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Discovery	of	DNA	structure	(Watson	&	Crick)		

First	sequences	published	(24	bp)	
Sequencing	method	published	by	Sanger	
The	Nobel	Prize	for	Gilbert	and	Sanger	
The	beginning	of	GenBank	
Development	of	PCR	
First	automaCc	sequencer	–	Applied	Biosystems	Prism	373	

Capilar	sequencer	ABI	310	
Sequencing	of		C.elegans	genome	
The	Human	Genome	Project	
First	NGS	machine		–	GS	20	System	(454)	
First	machine	by	Solexa	–	Genome	Analyzer	
First	machine	by	Applied	Biosystems	
Helicos	–	single	cell	sequencing	
Ion	Torrent	:	PGM	
Pacific	Biosciences	–	PacBio	RS	
Oxford	Nanopore	Technologies	 2	



Sanger	sequencing	method	

Sanger	et	al.	1977	
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First	generaWon	sequencing	
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hUp://www.nature.com/	 hUp://www.sciencemag.org/	

C.	Venter	-	Celera	Genomics	F.	Collins	-	NIH	

First	generaWon	sequencing	
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hUp://www.nature.com/	 hUp://www.sciencemag.org/	

hUp://www.numismondo.net/	

10	years	…	

First	generaWon	sequencing	
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•  Read	-	refers	to	the	data	string	of	A,T,	C,	and	G	bases	
corresponding	to	the	sample	DNA	or	RNA.	

•  Library	–	set	of	prepared	and	sequenced	fragments	of	
DNA/RNA.	

•  Adapters	–	short	oligos	bound	to	the	5ʹ	and	3ʹ	end	of	each	
DNA	fragment	in	a	sequenced	library.	They	are	o^en	
removed	right	a^er	sequencing	but	someCmes	it	has	to	be	
done	by	us.		

•  Inserts	-	fragments	of	a	specific	size	are	ligated	or	
“inserted”	in	between	two	oligo	adapters.	The	original	
sample	DNA	fragments	are	also	referred	to	as	“inserts.”	

Next	generaWon	sequencing	
GLOSSARY	
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•  Pair	end	reads	–	PE		
	

Outer	Distance	

•  Single	reads	–	SE	/	SR	

FORWARD,	sense	

REVERSE,	anC-sense	

Next	generaWon	sequencing	
GLOSSARY	
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Next	generaWon	sequencing	
GLOSSARY	

hUp://cbsu.tc.cornell.edu/lab/doc/Trinity_workshop_Part1.pdf	

Strand	specific	reads	
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•  Coverage	 level	 –	 The	 average	 number	 of	 sequenced	
bases	that	align	to	each	base	of	 the	reference	DNA.	For	
example,	 a	 whole	 genome	 sequenced	 at	 30×	 coverage	
means	 that,	 on	 average,	 each	 base	 in	 the	 genome	was	
sequenced	30	Cmes.	

Coverage	3x	read	

Reference	genome	

Next	generaWon	sequencing	
GLOSSARY	
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Most	of	NGS	protocols	consist	of:	

1	
•  Library	construcCon		

2	
•  PCR	amplificaCon	

3	

• Massive	parallel		
sequencing	

Next	generaWon	sequencing	
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SOLiD®	

NGS	plaborms	and	technologies	
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MiSeq	

hUp://www.illumina.com/	hUp://allseq.com/	

HiSeq	X	Ten	 HiSeq	2500	

NextSeq	500	
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hUp://www.illumina.com/	hUp://allseq.com/	 14	



Genome	Sequencer	FLX+	

hUp://454.com/	 hUp://allseq.com/	

Genome	Sequencer	Junior	
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hUp://454.com/	 hUp://allseq.com/	 16	



Metzker	2010	

Higher	error	rate	because	of	
HOMOPOLYMERS	!!!	

17	



SOLiD®	

SOLiD	5500xl	

hUp://allseq.com/	

SOLiD	5500	
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SOLiD®	

hUp://allseq.com/	
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SOLiD®	

Color	space	

Error	

Decoding	
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Ion	Proton	

hUp://allseq.com/	 hUp://www.invitrogen.com	

Ion	PGM	
(Personal	Genome	Machine)	

21	



hUp://allseq.com/	

Higher	error	rate	because	of	
HOMOPOLYMERS	!!!	 22	



hUp://allseq.com/	 hUp://www.pacificbiosciences.com/	

Single	molecule	real-Wme	sequencing	!	
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DNA	methylaWon	

hUp://www.pacificbiosciences.com/applicaCons/base_modificaCon/	
	 24	



hUps://nanoporetech.com/science-technology/how-it-works	

Single	molecule	real-Wme	sequencing	!	
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Next	generaWon	sequencing	
ApplicaCons	

Genome		
sequencing	

Transcriptome		
sequencing	
(RNA-Seq)	

DNA	methylaCon	

Protein	–	DNA	
interacCons	
(ChIP-seq)	

Metagenomics	

Protein	–	RNA		
interacCons	
(CLIP-seq)	

26	



Next	generaWon	sequencing	
projects	

hUp://www.1000genomes.org/		
hUp://cancergenome.nih.gov/		

hUp://medicalgenomics.org/rna_seq_atlas		 hUp://www.genomicsengland.co.uk/		
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Examples	of	applicaWons	

SOLiD	

HiSeq	
2500	

NextSeq	
500	 		MiSeq	 GS	FLX+	 5500xl	 			PGM	 								IP	 							RS	II	

Whole	genome	
(WGS)	

Exome	(WXS)	

Small	genome	

Targeted	seq	

Transcriptome	

RNA	profiling	

ChIP-Seq	

Metagenomics	

hUp://www.allseq.com	
28	



Let’s	start	to	analyse…	
What	data	usually	do	we	need?		

hUp://dhmri.org/services-support/bioinformaCcs	

ü Reads	
ü Genomic	sequences	
ü Transcriptomes	
ü AnnotaCons	

29	



Genome	annotaWon	
GLOSSARY	

•  AnnotaWon	 as	 a	 PROCESS	 in	 which	 structural	 and	

funcConal	 elements	 of	 genomes	 are	 idenCfied	 and	 being	

described.	

•  AnnotaWon	as	a	DATASET	which	contains	and	describes	all	

structural	 and	 funcConal	 elements	 of	 sequences	 (i.e.	

strand,	chromosome,	coordintes).	Basic	sources	of	genome	

annotaCons	are:	NCBI,	Ensembl,	UCSC	Genome	Browser.		
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•  In	 case	 of	 genomes	 which	 are	 not	 fully	 sequenced	 or	

assembled,	we	usually	 have	 conWgs	 and	 scaffolds	 (instead	of		

chromosomes).		

•  Well	 annotated	 genomes	 (i.e.	 human,	 mouse)	 can	 have	

addiConal	 sequences	 asigned	 to	 patches,	 which	 contain	

fragments	not	included	in	chromosomes.	

•  SomeCmes,	apart	from	reference	genome,	we	can	find	

alternaWve	assemblies	provided	by	various	sequencing	groups.		

Genome	annotaWon	
GLOSSARY	
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hUp://www.ddbj.nig.ac.jp/sub/assembly-e.html	

Useful	definiCons:		hUps://www.ncbi.nlm.nih.gov/grc/help/definiCons			

CHROMOSOME	

SCAFFOLDS	

CONTIGS	

READS	

A
SS

E
M

B
LI
N
G
	

Genome	assembly	
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1.	FASTA	à	sequences	
2.	FASTQ	à	raw	reads	
3.	BAM,	SAM	à	mapped	reads	
4.	BED	à	coordinates	
5.	GTF,	GFF3	à	annotaCons	
6.	Tabular	text	file	(TSV)à	i.e.	BLAST	results,	
expression	esCmaCon	results	

Selected	data	formats	

33	



FASTA	
	FASTA	format	consists	of	header	(begins	with	'>')	a^er	which	

there	is	a	sequence.	File	can	contain	more	sequences.	
Extension:	.fasta	or	.fa	

	
>gi|453055269|gb|KC207570.1|	Homo	sapiens	transient	receptor	potenCal	caCon	channel	
subfamily	C	member	3	variant	c	(TRPC3)	mRNA	
GGATATAGAAATGGGAATGGGTAACTCAAAGTCCAGGCAGATAATGAAAAGACTTATAAAGCGGTATGTTTTGAAAGCACAAGTAGAC
AAAGAAAATGATGAAGTTAATGAAGGTGAATTAAAAGAAATCAAGCAAGATATCTCCAGCCTTCGTTATGAACTTTTGGAAGACAAGAG
CCAAGCAACTGAGGAATTAGCCATTCTAATTCATAAACTTAGTGAGAAACTGAATCCCAG	

>XP_007907608.1	PREDICTED:	keraCn,	type	I	cytoskeletal	19-like	[Callorhinchus	milii]	
MSRSVYSANIGGSVIVSSNQRRSFASTSSSLFGSGAPSRRAISVYNIGANRGKRISSAGGSWNASYASLG	
GDAGILCNDEKQTMQNLNARLSSYMEKVRSLEKSNRQLEFQIHEFYEKKAPVSTKDLTVYEGNISDCHLQ	
IYAISLHNAKLMLQIDNARLAADDFRIKYESELAIRKGVEADIQGLRKVMDELSLTKRGLESQVTALKED	
LVYLHRSHKEELLSLRTGMGGSVTVDLDSTPATDLNKILSNLRIEYETIAEKNRKDVEAWYLEKCHTLNQ	

Selected	data	formats	

34	



IUPAC	code	
	

hUp://davinci.mimuw.edu.pl/biologia/enzymy-restrykcyjne	

FASTA	
	

Selected	data	formats	

35	



BED	
	.bed	file	contains	coordinates	so	informaCon	about	localisaCon	of	

some	regions	(gene,	exon,	intron)	in	the	genome.	Obligatory	
columns	are:	chromosome/region,	start,	stop.		

hUps://genome.ucsc.edu/FAQ/FAQformat#format1	

chr7 127474697 127475864  
chr7 127475864 127477031 
chr7 127477031 127478198 
chr7 127478198 127479365 
chr7 127479365 127480532 
chr7 127480532 127481699 

chromosome								START																			END	

BED	
	

Selected	data	formats	

36	



Coordinates	can	be	shown	in	different	ways		

chrX   151073054   151173000 
chrX   151183000   151190000   
chrX   151283000   151290000 
chrX   151383000   151390000 

Ensembl Genome Browser 
5:62797383-63627669 
6:61274683-63627459 
7:38797383-82640939 
8:11838483-11773546 

UCSC Genome Browser 
chr5:62,797,383-63,627,669 
chr6:61,274,683-63,627,459 
chr7:38,797,383-82,640,939 
chr8:11,838,483-11,773,546 

NCBI 
NC_000017.11 (43044295..43125483) 
NC_000017.10 (41196312..41277500) 

Selected	data	formats	



GTF,	GFF3	
	.gb	.gff3	files	contain	informaCon	about	anotated	elements	in	the	

genome.	For	each	element	there	is	a	separated	line	in	the	file		
consits	of	9	columns.		

hUps://genome.ucsc.edu/FAQ/FAQformat#format1	

GTF,	GFF3	

GTF	-	General	Transfer	Format	

				1						2			3						4				5		6		7		8					9	

Selected	data	formats	

38	



1.	seqname	-	name	of	the	chromosome	or	scaffold;	chromosome	names	can	be	given	with	or	without	the	
						'chr'	prefix	(the	convenCon	in	Ensembl	is	to	omit	the	'chr'	prefix).		
2.	source	-	name	of	the	program	that	generated	this	feature,	the	data	source	(database	or	project	name)	or	
						gene	status		
3.	feature	-	feature	type	name,	e.g.	Gene,	VariaCon,	Similarity		
4.	start	-	start	posiCon	of	the	feature,	with	sequence	numbering	starCng	at	1.		

5.	end	-	end	posiCon	of	the	feature,	with	sequence	numbering	starCng	at	1.		
6.	score	-	a	floaCng	point	value.		
7.	strand	-	defined	as	+	(forward)	or	-	(reverse).		
8.	frame	-	one	of	'0',	'1'	or	'2'.	'0'	indicates	that	the	first	base	of	the	feature	is	the	first	base	of	a	codon,	'1’	
						that	the	second	base	is	the	first	base	of	a	codon,	and	so	on..		
9.	alribute	-	a	semicolon-separated	list	of	tag-value	pairs,	providing	addiConal	informaCon	about	each	
						feature.		

				1						2			3						4				5		6		7		8					9	

^p://^p.ensemblgenomes.org/pub/release-29/bacteria//g}/bacteria_20_collecCon/escherichia_coli_pa4/README	

GTF	-	General	Transfer	Format	
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GFF3	-	General	Feature	Format	

				1						2													3														4						5				6			7		8		9	

1.	seqid	-	name	of	the	chromosome	or	scaffold;	chromosome	names	can	be	given	with	or	without	the	'chr'	
prefix.	Important	note:	the	seq	ID	must	be	one	used	within	Ensembl,	i.e.	a	standard	chromosome	name	or	an	
Ensembl	idenCfier	such	as	a	scaffold	ID,	without	any	addiConal	content	such	as	species	or	assembly	
2.	source	-	name	of	the	program	that	generated	this	feature,	or	the	data	source	(database	or	project	name)	
3.	type-	type	of	feature.	Must	be	a	term	or	accession	from	the	SOFA	sequence	ontology	
4.	start	-	start	posiCon	of	the	feature,	with	sequence	numbering	starCng	at	1.		

5.	end	-	end	posiCon	of	the	feature,	with	sequence	numbering	starCng	at	1.		
6.	score	-	a	floaCng	point	value.		
7.	strand	-	defined	as	+	(forward)	or	-	(reverse).		
8.	phase	-	one	of	'0',	'1'	or	'2'.	'0'	indicates	that	the	first	base	of	the	feature	is	the	first	base	of	a	codon,	'1’	
						that	the	second	base	is	the	first	base	of	a	codon,	and	so	on..		
9.	alribute	-	A	semicolon-separated	list	of	tag-value	pairs,	providing	addiConal	informaCon	about	each	
feature.	Some	of	these	tags	are	predefined,	e.g.	ID,	Name,	Alias,	Parent	etc.	 40	



Basic	resources	related	to	
genomes	and	annotaCons	



Three	databases	and	browsers	

NaConal	Center	for	Biotechnology	InformaCon		

University	of	California,	Santa	Cruz	Genome	Browser	

Ensembl	Genome	Browser	
European	BioinformaCcs	InsCtute,	Wellcome	Trust	Sanger	InsCtute		

42	



RefSeq	-	sequences	–	accesion	numbers	
	

NM_...,	XM_...	à	mRNA	
NP_...,	XP_...	à	protein	
NR_...,	XR_...	à	noncoding	RNA	
NC_...,	NG_...,	NT….,	NW…,	AC...	à	conCgs,	genomic	sequences	
	
N	-	sequences	from	experiments	
X	– sequences	based	on	comparison	with	exisCng	sequences	or	
predicCon	
	

	
	
	

RefSeq	Database	–		set	of	
checked,	non-redundant	
and	unique	sequences	

which	are	o^en	manually	
curated.		

43	



hUps://www.ncbi.nlm.nih.gov/taxonomy/	

	

NCBI		(Taxonomy)	

44	



NCBI	(Downloads	FTP)	

45	



NCBI	(Downloads	FTP)	-	TASK	

Please,	find	human	genomic	sequence	from	
chromosome	22	and	try	to	download	it	in	
packed	FASTA	format	(.fa).		
AUenCon:	human	reference	genome	–	version	
GRCh38.p7	

46	



NaConal	Center	for	Biotechnology	InformaCon		

University	of	California,	Santa	Cruz	Genome	Browser	

Ensembl	Genome	Browser	
European	BioinformaCcs	InsCtute,	Wellcome	Trust	Sanger	InsCtute		

Three	databases	and	browsers	

47	



Ensembl	
hUp://www.ensembl.org/		

hUp://ensemblgenomes.org/	

48	



Ensembl	– accession	numbers	

ENSG	à	Gene	
ENST	à	Transcript	(.ver)	
ENSP	à	Protein	(.ver)	
ENSE	à	Exon	
	
ENSXETG00000003158										Xenopus	tropicalis	
ENSMUST00000044620.1					Mus	musculus	
ENSDARG00000079015									Danio	rerio	
ENSECAT00000016282.5						Equus	caballus	

Homo	sapiens	

Protein_coding	
Processed_transcript	
Processed_pseudogene	
miRNA	
rRNA,	scRNA	
snoRNA,	snRNA	…	
	
	
hUp://www.ensembl.org/Help/Faq?id=468	
hUp://vega.sanger.ac.uk/info/about/
gene_and_transcript_types.html	

49	



Ensembl	–	download	

1.  From	parCcular	record	in	the	database	
	(AUenCon!	Different	level	– different	data!)	
	
2.	Download	à	FTP	

3.	BioMart	

50	



Please,	find	in	Ensembl	Genome	Browser	BRCA1	in	human	

1.  How	many	isoforms	does	this	gene	have?	

2.  On	which	chromsome	and	strand	it	is	located?	

		

Please,	choose	the	longest	transcript	of	this	gene	and:		

1.  Find	encoded	protein	

2.  Have	a	look	at	exon-intron	structure	

3.  Find	sequence	of	the	first	exon	

4.  Download	mRNA	sequence		

5.  Download	genomic	sequence	with	100	bp	flanking	regions	

Ensembl	–	TASK	

51	



					Ensembl	–	download	(FTP)	
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1.  Please	find	files	which	contain:	
•  Chromosome	22	genomic	sequence	(DNA)	
•  Proteins	in	FASTA	format	
•  AnnotaWons	in	GTF	format	for	human.	
	
-  How	these	files	are	called?	
-  What’s	the	name	of	file	with	whole	genomic	sequence	in	FASTA	?	
	

2.	Please	find	noncoding	RNAs	(ncRNA)	for	mouse	(Mus	musculus)		

in	Ensembl	but	archive!	[version	85]	

	

Ensembl	–	download	–	TASK	

53	



ATTENTION!	We	can	work	with	accession	numbers	not	only	from	Ensembl	

Ensembl	–	download		

Ensembl	BioMart	

Each	version	of	Ensembl	database	and	most	of	taxonomic	groups	have	
devoted	BioMart	tool.		

54	



Ensembl	–	download		

•  Dataset	à	we	have	to	choose	Ensembl	version	and	organism	
•  Filters	à	allow	to	search	for	parCcular	features,	filter	the	data	
•  Alributes	à	describe	output	data	format		
•  Count	àsummary	showing	how	many	genes/elements	fulfill	our	filtering	

criteria	
•  Results	à	preview	of	our	output	data	and	opCons	for	export	

55	



			TASK	
Please	check	how	many	protein	coding	genes	you	can	find	in	mouse	(Mus	
musculus)	and	download	the	list	of	accession	numbers	(Gene	ID,	Transcript	
ID),	as	well	as	gene	names	and	descripCons.		
(Filters	à	Gene	à	Gene	type	à	‘protein	coding’	à	Count)	
Then,	try	to	search	for	their	cDNA	sequences.		
	
	
	
	
	
	
	
	
	
	
	

Ensembl	–	download		

AUenCon!	Take	care	about	the	name	of	output	file!		 56	



NaConal	Center	for	Biotechnology	InformaCon		

University	of	California,	Santa	Cruz	Genome	Browser	

Ensembl	Genome	Browser	
European	BioinformaCcs	InsCtute,	Wellcome	Trust	Sanger	InsCtute		

Three	databases	and	browsers	

57	



UCSC	Transcript	ID	but	onen	ID	is	from	different	database	

58	



PossibiliCes	of	changes	in	tracks	à	you	can	easily	castomise	your	view!	
59	



UCSC	-	browsing	
				TASK	
	
Please,	find	insulin	coding	gene	(INS)	in	human	in	recent	genome	version	and	try	
to	answer	these	quesCons:		

1.  Where	it	is	located?		

2.  What	is	the	length	of	genomic	sequence?	

3.  How	many	isoforms	does	it	have	in	RefSeq	database?	

4.  How	many	exons	doeas	it	have?	

5.  Find	the	accession	number	from	RefSeq	database	

6.  Where	does	it	perform	the	highest	expression	level?	

7.  Do	you	see	any	repeCCve	elements	in	this	region?		

8.  How	many	allels	from	OMIM	database	you	can	find	here?	(OMIM	allelic	

variants)	à	disease	associaCons		
60	



	
1.  For	single	records	and	regions	from	the	

genome	browser	(View	à	DNA)	
	
2.	Download	à	FTP	

3.	TableBrowser	

	

UCSC	-	download	

61	



Home	à	Downloads	à	Genome	Data	

UCSC	– download	(FTP)	

62	



TASK	
Please	find	human	genomic	sequence	from	
chromosome	22	in	FASTA	format.		
AUenCon!	Genome	version:	hg38	
[Data	set	by	chromosome]	
•  What	is	the	name	of	this	file?	
•  What	other	files	you	can	find	here?	
•  Please,	read	more	about	the	content.		
	
What	we	can	find	using	opCon	[Full	dataset]	?		
	

UCSC	– download	(FTP)	

63	



ATTENTION!	We	can	work	with	accession	numbers	not	only	from	UCSC	

UCSC	Table	Browser	
hUp://genome.ucsc.edu/cgi-bin/hgTables	

UCSC	– download		

64	



UCSC	– download		
Table	Browser	

65	



TASK	
Please,	find	all	repeCCve	elements	in	BED	format	from	human	
chromosome	22.		
(ATTENTION!	Recent	genome	version)	

UCSC	– download		
Table	Browser	

66	



TASK	
Please	download	GTF	file	for	all	cat	genes	located	on	X	chromosome		
but	only	from	RefSeq	database.		(Recent	genome	version).		

UCSC	– download		
Table	Browser	

67	



TASK	
Let’s	check	how	many	single	exon	genes	there	is	annotated	in	
UCSC	(Old	UCSC	Genes)	in	the	most	recent	version	of	human	
genome	but	only	on	chromosome	4.		

UCSC	– download		
Table	Browser	

68	



Other	genomic	and	annotaWon	
resources	

hUp://genomesonline.org/cgi-bin/GOLD/index.cgi		

hUps://www.sanger.ac.uk/resources/downloads/		

Genomes	Online	Database	

Wellcome	Trust	Sanger	InsCtute	

hUp://www.cbs.dtu.dk/services/GenomeAtlas/		

69	



hUp://www.ebi.ac.uk/genomes/index.html		
Genomes	–	EMBL	-	EBI	

Other	genomic	and	annotaWon	
resources	

70	



	
	

Basic	resources	related	to	the	
next	generaCon	sequencing	data	

	
	

SRA	NCBI	
ENA	EBI	
GEO	NCBI	
ENCODE	



•  Basic	source	of	NGS	data	
•  User-friendly	browsing	and	filtering	system	
•  It	is	possible	to	submit	your	own	data	
	

Sequence	Read	Archive	contains	reads	generated	
by	many	pla}orms:		454,	IonTorrent,		Illumina,	
SOLiD,	Pacific	Biosciences	oraz	Oxford	Nanopore	
Technologies.	

SRA	cooperates	with	ENA	and	vice	versa,	as	well	as	
DDBJ.	

	
	
	

hUp://www.ncbi.nlm.nih.gov/sra/	

Sequence	Read	Archive	(SRA)	

72	



Sequence	Read	Archive	(SRA)	
Study/Project	

General	aim	of	the	
project.	May	contain	
many	experiments.		
SRA	accession	
numbers	starCng	from	
SRP	

Experiment	

More	details	about	
sequencing	method	
and	experimental	
design.		
SRA	accession	
numbers	starCng	from	
SRX	

Run	

Results	from	parCcular	
runs	of	the	machine	
SRA	accession	
numbers	starCng	from	
SRR	

Sample	

Sample	which	was	
sequenced.		
SRA	accession	numbers	
starCng	from	SRS	

Data	originaCng	from	ENA	(EMBL-EBI)	
ERP,	ERX,	ERR,	ERS	
	
Data	originaCng	from	DDBJ	
DRP,	DRX,	DRR,	DRS	 73	



SRA:	search	builder	
hUp://www.ncbi.nlm.nih.gov/sra/		

Advanced	Search	>	Organism:	Arabidopsis	thaliana	(1)	
Pla}orm:		„	illumina”	(2),	ProperCes:	„instrument	illumina	hiseq	2000”	(3)	
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SRA:	search	builder	
hUp://www.ncbi.nlm.nih.gov/sra/		
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SRA:	experiment	

76	



SRA:	Run	
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SRA:	Reads	
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SRA:	download	
1.  Filtered	download	(Run	Browser	à	Reads	à	Filter)	

2.  Download	à	FASTA/FASTQ	

3.  SRA	Toolkit	

4.  FTP	(difficult	access)	

5.  Aspera	

6.  hUp://sradownload.com/		
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SRA:	BLAST	
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SRA:	TASK	

•  Please	find	in	SRA	some	reads	from	experiments	
for	human	perfomed	on	selected	pla}orm,	for	
example	from	transcriptome	sequencing	
(ProperCesà	strategy	rna-seq),	where	as	a	result	
paired	reads	were	obtained	(Layout	à	paired).		

•  For	some	selected	record,	please	find	all	possible	
accesCon	numbers	(Study,	Experiment,	Run,	
Sample	)	and	short	descripCon	of	experiment.		
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hUp://www.ebi.ac.uk/ena		
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hUp://www.ebi.ac.uk/ena		

Accession	numbers	

ER	-	EBI	
SR	–	SRA	NCBI	
DR	-	DDBJ	

Project/Study																									PRJ	
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hUp://www.ebi.ac.uk/ena		

Select	domain:	read	(1),		Taxon	name:	Bos	taurus	(2),	Library	strategy	=	RNA-Seq	(3)	

(1)		 (2)		

(3)		
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hUp://www.ebi.ac.uk/ena		
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hUp://www.ebi.ac.uk/ena		
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hUp://www.ebi.ac.uk/ena		

Download	opCons:		
	
	
1.  FTP	files	

2.  ENA	Browser	

3.  Aspera	

	
AUenCon!	Sequeces	from	archive,	older	version	of	the	database	can	
have	shorter	accession	numbers.		
	
hUp://www.ebi.ac.uk/ena/browse/read-
download#downloading_files_ena_browser		
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Search	by	sequence	
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ENA:	TASK	

•  Please	find	in	ENA	some	reads	from	experiments	
for	human	perfomed	on	selected	pla}orm,	for	
example	from	transcriptome	sequencing	(Library	
strategy	à	RNA-seq),	where	as	a	result	paired	
reads	were	obtained	(Library	layout	à	paired).		

•  For	some	selected	record,	please	find	all	possible	
accesCon	numbers	(Study,	Experiment,	Run,	
Sample	)	and	short	descripCon	of	experiment.		
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GEO	–	Gene	Expression	Omnibus	(NCBI)	
hUp://www.ncbi.nlm.nih.gov/gds		

Advanced	Search	>	Organism:		Mus	musculus	(1),		DataSet	Type:		„non	coding	rna	profiling	by	
high	throughput	sequencing”	(2)	

(1)		

(2.2)		
(2.1)		
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ENCODE	
hUps://www.encodeproject.org/		
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ENCODE	à	UCSC	
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Other	selected	databases	
•  NONCODE	
hUp://noncode.org/		

•  RNA-Seq	Atlas:	
hUp://medicalgenomics.org/rna_seq_atlas/		

•  The	Cancer	Genome	Atlas:	
hUps://tcga-data.nci.nih.gov/tcga/		

•  MedPlant	RNA-Seq	Database:	
hUp://www.medplantrnaseq.org/		

•  1000	Genomes	Project:	
hUp://www.internaConalgenome.org/data		
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Where	to	look	for	help?	
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AllSeq	 hUp://allseq.com/	
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SEQanswers	 hUp://seqanswers.com/	
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BioStars	 hUps://www.biostars.org/	
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OMICtools	 hUps://omictools.com/		
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Thank	you	for	your	aUenCon	J	
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