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Taking	Advantage	of	R	For	Your	Work	
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Rmarkdown	and	report	generation	
	

01 



R	Markdown	

23 

•  Create documents with text and to embed R code and display their 
outputs 

•  Variation on markdown that is specific to R  (rmarkdown package)

•  R Markdown files have ‘.Rmd’ extension.

•  Needs two other packages:

•  knitr reads the code chunks, execute them, and ‘knit’ it back into 

the markdown document

•  pandoc converts the output into word/pdf/powerpoint etc

(source: https://rmarkdown.rstudio.com/authoring_quick_tour.html)	



Why	use	R	markdown?		
•  To	Create	efficient	reports	to	summarize	analyses	
•  To	Communicate	to	an	audience	
•  To	ensure	reproducibility	of	results	

R	Markdown	
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Different	output	
file	formats:		
HTML,	PDF,	…	
	

(Source:	https://epirhandbook.com/en/reports-with-r-markdown.html)	



Start	a	new	Rmd	file:	File	>	New	File	>	R	Markdown	

Create	a	new	Rmd	file	
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Select some options:

•  Output format (for example “HTML”)

•  The title and the author names are not important.

•  These options can be changed it in the script later

The working directory of a markdown file 
is wherever the Rmd file itself is saved 



R	Markdown	elements	
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Metadata	
(YAML)	

Code	chunk	

Text	(markdown)	

Code	chunk	



YAML	metadata	
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•  This section must begin with a line containing just three dashes --- 

and must close with a line containing just three dashes ---

•  Parameters come in key:value pairs 

•  The the key:value pairs are separated by colons (not equals signs!)

•  The order of the parameters (if not indented) does not matter

•  Basic parameters are pre-selected, but we can change them (for 

example, if we wish a ”pdf_document” instead of “html_document”)



Text	

23 

•  Free text (like in a word document)

•  New lines: enter two spaces*at the end of the previous line and then 

hit return.

•  Cases:

•  Underscores (_text_) or single asterisk (*text*) to italicise
•  Double asterisks (**text**) for bold text

•  Back-ticks (`code`) to display text as code



Titles	and	headings	
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Different heading levels are established with different numbers of hash 

symbols at the start of a new line. 
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This is different than in a code chunk, in 
which hashes are used for commenting 



Bullets	and	numering	

Sub-bullets work 
the same way but 
are indented (tab) 

Use asterisks 
(*) to created a 
bullets list. 

Finish the previous sentence, 
enter two spaces, hit return 
twice, and then start the 
bullets

Include a space 
between the 
asterisk and your 
bullet text

After each bullet enter 
two spaces and then 
hit return

Numbers work the same way but instead of an asterisk, write 1), 2), etc. 



Code	chunks	

•  This is where you load packages, import data, and perform the actual 

data processing, analysis and visualisation

•  There may be many code chunks

Create a new chunk: 
•  type the starting and ending lines yourself, or
•  use the keyboard shortcut “Ctrl + Alt + i” (or Cmd + Shift + r in Mac), or
•  click the green ‘insert a new code chunk’ icon

Each chunk is opened with a line that starts with three back-ticks, 
and curly brackets that contain parameters for the chunk ({	}). 	

The chunk ends with three more back-ticks	



Code	chunks	options	

•  A chunk header must be written in one line
•  Allways start with ‘r’
•  After the ‘r’ you can optionally write a chunk “name” (which has to be 

unique).
•  Other options are written as tag=value, such as:

•  eval = FALSE to not run the R code
•  echo = FALSE to not print the chunk’s R source code
•  warning = FALSE to not print warnings produced by the R code
•  message = FALSE to not print any messages produced by the R 

code
•  include = either TRUE/FALSE whether to include chunk outputs 

(e.g. plots) or not
•  fig.align = "center" adjust how a figure is aligned across the page  

More	about	chunk	options	in	https://yihui.org/knitr/options/	



Global	options	

•  Applied to all chunks in the script, 

•  Set up within the very first R code chunk

•  For instance, so that only the outputs are shown for each code chunk 

and not the code itself, you can include this command in the R code 

chunk: 



In-text	R	code	

•  Short R code commands within back-ticks

•  Within the back-ticks, begin the code with “r” and a space, so RStudio 

knows to evaluate the code as R code 

•  Example: 



Producing	the	document	
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•  Knitting a file is how we generate the output file from the 
R markdown file

•  RStudio will you show the progress within an ‘R 
Markdown’ tab near your R console 

•  The document will automatically open when complete
•  The document will be saved in the same folder as 

your R markdown script, and with the same file name



Let’s	practice	–	9	

1) 	Create	a	new	Rmd	file	with	the	following	options	
•  Title:	«Let’s	practice	-	9»	
•  Author:	your	name	
•  Select	the	«use	current	date	when	rendering	object»	option	
•  Default	output	format:	HTML	
	

2) 	We	will	repeat	exercise	7,	but	this	time	by	creating		a	report:	
•  Import	the	data	from	the	file	clinical_data_mod.csv	,	convert	gender	

and	response	to	treatment	to	factors	and	compute	the	BMI	of	
patients	in	a	separate	code	chunk	called	“prepare_data”.	Change	the	
chunk	options	so	that	code	will	not	appear	in	the	output.	

•  Create	a	code	chunk	for	each	plot.	Make	sure	the	plot	is	centered.	
•  Add	a	headline	(highest	level)	before	each	plot	with	some	suggestive	

plot	title	
	

3) 	Save	the	Rmd	file	and	produce	the	html	document	by	«knitting»	it.	



Starting	to	work	with	flow	cytometry	
data	
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Example	of	fow	cytometry	dataset	
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Example	of	fow	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)	according	



•  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 ="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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>  summarize(FCS_file) 

…	

>  FCS_file 



•  Matrix	of	expression	values	(as	a	matrix)	

Access	data	elements	in	a	flowFrame	

>  FCS_file@exprs >  exprs(FCS_file) or	

•  	Metadata	(as	a	data	frame)	
>  pData(FCS_file@parameters) or	 > pData(parameters(FCS_file)) 

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



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=“./”, 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) 



Phenotypic	data	

23 

•  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	

23 

>  pData(fcs_data)$gender	<-	c(rep("male",8),	rep("female",8))	
>  pData(fcs_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	the		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)	
>  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") 

IUse	a	different	scalefo	the	data		
	
>  autoplot(fcs_data[[5]], 

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

Original	scale	 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	–	10	
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	5	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	report	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»)	


