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The	Image	Problem:	can	the	quan/ta/ve	content	
of	images	be	fully	exploited	for	systems	biology	
and	integrated	with	other	types	of	data?	

• Are	they	only	pre=y	
pictures?	
• Are	they	measurements?	
• Are	results	biased?	
• Are	results	reproducible?	
• Can	image	data	and	
analysis	results	be	re-used	
and	re-interpreted?	
• Can	results	be	combined	
with	other	types	of	data?	
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Outline	
•  WHO	AM	I	AND	WHAT	I	AM	DOING	DEALING	WITH	THESE	STUFF?	
•  BIOLOGICAL	MOTIVATION	à	real-.me	trafficking	of	HIV-1	in	target	cells	

•  APPROACHà	develop	SHARABLE	TOOLS,	METADATA	DESCRIPTORS	and	ERROR	
ACCOUNTING	METHODS	to:	

•  Streamline	the	workflow	
•  Capture	the	full	flow	of	informa.on	and	data	across	the	workflow	
•  Account	for	the	propaga.on	of	error	along	the	analysis	rou.ne	

•  PROGRESS	REPORT	à	so	far	we	have:	
•  Produced	a	tool	called	OMEGA	
•  Produced	a	data	model	/	metadata	standard	called	MIAPTE	
•  Developed	a	sharable	method	to	assess	the	error	associated	with	mo.on	type	classifica.on	



Infec/ous	HIV-1	
virus:	<	1/10	

nucleus	

cytoplasm	

Adapted	from,	McDonald	Nature	Methods	(2006)	3:	782	

Tracking	fluorescently-labeled	viral	par/cles	
movement	to	gain	insight	into	the	underlying	biology	
!	VIRAL	ENTRY	



Pereira	et	al.	submi=ed	

Jasmine	Clark,	Lara	Pereira	and	Eric	Hunter	

Tracking	fluorescently-labeled	viral	par/cles	
movement	to	gain	insight	into	the	underlying	
biology	!	VIRAL	ASSEMBLY	



Moving	fluorescently-labeled	virions	are	
imaged	at	high	temporal	and	spa/al	resolu/on	



Start%

Viral&Par(cle&
Path&

Nucleus' End$

Start$

Es#mated))
trajectory)

Linking)

Par/cle	tracking	:	es/ma/on	of	the	trajectory	
followed	by	individual	sub-diffrac/on	par/cles	

Capture	/me-series	

End$

End$

t$

Par$cle(detec$on(+((
localiza$on(



 |   |  

Par/cle	Tracking	output	
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Outline	
•  WHO	AM	I	AND	WHAT	I	AM	DOING	DEALING	WITH	THESE	STUFF?	
•  BIOLOGICAL	MOTIVATION	à	real-.me	trafficking	of	HIV-1	in	target	cells	

•  APPROACHà	develop	SHARABLE	TOOLS,	METADATA	DESCRIPTORS	and	ERROR	
ACCOUNTING	METHODS	to:	

•  Streamline	the	workflow	
•  Capture	the	full	flow	of	informa.on	and	data	across	the	workflow	
•  Account	for	the	propaga.on	of	error	along	the	analysis	rou.ne	

•  PROGRESS	REPORT	à	so	far	we	have:	
•  Produced	the	MIAPTE	par.cle	tracking	data	model	/	metadata	standard	
•  Produced	the	OMEGA	par.cle	tracking	tool		
•  Developed	a	sharable	method	to	assess	the	error	associated	with	mo.on	type	classifica.on	



Par/cle	Tracking	and	Mo/on	Analysis	minimum	repor/ng	guidelines:	

Minimum	Informa/on	About	Par/cle	
Tracking	Experiments	

•  Available	on	github.org	
	 	h=ps://github.com/OmegaProject/MIAPTE				

	
•  Deposited	on	fairsharing.org	

	 	h=ps://fairsharing.org/bsg-s000671	
	
•  Posted	to	biorXiv.org:	

	 	h=ps://www.biorxiv.org/content/early/2017/07/13/155036		
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MIAPTE: based on the tracking workflow 
and on the resulting trajectory data 
structure 



MIAPTE v03 – Trajectory Elements 



MIAPTE v03 (4DN) – Analysis Elements 



A	tool	for	the	management,	analysis,	and	dissemina/on	of	intracellular	trafficking	
data	that	incorporates	mo/on	type	classifica/on	and	quality	control		

Open	Microscopy	Environment	
inteGrated	Analysis	

•  Posted	to	biorXiv.org		
	 	h=p://biorxiv.org/cgi/content/short/251850v1		

•  Available	on	github.org	
	 	h=ps://github.com/OmegaProject/Omega					

	
	



The	goal	is	to	automate	the	Single	Par/cle	
Tracking	and	Mo/on	Analysis	workflow	and	
capture	the	en/re	data	life-cycle...	

Metadata		
(Experiment	

and	acquisi.on)	

Pixel	data		
I(x,y,z,t)	

…	with	the	purpose	of	fostering	the	reproducibility	of	the	
process,	the	(re-)use	and	(re-)interpreta/on	of	results	and	
the	standardiza/on	of	error	repor/ng	
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OMEGA:	modular	architecture	…	the	solu/on	is	to	integrate	both	work-flow	
and	data-flow	in	a	unified	framework	
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OMEGA:	
integrates	
workflow,	
dataflow	
and	data	
provenance	
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OMEGA:	easy	
to	use	
graphical	
user	interface	



OMEGA:	mo/on	
analysis	
workflow	



OMEGA:	example	use	case	–	Nocodazole	
abrogates	mobility	during	MPMV	assembly	
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OMEGA	data	browser:	analysis	results	
management	



OMEGA	data	browser:	analysis	results	
management	
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•  Image	data/metadata	
management	

•  Image	processing	(with	ImageJ/
Fiji)	

Data	management:	OMEGA	vs.	OMERO	

•  User	interac.on	
•  Single	Par.cle	Tracking	
•  Trajectory	management	
•  Movement	analysis	
•  Sta.s.cal	analysis	
•  Results	visualiza.on	and	explora.on	

•  Work-	and	data-flow	integra.on	
•  Data	provenance	
•  Error	propaga.on	
•  Data	seman.cs	



Accoun/ng	the	effect	of	par/cle	detec/on	uncertainty	on	mo/on	type	es/ma/on	

A	Monte	Carlo	simula/on	method	to	
assess	mo/on	type	es/ma/on	error	in	

mul/ple	par/cle	tracking	
	
•  In	prepara.on	
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Mo/on	type	classifica/on	in	OMEGA	is	based	on	a	
method	developed	by	the	MOSAIC	group	

MSD	Plot	Trajectory	

MSS	Plot	 Phase	space	

The	mo.on	type	is	
evaluated	by	the	evalua.on	
of	four	plots:	
	
1.  x	-	y	Trajectory	plot		
	
2.  Log-log	MSD	vs.	∆t	plot	
	
3.  Moment	Scaling	

Spectrum	(MSS)	plot	
	
4.  Slope	of	MSS	vs.	

Observed	Diffusion	
Constant	phase	space	
plot	
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The	behavior	of	trajectories	on	the	four	plots	allows	to	classify	
their	dynamics	and	understand	their	biological	func/oning		



How	can	we	be	confident	about	mo/on	type	
classifica/on?	What	are	the	sources	of	error	in	
mo/on	analysis?	

1)	Localiza.on	error:	inversely	propor.onal	to	PRECISION	and	
ACCURACY	

2)	Sampling	error:	the	shorter	the	trajectory	(i.e.	the	fewer	
detected	points)	the	more	likely	one	will	make	an	error	in	
calcula.ng	metrics	that	describe	the	type	of	mo.on	



Monte	Carlo	simula/on	method	to	empirically	es/mate	the	
accuracy	and	precision	of	each	par/cle	localiza/on	algorithm	



When	simula.ng	the	effect	of	posi.on	error	on	ar.ficial	trajectories,	we	sample	uniformly	at	
random	directly	from	distribu.ons	of	empirically	observed	x	and	y	offsets,	to		“modify”	the	

posi.on	of	each	point	along	the	par.cle	path	
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x1_noise= x1 + Δx 

y1_noise= y1 + Δy 

Simula/ng	the	effect	of	posi/on	error	on	
ar/ficial	trajectories	



Assessing	and	repor/ng	mo/on	type	es/ma/on	error	
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OMEGA:	example	use	case	–	Repor/ng	error	
using	par/cle	tracking	benchmarking	datasets	



Thank	you	from	the	OMEGA	
team	

Image	acquisi/on	

Sofware	engineering	and	infrastructure	

Project	co-founders	

Mo/on	analysis	and	algorithms	integra/on	


