The National Center for

z Biotechnology Information z
NCBI Molecular Biology i
Resources ;ﬂ;%esda,mg
NCBI Databases Created in 1988 as a part of the
National Library of Medicine at NIH
— Establish public databases
— Research in computational biology
— Develop software tools for sequence analysis
March 2007 — Disseminate biomedical information
Web Access: www.ncbi.nlm.nih.gov NCBI Databases and Services .
= : . . % * GenBank largest sequence database %

Free public access to biomedical literature

— PubMed free Medline
— PubMed Central full text online access

¢ Entrez integrated molecular and literature databases
¢ BLAST highest volume sequence search service

¢ VAST structure similarity searches

» Software and Databases




Types of Databases

Entrez Nucleotides
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+ Primary Databases g Primar g
— Original submissions by experimentalists ’ » GenBank/EMBL /DDBJ 86,766,287 | °
— Content controlled by the submitter Derivative
« Examples: GenBank, SNP, GEO . RefSeq 1,715,255
. Derivﬁllﬂ\f/e Databasesd  Third Party Annotation 5,312
— Built from primary data
— Content controlled by third party (NCBI) * PDB 7,334
« Examples: Refseq, TPA, RefSNP, UniGene, NCBI
Protein, Structure, Conserved Domain Total 88,494,392
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What is GenBank? International Sequence
NCBI’s Primary Sequence Database z Database Collaboration 3
@ @
* Nucleotide only sequence database z z
+ Archival in nature 2 2

— Historical
— Reflective of submitter point of view (subjective)
— Redundant
¢ GenBank Data
— Direct submissions (traditional records)
— Batch submissions (EST, GSS, STS)
— ftp accounts (genome data)
* Three collaborating databases
— GenBank
— DNA Database of Japan (DDBJ)

- Eurogean Molecular Biology Laboratory (EMBL)
Database




GenBank: ncar's Primary Sequence Database

The Growth of GenBank
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Release 158 February 2007 £ i
q 86,639,920 Records
157,335,689,977 Total Bases [ was: 86.0 billion bases
263 Gigabytes (non-wGs) 1115 files (non-wGs) § g o ubling time 12-14 months
. . =
n =
l I € w alll
e cendf @ fUll release every two months [Non-WGs: 7.3 billon bases:
LU « incremental updates daily 20 /
« available only via ftp
TR T Aug-97 Aug-98 Aug-99 Aug-00 Aug-01 Aug-02 Aug-03 Aug-04 Aug-05 Aug-06
ftp://ftp.ncbi.nih.gov/genbank/
Organization of GenBank: Organization of GenBank:
Traditional Divisions z Bulk Divisions z
Records are divided into 18 Divisions. g Records are divided into 18 Divisions. E

@12 Traditional
@6 Bulk

Traditional Divisions:

® Direct Submissions
(Sequin and Banklt)

® Accurate

® \Well characterized

PRI Primate

PLN Plant and Fungal

BCT Bacterial and Archeal
INV Invertebrate

ROD Rodent

VRL Viral

VRT Other Vertebrate

MAM Mammalian

PHG Phage

SYN Synthetic (cloning vectors)
ENV Environmental Samples
UNA Unannotated

Entrez query: gbdiv_xxx[Properties] ‘

@12 Traditional
@6 Bulk

EST Expressed Sequence Tag
GSS Genome Survey Sequence

HTG High Throughput Genomic
STS Sequence Tagged Site
HTC High Throughput cDNA
PAT Patent

BULK Divisions:
® Batch Submission
(Email and FTP)

® Inaccurate
® Poorly characterized

Entrez query: gbdiv_xxx[Properties] ‘




A Traditional

enBank Record Traditional GenBank Record
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o Sequice update by sumister
COmENT o' 26, 2005 this seaence version replaced 0127604755,
FEATURES e

Version
Tracks changes i

Feature Table
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Bulk Divisions GenBank Bulk Sequence: EST

331 bp ML linear  EST 12-00T-2005
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*Batch Submission and htg (email and ftp) e
eInaccurate

*Poorly Characterized
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« Expressed Sequence Tag soumas
1st pass single read cDNA ) e,
¢ Genome Survey Sequence 1861 Lesrows o

Tel: 3047248340
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ESTs in Entrez
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All: 260886 | pacteria R 26 3 o e
Theems 1 - 20 oF 260BBE Bogal|[T of 13045 » 2 2
2 2
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Total 41 million records
Human 7.9 million
Mouse 4.7 million
Cow 1.3 million . .
Rice 1.2 million Derivative Databases
Zebrafish 1.2 million
Maize 1.2 million
Xenopus tropicalis 1.0 million
Rat 0.9 million
Wheat 0.9 million
Chicken 0.6 million
re Barley 0.4 million
1A cleae OFRTOER17 5
Entrez Protein: Derivative Database | GenPept: GenBank CDS translations
o o
Data Source Sequences @ w
ul FEATURES Location/Qualifiers ul
GenPept 6,937,176 2 source  1..2484 a
o] /organism="Homo sapiens" o]
RefSeq 3,359,561 ) /mol_type="mRNA" =
@ /db_xref="taxon:9606" @
H H /chromosome=""3"
Third Party Annotation 5,136 Pousiteeioy
. gene 1..2484
Swiss Prot 255,159 /gene="H >gi|463989]gb|AAC50285.1] DNA mismatch repair prote. ..
CDS 22..2292 MSFVAGVIRRLDETVVNRIAAGEV IQRPANAIKEMIENCLDAKSTSIQVIV. .
/gene="§| EDLDIVCERFTTSKLQSFEDLASISTYGFRGEALASISHVAHVTITTKTAD. .
PIR 29,996 /note="homoTog T CETevISTac PMST (SWISS-PTOT ACCESSTON
Number P14242 cerevisiae MLH1 (GenBank Accession
PRF 12,079 Number U07187) coli MUTL (Swiss-Prot Accession Number
P23367), Salmol a typhimurium MUTL (Swiss-Prot Accession
PDB 91,116 Number P14161) Streptococcus pneumoniae (Swiss-Prot
Accession Numb 14160)"
PR /codon_start=1
PAT D|V|S|0n 669’035 Ct="DNA jatch repair protein homolog™
""AAC50285.1"
Total 10,690,223 G1:463989"
/translation="MSFVAGVIRRLDETVVNRIAAGEV IQRPANAIKEMIENCLDAKS
TSIQVIVKEGGLKLIQIQDNGTGIRKEDLD IVCERFTTSKLQSFEDLASISTYGFRGE
BLAST nr tOtaI 4 ’ 545 ’ 310 ALASISHVAHVT ITTKTADGKCAYRASYSDGKLKAPPKPCAGNQGTQITVEDLFYNIA
(no patents or env) TRRKALKNPSEEYGK I LEVVGRYSVHNAG I SFSVKKQGETVADVRTLPNASTVDNIRS




Redundant Proteins

Protein Sequences from Structures

z z
o o
2 e 2
>gi |463989]|gb|AAC50285.1] DNA mismatch repair prote... n p— a— . sl
MSFVAGV IRRLDETVVNR I AAGEY I QRPANAIKEMIENCLDAKSTSIQVIV. . . 2 > i 2
EDLDIVCERFTTSKLQSFEDLAS I STYGFRGEALAS I SHVAHVT ITTKTAD. _ - o Eosis R o
a a
>gi | 13905126 | gb] AAH06850.1] MutL protein homolog 1 ... @ °
MSFVAGV IRRLDETVVNR I AAGEV 1 QRPANATKEMIENCLDAKSTSIQVIV. . . GenPept
EDLDIVCERFTTSKLQSFEDLAS I STYGFRGEALAS I SHVAHVT ITTKTAD. . .
>gi|1079787|gb|AAA82079.1] DNA mismatch repair prot...
MSFVAGV IRRLDETVVNR I AAGEV I QRPANAIKEMIENCLDAKSTSIQVIV. . .
EDLDIVCERFTTSKLQSFEDLAS I STYGFRGEALASISHVAHVT ITTKTAD. . .
>gi 4557757 | ref|NP_000240.1] MutL protein homolog 1...
MSFVAGV IRRLDETVVNRIAAGEV IQRPANATKEMIENCLDAKSTSIQVIV. . . NCBI RefSeq
EDLDIVCERFTTSKLQSFEDLAS I STYGFRGEALAS I SHVAHVT ITTKTAD. - -
>gi | 730028 sp|P40692|MLH1_HUMAN DNA mismatch repair-... 1 1
MSFVAGV IRRLDETVVNR I AAGEY 1QRPANATKEMIENCLDAKSTSIQVIV. . . Swiss-Prot . . -
EDLDIVCERFTTSKLQSFEDLAS I STYGFRGEALASISHVAHVT ITTKTAD. . . - >9i15542073|pdb| 1863]A Chain A, Mutl Complexed With Adpnp
SHMP 1QVLPPQLANQIAAGEVVERPASVVKELVENSLDAGATRIDIDIERGGAKL IRIRDNGCG IKKDEL
>gi | 741682 prf| |2007430A DNA mismatch repair protei. .. ALALARHATSKIASLDDLEAI ISLGFRGEALASISSVSRLTLTSRTAEQQEAWQAYAEGRDMNVTVKPAA
VISFVAGY IRRLDETVVNR I AAGEV I QRPANATKEMIENCLDAKSTS IQVIV . . PRF HPVGTTLEVLDLFYNTPARRKFLRTEKTEFNHIDE I IRRIALARFDVT INLSHNGK I VRQYRAVPEGGQK
EDLDIVCERFTTSKLQSFEDLAS I STYGFRGEALASISHVAHVT ITTKTAD. . . ERRLGAICGTAFLEQALAIEWQHGDLTLRGWVADPNHTTPALAE IQYCYVNGRMMRDRL INHATRQACED
KLGADQQPAFVLYLE IDPHQVDVNVHPAKHEVRFHQSRLVHDF1YQGVLSVLQ
Sequence Databases = Refseq NCBI’s Derivative Sequence Database P
(e} (e}
e @
RefSeq P » Curated transcripts and proteins pd
> — reviewed s
TATAGCCG B — human, mouse, rat, fruit fly, zebrafish, arabidopsis s
@ . . . o
N microbial genomes (proteins), and more

Sequencing
Centers
Cur'tlnor's

peh
Updated
b continually
I by NCBI

Updated ONLY
by submitters

Genome
Assembly

* Model transcripts and proteins

* Assembled Genomic Regions (contigs)
— human genome — chicken
— mouse genome — honeybee
— rat genome — sea urchin

* Chromosome records
— Human genome
— microbial
— organelle

srcdb_refseq[Properties] ‘

ftp://ftp.ncbi.nih.gov/refseq/release/




GenBank to RefSeq

Selected RefSeq Accession Numbers 2
g g
NM_123456 Curated mRNA G s
NP_123456 Curated Protein
NR_123456 Curated non-coding RNA
XM_123456 Predicted mRNA
XP_123456 Predicted Protein
XR_123456 Predicted non-coding RNA M1 MM 000248 Reports
Gene Records Home sapiens mutL homeolog 1, colen cancer, nonpelyposts type 2 (E. col) (MLHIT), mEINA
NG_123456 Reference Genomic Sequence 828535085|reflIM._0D00249.2([28555088]
Chromosome
NC_123455 Microbial replicons, organelle
Assemblies
NT_123456 Contig
NW_123456 WGS Supercontig
RefSeqgs: Annotation Reagents 2 RefSeq Benefits z
@ @
2 * non-redundancy 2
GoemE DN% « explicitly linked nucleotide and protein sequences

Scanning....

Model mMRNA (XM) —tT—— =—=> Model protein (XP)
(XR) @ -2
Curated mRNA (NM)c———= ——> Curated Protein (NP)

(NR)
RefSeq o
Sequences — — —

 updates to reflect current sequence data and biology
 data validation

 format consistency

« distinct accession series

 stewardship by NCBI staff and collaborators
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|| Transcript
oI : Expressed Sequences
RefSeq — .
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What is UniGene? EST hits: Human mRNA
A gene-oriented view of sequence entries 2 L SBEY What Mtewn e Qe Senuets z
*MegaBlast based automated sequence clustering g g

mapping reagents

*Now informed by genome hits New!
Nonredundant set of gene oriented clusters
*Each cluster a unique gene
sInformation on tissue types and map locations

sIncludes known genes and uncharacterized ESTs

«Useful for gene discovery and selection of

in mMRNA

{5 EST hits s

3’ EST hits
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Other NCBI Databases ] .
@ 2
FREDER—— swce QIR
*Structure: imported structures (PDB) 2 —TUA LW g
Cn3D viewer, NCBI curation ° °
*CDD: conserved domain database NCBI Structures and Domains
Protein families (COGs and KOGs) u u I
Single domains (PFAM, SMART, CD)
*dbSNP: nucleotide polymorphism _if-a;_eg—'-r—
*Gene: gene records '
Unifies LocusLink and Microbial Genomes / [
s" m‘mﬂﬁﬁ g‘::'; Clusters of Orthologeas Groups .
. Cn3D 4.1: Bacillus thuringiensis
MMDB: Molecular Modeling Data Base . g
z Toxin z
@ ®
« Derived from experimentally determined PDB records g g

* Value added to PDB records including:
— Addition of explicit chemical graph information
— Validation (secondary structure elements)
— Inclusion of Taxonomy, Citation
— Conversion to ASN.1 data description language
« Structure neighbors determined by
Vector Alignment Search Tool (VAST)

10



Protein Domains

VAST: Structure Neighbors . 2
o [e]
Vector Alignment Search Tool f :‘:
g * Structural Domain g
For each protein chain, — Discrete independently folding unit of a protein
. nserved Domain nce-
locate SSEs (secondary Co Se. ed . ° a (Seqqe ce ba.s.ed) .
structure elements) — Protein region with recognizable position-specific
' pattern of sequence conservation
and represent them as * Sequence-based domains often roughly
individual vectors. correspond to structural domains
+ Domains often have distinct, identifiable
align the vectors functions
Human IL-4
NCBI’s Conserved Domain Database Src Domains .
(e} (e}
@ @
* PSI-BLAST —based score matrices Z [ MMDB * g
. o > NCBI Structure Summary o
» Searchable with RPS-BLAST § i - e 5

e Sources
— SMART
— PFAM
- COGs

— NCBI curated domains
« structure informed alignments

Referance: xuW, Harrison SC, Eck MJ Thres-dirmensionsl structure of the hrosine kingse c-5r¢ Natare w385
p.585-602
Deseription: Crystal Stucture Of Human Tyrosine-Prosein kKinase C-Src
Depesttion: 1047/1/29 =
Taxonomy: Hormo sapens
MMDB: 5313 PDB: IEMK  Structure Meighbors: YAST

Wiew 30 Struchwre | of [A) asom Made =l[cnan =] [Display =] 8 Downined Codli

Melucular eomponents in T MMOB sirasturs ses listed bilow. The ieons indicats m
clageficalions and ligands. Fleasa hold the mowse over each icon for mor efmatio

Four 3d domains
Three conserved domains

oo | T ——
aice [ S S S .

Ounnin Fanily ana
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Structure vs Conserved Domain

3pino pidld 190N
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