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Genbank	Format	
	

Divided into three parts: 

– Information lines 

– Feature table 

– Sequence 

 







EMBL sequence format	
RN   [2] 
RA   Wirsel S.G.R., Leibinger W., Mendgen K.W.; 
RT   "Genetic diversity of fungi associated with common reed (Phragmites 
RT   australis)"; 
RL   Unpublished. 
XX 
FH   Key             Location/Qualifiers 
FH 
FT   source          1..581 
FT                   /db_xref="taxon:112223" 
FT                   /organism="ascomycota sp. 4/97-9" 
FT                   /isolate="4/97-9"	









Interna)onal	DNA	databases	

	  Genbank	at	NCBI	
	  hAp://www.ncbi.nlm.nih.gov/genbank/	

	  ENA	at	EMBL-EBI	

	  hAp://www.ebi.ac.uk/embl/ena	

	  DDBJ	in	Japan	
	  hAp://www.ddbj.nig.ac.jp/	



International Nucleotide Sequence 
Database Collaboration 

 
http://www.insdc.org/ 



DATA	sources	for	DNA	databases	

•  Direct	scien)st	submission	
•  Genome	sequencing	labs	and	groups	
•  Scien)fic	literature	
•  Patent	applica)ons	
	
•  GenBank,	ENA	and	DDBJ	collaborate	to	
collect	all	sequence	data	reported	around	
the	world.	



Interna)onal	DNA	databases	

	  All	of	these	databases	have:	

	  Official	releases	every	2-3	months.	

	  Weekly	(or	daily	updates).	

	  Are	divided	into	sublibraries	for	easier	
searching.	

	  		



DNA	database	divisions	

•  PRI					-	primate	(human,monkey)	
•  ROD			-	rodent	(mouse,rat)	
•  MAM	-		other	mammalian		 				

					(bovine,cat)	
•  VRT				-	other	vertebrate	(chicken)	
•  INV					-	invertebrate		
•  PLN				-	plant,	fungal,	and	alga	
•  BCT				-	bacteria	
•  VRL				-	viruses	
•  PHG			-	bacteriophage		
•  SYN				-	synthe)c	(plasmids,	vectors)	
•  UNA			-	unannotated	sequences	
•  PAT				-	patent	sequences	

•  EST	-	Expressed	Sequence	Tags	
•  STS	-	Sequence	Tagged	Sites	
•  GSS	-	Genome	Survey	Sequences	
•  HTG	-	High	Throughput	Genomic	

Sequences	
•  HTC	-	High	Throughput	cDNA	

Sequences	
	



Short	Read	and	Trace	Archives	

The	output	of	large	scale	sequencing	projects	and	
next-genera)on	sequencing	are	stored	in	separate	
databases.			
	
The	Trace	Archive	is	for	Sanger	reads	
SRA	is	for	next-genera)on	sequencing	
techonologies	



Genomic	databases	

•  Specialized	resources	that	are:	

– Species	specific	

– Sequencing	technique	specific	

•  Display	whole	chromosomes	(not	a	specific	
sequence).		



The Reference Sequence (RefSeq) collection 
aims to provide a comprehensive, 
integrated, non-redundant set of 
sequences, including genomic DNA, 
transcript (RNA), and protein products, for 
major research organisms

https://www.ncbi.nlm.nih.gov/refseq/



REFSEQ from NCBI	
! non-redundancy
! explicitly linked nucleotide and protein 

sequences
! updates to reflect current knowledge of sequence 

data and biology
! data validation and format consistency
! distinct accession series
! ongoing curation by NCBI staff and collaborators, 

with reviewed records indicated



RefSeq	record	Status	

•  The	RefSeq	COMMENT	block	indicates	the	Status	of	
the	record	and	the	GenBank	sequence	data	that	was	
used	to	provide	the	record.	

•  In	addi)on,	the	COMMENT	may	iden)fy	a	
collabora)on	which	supplied	the	defining	sequence	
informa)on	for	the	genome,	gene,	or	protein.		

			The	level	of	cura)on	may	differ	between	different	
collabora)ng	groups.	



RefSeq	

•  Reviewed*	
•  Provisional	
•  Predicted	
•  Genome	Annota)on	

•  Validated*	
•  Model	
•  Inferred	
•  WGS	

✵ Status	Codes:		
	 RefSeq	records	are	provided	with	a	status	code	
which	provides	an	indica)on	of	the	level	of	
review	a	RefSeq	record	has	undergone.	

*	Curated	



			STATUS																							Defini+on	

REVIEWED											
The	RefSeq	record	has	been	the	reviewed	by	NCBI	staff	or	by	
collaborator.	The	NCBI	review	process	includes	reviewing	available	
sequence	data	and	frequently	also	includes	a	review	of	the	literature	
and	other	sources	of	informa)on.		
	

VALIDATED															
The	RefSeq	record	has	undergone	an	ini)al	review	to	provide	the	
preferred	sequence	standard.		The	record	has	not	yet	been	subject	to	
final	review	at	which	)me	addi)onal	func)onal	informa)on	may	be	
provided.		
	

PROVISIONAL							
The	RefSeq	record	has	not	yet	been	subject	to	individual	review	and	
is	thought	to	be	well	supported	and	to	represent	a	valid	transcript	
and	protein.		



				STATUS																																					Defini+on	
	
PREDICTED								
The	RefSeq	record	is	predicted	and	has	not	been	subject	to	
individual	review.	The	transcript	may	represent	an	ab	ini&o	
predic)on	or	may	be	par)ally	supported	by	other	transcript	data;	in	
both	cases,	the	protein	is	predicted.	
	

INFERRED																				
The	RefSeq	record	is	inferred	by	genome	sequence	analysis.	There	is	
no	same-organism	experimental	support	for	the	full	extent	of	the	
sequence;	there	may	be	some	level	of	support	by	homology.		
	

MODEL																									
The	RefSeq	record	is	predicted	by	genome	sequence	analysis.	The	
record	may	represent	an	ab	ini&o	predic)on,	or	may	have	some	level	
of	transcript	or	homology		support.		



STATUS																							Defini+on	
	
GENOME		ANNOTATION	 	 			
This	iden)fies	RefSeq	records	provided	by	the	NCBI	Genome	
Annota)on	process.	These	records	are	provided	via	automated	
processing	and	are	not	subject	to	individual	review	or	revision	
between	builds	
	

WGS																												
The	RefSeq	record	represents	a	collec)on	of	whole	genome	
shotgun	(WGS)	sequences.	This	status	code	is	applied	to	genomic	
records	
	



Accession	Format 	 	Molecule	Type	
	

NC_123456 	 	 	Complete	Genome	
	 	 	 	Complete	Chromosome	
	 	 	 	Complete	Sequence	

	

NG_123456 	 	 	Genomic	Region	
	

NM_123456 	 														mRNA	
	

NR_123456           non-coding	RNA	
	

NP_123456 	 	 	Protein	
	

NT_123456 	 	 	Genomic	Con)g	(from	BACs)	
	

NW_123456 	 														Genomic	Con)g	(from	WGS)	
	

XM_123456 	 	mRNA					(taken	from	genomic	seq)		
	

XR_123456 	 	 	RNA								(taken	from	genomic	seq)		
	

XP_123456 	 	 	Protein			(taken	from	genomic	seq)		



What	is	the	difference	between	RefSeq	and	GenBank?		
Genbank	:	

•  Archival	database	and	includes	publicly	available	DNA	
sequences	submiAed	from	individual	laboratories	and	
large-scale	sequencing	projects.		

•  SubmiAed	sequence	data	is	exchanged	between	NCBIs	
GenBank,	EMBL	Data	Library	(EMBL)	and	the	DNA	Data	
Bank	of	Japan	(DDBJ)	to	achieve	comprehensive	worldwide	
coverage.	

•  As	an	archival	database,	GenBank	is	very	redundant	for	
some	loci.	

•  Sequence	records	are	owned	by	the	original	submiAer	and	
can	not	be	altered	by	a	third	party.		



RefSeq	:	
	
v Sequences	are	derived	from	GenBank	and	provide	non-
redundant	curated	data.	

v Entries	records	represent	current	knowledge.	
v RefSeq	records	are	owned	by	NCBI	and	therefore	can	be	
updated	as	needed	to	maintain	current	annota)on	or	to	
incorporate	addi)onal	sequence	informa)on.		

v Some	sequence	records	are	provided	through	
collabora)on;	and	thus	may	not	be	available	in	any	one	
GenBank	record	(not	primary)	

What	is	the	difference	between	RefSeq	and	GenBank?		



Various	High	Throughput	Collec)ons	
			

Nedo,	DFKZ,	HRI,	Genoscope	

•  Full-length	cDNA	libraries	from	various	)ssues	were	
subtracted	and	normalized	to	reduce	redundancy	

•  Clones	were	end-sequenced	to	further	reduce	
redundancy	

•  Whole	inserts	were	sequenced	to	get	mRNA	sequences	

•  [KIAA	–	done	by	Kazusa	was	a	project	for	long	cDNAs	–	
over	4kb,	but	may	not	be	full-length]	



MGC	-		Mammalian	
Gene	Collec)on	

The	NIH	Mammalian	Gene	Collec)on	(MGC)	seeks	to	
iden)fy	and	sequence	a	representa)ve	full	open	
reading	frame	(ORF)	clone	for	each	human,	mouse,	rat	
and	cow	gene.		Zebrafish	and	Xenopus	have	their	own	
projects	(ZGC	and	XGC)	
			

MGC	produced	over	80	cDNA	libraries	enriched	
for	full-length	cDNAs	derived	from	human	)ssue	and	cell	
lines,	and	mouse	)ssue.		
		

5'	EST	reads	were	generated	from	each	library.	Several	
algorithms	are	applied	to	select	puta)ve	full	ORF	clones.	
Targeted	cloning	or	synthesis	was	used	to	finish.		



Accession	Numbers	

•  Individual	Labs 	 	 	 				various	
			

•  Refseq	 	 	 	 	 											XX_123456	
			

Full	Length	Sequencing	projects:	
•  Riken,	Nedo	(FLJ),	HRI			 	 																AK,	CR	
			DKFZ,	Genoscope,	[KIAA]... 															[AB,	D]	

•  MGC	 	 	 	 	 	 						BC,	CT	

Accession	Numbers	



Gene	symbols	are	designated	by	upper	case	La)n	leAers	or	
by	a	combina)on	of	upper-case	leAers	and	Arabic	
numbers.		
	

Symbols	should	be	short	in	order	to	be	useful,	and	should	
not	aAempt	to	represent	all	known	informa)on	about	a	
gene.		
	

Based	on	classical	gene)c	guidelines,	it	is	recommended	
that	gene	symbols	are	either	underlined	or	italicized	when	
referring	to	genotypic	informa)on	(phenotypic	informa)on	
is	represented	in	standard	fonts).	

Gene	symbols	



HUGO	Gene	Nomenclature	CommiAee	

•  This	commiAee	is	responsible	for	the	approval	of	a	
unique	symbol	for	each	gene.		

•  It	also	designs	a	longer	and	more	descrip)ve	name.		
	

•  The	commiAee	makes	considerable	efforts	to	use	
symbols	acceptable	to	workers	in	the	field,	but	
some)mes	it	is	not	possible	to	use	exactly	what	has	
previously	appeared	in	the	literature.		

•  However,	wherever	the	commiAee	is	aware	of	such	
symbols,	they	are	listed	as	aliases	



Taxonomy	Databases	

•  An	interna)onal	effort	is	done	for	all	sequence	
databases	to	create	a	unified	taxonomic	tag	
for	the	sequences	submiAed.	

	
◆  Problem:	each	sequence	depositor	gives	“his”	
name	for	the	species	

◆  Solu)on:	Unified	taxonomy	ID		
   					



With the increasing sequencing and annotation of 
key genomes, having a gene-based view of the 
resultant information is useful. Entrez Gene has 
therefore been implemented to supply key 
connections in the nexus of map, sequence, 
expression, structure, function, citation, and 
homology data. Unique identifiers are assigned 
to genes with defining sequences, genes with 
known map positions, and genes inferred from 
phenotypic information. 



Entrez	Gene	at	NCBI	

Entrez	Gene	-	A	database	for	gene-specific	informa)on.	
	

It	does	not	include	all	known	or	predicted	genes;	instead	
Entrez	Gene	focuses	on	the	genomes	that	have	been	
completely	sequenced,	that	have	an	ac)ve	research	
community	to	contribute	gene-specific	informa)on,	or	
that	are	scheduled	for	intense	sequence	analysis.		

The	content	of	Entrez	Gene	represents	the	result	of	
cura)on	and	automated	integra)on	of	data	from	NCBI's	
Reference	Sequence	project	(RefSeq),			from	
collabora)ng	model	organism	databases,	and	from	many	
other	databases	available	from	NCBI.	Records	are	
assigned	unique,	stable	and	tracked	integers	as	
iden)fiers.	



Entrez	Gene	at	NCBI	

The	content	(nomenclature,	map	loca)on,	gene	
products	and	their	aAributes,	markers,	phenotypes,	
and	links	to	cita)ons,	sequences,	varia)on	details,	
maps,	expression,	homologs,	protein	domains	and	
external	databases)	is	updated	as	new	informa)on	
becomes	available.		

	
Entrez	Gene	data	is	used	by	other	NCBI	resources	such	
as:	BLAST,	Geo,	HomoloGene,	Map	Viewer,	
UniGene,	UniSTS	and	NCBI's	genome	annota)on	
pipeline.	



Protein	databases	



Protein	databases	
•  There	are	many	different	protein	databases	
containing	different	types	of	informa)on:	

–  Primary	Amino	Acids	sequence.	

–  Secondary	structure	
–  3D	structure	
–  Protein	family	domains	

–  Consensus	ac)ve	sites		
•  Usually	contain	descrip)on	of	the	protein	entry	
(annota)on),	the	amino	acid	sequence	and	
some)mes	links	to	other	related	databases.	



Sources	of	Protein	

•  Proteins	that	have	been	worked	on	
experimentally	

• mRNA	whose	product	has	been	worked	on	
experimentally	(no	actual	protein	
sequencing	done)	

•  Translated	DNA	(mRNA)	sequences	



UniProt	 is	 the	 most	 comprehensive	 catalog	 of	
informa)on	 on	 proteins.	 It	 is	 a	 central	
repository	 of	 protein	 sequence	 and	 func)on	
created	by	joining	the	informa)on	contained	in	
Swiss-Prot,	TrEMBL,	and	PIR.	

	

The	 UniProt	 Knowledgebase	 (UniProt)	 is	 the	
central	access	point	for	extensive	curated	protein	
informa)on,	 including	 func)on,	 classifica)on,	
and	cross-reference.		

UniProt:	Universal	Protein	
Resource	



Swiss-Prot	Database	(primary	database)	

•  Swiss-Prot	annota)on	includes:	
– Descrip)on	of	protein	func)on	
– Subcellular	localiza)on	
– Protein	domain	structure	
– Post-transla)onal	modifica)ons	
– Protein	variants	



Swiss-Prot	Database	

Swiss-Prot	differs	from	other	protein	databases	
by	the	following	criteria:	

✜ Annota)on	

✜ Minimal	Redundancy	

✜  Integra)on	with	other	databases	



   The	annota)on	consists	of	the	descrip)on	of:	

•  Func)on(s)	of	the	protein	
•  Post-transla)onal	modifica)on(s).	For	example	
carbohydrates,	phosphoryla)on,	acetyla)on,	
GPI-anchor,	etc.	

•  Domains	and	sites.	For	example	calcium	binding	
regions,	ATP-binding	sites,	zinc	fingers,	etc.	

•  Secondary	structure		



   The	annota)on	consists	of	the	descrip)on	of:	

•  Quaternary	structure.	For	example	
homodimer,	heterotrimer,	etc.		

•  Similari)es	to	other	proteins																											
•  Disease(s)	associated	with	deficiency(s)	of/in	
the	protein		

•  Sequence	conflicts,	variants,	etc.	



Swiss-Prot	Database	

   To	obtain	this	informa)on,	Swiss-Prot	uses,	in	
addi)on	to	the	publica)ons	that	report	new	
sequence	data,	review	ar)cles	to	periodically	
update	the	annota)ons	of	families	or	groups	
of	proteins.	

   Swiss-Prot	also	makes	use	of	external	experts,	
who	have	been	recruited	to	send	their	
comments	and	updates	concerning	specific	
groups	of	proteins.	



Swiss-Prot	Database	

✜ Minimal	Redundancy	
   Many	sequence	databases	contain,	for	a	given	
protein	sequence,	separate	entries	which	
correspond	to	different	literature	reports.									
In	SWISS-PROT,	they	try	as	much	as	possible	to	
merge	all	these	data	so	as	to	minimize	the	
redundancy	of	the	database.	

   	If	conflicts	exist	between	various	sequencing	
reports,	they	are	indicated	in	the	feature	table	
of	the	corresponding	entry.	



Swiss-Prot	Database	

✜  Integra)on	with	other	databases	
   It	is	important	to	provide	the	users	of	biomolecular	
databases	with	a	degree	of	integra)on	between	the	
three	types	sequence-related	databases	(nucleic	acid	
sequences,	protein	sequences	and	protein	ter)ary	
structures)	as	well	as	with	specialized	data	collec)ons.		

   SWISS-	PROT	is	currently	cross-referenced	with	~100	
different	databases.	Cross-references	are	provided	in	
the	form	of	pointers	to	informa)on	related	to	SWISS-
PROT	entries	and	found	in	data	collec)ons	other	than	
SWISS-PROT.		



TrEMBL	database	

•  TrEMBL	is	a	computer-annotated	supplement	
of	SWISS-PROT	that	contains	all	the	
transla)ons	of	the	EMBL	(DNA)	database.	

•  TrEMBL	contain	entries	not	yet	integrated	in	
SWISS-PROT.		



Data	reliability	in	databases	

The	huge	amount	of	data	collected	in	databases	
present	a	lot	of	problems:	
– Data	accuracy	
– Sequence	redundancy	
– Inconsistent	nomenclature	

– Inaccurate	annota)on	
– Sequence	contamina)on	(vectors,	bacterial)	



Data	reliability	in	databases	

•  The	database	staff	no)fy	the	Authors	that	
an	error	(or	contamina)on)	was	detected	in	
their	sequence	entry.	

•  However,	it	takes	)me	to	correct	the	data.	

• Meanwhile	the	error	is	con)nued,	because	
annota)on	is	transferred	from	database	to	
database.	



Data	reliability	in	databases	

•  A	lot	of	the	sequences	in	the	database	are	
quite	“old”.	They	were	not	updated	since	
they	were	submiAed,	even	though	
technology	and	data	was	very	much	
updated.	



Data	reliability	in	Protein	databases	

• Many	proteins	in	the	databases	have	
erroneous	sequences	due	to:	
– missing	exons	in	the	DNA	transla)on.		
– Introns	mistakenly	translated.	

•  Another	common	problem	is	the	assigning	of	
func)ons	to	“new”	proteins,	based	on	
sequence	similarity.	



Data	reliability	in	Protein	databases	

•  For	example:	
– Protein	A	is	similar	to	protein	B.	
– Protein	B	annota)on	is	based	on	Protein	A	
annota)on	(which	has	an	error).	

– Annota)on	of	Protein	A	is	corrected	by	the	
group	working	on	it.	This	correc)on	does	not	
appear	or	reflect	in	Protein	B	annota)on.	

– When	Protein	C	and	D	are	also	based	on	the	
erroneous	annota)on	on	B,	the	problem…...	



Text	searching	pixalls	

•  It	finds	exactly	what	you	type																				
(try	pseudogene	vs.	psuedogene)	

•  Older	records	may	have	different	
annota)on,	from	gene	names	on…	

•  human	vs	homo	sapiens	

•  Gene	symbols	vs	full	gene	name																
(for	example	neuregulin	vs	nrg1)	



• Most	sites	use	boolean	operators	(AND,	OR,	
BUT	NOT)	

•  Can	do	(or	add)	a	field	specific	tag	-	but	each	
site	has	a	different	way	of	adding	it	to	a	
search	-	for	example,	NCBI	uses	square	
brackets	[]		



Remember:	
	
Text	searching	is	NOT	sequence	
similarity	searching!		You	many	not	
find	all	related	sequences	by	text	
searching!!!!	


