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Normalized	Expression	Values	
	
•  Transcript-mapped	read	counts	are	
normalized	for	both	length	of	the	transcript	
and	total	depth	of	sequencing.	

•  Reported	as:	Number	of	RNA-Seq	Fragments		
				Per	Kilobase	of	transcript	
												per	total	Million	fragments	mapped	

FPKM	
RPKM	(reads	per	kb	per	M)	used	with	Single-end	RNA-Seq	reads	
FPKM	used	with	Paired-end	RNA-Seq	reads.	



Transcripts	per	Million	(TPM)	

iTPM = iFPKM
FPKM
j∑
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Preferred	metric	for	measuring	expression	
•  BeOer	reflects	transcript	concentra,on	in	the	sample.	
•  Nicely	sums	to	1	million	

TPM	

FPKM	

Linear	rela,onship	between	TPM	and	
FPKM	values.	

Both	are	valid	metrics,	but	best	to	be	consistent.	
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Red,	Yellow	=	uniquely-mapped	reads	

Isoform	A	

Isoform	B	

	EM					



Mul,ply-mapped	Reads	Confound	
Abundance	Es,ma,on	

Blue	=	mul,ply-mapped	reads	
Red,	Yellow	=	uniquely-mapped	reads	

Isoform	A	

Isoform	B	

	EM					

Use	Expecta,on	Maximiza,on	(EM)	to	find	the	
most	likely	assignment	of	reads	to	transcripts.	
	
Performed	by:		
•  Cufflinks,	String	Tie	(Tuxedo)	
•  RSEM,	eXpress	(genome-free)	
•  Kallisto,	Salmon	(alignment-free)	

Es,mate	expression,	
Compute	likelihood	
	

Adj	Model	Params,	
Propor,oning	Reads	



Fast	Abundance	Es,ma,on	Using	Pseudo-alignments	and	Equivalence	Classes	
(Kallisto	so[ware,	Bray	et	al.,	NBT	2016)	

Adapted	from	Fig	1	from	Bray	et	al.	



Expression	Quan7fica7on	Results	
(ex.	from	Kallisto)	



hOps://combine-lab.github.io/salmon/	

Uses	a	suffix	array	
instead	of	the		
de	Bruijn	graph	


