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Taking	Advantage	of	R	For	Your	Work	
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Example	of	flow	cytometry	dataset	

•  Publicly	available	through	the	FlowRepository	database	at		

https://flowrepository.org/,	using	repository	ID	FR-FCM-Z4KT 

•  Data	from	31-color	spectral	flow	cytometry	on	peripheral	

blood	mononuclear	cells	(PBMCs)	from	healthy	controls	

•  �Data	were	acquired	and	unmixed	using	SpectroFlo®	v2.2.0.3	

software	(Cytek	Biosciences,	Fremont,	California,	USA)	

•  Resulting	unmixed	fcs	files	were	analyzed	using	manual	

gating	in	FlowJo	v10.7	software	(BD	Biosciences,	San	Jose,	

California,	USA)		



•  Data	standard	for	the	reading	and	writing	of	data	from	flow	
cytometry	experiments	

•  File	exported	from	the	cytometer’s	acquisition	software	
•  Versions:	FCS1.o	(1984),	FCS	2.0	(1990),	FCS	3.0	(1997),	FCS	3.1	

(2010),		
•  File	Format	(main	segments):	

•  HEADER	segment	(ASCII	text):	version,	…	
•  TEXT	segment	(ASCII	text):	keywords	and	values	which	

describe	the	data	format	and	encoding	
•  	DATA	segment	(binary):	contains	the	actual	

measurements	
•  Others	…	
	

Flow	Cytometry	Standard	(FCS)	files	
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•  Array	(matrix)	with	fluorescence	and	scatter	channels	
represented	in	columns	and	individual	«events»	(cells…)	
forming	the	rows	
	

Data	structure	
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•  https://bioconductor.org/packages/release/bioc/html/flowCore.html	
•  Provides data structures and basic functions to deal with 

flow cytometry data in R 
•  Installation: 

•  Vignette 
https://bioconductor.org/packages/release/bioc/vignettes/
flowCore/inst/doc/HowTo-flowCore.pdf 

flowCore	R	Package 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•  A	flowFrame	is	the	basic	unit	of	manipulation	
•  Corresponds	to	a	single	FCS	file	

Reading	an	FCS	file	into	a	flowFrame	

The	function	read.FCS()	allows	to	read	a	single	FCS	file	into	R.			Example:	
>  FCS_file <- read.FCS( 
      filename = "course_datasets/FR_FCM_Z4KT/

T_cells_REU270_alive_T cells.fcs", 

      transformation=FALSE, 

            truncate_max_range = FALSE) 

 

•  Important	arguments:	
•  filename	is	the	file	path	
•  transformation	specifies	the	type	of	transformation	to	be	applied.	When	
set	to	FALSE,	no	transformation	is	applied.	

•  truncate_max_range.	 Set	 to	 FALSE	 to	 avoid	 truncating	 the	 extreme	 positive	
value	to	the	instrument	measurement	range.	



>	help(flowFrame)	

What	is	a	flowFrame	object?	



•  In	R,	objects	such	as	flowFrames	are	collections	of	data	(variables)	
and	methods	(functions).		

•  They	belong	to	a	given	class	(a	blueprint	for	that	object)		
•  Member variables in R objects are called slots. There are 

three slots in a flowFrame: exprs, parameters and description 

What	is	a	flowFrame	object	?	



Summarize	a	flowFrame	
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>  summary(FCS_file) 

…	

>  FCS_file 



•  Matrix	of	expression	values	(as	a	matrix)	

Access	data	elements	in	a	flowFrame	

>  FCS_file@exprs >  exprs(FCS_file) or	

>  Colnames(FCS_file) 

•  To	access	data:	use	the	@	operator	or	a	method	(function)	



Access	data	elements	in	a	flowFrame	

>  pData(FCS_file@parameters) or	 > pData(parameters(FCS_file)) 

•  Metadata	(panel)	



How	to	replace	the	channel	names	by	the	antigen	names	
in	the	expression	matrix	

>  panel <- pData(FCS_file@parameters) 

>  pData(FCS_file@parameters)$channel <- panel$name 

>  colnames(FCS_file)[!is.na(panel$desc)] <- panel$desc[!
is.na(panel$desc)] 

>  head(exprs(FCS_file)[,10:15]) 

•  Copy	the	metadata	to	a	data	frame	

•  Copy	the	names	to	a	new	column	

•  Replace	the	names	by	the	antigens	



•  A	flowSet	is	a	collection	of	flowFrame	
•  Convenient	way	to	apply	methods	to	all	flowFrame	simultaneously	

Reading	a	list	of	FCS	files	into	a	flowSet	

The	function	read.flowSet()	allows	to	read	several	FCS	files	in	a	given	directory.	

Example:	
>  fcs_data <- read.flowSet(path="course_datasets/FR_FCM_Z4KT/",  
        pattern="*.fcs",  

                          transformation = FALSE,  

                          truncate_max_range = FALSE)  

•  Important	arguments:	
•  path	is	the	path	to	the	directory	containing	the	FCS	files	
•  pattern	sets	which	files	to	read	(*	is	a	wildcard	replacing	the	file	names)	

You can coerce a list of flowFrames 
into a FlowSet, but is less convenient 



>	help(flowSet)	

Slots	in	a	flowSet	



List	sample	names	
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>  sampleNames(fcs_data) 

>  sampleNames(fcs_data) <- c("REU267","REU268","REU269","REU270", 
                         "REU271_12_july","REU271_13_april",                           
        "REU271_14_april","REU271_7_apr", 

        "REU271_9_april","REU271","REU272_12_july", 

        "REU272_13_april","REU272_14_april", 

        "REU272_7_apr","REU272_9_apri","REU272") 

We	can	change	the	sample	names:	



Phenotypic	data	
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•  Extract / replace the data frame (or columns thereof) 
containing actual phenotypic information from 
the phenoData slot	

>  pData(fcs_data)	



Add	a	new	column	to	the	phenotypic	data	
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>  pData(fcs_data)$gender	<-	c(rep("male",8),	rep("female",8))	
>  pData(fcs_data)	#	or	fcs_data@phenoData@data	



Manipulating	a	FlowSet	
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•  Extract	a	flowFrame	from	a	flowSet	object	using	the	[[	operator		

>  fcs_data[[1]]	

•  Create	a	new	flowSet	object	by	subsetting	with	the	[	operator		

>  fcs_data[1:5]	



Manipulating	a	FlowSet	
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•  Subset	a		flowSet	based	on	a	condition	

>  fcs_data_males <- fcs_data[pData(fcs_data)$gender=="male"] 

>  fcs_data_females		<-		subset(fcs_data,	pData(fcs_data)$gender"female”)	

•  Split	the	flowSet	based	on	a	condition		
>  fcs_data_split <- split(fcs_data,	pData(fcs_data)$gender)	
>  names(fcs_data_split)		
[1]	"female"	"male"	



Manipulating	a	FlowSet	
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•  Combine	flowSets	(or	flowSets	and	flowFrames)	

>  fcs_data_combined <- rbind2(fcs_data_split$female,fcs_data_split$male)	
>  pData(fcs_data_combined)	



Vizualizing	Cytometry	Data	with	ggcyto	R	Package	
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•  https://www.bioconductor.org/packages/release/bioc/html/ggcyto.html	
•  Interface to the ggplot2 graphics system  
•  Installation: 

•  Vignettes 
https://www.bioconductor.org/packages/release/bioc/
vignettes/ggcyto/inst/doc/Top_features_of_ggcyto.html 
https://www.bioconductor.org/packages/release/bioc/
vignettes/ggcyto/inst/doc/ggcyto.flowSet.html 
 



Vizualizing	a	single	flowFrame	
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The	function	autoplot()	can	be	used	to	create	a	bivariate	density	plot.				

Example:	
>  autoplot(object = fcs_data[[5]], x=”FSC-H", y="FJComp-BUV496-A", 

bins = 2^7) 

•  bins	 sets	 the	 granularity	
of	 the	 plot.	 The	 higher	
the	 number	 of	 bins,	 the	
finer	the	granularity	



Vizualizing	a	single	flowFrame	
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Similarly,	to	get	a	univariate	densityplot:	

	
>  autoplot(object = fcs_data[[5]], x="FSC-H") 



In-line	transformation	
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>  autoplot(fcs_data[[5]],  
            x="FJComp-BUV496-A") 

Use	a	different	scale	for	the	data		
	
>  autoplot(fcs_data[[5]], 

x="FJComp-BUV496-A") + 
scale_x_flowjo_fasinh() 

Original	scale	(raw	intensity	measurements)	 flowJo	inverse	hyperbolic	sine	



In-line	transformation	
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Example	in	a	bivariate	density	plot.		
>  autoplot(object = fcs_data[[5]], x=”FSC-H", y="FJComp-BUV496-A", 

bins = 2^7) + scale_y_flowjo_fasinh() 

Original	scale	 flowJo	inverse	hyperbolic	sine	



Vizualizing	a	flowSet	
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The	syntax	is	basically	the	same	for	flowSet	objects,	with	the	output	now	being	

a	grid	of	plots	corresponding	to	each	flowFrame.	Example:	
>  autoplot(object = fcs_data[10:15], x="FSC-H", y="SSC-H", bins = 

2^7) 



Let’s	practice	–	9	
In	this	exercise	we	will	use	a	36-color	spectral	flow	cytometry	dataset	from	a	study	
performed	in	the	context	of	Covid-19	research.	Only	a	subset	from	4	healthy	donors	
will	be	used.	For	each	healthy	donor,	there	are	three	time	points,	as	indicated	in	FCS	
file	names.	Data	was	downloaded	through	the	Flow	Repository	database	(FR-FCM-
Z3WR)	at	https://flowrepository.org/id/FR-FCM-Z3WR.	FCS	files	were	pre-gated	on	
live	CD3+CD19-T	cells	in	FlowJo.	
	
Create	a	new	script	in	which	you	will	
1) 	Import	the	FCS	files	(course_datasets/FR_FCM_Z3WR/).	Do	not	transform	or	
truncate	the	values	

2) 	Create	a	data	frame	with	the	list	of	channels	and	corresponding	antigens,	and	plot	
it	.	Hint:	get	the	antigens	from	the	parameters	of	one	of	the	flowFrame	in	the	set	

3) 	Convert	the	channel	names	in	the	expression	matrices	to	the	corresponding	
antigen	names	(where	applicable)	

4) 	Add	a	new	column	to	the	phenotypic	data	with	the	time	point	of	the	sample.	Plot	
the	phenotypic	data	

5) 	Create	a	bivariate	density	plot	showing	«FSC-H»	against	«HLA-DR»	for	all	samples	
from	day	0.	Apply	a	flowJo	inverse	hyperbolic	sine	scale	to	the	y	axis	(«HLA-DR»)	



•  FCS	files	include	the	cell	measurements	and	metadata	

•  FCS	files	can	be	imported	into	the	R	environment	with	the	

flowCore	package.	�	

•  flowCore	provides	data	structures,	such	as	flowFrames	

and	flowSets,	and	basic	functions	to	deal	with	flow	

cytometry	data.	

•  The	ggcyto	package	implements	methods	for	visualization	

of	flowFrame	and	flowSet	objects,	including	an	interface	to	

the	ggplot2	graphics	system	
	

In	a	nutshell	



•  R	manuals:	http://cran.r-project.org/manuals.html	
•  Posit	support	(resources	for	learning	and	using	R):	
https://support.posit.co/hc/en-us/articles/200552336-
Getting-Help-with-R	

•  Datacamp	free	tutorials:	
https://www.datacamp.com/courses/free-introduction-to-r	

•  Stackoverflow	documentation,	resources	and	user	forum:		
http://stackoverflow.com/tags/r/info	

•  Rseek	- 	search	engine	on	numerous	online	R	resources:		
http://www.rseek.org	

More	to	explore…	



•  Content	and	slides	developed	by:	
Diana	Marek,	Geoffrey	Fucile,	Alex	Smith,	Linda	Dib,	Leonore	Wigger,	Wandrille		
Duchemin	(First	Steps	in	R	for	Life	Sciences)	

•  Content	inspired	by	material	from:	
•  Owen	L.	PETCHEY	and	“Getting	started	with	R”	book	
•  Daniel	WEGMANN	and	Frédéric	SCHÜTZ	
•  Robert	STOJNIĆ	and	Ian	ROBERTS	
•  Jenny	DRNEVICH	

Thank	you	for	your	attention!	
	

https://agora-cancer.ch/scientific-platforms/translational-data-science-facility/	

	
Any	questions?	Contact	us	!	

tds-facility@sib.swiss		

Credits	and	Acknowledgments	


