The National Center for

Biotech

Created in 1988 as a'pa'rt of the
National Library of Medicine at NIH

— Establish public databases

— Research in computational biology

— Develop software tools for sequence analysis
— Disseminate biomedical information
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BLAST: Sequence Similarity Searches

iP5

Protein

«. BLAST
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VAST: Structure Similarity Searches

VAST Search Submission Page

Click_here to read all the instructions.
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Types of Databases

¢ Primary Databases
— Original submissions by experimentalists
— Content controlled by the submitter
« Examples: GenBank, SNP, GEO
« Derivative Databases
— Built from primary data

— Content controlled by third party (NCBI)
« Examples: Refseq, TPA, RefSNP, UniGene, NCBI Protein,
Structure, Conserved Domain
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What is GenBank?

GenBank: ncsrs Primary Sequence Database

Release 152 February 2006
54,584,635 Records (non-WGS)

{ 59,750,386,305 Nucleotides (onwas)

63,183,065,091 Nucleotides wes)
122,933,451,396 Total

GenBank exceeds 100 GigaBases !

>140,000 Species

216 Gigabytes 908 files

T =

« full release every two months
"1 e incremental and cumulative updates daily

« available only via ftp
e

l ftp://ftp.ncbi.nih.gov/genbank/
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NCBI’s Primary Sequence Database é
* Nucleotide only sequence database 3
¢ Archival in nature f
— 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)
- EuroBean Molecular Biology Laboratory (EMBL)
Database
The Growth of GenBank z
W

Bases
(billions)

Release 152

120

100

WGS: 63.2 billion bases

Ml

1l Non-wGs: 59.8 billion bases

Aug-97 Aug-98 Aug-99 Aug-00 Aug-01 Aug-02 Aug-03 Aug-04 Aug-05

| Doubling time 12-14 months




Organization of GenBank:
Traditional Divisions

Records are divided into 17 Divisions.
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@12 Traditional
@6 Bulk

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

Traditional Divisions:

® Direct Submissions
(Sequin and Banklt)

® Accurate

® Well characterized

Entrez query: gbdiv_xxx[Properties] ‘

Organization of GenBank:

EST Division: Expressed Sequence Tags

‘ gbdiv_est[Properties] ‘

>IMAGE:275615 5 mRNA sequence
GACAGCATTCGGGCCGAGATGTCTCGCTCCGTGGCCTTAGCTGTGCTCGCGCTACTCTCTCTTTCTGG
TGGAGGTATCCAGCGTACTCCAAAGATTCAGGTTTACTCACGTCATCCAGCAGAGAATGGAAAGTCAA
TTCCTGAATTGCTATGTGTCTGGGTTTCATCCATCCGACATTGAAGTTGACTTACTGAAGAATGGAGA
GAATTGAAAAAGTGGAGCATTCAGACTTGTCTTTCAGCAAGGACTGGTCTTTCTATCTCTTGTACTAC
TGAATTCACCCCCACTGAAAAAGATGAGTATGCCTGCCGTGTTGAACCATGTNGACTTTGTCACAGNC
AAGTTNAGTTTAAGTGGGNATCGAGACATGTAAGGCAGGCATCATGGGAGGTTTTGAAGNATGCCGCN
TTGGATTGGGATGAATTCCAAATTTCTGGTTTGCTTGNTTTTTTAATATTGGATATGCTTTTG

>IMAGE:275615 3", mRNA sequence
NNTCAAGTTTTATGATTTATTTAACTTGTGGAACAAAAATAAACCAGATTAACCACAACCATGCCTTA
TTATCAAATGTATAAGANGTAAATATGAATCTTATATGACAAAATGTTTCATTCATTATAACAAATTT
AATAATCCTGTCAATNATATTTCTAAATTTTCCCCCAAATTCTAAGCAGAGTATGTAAATTGGAAGTT
CTTATGCACGCTTAACTATCTTAACAAGCTTTGAGTGCAAGAGATTGANGAGTTCAAATCTGACCAAG
GTTGATGTTGGATAAGAGAATTCTCTGCTCCCCACCTCTANGTTGCCAGCCCTC

T

make cDNA

) 80-100,000 uni
library unique

cDNA clones in library
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Bulk Divisions 8
Records are divided into 17 Divisions. £
@11 Traditional
@6 Bulk
EST Expressed Sequence Tag
GSS Genome Survey Sequence
L . HTG High Throughput Genomic
BULK DlVISIO_nS_' STS Sequence Tagged Site
® Batch Submission HTC High Throughput cDNA
(Email and FTP) PAT Patent
® Inaccurate
® Poorly characterized
Entrez query: gbdiv_xxx[Properties] ‘
What is UniGene? z
@
A gene-oriented view of sequence entries 3
)

*MegaBlast based automated sequence clustering
‘Now informed by genome hits New/
‘Nonredundant set of gene oriented clusters
+Each cluster a unique gene

-Information on tissue types and map locations
*Includes well-characterized genes and novel
ESTs

*Useful for gene discovery and selection of

mapping reagents

EST hits: Arabidopsis serine protease mRNA

Distribution of 118 Blast Hits on the Cuery Sequence

15 AFE23215 RAFLS Arabidopsis thaliana cBWL clone RAFLDS-14..5=1225 E=0.0

Color Key for Alignment Seores
a0 =y Si-g

e
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22930

Plants
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Fungi et al.




Genome Sequencing - HTG, GSS,(WGS),

Whole BAC insert (or genome)

1 l shredding
N de it oot s >> /
/
— — _1 ///N
I sequencing -

cloning isolating
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6SS division
or trace archive assembly —

|

Draft Sequence (HTG division)

whole genome shotgun assemblies
(traditional division)

HTG Division: Rice Draft Sequences

F 1: ACISIE0
Oryza sativa (japanica cultivar-group) chromesome 11 clone OSINBaO0SZDOY, *+*
SEQUENCING [N PROGRESS ***, 17 unordered pécces
ERSSOZATIEh|AC] S2840,2[55924905]
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2 ACLSZEN
Oryza sativa (aponica cultivar-g h 11 clane ¢ Fi2, ***
SEQUENCING IN PROGRESS ***, 10 unordered picces
EASSEN02Igh|ACTS2E41, 1[5831802]

3 AC139173 .
Cryza sativa (apanics cultivar-group) chromey] "UNTiNished sequences _of BACs
SEQUENCING IN PROGRESS ***, 19 orddd *Gaps and unordered pieces
BISA16047IgbIACI 3917, 3[$3416047) «Finished sequences move to traditional

4 ACLAEIG GenBank division
Oryza sativa (japonics cultivar-group) clone
PROGRESS ***, 6 ordered pieces
BSAL49EblAC TSI A S4144490]

5 ACIITOBI  Fepon "
sativa (japonics cultivar-group) chromosonse 5 clone POSSTRO, *** SEQUENCING IN
PROGRESS ***, 7 ordered pieces
BIS1556294|gh|AT1 37984, 2[51556294]

hromosome 5 clone OSINBLHOO31 A0, ***
ordered pieces

SEQUENCING [N PROGRESS

Whole Genome Shotgun Projects

B L e e Do
gtem [ .. e bbbl

-_gﬂ _— TR [ h ﬂ'-l_lq..u.a, g...u.,n
&) ftp://ftp.ncbi.nih.gov/genbank/wWgs/ | |- )i
:ﬂmm ;zjw:w iaj » 531 Projects  |......
Qjweees @] @46 299 Taxa e
:‘"ﬂ”“‘ *Iﬂ"” *Tﬂ —203 bacteria |77
Y- W W g eukaryotes|

iﬂ«*‘ e aﬂ_,u.‘.“_.. g< v

¢ 40 fungi
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Mammalian WGS
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Nine banded armadillo
Hedgehog

African elephant

Dog

Eurasian shrew

Cow

Domestic rabbit
Guinea pig

Mouse

Rat

Human

Chimpanzee

Gray short-tailed opossum

Accessing WGS Records: Entrez

Guteresmeus acel [p36302T00] .|
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e grovoes dhosgn sequesce

three spined stickleback[Organism] |-
AND wgs_master[Properties]

whale grocane shotgm snquescr
06, 1[B6300654]

1t 1l feduence
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Derivative Sequence
Databases

GenPept
RefSeq




NCBI Protein: Derivative Database

GenPept: GenBank CDS translations

FEATURES
source 1..2484

Location/Qualifiers
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>gi|463989|gb|AAC50285.1] DNA mismatch repair prote...
MSFVAGV IRRLDETVVNRIAAGEV IQRPANAIKEMIENCLDAKSTSIQVI
/gene="4 EDLDIVCERFTTSKLQSFEDLASISTYGFRGEALASISHVAHVTITTKTAI

o<

/note="homoTog
Number P14242]

Number U07187)
P23367), Salmol
Number P14161)
Accession Numb
/codon_start=1

T CereviSTae PWST C OT ACCESSTON
cerevisiae MLH1 (GenBank Accession

coli MUTL (Swiss-Prot Accession Number
la typhimurium MUTL (Swiss-Prot Accession
Streptococcus pneumoniae (Swiss-Prot
14160)™

latch repair protein homolog™
285.1"

/translation="MSFVAGVIRRLDETVVNRIAAGEV I QRPANAIKEMIENCLDAKS
TSIQVIVKEGGLKL 1QIQDNGTGIRKEDLD I VCERFTTSKLQSFEDLAS ISTYGFRGE
ALASISHVAHVT ITTKTADGKCAYRASYSDGKLKAPPKPCAGNQGTQITVEDLFYNIA
TRRKALKNPSEEYGK ILEVVGRYSVHNAG I SFSVKKQGETVADVRTLPNASTVDNIRS

Primary vs. Derivative
Sequence Databases

ACGTGo o

RefSeq

TATAGCCG
AGCTCCGATA
CCGATGACAA

Sequencing
Centers

Updated
continually
by NCBI

=

4

%’ Algorithms

Updated ONLY
by submitters

‘ éi/\‘ Genome
Curators Assembly
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z
(e}
=
o
3
GenPept 5,223,665 g
<
RefSeq 2,429,517 &
Third Party Annotation 4,495
Swiss Prot 207,038
PIR 39,615
PRF 12,079
PDB 76,628
Total 7,993,037
BLAST nr total 3,310,354
Redundant Proteins z
o)
>gi | 463989 | gb| AAC50285.1] DNA mismatch repair prote... 3
MSFVAGV IRRLDETVVNR IAAGEV I QRPANAIKEMIENCLDAKSTSIQVIV. . . %
EDLDIVCERFTTSKLQSFEDLAS ISTYGFRGEALASISHVAHVTITTKTAD. . . 2
g
5
>gi | 13905126 |gb| AAHO6850.1] MutL protein homolog 1 ..
MSFVAGV IRRLDETVVNR I AAGEV IQRPANAIKEMIENCLDAKSTSIQVIV. . . GenPept
EDLDIVCERFTTSKLQSFEDLASISTYGFRGEALASISHVAHVTITTKTAD. . .
>gi | 1079787 | gb|AAA82079.1] DNA mismatch repair prot...
MSFVAGV IRRLDETVVNRIAAGEV 1QRPANATKEMIENCLDAKSTSIQVIV. . -
EDLDIVCERFTTSKLQSFEDLASISTYGFRGEALASISHVAHVTITTKTAD. . .
>gi 4557757 | ref|NP_000240.1] MutL protein homolog 1...
MSFVAGV IRRLDETVVNRTAAGEV 1QRPANATKEMIENCLDAKSTSIQVIV. . . NCBI RefSeq
EDLDIVCERFTTSKLQSFEDLAS ISTYGFRGEALAS I SHVAHVTITTKTAD. . .
>gi|730028|sp|P40692|MLH1_HUMAN DNA mismatch repair...
MSFVAGV IRRLDETVVNR IAAGEV I QRPANATKEMIENCLDAKSTSIQVIV. . . Swiss-Prot
EDLDIVCERFTTSKLQSFEDLAS ISTYGFRGEALAS I SHVAHVTITTKTAD. . .
>gi|741682|prf]||2007430A DNA mismatch repair protei...
MSFVAGV IRRLDETVVNR IAAGEV 1QRPANATKEMIENCLDAKSTSIQVIV. . . PRE
EDLDIVCERFTTSKLQSFEDLAS ISTYGFRGEALAS I SHVAHVTITTKTAD. . .
RefSeq: NCBI’s Derivative Sequence Database .
g
g
o)
. . a
« Curated transcripts and proteins [NM_, NP_] g
— reviewed ®
— human, mouse, rat, cow, fruit fly, zebrafish, arabidopsis
C.elegans

* Model transcripts and proteins [XM_, XP_]
* Assembled Genomic Regions [NT_, NW_]

— draft human genome
— mouse genome

¢« Chromosome records [NC_]
— microbial
— organelle

4| ftp://ftp.nchi.nih.gov/refseg/release/ Ii

‘ srcdb_refseq[Properties] ‘

Other NCBI Databases

*dbSNP: nucleotide polymorphism

*Geo: Gene Expression Omnibus
microarray and other expression data
*Gene: gene records
Unifies LocusLink and Microbial Genomes
eStructure: imported structures (PDB)

Cn3D viewer, NCBI curation

*CDD: conserved domain database
Protein families (COGs and KOGs)

Single domains (PFAM, SMART, CD)
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National Center for Biotechnology Information

Entrez: Database Integration

Phylogeny

Word weight
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Homo sapd
£i[43351 28

Homo #apid
£i[14335124

w7305 23 refNM_01 3582 1|[7305232)

Homso sag
w}335120

MM O0BSRG  Fepoet
M nniscabus postneiotic searegation increased 2 (5. cerevisiag) (Pns2), mENA
670306 eBNM_006536 1 [6679396]

Houo 2apid

1412
ETESLTLIED P

il bomolog 2 (E coli) (Meht), mBNA
56780 e NM_00B618. 1[6675937]




Advanced Search Options

et l Tabs
CHSSI0N %

M 00179 1
o sapiens nuats homolog 6 (E. coli) (MSHG). mRNA

(e

ietis ot homsolog 2. colon cancer. nonpolyposis fvpe L{E. coll) (MSHZ). mENA
gl ATTo0e M _000221 1[4347760]

4 MM 000540 *
Homo sapiens PMS1 postmeiotic segregation mereased 1 (5. caevinae) (PMS1), mENA
23720 L0efINM_000534 3237 20349]

o sapiens PMS? postmeiotic segregation mcreased 2 (5. cerevisise) (PAS2), bmscript variast 1,
mENA
EHE SO0 refINM_000535 [6-4082030]
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More Precise Nucleotides Search

ANDhume  Go | Clear | Save Search
Limits: mENA, RefSeq

Darplay | Surimary

™ o e B

£

e page

r 1 NM 000240 t
Homo sapiens pmtL. homolog 1, colon camcer, nonpolypos:
DIZESS00EMrefNM_000249 2|[28550089]

€ L (E coli) (MLHL), mRNA

r2: NM 000241
Homo sapiens umtS homolog 2, colon cancer, nonpolyposis type | (£ col) (MSHZ), mENA
HEETTe0jelINM_000251 1[4557760]

nonpolyposis[All Fields] AND colon cancer[Title] AND human[Organism]
AND biomol_mrna[Properties] AND srcdb_refseq[Properites]
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Useful Field Restrictions

[Title]: Definition line in GenBank / GenPept format shown in Summary format
glyceraldehyde 3 phosphate dehydrogenase([Title]

[Organism]: NCBI's taxonomy. Organizing system for molecular databases
mouse[organism]; green plants[organism]; Streptomyces coelicolor[organism]

[Properties]: molecule type, location, database source
biomol_mrna[properties]; biomol_genomic[properties];
gene_in_mitochondrion[properties]; srcdb pdb[properties]

[Filter]: subsets of data, Entrez links

allffilter]; nucleotide mapviewf(filter]; nucleotide omim(filter]

apINopiald 19N

Organism Field: NCBI’s Taxonomy

F mucieotide P Eroten

=)

Catarrhing, Honmioidea:, Hoaninida

= Homno sapiens inunan) - 9.4¢

w Chek on argonizm nf

Tunseny

= Homo sapiens neanderth

Ste e NN Geneme mepags
Gis 1n NOIH griemts NLAST page bor Hsms sapbens

See the TRACT Asvombiy
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Useful Properties Field Terms
|F‘|c|pr-!r||c—:sl = Preview M

Click _AND | ©R | NOT |10 add terms selected from Index 1o the query box,

bicnol genomic{20433102) ﬂ Upl
bicmnal geramic mmal 7 7)
ool mmal 25453528)

ool ather| 2846)

tic{ 714) Molecule type

GenBank division

bicmiol ather gal

bisral pre ma{550) biomol mrna gbdiv_est
bicnnol malZ5465472) X . . LT

biomol mmal5928) biomol_genomic gbdiv_htg
biomol sermaf112) gbdiv_xxx

el srormaf@41)

Gene location Source Database
gene_in_mitochondrion | srcdb_refseq
gene_in_chloroplast srcdb_pdb
gene_in_genomic srcdb_swiss_prot
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Human MutL RefSeq

- Homa sapiens mulL.

1B 50069

linear PRI

lypesisn ty

REVIEWED REFZEQ: This record has besn
reference sequence was derived from Ul

frequently mutated in
a human homolog
tent with the

. Zapletalova,J., Krepslova, A,

tissues:
n-polyposis

NHLHL and hMEHZ proteins in no
cancer predisposition in heredi

446 (21, 112-119 {200%)

itutively higher in
ng the majority of

REMARE
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NM_000249: Links

z
(e}
@
Tiomo sapiens mull |5 26350060 I
ni ul
3
2524 b linear [r Gone g
S, ReRpelyES |k HomoloGens c
: ‘| Genoma &
. 8555089 * Genome Project
- . * Master
o Homo sapiens. (human) + Full text in PMC
7 Metazoas Chordatal Craniatar Vertebrata; |*GENE GEnotype
Euarchontoglires; Primates; Cata|FGeneView in dbSHP
o F Pelated Sequences
Z., Wi, 8.C., Chen, 3|  MIP VIEWEF
. F OMIM
genetic analysis o |F GEO Profiles
). 1673-1679 (zops) | Frotein
¥ PubMed
Chinsse hersditary nonpolypesis colorsctal (b SHP
; Erequent germbine io saatch o4s Tayonomy
(bases 1 to 2524) VB
Plevowa, P, Sedlakova, Zapletalovae,J., Erepelova, |FLmkOut
ypalova, B Ko
Expression of the MMLHL and hMEHZ proteins in normal tissues:
relationship to cancer predisposition in hereditary non-polypomis
112-11% (2008
RERARK in *s. wir o1y higher in
certain tissuss, 3 the majority of
OMIM: Human Disease Genes z
(e}
@
o
120436 3
Mutl, E. COLI, HOMOLOG OF, 1; MLH1 =
g
a
&

rase, The authors demonstrated that MutL binds and hydrolyzes
ATP to ADP and Pi. Mutations in the MutL family that cause
leficiencies in DNA mismatch repair and a predisposition to cancer

e Ban and Yang (1998)

b4
Literature Links
OMIM
4

Sequence Links

Finding Homologs and Structures

Protein Link

¥ Gang
* Genome Project

* HomloGene

* Full text in PMC

* Gene Genotype

* GaneView in dbSNE
* ialated Structurs

P UniGene

+ Related Sequences
* Domain Relatives
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BLink: BLAST Link
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BLink: non-redundant relatives

zZ
E. coli MutL Structure z
Cn3D viewer %

of [A A Model [0 =] [Displey =] @ v GolCrin £10

30 Sucture

3D Domain Neighbors

Conserved Domains

Related Structures

MLH1: ATPase Domain

Gonssrved o
e =

000752

oS aeieiniibunenausiiides

Lt

e il
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g
@
= . o
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Mapping Polymorphisms onto
Structure




GeneView: Variations Human MLH]1 z
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Higher Genome Resources
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NM_000249: Genome Links

The Map Viewer
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Basic Local Alignment Search Tool
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« Widely used similarity search tool
« Heuristic approach based on Smith Waterman algorithm
* Finds best |ocal alignments
« Provides statistical significance
< All combinations (DNA/Protein) query and database.
— DNAvs DNA
— DNA translation vs Protein
— Protein vs Protein

— Protein vs DNA translation
— DNA translation vs DNA translation

« www, standalone, and network clients

Taxonomy Link
The Tax Browser
NCBI's Taxonomy
What BLAST tells you g
» BLAST reports surprising alignments %
— Different than chance g
» Assumptions
— Random sequences
— Constant composition
» Conclusions
— Surprising similarities imply evolutionary
homology
Evolutionary Homology: descent from a common ancestor
Does not always imply similar function
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