 534

T T T T T T
1] 500 1000 1500 2000
_ . [ [6POMS0_Tmpl x| R Bawl™ Aot [ Rep [ 1t [ 2nd IV Tup ¥ Mks
ll Filters Py, Selection ICurrent site Yl —
— Selected |225.02 ms
o I~ Clear YPisel 252:197.124 to 232.014
Stats ‘ﬂ\\. AF analysis ¥ Excl Tt
. AFDIMEN
BEL] N ~Ha AFDMTS
OVIES ternans T |
his [~ Basic Settingsl APDM30
HPinel
v Template Settingsl .
= _ Abs | tin | L| Cl Hl
—wher
X - I‘IDD j [~ Sync cursors
4|—°W e [ Link exclude/blank
Copy... | Auith...
Cl-> Sel
—Ew=port trace EI e
— [V Blue | Fix | | | [~ Scale [~ Histogram
#port... |
11/6/10 W Base | ~peffisiiz [ [Rvev SIr [ [0z Espor. | mpor.. |

|2DDD frames: (16 x 16) 1 ms Soontaree stock Bleb unpaced (4.brp) S0l min

[ |2 areas (2 sies)

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)

Imagel] 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)

e ImageJ

_ Java
— macros & plugins
Javascript

e MATLAB IDL ITK Per|

— scripts & GUIs Python

— good built-in support (toolkit) for image processing

R statistics
_ _ Origin

» Delphi (compiled language) Excel

— Ideal GUI development language

— a few image processing libraries: PixeLook, GraphicEx,
Intel IPL, ImgSource



Solution patterns

wy
s“ 22
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data acquisition custom analysis
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scripting coordinating

Blue = existing Red = custom

Imaged

macros / plugins

]
N

advice



Typical

Initial contact: meeting, email

Visit lab

Discuss

Read, think
Propose solution
mplement
Deliver, show

-ix, extend

process

>



Funding model

e service not tied to specific labs or
equipment

e N0 consumables or equipment maintenance
e No charge to users of the ‘facility’



Guiding principles

e 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)

e Happy, productive customers
— publications!

B Universit
< of Glasgoxz et SULSA



