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Part I: Introduction to DNA Sequencing

Part I1: Data Mining in Bioinformatics



CENTRAL DOGMA OF BIOLOGY
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Courtesy: National Human Genome Research Institute



NUCLEOTIDES

‘ Nucleotide = phosphate + pentose sugar + base
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Pentose \Fentnse:,f'

’

http://www.web-books.com/MoBio/Free/Ch3A.htm



PENTOSE SUGARS
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NITROGENOUS BASES

Purines

Adenine Guanine

Pyrimidines

Cytosine Thymine Uracil (RNA only)

httn://dl clackamas cc or us/ch106-09/nucleoti htm



STRUCTURE OF DNA
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Courtesy: National Human Genome Research Institute



DNA REPLICATION

http://www.ncc.gmu.edu/dna/repanim.htm



http://www.ncc.gmu.edu/dna/repanim.htm

DNA SEQUENCING
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DNA SEQUENCING

Sequencing

30 cycles of 3 steps :

‘h’w W# ‘ll} ‘n“l”% Step 1 : denaturation

WWWWWWWH

L g g g A

1 minut 94 °C

S T T W [T 3 Step 2 : annealing

J'LU\LM% 3 LI s

§ 15 seconds 50 °C
" | primer !!!!

3 LUl L A g A

nnmmmwm WTI‘H‘ITTTHWW | .
Step 3 : extension
JLLJALLLL lLl.L_LLLLUJ—“U-
\ l \‘ / ¢ 4 minutes 60 °C
: T | b mixture of ANTP's |
™ and ddNTP's l

{Amdy Vierstraele 19%)




DNA SEQUENCING

Gel electrophoresis
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DNA SEQUENCING

Instrumeni Window

File Edit
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DNA SEQUENCING

http://www.dnalc.org/ddnalc/resources/cycseq.html



http://www.dnalc.org/ddnalc/resources/cycseq.html

CLONING — PLASMID VECTOR

Plasmid ~ ‘____,EcnRI

DMAto be
. insered

EcoRI”™

D& s cut with
EcoRl at arross.

D¥A recombination +

DMA higase

i

Mismatch 4 Recombinant : Mismatch
DINA

http://www.accessexcellence.org/RC/VL/GG/inserting.html



CLONING - identifying transformed cells

origin of replication




VECTORS

Vector Form Host | Carrying Capacity Major Uses
Plasmid Double-stranded circular DNA E. coli Upto 15 kb cDNA libraries; subcloning
Bacteriophage lambda | Virus — linear DNA E. coli Upto 25 kb Genomic and cDNA libraries
Cosmid Double-stranded circular DNA E. coli 30-45kb Genomic libraries
Bacteriophage P1 Virus - circular DNA E. coli 70-90 kb Genomic libraries
BAC Bacterial artificial chromosome E. coli 100-500kb | Genomic libraries
YAC Yeast artificial chromosome Yeast 250-2000kb | Genomic libraries




GENOME SEQUENCING

Genome sequencing:

http://www.pbs.org/wgbh/nova/genome/seguencer.ntml#

Whole genome shotgun sequencing:

http://smcqg.cifn.unam.mx/enp-unam/03-EstructuraDelGenoma/animaciones/humanShot.swf



http://www.pbs.org/wgbh/nova/genome/sequencer.html
http://smcg.cifn.unam.mx/enp-unam/03-EstructuraDelGenoma/animaciones/humanShot.swf




What Is bioinformatics?

Research, development or application of
computational tools and approaches to
expand the use, acquisition,
visualization, analysis, organization and
archiving of biological, medical,
behavioral or health data.

[Bioinformatics at the NIH, 2001]

http://grants.nih.gov/grants/bistic/bistic.cfm



http://grants.nih.gov/grants/bistic/bistic.cfm

Important databases in the public domain

 National Center for Biotechnology Information (NCBI)

http://www.ncbi.nlm.nih.gov

* European Bioinformatics Institute (http:/www.ebi.ac.uk/)

* European Molecular Biology Laboratory (http:/www.embl.org)

 DNA Data Bank of Japan (http://www.ddbj.nig.ac.jp/Welcome.html)

 TIGR (http://www.tigr.org)


http://www.ncbi.nlm.nih.gov/

The National Center for
Biotechnology Information (NCBI)

Bethesda

Washington, D.C.

1

)

Suitland

I ‘u".flash.. D.C
Falls Church [
s )
.—‘

Created in 1988 ( National Library of Medicine at NIH)

— Establish public databases
— Conduct research in computational biology
— Develop software tools for sequence analysis
— Disseminate biomedical information

NCBI FieldGuide



NCBI database types

— Bibliographic

Citations for biomedical articles

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed

11| A IR C R I Free archive of life sci. journals
http://www.pubmedcentral.nih.gov/

From NCBI FieldGuide



NCBI database types

— Bibliographic

gBookshelf Books that can be searched online

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Books&itool=toolbar

(2R Human genes/genetic disorders
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM

From NCBI FieldGuide



NCBI database types

— Sequence (nucleotide; protein)
— Taxonomy

— Genome | |
http://www.ncbi.nlm.nih.gov

— Gene
— Expression

— Structure

NCBI FieldGuide


http://www.ncbi.nlm.nih.gov/

Types of Sequence Databases

Primary Databases

— Contain raw and redundant data: original
experimental sequences, submitted and “owned”
by experimentalists

— Database staff review and organize the data:
don’t add, modify or update the records

»Examples: GenBank, SNP, GEO

NCBI FieldGuide



Types of Sequence Databases

Derivative Databases

— Human-curated (data compilation and correction)
> Examples: LocusLink, OMIM & Literature databases

— Computationally-Derived (auto-partitioning GenBank seqs)
»Example: UniGene

— Combination
» Examples: RefSeq, Genome Assembly

NCBI FieldGuide



1° Sequence Database

GenBank

- Nucleotide-only sequence database

« Archival (>292,000 organisms)

Submission of GenBank Data to NCBI:

» Direct submissions of individual records via Web
(Banklt, Sequin)

» Batch submissions of bulk sequences via e-mail
(EST, dbGSS, dbSTS)

» FTP accounts for sequencing centers

NCBI FieldGuide



The International Sequence Database
Collaboration

Entrez
Nig

NCBI

Submissions
*Updates

EMBL

L Submissions
\ «Updates

li \\
*Updates RS

getentry

NCBI FieldGuide



Check for cross-functionality of accession numbers

Accession no. AB062786
EBI: http://www.ebi.ac.uk
DDBJ: http://www.ddbi.nig.ac.ip/



http://www.ebi.ac.uk/
http://www.ddbj.nig.ac.jp/

Organization of GenBank:
GenBank Divisions (gbdiv)

Records are divided into 18 divisions:

- 1 Patent

- 5 High Throughput

- 12 Traditional
Traditienal Divisions:
BuUlk Divisions:

®



| 1 ABDGZTES. Photis pyralit—Terr=

Length MRNA =cDNA B Division
1l DNA = genomic

LioCTs
DEFINITION

ACCESSION
VERSICH
EEYTWORDS
AOURCE
CRGANISM

REFERENCE
ATTTHORS
TITLE

JOTRIAL
MEDLINE
PUEMED
REFERENCE
ATTTHORS
TITLE
JOTENAL

ABOBZTEE 927 bp R L linear INV 27-3EP-200
Photinus pyralis mBENA for luciferin regenerating enzyime, Ccomplete
cds.

AEO062756 REGION: 1. .92 e )
LBOE27586.1 GI:14331151 Accession Number

. ——— I
Photinus pyralis (common eastern ILITELT ACCGSSion.VerSiOH
Photinus pyralis
Eukarvyota; Metazoa; Arthropoda; Hexapoda: Insecta: Ptervgota;
Neoptera; Endoptervygota; era; Polyphaga; Elateriformiar
Cantharoidesa; Lampyridae; Photinuss

X o NCBI's Taxonomy
omi, K. and Eajivyvama,N.

Oxyluciferin, a luminescence product of firefly luciferase, 1is
enzymatically regenerated into luciferin

J. Biol. Chew. 276 (39), 36505-36513 (2001)

21453302

11457857

2 lhaseszs 1 to 227

omi, K. and Eajivama,l.

Direct Submission

msubmitted (07-JON-2001) Keiko Gomi, Kikkoman Corporation, Eesearch
& Development: MNoda 399, Noda-zshi, Chiba 2730037, Japan
(E-mail:8553Hmail. kikkoman.co. jp, Tel:81471235579)
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Source
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CRIGIN

D3

61
121
151
241
301
36l
d21
431
541
601

atggogooag
cactogoats

aaatatgtac
attattoooo
atcorLttacat
gaacCcacaca
tggacaggta
tatcatttag
yogCt oyt
gtagacogagt
acttttgasaa

Location/OQualifiers

1..927

Jorganismw="Photinus pyralis"
/ol type="mRENA"

fdb xref="taxon:7054"

1..927

foodon start=1
Fproduct="luciferin regenerating enzyme’

Feature Table

/protein id="BABE0700.1" e—— GenPept Protein ID

fdb xref="GI:14331152"

Jtranslation="MGPUVEKIAELGEYTWGEGFHUDHETOQTLYFVL TVEETFHEYVE
AEEYTFCEVDELVYAF ITPLAGSP GRFVVSLERETATILTND VS AAPTE IEATVINVER
HIENNRLNDGEADPLGHNLWTGTMAIDAGLPVGPVTGILYHLGADEKVEMHESNTAT AN
GLAWMSNDLEENYYIDSGERRVDEYDYDASTLA ISNORPLFTFEEHEVPGYPDGOTIDE
EGHNLINWV AV ORI IE IS TOQOPEVLLDTVEIPDPOVTIVAF GGPNLDELHVTS AGL QL
DDESLDESLVINGHY YRV TGLGVEGF AGVEVEL ™

ttgttgaaaa
atgaaactoa
cttotocagas
ttgotggatoe
JUgatggogt
ttaaaaatas
caatggotat
goyotgatas
goagtaatga
acgattatga
aguatgaagt

aattgoagas
gaccttatat
asaatacacy
coctggoogt
tagtgotgoa
Ccagactoaat
tgacgotoogt
asaggtasaas
tttgaagaaa
tgottotaca
grotggatat

cttogoaagt
ttogtogaca
ttttgtasag
tttgtagtos
Cotacaagca
& (=Y (w (== T=Tn
ctoooootag
At goacgadga
atgtattats
ttatcocatoa
Coagatgoto

atacoggttog
Cogtagagas
tagataaact
gtttoggaacy
tagaagotat
cagaboooot
gaccogytoac
goaacatago
ttogattoggy
graatcaaco
asacaattga

agaaggtoct
aacttLttoat
gytttottto
tgaaatagoo
tgttaatgto
tggoaatcta
tggoagttta
tatagoaast
gJasasagaaga
groattattt
Cyagyagyot



Database searching: http://www.ncbi.nlm.nih.gov/

":—-’ NCBI National Center for Biotechnology Information

Malional Library of Medicine Malional Institutes of Health
Fubhded Entrez BLAST TR Books

- f.;.rllu:iferin El

SITE MAP » YWhat does NCBI do*?
Suide to MCBI

Fresaurces

Established in 1988 as a national resource for ¥ Clusters of

TaxBrowser structure

Search IHuu::Ieu:utide

About NCE molecular biology information, NCBI creates orthologous groups
An intraduction for public databases, conducts research in .

recearchore computational biology, develops software SOl Bl
educatars and the tools for analyzing genome data, and Genes & Disease,

public disseminates biomedical information - all for RSl oL

the better understanding of molecular .
— T ) * Electranic PCR
GenBank processes affecting human health and
seguence disease. NMore ..

¥ Entrez Home

HIV-1 Protein Interaction EatLbase - ¥ Entrez Tools

HIV/AIDS researchers can now access a database
af known interactons of HIV-1 probeins with
Fubbded, CkAIR profeins from human hosts, The database offers a
Books, and concise summary of these interactions with links to
Pubhed Central PubMed, sequence data, and genes. Fead more. .. ¥ Human genome
FESOUICEs

submission support
ahd software

[a1]

Literature

P Gene expression
omnibus (GEO)



http://www.ncbi.nlm.nih.gov/

e.g. - pharmacogenetics

* [dentifying novel targets for new drugs

» mapping and identifying genes associated w/ disease
» characterizing proteins —— targets for new drugs

* Identifying genetic variants associated w/ adverse drug reactions

» ¢.g., cytochrome P450s = multigene family of enzymes (liver)
» genetically variable expression = variation in drug efficacy

Adapted from: Wolf et al., British Medical J., 320: 987-990



Potential consequences of polymorphic drug metabolism

« Extended pharmacological effect

* Adverse drug reactions

» Lack of pro-drug activation (e.g., codeine)

* Drug toxicity

 Increased effective dose

« Metabolism by alternate, deleterious pathways

» Exacerbated drug — drug interactions

Adapted from: Wolf et al., British Medical J., 320: 987-990



Common pharmacogenetic polymorphisms in human drug
metabolizing enzymes (Weber, W.W. Pharmacogenetics. Oxford, 1997)

Gene  Metaboliser Frequency # of drugs Examples
Phenotype
CYP2D6 Poor White 6%, African American 2% >100 codeine,
dextromethorphan
Ultra-rapid Ethiopian 20%, Spanish 7%
CYP2C9 Reduced >60 Ibuprofen, warfarin
TPMT Poor low 1n all populations <10 6-mercaptopurine,

6-thioguanine

Example: Cytochrome P450 gene - CYP2D6

* CYP2DG6 1s highly polymorphic (inactive in ~ 6% of Caucasians)
» codes for debrisoquine hydroxylase

Adapted from: Wolf et al., British Medical J., 320: 987-990



http://www.ncbi.nlm.nih.gov/



http://www.ncbi.nlm.nih.gov/

Sequence/structure searching tools

results Simple sequence search
(BLAST) «

l

results Profile-sequence search
(HMMER)

|

results Structure-sequence search
(threading)

O 0 -0 0O o o O »n

. Homology modeling
(MODELLER)

|

Structure-structure search (CE)

O = & 0 c = =+ wm

Slide courtesy of Pillardy, Ripoll, and Sun (CBSU)



Tool comparison

BLAST HMM

Sensitivity: Least sensitive

Speed: Seconds Minutes
DB size: 1 x 106 1 x 106
Result _
interpretation: Relatively easy

Threading

Most sensitive

Hours

18000 (PDB)

Some expertise
required

Slide courtesy of Pillardy, Ripoll, and Sun (CBSU)



Sequence similarity searching

Why do it?

* identify and annotate sequences with no,
incomplete, incorrect annotations (GenBank)

* infer functionality for genes/proteins
* find conserved domains

 assemble genomes; clean up sequences
(e.g., suspected cloning vector sequences)

* explore evolutionary relationships

NOTE: Similar sequences may NOT be homologous!



Basic Local Alignment Search Tool (BLAST)

Calculates similarity for biological sequences

Finds best local alignments

Searches for matching “words” rather than
individual residues

Uses statistical theory to determine 1f a match
might have occurred by chance

NCBI FieldGuide



Sequence Alignment

Global alignment: compare sequences over entire length
(dynamic — e.g., Needleman-Wunsch)

--1dentify long insertions/deletions

--check data quality

Local alignment: compare segments of sequences ;
spee

<
(heuristic -- BLAST; FASTA; Smith-Waterman)

--high quality alignments

Dot plot: exploration of two entire sequences for similarity

--repeat discovery

--1dentify long insertions/deletions



Basic Local Alignment Search Tool (BLAST)

http://www.ncbi.nlm.nih.qov/BLAST/
f:l.
S NCBI

Fubhled ¥ O 1M Taxonormy
Info NEW 12 May 2004 BLAST 229 has been released. Eead mare. .

Structure

Nuclaeotide Protein
o [Discontiguous megablast e« Protein-protein BLAST (blastp)
FIEEALES « Megablast ¢ PHI- and PSI-BLAST
Ir'ljf::rl'?tllrihutnr-=- « Mucleotide-nucleatide BLAST (blastn) « Search for short, nearly exact matches
- « Search for short, nearly exact matches o Search the conserved domain datahase
Education + Searchtrace archives with megahlast or {rpshlast | |
discontiguous megablast o Search by domain architecture (cdart)
* Program Translated Genomes
selection
fuide
- Tutl:lri:al o Translated queryws. protein database (blast) o Chicken, cow, pig, dog, sheep, cat HEW
« URL AP guide s Protein query vs. translated database (thlastn) s Environmental samples
o Translated queryws. translated database « Human, mouse, rat
Download (thlast) s Fugu rubripes, zebrafish
e [nsects, nematodes, plants, fungi, malaria
Databases o Microbial genomes, other eukanotic genomes
Documentation
Executables Special Meta

Source code

a “oarrh fir nene avnrecsinn data SECCT R 82T a FHptrigve reciilte bw BT


http://www.ncbi.nlm.nih.gov/BLAST/

Distribution of 509 Blast Hits on the Ouervy Sequence

BasAZ312h CvP2D4 [Rattus norvegicus]. 3= 722 E=0.0
Sample BLAS I 1 Color Key for Alignnent Scores
[ so-2on  INSESGH

40-50 5080

1_17038 e e e e T e e e Ry s e
0 100 200 300 a0

Related Structures

Segquences producing significant aligrnmwments:

gl | 405055536 | ref | P QOOO037 .2 | cytochrome F450, subfsonily IID. ..
oi| 50260549 | gh | AAH?ES024. 1| Cytochromse P450, subfamwily IID,

gi| 117246 | =sp| P1OG35 | CP2DE HUMAN Cytochrome P450 ZD6e (CYPIID...
gi| 154514530 | ghb| AAL75445 .1 | cytochrome P450 2D [Macaca fuscatal
gi| 62055564 | dhy | BADSz2729.1 | Debrisogquine 4-hydroxylase wuta. ..
gi| 294656580 | gh| AALSZ445.1| cytochrome FP450 2D [Callithrix j...
gi| 249535367 | sp| 029455 | CP2DH MACFA Cytochrome P450 =2D17 (CYPI...
gi| 490663535 | gh| AATA9265.1| cytcochrome P450 CYPZD4z2 [Macaca

gi| SO0S97272 |ref | NP 001002910, 1 cytochrome F450, faanily 2, 0o
gi|3913340|=sp| 018992 | CPEDJ CALJA Cytochromwe P450 2012 (CYPI...

gi| 151306 | gh| AALAZET7I 7.1 debrisogquine 4-hydroxvylase
gi|47678391 | end | CAGIO316.1 CY¥P2D 6 [Homwmo sapiens)
gi| 57209574 | exk | CAT43003 .1 GD:CYPEZDGS [Howo sapiens] >gi|45...
gi| 522195 | gl | AALA3 6403 .1 cytochrome P450dk1
gi| 275806959 | ref|NP 776954.1]

1 cvtochrome P—450TTD

Lo T Y v Y v o Y O Y o R
Lo T Y v Y v o Y O Y o R




i| 3878450 | ek | CAAO0617.1| Hypothetical protein KO9i11.4 [C..
gi| 39155344 sp| 0736553 | CP174 ICTPT Cytochrome P450 1741 (CYPXE. .

gi| 21703936 |ref| NP 66353449.1| similar to nuclear protein, 25..

gi| 13592206 | gh | AAKEI1395.1] Cytochrome pd4S50 fawily protein 2..
ogi| 72430625 pir| | T155318 hypothetical protein BO3IO04.3 — Casno. .
gi| 3213305 =p|P56520 | CP14Al CANFA Cytochrome P450 141 (CYPIL..

gi| 57108669 | ref | XP 544773 .1 PREDICTED: similar to cocytochro. .
gi| 39557560 | ek | CAEGTSETS. 1] Hypothetical protein CEG13471 [..

gi| 30341 | emb | CARZEG55. 1] cytochrome P (1) -450 [Homwmo sapiens]

gi| 61364554 | gh| AAXEAZ2E562 .1 cytochrome P450 fawily 1 subfami. .
gi| 41059946 | emb | CAF15541.1| cytochroms F450 141 [FPhooa groe. .

gi| 181276 | gh| AAASZ132 .1 cytochrome P-450-1

[ Get selected sequences ][ Select all ][ Deselact all ]

E]>gi|40805836|ref|NP aoooa7 .2 | EE cytochrome FP450, subfsmily IID, polypeptide 6 [Homo sapiens]
gi| 57209873 |emb | CAT4353002 .1 GD:CYP2D6 [Homo sapiens]

gi| 45765272 | gh| AAHET7I32 .1 Cytochrome F450, subfamily IID, polyvpeptide & [Homwo sapiens]
Length = 497

Socore = 933 bits (2411), Expect = 0.0
Identities = 4615475 (97%), Positives = 461/475 (97%)

Couery: 23 MHEERORWMAARY HYDFONTPYCFDOLERREFGDVFSLOLAWTEWVWW LI
MHRROQRWALRY HVDFONTPYCFDOLERRFGDVFSLOLAWTEWWVLI
Shijct: 23 MHERORWMAARYPPGPLPLPGLGNLLHVDFON TP YCFDOLERRF GDVF SLOLAWTEWVWWLI

ouery: GLAAVREALYVTHGEDTADRPPVYPITOQILGFGPREQOGVFLARYGPAWNREQRRFSVSTLRINL
GLAAVREALYTHGEDTADRPPVYRITOILGFGPRIQGVFLARYGPAWREQRRFSVSTLRINL

Shijct: GLAAVREALVTHGEDTADRPPVPITOQILGFGPRIOGVFLARYGPAWMREQRRFSVITLRINL !E;Eajqr‘[]’l(}

Query: GLGEKSLEQWVTEEAACLCAAF ANHSGRPFRPNGLLDEAVINVIASLTCGRRFEYDDPRF
GLGEESLECOWY TEEAACLCAAF ANHIGRPFRPNGLLDEAVINVIASLTCGRRFEYDDPRF

Shijct: GLGEEELEQWVTEEAAC L CAAF ANHEGRPFRPNGLLDEAVENVIAZLTCGRRFEYDDPRF B LAS I :I
5

Query: LELLDLACEGLEEESGFLREVLNAVPVLLHIFPALAGKVLEFOEAFLTOLDELLTENRMTUW
LELLDLACEGLEEESGFLREVLNAVPVLLHIPALAGEVLREFOREAFLTOLDPELLTEHREMTW
Shict: LELLDLACEGLEEESGFLREVLNAVPVLLHIPALAGKVLRFOEAFLTOLDELLTEHREMTW

ouery: DPALOPPRDLTEAFLAEMER AEGNPESSFNDENLC IVVADLFSAGH YV TTS TTLAWGLLLMT
DPAQPPRDLTEAFLAENEEAKGNPESSFNDENLC IVVADLFSAGHVTTSTTLAWGLLLIT
Shict: DPALOPPRDLTEAFLAEMEE AEGNPESSFNDENLC IVVADLFSAGH YV TTS TTLAWGLLLMT

ouery: LHFDVORRVOOQEIDDYV IGOVERPEMGDOAHMP Y TTAVIHEVORFGD IWPLGYTHNTSRD I
LHPDVOREVQOEIDDYV IGOVERPENGDOAHMP Y TTAVIHEVORFGD IWVPLGVTHHTSRD T
Shijct: LHFDVORRVOOQEIDDYV IGOVERPEMGDOAHMP Y TTAV IHEVORFGD IWPLGYVTHNTSRD I

Query: EVOGFRIPEGTTLITHLESVLEDEAVWIEEPFRFHPFEHF LD AOGHFVEPEAFLPF3AGREL
EVOGFRIPEGTTLITHLS SV LEDEAVWEEPFRFHPFEHF LD AQGHF VEPEAFLPF 3 AGEREL
Shijct: EVvOGFRIPEGTTLITHLESVLEDEAVWEEPFRFHPEHF LD AQOGHFVEPEAFLPF3AGREL




Distribution of 18 Blasi Hiis on the Ouerv Sequence

Sample B LAS I 2 . tMouse-over to show defline and scores. Click to show alignments
L |

Color Key for Alignnent Scores

{1 CYtO Ch ro m e AN D <40 40-50 50-80 [ go-z2o0  NSEEGGIN
Archaea”

1_10466 O e s e e e e e ey o e e e e e L B A e B e e
0 100 200 300 400

Felated Structures

Score E
Sequences producing significant alignments: (bhits) Value

gi| 552297533 | gh| AAVE5155 .1 cytochrome P450 [Haloarculas mari. .. 57 ae—-19
gi| 552325584 | ghb| AAVES50035 .1 cytochrome P450 [Haloarculas mari. .. 76 Se-16
gi| 552530615 gh| AAVE6059. 1| cytochrome P450 [Haloarcula mari... 76 S5e-16

gi] 15789667 |ref | NP 279491 .1 Cyve [Halobacterium sp. NRC-1]1 ... 65 Te—-13

gi|[4553994]1 | ref| &P 00296570, 1] CoG21lz4: Cytochrome FP450 [He. .. 65 Te-13

gi| 45552346 ref| 8P 00506554, 1] Co52124: Cytochrome P450 [Fe... 45 le-07

gi| 48477157 | ref | ¥P 022863 .1 cytochrome P450 [Picrophilus t... B Je-07

gi|45885287 7 | ref| &P 00307059, 1] Cozz2124: Cytochrome P4530 [Fe... 45 le-06

gi| 4584754371 |ref| ¥P 024177.1| cytochrome P450 [Picrophilus t... 34 2e-06

gil 15921406 | ref| NP 377075.1 hypothetical cytochrome P450 [... 39 Je-05
gi] 512475807 | pdb | 1TUES| A Chain A, Crystal Structure Of Thermwo... 39 Je-05

gi| 7427575 | pir| |S713258 ecytochrome P450 CYP119 - Sulfolchus ... 33 0.003

gi] 133995053 | pdbh | 1I05|E  Chain B, Thermophilic Cytochrome F45... 33 L0033
gi| 55230305 gl | AAVE57249.1| cytochrome biC-terminal) fhe [Hal... 25 .3
gi|2822447 | gh| AACEZ953 .1 CydE [Halchacteriuwm sp. WEC-1] =g... 24

gi| 157895855 | ref |NP 279679.1)| CoxEBEl [Halobhacterium sp. NRC-1... 24

gi] 18977077 | ref | NP 575434.1| cytochrome c—type biogenesis p... 22
gil 13541203 | ref| NP 1105892 .1 Cytochrome b subunit of the be. .. 22

ofolo]o]

]

EEEEOOEEE

o)

[ Get selected sequences ][ Selact all ][ Deselect all ]




What i1s BLAST?

AATTGGCTAGCTAA

| 11 TITHLT
. - -AAAAATGCAAAATGCGGGTAGCTTATTCTAGAAGATT. .

Matches: 10
Mismatches: 4

Similarity score based on matches, mis-matches, gaps



BLAST: Substitution Matrix and Gap Cost

Query Length | Substitution Matrix Gap cost

<35 PAM-30* (9,1)
35-50 PAM-70 (10, 1)
50-85 BLOSUM-80 (10, 1)
>85 BLOSUM-62 (11, 1)

*PAM = Percent Accepted Mutation; 1 PAM unit = 1% of aa in protein changed

 BLOSUM-62 generally performs better than PAM
 PAM better if looking for distant relationships

Modified from Pillardy, Ripoll, and Sun (CBSU)



The BLAST Search Algorithm

query word (W = 3)

Duery: GSVEDT TGSOSLAALLNECKTPQGORLVNOWIKOPLMD FNRIEERLNLVEAFVEDAELROTLOEDL

neighborhood
words

neighborhood
T score threshold
PON 12 (T=13)
&I,
..
CuEry: 325 SLAAMLNECETPQGORLVNOUIFKOPLMDENRIEERLNLVEA 365
LA+ + TF G B++ +U+ P+ D + ER + A
Shijce: 290 TLASVLDC TVTPMGSRMLERWLHMPVED TEWLLEROOTIGA 330

High-scoring Segment Pair (HSP)

NCBI BLAST

» matrix used to create look-up tables of neighborhood words

* seeks pairs of similar segments whose score exceeds threshold (HSPs)
» T < 13 not reported
> locates “seeds” of similarity along query
» extends seeds in both directions until max. possible score reached



Protein Words

Query: GTQITVEDLFYNIATRRKALKN
——

Word size = 3 |
GTO Word size 2_0r 3_(default = 3)
W=2;T=16
TQ1 W=3;T=32
QIT Neighborhood Words
ITY — LTV,MTV,ISV, LSV, etc.
Make a lookup TVE

table of words

VED
EDL..

NCBI FieldGuide



Nucleotide Words

Query: GTACTGGACATGGACCCTACAGGAA

Word size = 11

GTACT
TAC]
AC]

c-

'GGACAT

Minimum word size = 7
blastn default =11

'GGACATG megablast default = 28
'GGACATGG

'GGACA]

Make a lookup

table of words

'GGACA
GGACA

'GGA
'GGAC
'GGACC

GACAT

'GGACCC...

NCBI FieldGuide



BLAST: Bit Score

Bit Score (S°) : normalized raw score (S), allows direct
comparison of searches from diverse dbs

S' = (AS-In K)/In2

S = raw score (sum of scores 1n substitution)
K = vaniable; value dependent on matrix used
A = parameter used as natural scale for scoring system



BLAST Statistics: E-value

E-value (E) : measure of statistical significance

e.g., E=0.01 —1% chance that match 1s due to a
random event; dependent on db size

E = Kmne™?S

K = variable; value dependent on matrix used
m = length of query (nucleotide or aa)
n = size of db
A = parameter used as natural scale for scoring system
S = raw score (sum of scores in substitution)



Tools for 3-D Structure Display and Searching

Cn3D: 3-D structure and sequence alignment viewer

--NCBI “Structure” db
Domain Architecture Retrieval Tool (DART):

--displays functional domains that make up a protein
--lists proteins with similar domain architectures

Vector Alignment Search Tool (VAST):

--structure-structure similarity search program

Threading: algorithms for recognition of protein folding



Welcome to the new Entrez cross-database search page

s

PubMed: biormedical literature citations
and abstracts

PubMed Central: free, full text journal
articles

Mucleotide: sequence database
(GenBank)

Protein: sequence database

Genome: whole genome sequences

Structure: three-dimensional
rmacromalecular structures

Taxonomy: aorganisms in GenBank
SHMP: single nucleotide polyrmorphism

Gene: gene-centered information
HomoloGene: Eulkaryotic homaology

groups

Journals: detailed information abowt the
journals indexed in PubMed and other

O T I N I 7 I

[

Books: online books

OMIM: Online Mendelian Inheritance in
Man

Site Search: MCBI web and FTP sites

UniGene: gene-oriented clusters of
transcript sequences

CDD: conserved protein domain database

3D Domains: domains from Entrez
Structure

UniSTS: markers and mapping data

PopSet: population study data sets
GED Profiles: expression and molecular
abundance profiles

GEO DataSets: experimental sets of GEO
data

Cancer Chromosomes: cytogenetic
databases

MeSH: detailed information about NLM's
contralled wocabular

O O T N - B I

[+



http://www.ncbi.nlm.nih.gov/gquery/gquery.fcgi?itool=toolbar

Thank you!

Dr. Medha Devare
mhd6@cornell.edu

Life Sciences/Bioinformatics Specialist
Albert R. Mann Library
Cornell University, Ithaca, NY 14853


mailto:mhd6@cornell.edu

Exercise: BLASTp

thiopurine
1r ine

thiopurine
Thiopurine
th 1urine

b 2 thylt st
ein PaerP 010044

10m
[uncultur
[uncultur




Exercise: BLASTp
continued

thiocpurine
thiopurine

Thicpurine
Thiopurine

uri

thiopur kv it : - 01
thiopurir 1Y in =snlen : .oo1

Thiopurine
[uncultured




Display | GenFept

Range: from begin

“ | Send to A

Features: [<|CDD

| Bhow | 20

to =nd

[01: AAT7E551. Reports thiopurine methyl . [gr50542167]

Features

SE[UENCE

LOCTs
DEFINITIOCHN
ACCEZSTION
VERSTION
DESOURCE
EEYWORDS
SO0OURCE
ORGANISH

REFEREMNCE
AUTHORS

TITLE

JOTERNAL
PUEBMED
REFEREMNCE
AUTHORS
TITLE
JOTERNAL

COMMENT
FEATURES

Source

Protein

Region

ORIGIN

1 ldlawlaadgg

BAT?ES551 65 aa linear
thiopurine methyltransferase [Pseudomonas citronellolis].
AAT?E551
AAT?E551.1 GI:50542167
accession AY616537.1
Pseudomonas citronellolis
Pzeudomonas citronellolis
EBEacteria; Proteobhacteria; Gamraproteochacteriar
Pzeudomonadaceas; Pseudomonas.
1 [rezidues 1 to &5)
Favre-Bonte, 3., Ranjard,L.,
Nazaret,2. and Cournoyer,B.
Freshwater selenium-methylating bacterial thiopurine
methyltransferases: diversity and molecular phylogeny
Environ. Hicrokiol. 7 (2), 153-184 ([(2005)
15655953
= [rezidues 1 to &5)
Favre-Bonte,3. and Cournoyer, B.
Direct Submission
Submitted ([(30-APR-Z004) TUHMR CHNRZ 5557 Ecologie Microbienne,
Universite Lyon 1, Willeurbanne 6962Z, France
Method: conceptual translation supplied by author.
Location/Qualifiers
1..65
forganism="FPseudomonas citronellolis"™
fatrain="CFEP G5555"
Jdb_®ref="taxon:53403"
1..65
fproduct="thiopurine methyltransferase"™
/ neme="TPMT"™
<l..>61
fregion name="TPHT"
fnote="Thiopurine I-methyltransferase
Jdb_xref="CLD:456135"
1..65
/gene="tpms"
Jooded by="AYE16837.1:<1..>197"
fnote="selenium methylation™
foodon_start=2
ftransl_table=11

Pseudomonadales:;

Colinon,C., Prigent-Combaret,C..,

{TPMT): pfamO57z4"

levlgwelse kavsdffeeh dlhpeidgld gfrryrvagl tllggdffac

61 rogstw

ECT O5-FEE-2005



Tax BLAST Report

Crgamsm Report
Taxonomy Report
Help

Lineage Report

zaot
- gellular crganisms
Bacteria
- Protecbacteria
Fammaprotechacteria
- FPrzeudomeonadaceas [g-preotechacterial
- . Fzeudomeonas [g-preotechacterial

- - . Pzeudomonas asruginesa group [g-pretecbacterial
FPreudomonas citzeonsllelis

[subacterial

[proteckactecial
[g-protechactecial

[g-pretechacterial
[g-pretechacterial
[g-pretechacterial
[g-pretechacterial
[g-pretechacterial
[g-pretechacterial
[g-pretechacterial

5 a6 thicpurine methyltransferase [FPreudomonas citzonellelis=]
5 FPreudomonas asruginesa FAOL ..
FPseudomonas asruginesa FPACSE
. Pzeudomonas aeruginesa UTCEFF-FAld
. Pzeudomonas aeruginesa Z19%
- Pzeudomonas aeruginesa FAT
. Pzeudomonas pseudealcal igenes

thicpurine methyltransferase [Freudemonas asruginesa FAOL]
hypothetical protein PaerFa 01002434 [Freudomonads asrugines
COF0500; SAM-dependent methyltzansferases [Fseudomonas aezu
COE0500; SAM-dependent methyltzansferases [Fseudomonads aezu
hypothetical protein FasrF 0100445F [Preudomonds deruginosa

thicpurine methyltransferase [Freudemonas pseudcalcal igenes

Pseudomonas asplenii
FPseudomonas =sp. H=a. 28
FPreudomonas flucrescens FE-5
FPreudomonas putida ETZ330
FPseudomonas putida Tl
FPreudomonas flucrescens FE0-1

FPreudomonas flucrescens .

FPseudomonas chlozeozaphis

P=eudomonas fragi

Freudomonas stutzeri ..

Pseudomonas entomephila L&
Preudomonas wiridiflawa

Pseudomonas syringas pw. maculicela
Fseudomonas syringaes pv. toemate strz. DC2000
FPseudomonas syringas pw.
Fseudomonas syringaes pw. japenica
FPseudomonas syringas pw. pisi
. Pzeudomonas svyringas pw. syringas ETE8a ..
. Pzeudomonas syringas .
. Pzeudomonas svyringas pw. dysomyli
- . Pzeudomonas syringas pw. atrofaciens
- Ascotobacter wineland -
Hal emeonas halophila
Thicomiczospiza crunegena XCL-Z
Hahella chejuensis KCTC 23296
Marinemeonas =sp. MEDLIZEL ...
Witrococcus mobilis Wb-231
Alteromonas maclecdii
Shewanslla =p. Pil-3
Shewanella amazonen=zisz IJEZE
Dceancspizillum =p. MEDSZ
Xanthomonas campestris pw. wesicaboria str.
Shewanslla =p. MR-3 _.
Shewanslla =p. MR-7
Shewans=lla =p. ANA-2

Xanthomonas axencpedis pw.
Vibrie cholezas Wil
Shewanella cneiden=zis MR-1
Vibric cholezras 0335

[g-pretecbacktezial

thicpurine

methyltran=sferase [Freudomonas aspleniil

[g-pretecbacktezial

thicpurine

methyltransferase [Fzeudomeonas sp. H=a £§]

[g-pretecbacktezial

thicpurine

s-methyltransferase [FPseudomonas flucrescens Pi—

[g-pretecbacktezial

thicpurine

s-methyltransferase [Fseudomonas putida ETZ330]

[g-pretecbacktezial

thicpurine

s-methyltransferase [Fseudomonas putida Fl] >gil

[g-pretecbacktezial

Thicpurine

S-methyltransferase [FPseudomonas flucrescens FEO

[g-pretecbacktezial

thicpurine

methyltransferase [Freudomenas flucrescens]

[g-pretecbacktezial

thicpurine

methyltransferase [F=reudomenas chlezeoraphis]

[g-pretecbacktezial

thicpurine

methyrltransferase [F=eundomonas fragil

[g-pretecbacktezial

thicpurine

methyltran=sferase [Freudomonas stutseril

[g-pretecbacktezial

thicpurine

s-methyltransferase [FPseudomonas entomophila La&

[g-pretecbacktezial

thicpurine

methyltransferase [Freudomoenas wiridiflawal

[g-pretecbacktezial

thicpurine

methyltransferase [Freudomonas syringas pw. macu

[g-pretecbacktezial

thicpurine

s-methyltransferase [FPseudomonas syringas pw. to

[g-pretecbacktezial

thicpurine

methyltransferase [Freudomonas syringas pw. apta

[g-pretecbacktezial

thicpurine

methyltransferase [Freudomonas syringas pw. Jjape

[g-pretecbacktezial

thicpurine

methyltransferase [Freudomonas syringas pw. pisi

[g-pretecbacktezial

Thicpurine

S-methyltransferase [Fseudomonas syringas pw. =¥y

[g-pretecbacktezial

Chain &, Selution Jtzucture 0f Thicpurine Methultransferase

[g-pretecbacktezial

thicpurine

methyltransferase [Freudomonas syringas pw. dyso

[g-pretecbacktezial

thicpurine

methyltransferase [Freudomonas syringas pw. akzo

[g-pretecbacktezial

Thicpurine

S-methyltransferase [Azctobacter winelandii Aw0OF

[g-pretecbacktezial

thicpurine

methyltransferase [Halomonas halophilal

[g-pretecbacktezial

Thicpurine

S-methyltransferase [Thiemicrespiza cruncgsna X0

[g-pretecbacktezial

SAM-dependent methyltrzansferase [Hahella chejuen=zisz KCTC 232

[g-pretecbacktezial

thicpurine

methyltransferase [Marinomernas sp. MED1EL1] >gild

[g-pretecbacktezial

Thicpurine

S-methyltransferase [Nitzeococcus mebilis NBE-E31]

[g-pretecbacktezial

thicpurine

S-methyltransferase family protein [Altezomonas

[g-pretecbacktezial

Thicpurine

S-methyltransferase [Shewanella =p. PV-4] >gil78

[g-pretecbacktezial

Thicpurine

S-methyltransferase [Shewanella amasconensi=z SEEE

[g-pretecbacktezial

Thicpurine

S-methyltransferase [Oceancspizillum sp. MEDIE]

[g-pretecbacktezial

thicpurine

S-methyltransferase [Hanthomonas campestris pw.

[g-pretecbacktezial

Thicpurine

S-methyltransferase [Shewanslla sp. MR-4] >gilll

[g-pretecbacktezial

Thicpurine

S-methyltransferase [Shewanslla sp. MR-T] >gilll

[g-pretecbacktezial

Thicpurine

S-methyltransferase [Shewanella =p. ANA-Z] >gil7

[g-pretecbacktezial

thicpurine

methyltransferase [Xanthomenas axonepodis pw. ci

[g-pretecbacktezial

COE0500; SAM-dependent methyltransferases [Vibric cholezas

[g-pretecbacktezial

thicpurine

S-methyltransferase [Shewarnslla oneiden=zis MR-1]

T [ [l [ [ [l b [l [ [ e [l [ [ e [l [ [ B [53  [l [  [be  [2 [  [b [ b [  [  [b  [ f  [

[g-protechbacterial

COEOS00; SAM-dependent methyltransferases [Wikric choleras




|
Conserved _ ~ f' o M

MewSearch | PubMed | Muceotide Protein | Structure | cDD | Tawonomy | Help |

Query sequence: [gi| 50542167 |gb|AAT78551.1]]

thiopurine methyltransferase [Pseudomonas citronellolis]

® Concize Result ) Full Result [ Show Search Infarmation

in

TPHT

Descriptions

H Title Pssmid MultiDom E-value

[Hpfam0s724, TPMT, Thiopurine S-methyltransferase (TPMT). This family consists of thiopu... 468619 Mo 2e-160
pfam0sy 24, TPMT, Thiopurine S-methyltransferase (TPMT). This family consists of thiopurine S-methyltransferase proteins from
hoth eukamotes and prokamnotes. Thiopuring S-methyltransferase (TPMT) is a cytosolic enzyme that catalyses S-methylation of
aromatic and heteraocyclic sulfhyvdryl compounds, including anticancer and immunosuppressive thiopurines..

CD Length: 2182, Pct. Aligned: 27 931651, Bit Score: 78.05287, E-value: Ze-16
10 20 30 40 L0

sriEn Wrar s s s M ap ey s sl e e [ e W ipa e
qUELY 1 LDLAWLAANGLEVLGYE LA EKAYSD FFEEHD LHPEID LD GFERYREYAGITLLOGD FE
consensus 50 LDMVIWLAEQGHFYYGVEISE LAVEEFFAEANLIPHITELSFFEEVRAGGITLLCGDFFTLE 110

| search for similar domain architectures |

CD Search Reference:
B1 blarchler-Bauer L, Bryant SH (2004), "CO-Search: profei domain anncieiions on the T ", Nucleic Acids Res. 320W,327-331.

Help | Disclaimer | Write to the Help Desk
MNCEI | NLM | NIH




Multiple sequence alignments for pfam05724.4

Conserved , .
Domains : [

965 =
Entrez | COD | Structure Protein Help

pfam05724.4 TPMT, with user query added

[+] Link: Thiopurineg S-methyltransferase (TPMT), This family consists of thiopurine S-methyltransferase proteins from both eukaryotes and prokaryotes, Thiopurine
- S-methyltransferase (TPMT) is a cytosolic enzyme that catalyses S-methylation of aromatic and heterocyclic sulfhydryl compounds, including anticancer and
[+]Statis immunasuppressive thiopurines.

Other Related Conserved Domains:  [[EEET I =D =3 [ eranzoss |

[F’ieformatSequenu:eAlignment] Format: | Compact Hypertes % | Row Display: | Al12rows | % | Color Bits: | 20bits % | Type Selection: | the most similar members | %

ol 12555364 : . IEMEUF ADRGHTVVGVEISEIGIRE. h .[3] .EEF LTEIAGLEV
qUEery LDLAWLAAQSGLEVLGVELIEKAVED. h HFE IDQLDGFRR
i 145583123 : HDWVAMASPERFVVGLL ISESLALEK. h AFPK AEYFTFVEE.
12585374 : EDLIWLANQHDSVOQGVELIQIAVES, h TFT WTRLMNACHE
9943918 : LDLAWLAAQGLEVLGVELSEKAVID. h HFE IDQLDGFRR
21112457 : LDLHEWLAAQGHRVLGVEISFLAVTO, h QF RHTSRAGEH
6094506 : L CDMSWLIGOGTHVVGLELSEALVER., e QFH IT3QGDEEY
25138587 : LDMLWLAEQGHDVIGVELSFLAIEAL, h PR3 ERRQGREFTL
13529134 : VEMEWF ADRGHSVVGVEISELGIQE. h : .EEF ITEIFGTEV
17427472 : YEAGWLAERGWPVALIDFAPSAVAS GPH. [2] .VWELADFFE

R R R

gi 12585364
query
i 145583123
12585374
99458918
21112457
6094506
25136597
13529134
17427472

Citing CDD: Marchler-Bauer A, Anderson JB, Cherukuri PF, DeWeese-Scott C, Geer LY, Gwadz M, He S, Hurwitz DI, Jackzon JD, Ke 2, Lanczycki CJ, Liebert CA, Liu C, Lu F, Marchler GH, Mullokandov M, Shoermaker Ba,
Sirmonyan VY, Song J5, Thiessen PA, Yarmashita R4, ¥in 1), Zhang D, Bryant SH (2005), "CO0: & Conserved Domain Databare for protein clazsification.”, Nucleic Acids Res. 33: D192-&

Disclaimer | Privacy statement | Accessibility




Related
Structure:

g;. MMDB
-» NCBI Structure Summary

Reference: Scheuermann TH, Lolis E, Hodsdon ME Tertiary structure of thiopurine
methyltransferase from Pseudomonas syringae, a bacterial orthologue of a
polymorphic, drug-metabolizing enzyme J. Mol. Biol. v333, p.573-585

Description: Solution Structure Of Thiopurine Methyltransferase From Pseudomonas
Syringae.

Deposition: 2003/6/4 =

Taxonomy: Pseudomonas syringae

MMDB: 25061 PDB: 1PJZ Structure Neighbors: VAST

View 3D Structure ‘ of | Al Atom bodel ¥ [CniD [ _.Display v | @ Download Crad!

Molecular components in the MMDE structure are listed below. The icons indicate macromolecular chains,
32D domains, protein classifications and ligands. Flease hold the mouse over each icon for more information
on the component.

Protein

Donain Fanily

Back to Home Fage




Please take a 5-min. survey before you leave!

http://www.mannlib.cornell.edu/

— Reference and Instruction

— Library Instruction
— Workshops
— Web survey


http://www.mannlib.cornell.edu/

Score
Sequences producing significant alignments: [Bit=)

gi| 14692658 el | CAASE9252 .1 firefly luciferase [Photinus pyralis]
ogi| 453344790 | gh| AAS59437 .1 luciferase [Reporter wector pGE34l13. ..
gi| 13160953 | gh| AAK13426.1) luciferase [Promoter probe wvector pJB
gi| 1469266 el | CALASE9251.1) firefly luciferase [Photinus pyralis]
a gi| 3123921 | gh| AbCZ30214.1| firefly luciferase [Reporter wector p2
BLAST. a gi| 209229 | gh| ARATZ2985. 1| luciferase/skanamycin resistance protein
gi| 37991672 | dhy | BADOOOS? .1 Fusion protein, Feo [Hepatitis C wir
gi| 55535619 | gh| LAVSEZ2569. 1) luciferase luc? [Firefly luciferas...
gi| 69111702 | gh| AAZ03395.1) Agpd-Luc fusion protein [Reporter wveo
gi|69111664d | gh| AAZ03394. 1) Agpd-Luc fusion protein [Reporter wveo
gi| 55535625 | gh| AAVSEZ2573 .1 luciferase luc2ZCP [Firefly lucifer...
ogi| 55535622 | gh| AAVEZ2571.1) luciferase luczZP [Firefly lucifera...
gi 47420064 | gl | AAT27351.1) destabilized luciferase [Cloning ...
gi| 17530152 | ghh| AAL40737.1) tizsue factor/luciferase fusion prote
gi| 17530179 | gh| AAL40735. 1) protein serine kinase/ luciferase ...
gi| 7415877 | db) | BALASIS?S. 1) luciferase [synthetic construct]
gi| 14290102 | gh| AAKSE9251 .1 luciferase [Cloning wector pWLH /h=a. ..
gi| 14009672 | gh| AAKS1705. 1) luciferase [Cloning wector pHLHSint (+
gi|42718124 | gh| AA53584585. 1) luciferase [RNL interference wvector p
ogi| 396539586 | gh| LARZ9595 .1 hlucCP+ reporter protein [Reporter we
ogi| 396539583 |gh| LARZ29591 .1 hlucP+ reporter protein [Reporter weo
gi| 14009669 | gh| LAKS1706. 1) luciferase [Cloning wector pWLHSint (+
gi| 576345584 | gh| LAWSZ2575. 1) luciferase [Cloning wector p713-94. ..
gi| 526315875 | gh| LATTSES360. 1) luciferase [Lampvris turkestanicus]
gi| 5899315 |emb | CAAala6a. 1| photinus-luciferin 4-monooxXyydenase ...
gi| 54292511 | gh| AAVW32457.1) luciferase [Cratomorphus distinctus]
gi| 38455132 | gh| AARZO7T792.1) luciferase [Pyrocoelia rufa]
gi| 12018175 | gh| AAG45439. 1) luciferase [Pyrocoelia rufa]
gi| 38455134 | gh| LARZOT7S35 .1 luciferase [Pyrocoelia rufa]
gi| 695387 |gh| AAC3IT254. 1| luciferase >gi| 1584300 |prf| |21223694
gi| 38455136 | gh| AARZ0O794.,. 1) luciferase [Lampyvris noctilucal
gi| 1669527 | db]j | BLLAOSOOG. 1) luciferase [Photuris pennsyvlwvanical
gi| 1669525 db]j | BLAOSOO5. 1) luciferase [Photuris pennsyvlwvanical
gi| 871401 | ek | CAA0072 .1 luciferase [Luciola lateralis] >gi| .
gi| 9527 | enb | CALGTIES. 1| luciferase [Luciola lateralis] >gil|26.
gi| 1197516 el | CALDIS439,. 1| luciferase [Luciola lateralis] >gi.
gi| 126500 sp|P13129 | LTCT LUTCCRE Luciferin d4-monooxygenase [(Luao.
gi| 301603437 | gh| AAO39673 .2 luciferase type MJ1 [Luciola later.
gi| 19830632 | gh| AaMOO429.,. 1) luciferase [Hotaria unmunsansa]
gi| 24021175 ghh| AAN40975. 1) luciferase [Hotaria papariensis] =>.
gi| 409317 | gh| AAB2Z6932 .1 luciferase [Luciola mingrelical] >gi] .
gi| 24021171 | gh| AAN40976. 1) luciferase [Hotaria tsushimanal]
gi| 671718 | gh| AAC3IT253.1]| luciferase >gi| 1584301 |prf| |2122369E 1lu
gi| 24021177 | gh| AAN40979 .1 luciferase [Hotaria tsushimanal]
gi| 130943137 | dhj | BABIZ2737.1| luciferase [Cloning wector pPVLTC3471
gi|41638574 | sp| 027?757 | LUICT PHOPE Luciferin 4-monooxygenase (L. ..
ogi| 49598585 | gb| AAD34542 .1 luciferase [Phrixothrix wiwvianii]
ogi| 4959857 | gb| AAD34545 .1 red-biocluminescence eliciting luciferas
gi| 324551587 | gh| AAPS3305. 1) CERl1uc [Luciferase reporter wecoLor...
gi| 32455193 | gh| AAPS3309. 1) CEGE81lue [Luciferase reporter wect. ..
luciferase [Pyrophorus plagiophthalam

o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o

m]
o




RID: 112Z7935119-2E81-1Z3255581538.BLA3TOG

Patabase: 4l]l non-redundant GenBank CD3

t) t A translations+PDE+3wissProt+PIR+PRF excluding envirommental samples
yr Ei(: Earlfi 2,869,704 secquences; 984,312,347 total letters

If wou hawve any problems or gquestions with the results of this search
please refer to the BLAST FAls
ITaxonomy reports

(550 letters)

Distribution of S0S Blast Hits on the Query Sequence

tMouse-over to show defline and scores, click to show alignments

Color key for alignment scores
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E

I n ST Sequences producing significant alignments: Value
gi|23128059 | ref| ZFP 00109915.1| CoOG0318: S5e-70

hoeygl-Col synthetases o

ogi| 8594733 | ek | CAES55394 ., 1| G-—poumarate:Col ligase [Streptomyc. 1le—-65

r t)Ei(:tEBrlEi gi| 296075158 | dbj|BACT?1576.1| putative d4-coumarate:Cold ligase [. Se—-0606
gi| 66570477 | gh| EALS7S42 .1 IMP-dependent synthetase and ligas. 2e—063

gi| 6582631553 ek | CAT3 6641 .1 acyl-Col synthetase [Corvynebacter. 2e—61
gi| 56677440 | gh| AAV9d106. 1| G-—poumarate:Col ligase [Silicibact. 2e—60

gi| 658262888 | ek | CATIE3 76,1 acyl-Col synthetase [Corvynebacter. 2e—-55
gi| 658181452 | ref| ZF O0554435.1)| AMP-dependent synthetase and 1. be—-56

gi| 56421317 | ref| ¥FP 145635.1| long—chain fatty—-acid-Col ligase. S5e-53
gi| 564192053 | ref| ¥P 146521.1| long—chain fatty—-acid-Col ligase. Se-53
gi| 49481470 | ref| ¥FP O353577.1]| long—chain-fatty—acid--Col ligas. 1le-52

gi| 427396258 | gh| AAZ43554. 1| long—chain-fatty—-acid--Col ligase . 1le-52
gi| 65321891 | ref| ZF O03945850. 1| COE0318: Acyl-Cobl synthetases . 1le-52

gi| 47530062 |ref|¥F O21411.1| long—chain-fatty—acid--coa ligas. 1le-52
gi| 5197443447 | gh| RATT15997, 1| long—chain-fatty—-acid--Col ligase . 1le-52
gi| 55981432 | ref| TP 144729.1| long—chain-fatty—acid--Col ligas. qe-52
gi| 51594152 | ref| ¥F O76543 .1 long—chain fatty—-acid-Col ligase. Je-52
gi| 10175726 | dbj | BARBOGSZ25 .1 long—chain fatty-acid-Cold ligase . Je-52
gi| 23099577 | ref|NP 693043 .1 long—chain fatty—-acid-Col ligase. Je-51

gi|46199401 | ref| ¥F OO050658.1| long—chain-fatty—acid-Col ligase. qe—-51
gi| 75759373 | ref| ZFP O0739469.1)| Long—chain-fatty—acid-—-Col lig. ae—-51

gi| 52004565 | gh| AATTZ24510. 1| long chain acyl-Cold synthetase [Ba. 2e=50
gi| 30019245 | ref|NFP S30574.1| Long—-chain-fatty—acid--Col ligas. Je-=50
gi| 494770535 | ref | ¥P 03535342 .1 long—chain-fatty—acid--Col ligas. Se-50

gi|42736187 | gh| AAZ40123.1| long—chain-fatty—-acid--Col ligase,. Se-50
gi| 653184753 | ref| ZFP 00391432 .1 COE0318: Acyl-Cobl synthetases . 1le—-49

gi| 300226053 | ref|NP 8342534.1| Long—-chain-fatty—acid--Col ligas. 1le—-49
gi| 52002767 | gh| RATZ22709. 1| long—chain fatty—-ascid-Col ligase [. 2e—-49

gi| 51977690 | gh| AATT19240. 1| long—chain-fatty—-acid--Col ligase . 2e—-49
gi| 658178669 | ref| ZFP OO551779.1)| AMP-dependent synthetase and 1. Je—-49
gi| 658170294 | gh| EAM951582. 1| IMP-dependent synthetase and ligas. qe—-49

gi| 51591757 | ref | ¥F O74445.1| long—chain fatty—-acid-Col ligase. qe—-49
gi| 47567565 | ref| ZP O0235276.1| long—chain-fatty—acid--Col lig. qe—-49
gi| 67153689 |ref| ZFP O0415434.1 AMP-dependent synthetase and 1. S5e—-49

gi|230983124 | ref|NFP 691590.1| long—chain fatty—-acid-Col ligase. S5e—-49
gi| 6582701453 | ref| ZFP OO0576391.1) AMP-dependent synthetase and 1. Je-49

gi| 56421225 | ref|¥FP 145543.1| long chain acyl-Cold synthetase [. Qe-49
gi| 71547316 | ref| ZFP O0G67969.1| AMP-dependent synthetase and 1. 2e—45

gi| 10175725 dbj | BARBOGSZ22 .1 long—chain fatty-acid-Cold ligase . 2e—45
gi| 73537875 | ref| ¥P 298242 .1 AMP-dependent synthetase and lig. Je—-45
gi|161252158 | ref|NP 219752.1| long—chain-fatty—acid--Col ligas. be—45

gi| 399582970 | gh| RARS33329, 1| long—chain-fatty—-acid--Col ligase,. 1e—-47
gi| 6449061 | gh| LAFOS501.1| Tngl [Bacillus subtilis] 1=—-47
gi| 668228889 | ref| ZP O05650589.1| AMP-dependent synthetase and 1. 1e—-47
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Bacteria [subacterial
- Crrancbacteria [cyancbacterial
. Ho=tocaceas [cyancbactezial
- . Festoc punctifozme PCC T2I0E ---
- . Anabaena wariabilis ATCC 29412
- Floecbacter wiclaceus FOC 7321 --

[cyancbacterial COE021E: Acyl-Col =ymthetares [BMP-formingl/3MF-acid ligase
[cyancbactezial AMP-dependent synthetase and ligase [&nabasna wvariabilis aT
[cyancbactezial prebable long-chain fatty-acid-Cod ligase [Floscbacter wicol

Streptomyces coelicelor A2(E)

Strepbomyrces avermitilis MA-S650

Arthrobacter =p.

Cozzmebacterium jeikeium K411

Silicibacter pomeroyi D33-3

Jannaschia =p. CC31

[high GU Gzamt]

[high GU Gzamt]

[high GU Gzamt]

[high GU Gzamt]

[a-pretecbacterial
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[a-pretecbacterial

3-coumarate: Cod ligare [Streptomyces coeliceler B20E)] >gil
putative 4-coumarate:Cod ligase [Jtreptomyces avermitili=s M
AMP-dependent synthetase and ligase [&zthrcbacter sp. FEEE]
acwl-Cod synthetase [Corynebacterium jeikedium K$11] »gi |6&65
4-coumarate:Cod ligase [Filicibacter pomeroyi DFF-2] >gil|S56
AMP-dependent synthetase and ligase [Jannaschia sp. CCF1] -

[

Feobacillus kaustophilus HTA4E6 ...

Eacillus thuringiensis =serovar honkukian stz. 77-27
Bacillus cezeus ATCC 10357

Bacillus anthracis stz. AZ01Z

Bacillus anthracis =stz. Ames

[subacterial long-chain fatty-acid-Cod ligase [Feckacillus kaustophilus

[subacterial long-chain-fatty-acid-—-Cod ligase [long-chain acyl-Cod stmi
[subacterial long-chain-fatty-acid-—-Cod ligase [Facillusx cereus ATCC 109
[subacterial COE021E: Acyl-Col =ymthetares [BMP-formingl/3MF-acid ligase
[subacterial long-chain-fatty-acid-—-cea ligase [Facillus anthracis str.

[subacterial long-chain-fatty-acid-—-Cod ligase [long-chain acyl-Cod stmi
[subacterial long-chain-fatty-acid-—-Cod ligase [Thezrmas thermophilus HES
[high &0 GFzamt] long-chain fatty-acid-Cod ligase [Fymbickacterium thermophi
[subacterial long-chain fatty-acid-Cod ligase [Facillus halcodurans C-1E25
[subacterial long-chain fatty-acid-Cod ligase [Oceanckhacillux iheyensis

[subacterial long-chain-fatty-acid-Cod ligase [Thezims thermophilus HEEZT
[subacterial Long-chain-fatty-acid--Cod ligase [Bacillus thuringisnsis =
[subacterial long chain acyl-Cod symthetasre [Facillus licheniformis ATCC

Bacillus cezeus E332L

Theznms thermophilus HES

Sxmbichacterium thezmophilum IAM 135632
Bacillus halcduzans C-125

Dceancbacillus ihevensis HIESZLl ...
Theznms thezmophilus HEZ7

Eacillus thuringiensis serowvar iszaslensis
Bacillus licheniformiz ATCC 14550

Bacillus

cersus ATCC 12579

Desul furomoenas acetoxidans DS 653

Desulfitcobacterium hafnienze DCE-Z

Bacillus

cersus FIES1

Ascotobacter winelandii AwOF

Mocorella thezmoacetica ATCC 230732

Sxnbrophobacter fumarexidans MPOE

Ralstonia eubtropha JHFPL1ZS

Caunlcbacter crescentus CELS

Fecbacter sulfurreducen=s FLCA

Bacillus

subtilis

Frarkia =p. E&Nlpec

Bacillus

clan=ii KSM-Klo

ibkric =p. ExZf

Edellowibrie bacterioworus HD100

Exigueobacterium =p. Z55-1%

Escherichia coli 0L157:HT EDLZ332

Balstonia metall idurans CHI4

Wibrie parahasmeolstbicus RIMD ZZ2106332

Bubzocbacter mylancphilus DSM 7941 ..

Shigella flexneri Za stz.

Erewvibacterium linen=s ELE

E=scherichia coli
Selibacter usitatus Elliné076

Shigella sonnei S=s046 ...

Escherichia coli CEFTOT2

E=scherichia coli EZ42774

Shigella bewdii ESS1E
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[b-preotecbacterial

[g-pretecbacktezial

[high GU Gzamt]

[entercbacterial

[high GU Gzamt]

[entercbacterial

[subacterial
[entercbacterial

[entercbacterial

[entercbacterial
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[entercbacterial

Long-chain-fatty-acid--Cod ligase [Bacillus cersus ATCC 145
AMF-dependent synthetase and ligase: IMF dehydrogenass/GMF ¢
AMP-dependent synthetase and ligase [Desulfitobacterium haf
long-chain-fatty-acid-—-Cod ligase [Facillus cereus FFEZ1] -
AMP-dependent synthetase and ligase [&sotobacter winelandii
AMP-dependent synthetase and ligase [Moorella thermoacetica
AMP-dependent synthetase and ligase [Fyntrophobacter fumazoe
AMP-dependent synmthetase and ligase [Ralstonia sutropha JHF
long-chain—fatty-acid-—Cod ligase, putatiwve [Caulobacter cz
long-chain—fatty-acid-—Cod ligase, putative [Feocbacter =ulf
Wngl [Bacillus subtilis]

AMP-dependent synthetase and ligase [Frankia sp. EaNlpec] -
long-chain-fatty-acid-—-Cod ligase [Facillur clausii KFM-K1&
COE021E: Acyl-Col =ymthetares [BMP-formingl/3MF-acid ligase
long-chain fatty-acid-Cod ligase [Edellowibric bacteriowozu
AMP-dependent synthetase and ligase [Exiguebacteriam sp. E5
long-chain-fatty-acid-—-Cod ligase [Escherichia celi O157:H7
AMP-dependent synthetase and ligase [Ralstonia metalliduran
putative long-chain-fatty-acid-Cod ligase [Vibzric parahaemo
AMP-dependent synthetase and ligase [Bubrobacter xylancphil
acyl -Cod symthetase, long-chain-fatty-acid-—-Cod ligase [Shi
COE021E: Acyl-Col =ymthetares [BMP-formingl/3MF-acid ligase
acyl -Cod stmthetase, long-chain-fatty-acid-—-Cod ligase [E=c
AMP-dependent synthetase and ligase [Jelibacter usitatus El
acwl-Cod synthetase [Shigella sonmei Fs0326] >gi |T2E55260 gk
Long-chain-fatty-acid--Cod ligase [Escherichia coli CFTO72]
COE021E: Acyl-Col =ymthetares [BMP-formingl/3MF-acid ligase
COE021E: Acyl-Col =ymthetares [BMP-formingl/3MF-acid ligase




