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Small	RNAs	

•  Small	RNAs	are	species	of	short	non-coding	
RNAs,	by	definiAon	<200	nucleoAdes	
– microRNAs	(miRNAs)	
– short	interfering	RNAs	(siRNAs)	
– piwi	associated	RNAs	(piRNAs)	
– clustered	regularly	interspaced	short	palindromic	
repeats	(CRISPRs)	

– mirtrons,	cis-natRNAs,	tasi-RNAs,	enhancer	RNAs	
and	other	strange	things	

	



1.	Background	on	regulatory	small	RNAs	



1993:	Discovery	of	first	miRNA	

-	lin-4	necessary	for	progression	to	L2	
	

-	it	was	found	that	lin-4	is	an	RNA!	
	

-	part	of	this	RNA	is	complementary	
		to	the	3’UTR	of	the	gene	lin-14	
	
	



2000:	a	second,	conserved,	
microRNA	is	found	



2001:	many	microRNAs	are	
found	in	various	animals	

Using:	
-  RNA	structure	predicAon	
-  ComparaAve	genomics	
-  (low	throughput)	sequencing	



microRNA	
biogenesis	

• 	Many	enzymes	etc.	are	
involved:	Drosha,	Exp5,	Dicer,	....	

• 	The	end	result	is	a	~22nt	RNA	
loaded	into	an	Argonaute	
complex.	

• 	The	microRNA	directs	
Argonaute	to	target	genes,	
through	base	pairing	with	the	
3’UTR	(pos	2-8).	This	causes	
repression.	

(Winter	et.	Nature	Cell	Biol,	2009)	



Target	repression	by	microRNAs	

(Fabian,	NSMB,	2012)	(This	is	in	animals.	microRNAs	
in	plants	work	differently.)	



How	do	microRNAs	find	their	targets?	
•  In	animals,	microRNAs	find	their	targets	through	
pairing	between	the	microRNA	seed	region	
(nucleoAdes	2-8)	and	the	target	transcript	

•  Such	short	matches	are	common	à	a	microRNA	can	have	
hundreds	of	targets.	

•  It	is	esAmated	that	over	half	of	all	genes	are	targeted	by	
microRNAs.	

(Friedman	et	al.	Genome	
Research,	2009)	



MicroRNA	target	predicAon	
•  Besides	seed	pairing,	other	features	are	used	in	the	target	

predicAons:	
–  ConservaAon	(conserved	target	sites	are	more	likely	to	be	
funcAonal)	

–  mRNA	structure	(it’s	hard	for	a	microRNA	to	interact	with	a	
highly	structured	target	mRNA)	

–  Sequences	around	the	target	site	(AU	rich	sequences	around	
targets?)	

•  Many	programs	exist	for	microRNA	target	predicAon	
(TargetScan,	PicTar,	..)	

•  These	are	not	perfect.	Target	predicAon	is	hard,	and	a	lot	of	
details	about	the	mechanism	are	sAll	not	known.	



MicroRNAs	in	animal	genomes	
•  There	are	typically	hundreds	or	thousands	
microRNAs	in	animal	genomes:	
– Fly:	~300	microRNA	loci	
– Mouse:	~1200	microRNA	loci	
– Human:	~1900	microRNA	loci	

•  In	a	given	Assue,	their	expression	can	range	over	
more	than	5	orders	of	magnitude	(a	few	to	>	100,000	
molecules	per	cell)	



microRNAs	regulate	many	biological	
processes	and	are	involved	in	disease	

•  Development	
•  DifferenAaAon	
•  FormaAon	of	cell	idenAty	
•  Stress	response	
•  Cancer	
•  Cardiovascular	disease	
•  Inflammatory	disease	
•  Autoimmune	disease	



2.	Small	RNA	
sequencing	



Sequencing	
•  Small	RNA	sequencing	is	similar	to	mRNA	
sequencing,	but:	
– There	is	no	poly-A	selecAon.	Instead	RNA	
fragments	are	size	selected	(typically	15-30	
nucleoAdes,	to	avoid	contaminaAon	by	ribosomal	
RNA).	

– Low	complexity	libraries	à	more	sequencing	
problems	

– FastQC	results	will	look	strange:	
•  Length	
•  NucleoAde	content	
•  Sequence	duplicaAon	



Pre-processing	of	small	RNA	data	I	
•  Since	we	are	sequencing	short	RNA	fragments,	
adaptor	sequences	end	up	in	the	reads	too.	

•  Many	programs	available	to	remove	adaptor	
sequences	(cutadapt,	fastx_clipper,	Btrim..)	

•  We	only	want	to	keep	the	reads	that	had	
adaptors	in	them.	

GTTTCTGCATTTTCGTATGCCGTCTTCTGCTTGAA 
GTGGGTAGAACTTTGATTAATTCGTATGCCGTCTT 
GTTTGTAAATTCTGATCGTATGCCGTCTTCTGCTT 
GAATATATATAGATATATACATACATACTTATCGT 
GCTGACTTAGCTTGAAGCATAAATGGTCGTATGCC 
GACGATCTAGACGGTTTTCGCAGAATTCTGTTTAT 

Adapter	missing	



Pre-processing	of	small	RNA	data	II	
•  microRNAs	are	expected	to	be	20-25	nt.	
–  Short	reads	are	probably	not	microRNAs,	and	are	hard	to	
map	uniquely	

–  Long	reads	are	probably	not	microRNAs	

GTTTCTGCATTTTCGTATGCCGTCTTCTGCTTGAA 
GTGGGTAGAACTTTGATTAATTCGTATGCCGTCTT 
GTTTGTAAATTCTGATCGTATGCCGTCTTCTGCTT 
GCTGACTTAGCTTGAAGCATAAATGGTCGTATGCC 

To	short	

(Lau	et	al.	Genome	Research,	2010)	



Pre-processing	of	small	RNA	data	III	

Another	useful	QC	
step	is	to	check	
which	loci	the	
reads	map	to:	

(Figure	from	Friedländer	et	al.,	
PNAS,	2009)	



Small	RNA	expression	profiling	
-The	number	of	Ames	a	small	RNA	is	sequenced	is	a	funcAon	of	its	expression	

-to	count	this	number,	the	sequenced	small	RNAs	must	first	be	compared	to	
reference	sequences	

-however	some	reference	small	RNA	sequences	are	truncated,	making	mapping	
against	them	difficult	

	
-It	is	more	robust	to	map	the	sequenced	RNAs	against	the	genome/precursors	



Small	RNA-seq	is	reproducible	

Sequencing	frequency	of	microRNAs	in	planarian	biological	replicates	

(Figure	from	Friedländer	et	al.,	
PNAS.	2009)	



Small	RNA-seq	cannot	measure	absolute	
abundances	

Sequencing	frequency	of	473	arAficial	microRNAs	in	equal	
abundance		

(Figure	from	Linsen	et	al.,	
Nature	Methods.	2009)	



Small	RNA-seq	can	measure	relaAve	abundances	
(fold-changes)	

Fold-changes:	deep	sequencing	vs.	qPCR	

(Figure	from	Linsen	et	al.,	
Nature	Methods.	2009)	



IdenAfying	differenAally	expressed	small	RNAs	

(Figure	from	Stoeckius	et	al.,	
Nature	Methods,	2009)	

-Once	the	sequence	data	is	transformed	
to	counts,	they	are	in	essence	not	different		
from	ordinary	RNA-seq	data	
	
-microRNA	counts	should	be	normalized	to	
the	total	miRNA	counts	in	the	sample	(RPM)	
or	to	‘trimmed	mean	of	M-values’	(TMM)	
	
-for	comparisons	between	two	datasets,	an	
iniAal	eyeballing	works	as	sanity	check	
	
Dedicated	tools:	
-	DEseq2		
-	edgeR	
-	NOISEQ	
	
	



3.	What	can	we	learn	
from	microRNA	

expression	analysis?	



MicroRNA	expression	profiles	classify	
human	cancers	

(Lu	et	al.	Nature	2005)	

microRNA	expression	profiles	cluster	according	to	cancer	type.	



microRNA	profiles	can	be	used	to	
disAnguish	cancer	subtypes	

(Chan	et	al.	Trends	in	Molecular	Medicine,	2010)	



microRNA	profiles	in	cell	lines	vs.	Assues		

(Wen	et	al.	Genome	Research	2014)	

PCA	plot	showing	that	microRNA	profiles	in	
most	cell	lines	are	more	similar	to	each	other	
than	to	normal	Assues.	



NGS	can	detect	hundreds	of	millions	of	small	RNAs	in	one	run	

-	however,	many	of	the	sequenced	RNAs	are	degradaAon	products	from:	

–  rRNAs,	tRNAs,	mRNAs,	snRNAs,	snoRNAs	

–  un-annotated	transcripts	

-	when	the	RNAs	are	mapped	to	the	genome,	they	omen	map	to	millions	of	loci	

-	only	a	few	hundreds	of	these	loci	are	in	fact	microRNA	genes	

-	thus,	the	non-trivial	task	of	accurately	classifying	microRNA	gene	loci	remains!	
	

microRNA	discovery	by	small	RNA-seq:	
challenges	



-	first	and	most	widely	used	algorithm	for	microRNA	discovery	(>800	studies)	
	
-	probabilisAc	(reports	probability	that	a	given	sequence	is	a	microRNA)	

-	independent	of:	
species	
conserva3on	informa3on	
genome	annota3on	
state	of	genome	assembly	

-	incorporates	our	knowledge	of	microRNA	biogenesis	

miRDeep:	first	algorithm	to	discover	microRNAs	in	
small	RNA-seq	data	



Key	idea	behind	miRDeep(2)	

(Figure	from	Friedländer	et	al.,	
Nature	Biotech.	2008)	

Novel	microRNAs	are	discovered	
in	a	three	step	process:	
	
1:	frequently	sequenced	RNAs	are	
					idenAfied	(‘read	stacks’)	
	
2:	the	read	stacks	should	overlap	
					an	RNA	hairpin	structure	
	
3:	the	posiAon	of	the	stacks	in		
					hairpin	should	conform	to	Dicer	
					processing	(‘Dicer	signature’,	a)	
	

‘Dicer	signature’	



Log-odds	scoring	funcAon	

Pre:	the	hairpin	is	a	genuine	microRNA	
Bgr:	the	hairpin	is	a	(non-microRNA)	background	hairpin	



•  Output	is	a	list	of	
microRNA	
candidates,	with	
scores,	and	a	
plot	for	each	
candidate:	

•  miRDeep2	is	
installed	on	
UPPMAX.		

•  There	are	also	
other	programs,	
e.g.	miRCat2	
which	also	finds	
other	small	
RNAs.		

(Friedlä̈nder	et.	al.	Nucleic	Acids	Research,	2011)	



Other	strange	small	RNAs	that	show	
up	in	sequencing	data	

•  Some	of	these	are	funcAonal	
•  Some	are	by	products	of	RNA	processing,	and	
can	be	informaAve	(e.g.	microRNA	loop	
sequences).	

•  Some	are	probably	just	“noise”.	

piRNAs	
mirtrons	

cis-natRNAs	

tRNA	fragments	

tasi-RNAs	

yRNAs	



The end 


