BLAST Input: Select a search type

http://blast.ncbi.nlm.nih.gov/Blast.cgi

[S[E = ]

@ BLAST: Basic Local Align

BLAST Assembled Genomes i e e
Contains links to genomic BLAST pages for common || 2 BUAST: Basc Locst Abgnment Seach .|
organisms, and a link to a complete list of available e

Home | Recent Results = Saved Strategies = Help |iian ] [Reaister]|

News
BLAST finds regions of similarity between biological sequences. more...
BLAST 2.2.21 now
B I P ‘ m Aligning Multiple Protein Sequences? Try the COBALT Multiple Alignment Tool. _GoJ available
slal o

This release
includes new BLAST+

. BLAST Assembled Genomes
Basic BLAST | L e

I Choose a species genome to search, or list all BLAST di
Tue, 28 Jul 2009
Contains links to BLAST forms for the o Human ° Oruze satva o Gallus galus e
.. o Mouse o Bos taurus o Pan troglodytes "wks'lore BLAST
traditional set of databases (e.g., nr, est, . o Microbes o
rabidopsis thaliana o Drosophila o Apis mellifera

etc.). Choose the link for the search type melanogaster

) Tip of the Day

you want. For example, choose "nucleotide \ CB:S“B::: ot
A oose a program to run. BLAST jobs.

blast" to search a nucleotide database

m

. BLAST makes it
Search a nucleotide database using a nucleotide query

1 H leotide blast easy to examine a
us | ng a n ucleotld e q ue ry. s Algorithms: blastn, megablast, discontiguous megablast large group of
S T i potential gene
protein blast | Search protein database using a protein query S
RSt Algorithms: blastp, psi-blast, phi-blast g
More tips...

blastx | Search protein datab using a translated leotide query

thlastn | Search translated nucleotide database using a protein query

S pecia | ized B LAST thlastx | Search translated nucleotide database using a translated nucleotide query
Contains links to special-purpose ST
Choose a type of specialized search (or database name in parentheses )
B LAST data bases a nd tOOIS SUCh o Make specific primers with Primer BLAST
as trace archives and IgBLAST et et 5

0 Find conserved domains in your sequence (cds)

o Find sequences with similar conserved domain archi e (cdart)
o Search sequences that have gene expression profiles (GEO)

o Search immunoglobulins (IgBLAST)

o Search for SNPs (snp)

8 Screen sequence for vector contamination (vecscreen)
0 Aliant Y DI AQT [hl2caal

Done W B3 = ¥ zotero




BLAST Input: Input a QUERY sequence and select a SUBJECT database

Enter a QUERY sequence
Provides a place to input or upload
your query sequence, and optionally
select a query subrange.

Select “nr” database

Choose Search Set

Is where you select a database and
optionally limit your search by an
organism or Entrez query. The default
database "Human genomic +
transcript", implicitly limits the search
to Human. You can also select a
database that is not species-specific

(e.g., nr).

Program selection
Allows you to optimize your search for

different scenarios (e.g., intra- vs.
inter-species searches). The choices
correspond to megablast,
discontiguous megablast, and blastn
for nucleotide; and blastp, PSI-BLAST
and PHI-BLAST for protein.

@ Nucleotide BLAST: Search nucleotide databases using a nucleotide query - Mozilla Firefox E@g

File Edit View History Delicious Bookmarks Tools Help
@ - o @ E E 2 http://blast.nchi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn8 77 - | |3+ Google P

‘= Nucleotide BLAST: Search nucleotide... | -

My NCBI

Sign In] [Reqister]
T Crm TS T i iaE D ~—_

J blastn | blastp | blastx | tblastn | fblastx |

BLASTHN programs search i using a ide query. more... Reset page
Bookmark
Enter Query Sequence
Enter accession number, gi, or FASTA sequence & Clear Query subrange &

-
A TAACCATOCCATCANTC TCTATCETARCTECARTCETTA o From

CEEARCTTGATCTCARTATCECTCACTCATTCARTTCACACACCCARTCARCA T
CAARGCTGA
A A A T T AT L T ACTCACA AR AC T TECCT TCACTRAMAT TACCORET

Or, upload file @

Job Title Blast_example_sequence
Enter a descriptive title for your BLAST search &

[7] Align two or more sequences &

Choose Search Set

Database © Human genomic + transcript ) Mouse genomic + transcript @ Others (nr etc ) =
Nucleotide collection (nr/nt) T @
Organism
I Optional
Enter organism commaon name, binomial, or tax id. Only 20 top taxa will be shown. @&
Entrez Query
Optional

Enter an Entrez query ta limit search @

Program Selection

Optimize for ® Highly similar sequences (megablast)
© More dissimilar sequences (discontiguous megablast)
©) Somewhat similar sequences (blastn)
Choose a BLAST algorithm @)

Z’” BLHST .:l Search database nr using Megablast (Optimize for highly similar sequences)
. -
[T show results in a new window
» Algorithm parameters Note: Parameter values that differ from the default are
highlighted in yellow
Vi

0 sclaimer | Privacy | Acce act | Send feedbac nCal Hioms 7]

Done HEIE= 4 zoter ]




BLAST Input: Advanced parameters

Max Target Sequences

Maximum number of aligned sequences to display in
results

Short Queries

Improve results for short queries

E-value cutoff

Expected number of chance matches in a random
model, i.e. by chance. Default: 10 matches per
query

Word Size

The length of the seed (short DNA/protein sequence)
that initiates an alignment.

Match/Mismatch Scores

Reward and penalty for matching and mismatching bases.

Gap Costs

Cost to create and extend a gap in an alignment.
Linear costs are available only with megablast and
are determined by the match/mismatch scores.

Filter

Mask regions of low compositional complexity, or
species-specific repeats that may cause spurious or
misleading results.

Mask

Allow extension of alignment through repetitive regions
Filter lower case bases in QUERY

N

‘= Nucleotide BLAST: Search nucleotide... | -
Enter an Entrez query to limit search &

Program Selection

Optimize for @ Highly similar sequences (megablast)
© More dissimilar sequences (discontiguous megablast)
) Somewhat similar sequences (blastn)
Choose a BLAST algorithm &
/ BLAST ’ Search database nr using Megablast (Optimize for highly similar sequences)

[T show results in a new window
¥ Algorithm parameters
highlighted in yellow
General Parameters

100 -
Select the maximum number of aligned sequences to display &

Max target
sequences

Short queries [ Automatically adjust parameters for short input sequences @

Expect threshold 10 @
Word size 28 =~ @
I Scoring Parameters
Match/Mismatch 12 ~ @
Scores
Gap Costs Linear v @

Filters and Masking

Filter Low complexity regions &
[C] Species-specific repeats for. Human v @
Mask Mask for lookup table only &
[T Mask lower case letters &
- BLAST , Search database nr using Megablast {Optimize for highly similar sequences)

[0 show results in a new window

Note: Parameter values that differ from the default are

@ Nucleotide BLAST: Search nucleotide databases using a nucleotide query - Mozilla Firefox E@gl
File Edit View History Delicious Bookmarks Tools Help
@ - o @ H E @ 2 http://blast.nchi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn8 77 - | |3+ Google P

http://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM= blastn&BLAST_PROGRAMS=megaBlast&PAGE_TYPE=BlastSearch&SHOW_DEF,




BLAST Output: Graphic Summary

This graphic is an overview of database sequences
aligned to the query sequence

| 2 NCBIBlast:Blast_example_sequence | -

» NCBI BLAST/ blastn suite/ Formatting Results - 7SEUMAEF013

- — —
@) NCBI Blast:Blast_example_sequence - Morilla Firefox [E=ET=]
(] S @ i pl 2 httpi//blast.ncbilmnib.gov/Blsst.coi Rk BE 2]
- 7] | = httpy/blast.ncbi.nlm.nih.gov/Blast.cgi e~ |29~ Goo

Edit and Resubmit

Query ID
Description
Molecule type

Query Length 1333

Save Search Strategies

Blast_example_sequence

Icl|24935

Blast_example_sequence
nucleic acid

#Formatting options.  >Download

Other reports: &Search Summary [Taxonomy reports] [Distance tree of results]

Database Name nr
Description All GenBank+EMBL+DDB]+PDB sequences (but no
EST, STS, GSS,environmental samples or phase 0,
1 or 2 HTGS sequences)
Program BLASTN 2.2.21+ P Citation

¥ Graphic Summary

Distribution of 100 Blast Hits on the Query Sequence &

|Mnuse-nverm show defline and scores, click to show alignments ‘

Done

Query
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Color key for alignment scores
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Alignments are color-coded by
score, within one of five score

/ ranges.
Range of length in QUERY
_—

Multiple alignments on the same
database sequence are connected
by a dashed line (not shown)

Mousing over an alignment shows
the alignment definition and score
in the box at the top.

Clicking an alignment displays the
alignment detail (see below)




BLAST Output: Descriptions

Description

One-line description

of SUBJECT

GenBank Accession

Max Score
Score for highest

scoring alignment to

SUBJECT

Total Score
Sum of scores for all
alignmments to SUBJECT

Database identifier of

(@) NCEI BlastBlast_example_sequence - INglla Firefox

SUBJECT & c

n\ ¥ Descriptions

2 NCBI Blast:Blast_example_sequence

oS @

becripion =AY
Influenza A virus (Afopen-bill stork/Thailand/VSMU-29-NSN/2005(H5I 4 2462 100% 0.0 100%
Influenza A virus (A/tree sparrow/Rachaburi/VSMU-16-RBR/2005(H5I 2462 100% 0.0 100%
Influenza A virus (Afopen-bill stork/Thailand/VSMU-15-ATG/2005(H5I 2462 100% 0.0 100%
Influenza A virus (A/tree sparrow/Thailand/VSMU-14-KRI/2005(H5N1 2462 100% 0.0 100%
Influenza A virus (A/tree sparrow/Thailand/VSMU-12-KRI/2005(H5N1 2462 100% 0.0 100%
Influenza A virus (A/pigeon/Thailand/vSMU-13-KRI/2005(H5N1)) NA 2462 100% 0.0 100%
Influenza A wirus (A/tiger/Thailand/VSMU-23-CB1/2004(H5N1)) segm 2462 100% 0.0 100%
Influenza A Virus (A/dog/Thailand-Suphanburi/KU-08/04(H5N1)) neu 2462 100% 0.0 100%
Influenza A virus (Aftiger/Thailand/CU-T8/04(H5N1)) neuraminidase 2462 100% 0.0 100%
Influenza A virus (A/tiger/Thailand/CU-T6/04(HSN1)) neuraminidase 2462 100% 0.0 100%
Influenza A virus (A/tiger/Thailand/CU-T4/04(HSN1)) neuraminidase 2462 100% 0.0 100%
Influenza A virus (A/tiger/Thailand/CU-T7/2004(H5N1)) neuraminidas 2462 100% 0.0 100%
Influenza A virus (A/tiger/Thailand/CU-T3/2004(H5N1)) neuraminidas 2462 100% 0.0 100%
Influenza A virus (A/tree sparrow/Thailand/VSMU-16-RBR/2005(H5N: 2459 99% 0.0 100%
DO083608.1 Influenza A virus (A/chicken/Saraburi/Thailand/CU-27/04{H5N1)) nel 2457 100% 0.0 999,
AB450608.1 Influenza A virus (&/chicken/Suphanburi/NIAH7618/2004(H5N1)) NA 2451 100% 0.0 95%
Influenza A virus (A/chicken/Loei/NIAH2373/2004(H5N1)) NA gene fc 2451 100% 0.0 99%
Influenza A virus (A/Prachinburi/6231/2004(HSN1)) segment 6 neura 2451 100% 0.0 99%
Influenza A virus (A/chicken/Malaysia/5858/2004(H5N1)) neuraminid 2451 100% 0.0 99%,
Influenza A virus (A/chicken/Nakhon Sawan/NIAHO1503/2004(HSN1) 2446 100% 0.0 99%
Influenza A virus (A/chicken/Nakhon Sawan/NIAHO1502/2004(HSN1) 2446 100% 0.0 99%,
Influenza A virus (A/chicken/NaraThiwat/NIAH1703/2004(HSN1)) NA 2446 100% 0.0 99%
EF112320.1 Influenza A virus (A/open-billed stork/Nakhonsawan/BBD14211/05(H 2446 100% 0.0 999,
D0989939.1 | Influenza A virus (Afopen-billed stork/Nakhonsawan/BBD15211/2005 2446 100% 0.0 955,
£B450604.1 | Influenza A virus (A/chicken/Samutprakan/NIAH6604/2004(H5N1)) N 2442 100% 0.0 99%

Query Coverage
% of QUERY covered by
alignmnets

E-value
Probability of such an
alignment by chance

Max. Ident.

/ Highest percent

identity

\Links

Hyperlinks to other
databases that contain
the SUBJECT




BLAST Output: Alignments
Description
One-line description
GenBank Accession of SUBJECT

D ata ba sé Id € ntlfl er Of (@) NCEI BlastBlast_example_sequence - M‘*illa Firefox
SUBJECT ' '

E-value of alignment
Probability of such an alignment by chance

=& = ]

- C o ﬁ E & hitpy/fblast.n

NCBI Blast:Blast_ example sequence

.nim.nih.gov/Blast.cqi

Score of alignment
Reward for Matches, minus
penalty for mismatches and gaps \

1)

lignments [ Select Al

s[labi 22450625.11 Influenza A virus (A/
NA gene for nearaminidase, complete cds
Length=13350

en-bill stork/Thailand/VSMU-29-NSN/2005 (HSN1))

H ()
Score = 2462 bits (1333), Expect = 0. N mb (o/) f ( .
Tdentities = 1333/1333 (100%), Gaps = 071333 (u%:k u er (o} o a S I'e'
Strand=Plus/Plus
ATGARTCCARATAAGAAGATAATARCCATCGGATCAATCTGTATGGTAACTGGARTGET:
NN N NN NN NNy,
RIGRRTCCRRRTARGRAGATARTARCCATCGGRTCARTCTGTATGETARCTGGARTGET

Number (%) of matches (i.e.

Query 1

sbjer 1

\

AGCTTARTGTTACARATIGH
FELLETELLEEELIInntl
AGCTTARTGTTACRRATTGE!

GAACTTIGATCICARTATGGGT!
IIIIII\\\\\\\\\LLL}

|
GAACTTGATCICRR

T
|
T &0
Query CAGICATTCAATTCRCACR
11 |1

| LIRELLITTLIL]
CAGTCATTCAATTCACACR

Strand orientation of QUERY to
SUBJECT

Sbict

GGEAATCARCACRARGCTGAR

LT
ANTCARCACARAGC

GCTGi

CCARTCAGC]
IIH

query

TACTAATCTTCTTACTGAG CTETG
III\\\\\\\\\\\\\IIIIIIIIIIIIIIIIII
TCAGCARTACTARTCTTICTTACTGAG

sbict

GCTTCAGTARRATTAGCGGGCAATTCATCTCTITGCCCCATTARTGGATGGGCTGTATAC
FECEEEREEEE T e e e bbb bbb ey
GCTTCAGTARRATTAGCGGGCAATTCATCTCTITGCCCCATTARTGGATGGGCTGTATAC

AGTRRGGRCAACAGTATARGGATCGETTICCARGEEEEATGTGTTICTTAT
FECEEEEE LT e e et
AGTARGGACAACAGTATAAGGATCEETTCCARGGEGRATGTGTTTGTTATARGAGAGCCA

GAGAGCCR

GRGCCTIGCT!
|
T

Position in QUERY
Sequence of QUERY (gap = *-')

ATGCICCCACTTIGGARTGCAGRRCTTICTITTTGACTCAGS!
LLLELLELLLnn LILLLELLL
CTTGGAAT GRACTTTCTTTTTGACTCAGH!

TGRCRRGCRCTCCARTGEEACTGICARRGRCAGRRGTCCTCACAGRACATTRRTGAGT
FECEREREEE e e e e bbb bbby
ARATGACAAGCACTCCRAATGGGACTGTCARRGRACAGAAGTCCTCACAGARCATTARTGAGT
IGICCTGTGGGT
LILLLELLTTL

GGGT

TGTCCTGTH

GAGGCTCCCTCCCCATACAACTCAAGETTTGAGTCTGTTGCTIGETICR
UL E el
GAGGCTCCCTCCCC] CRACTCAAGGTTTGAGTCTGTTGCTTGETCE 480
GCARGTGCTIGCCATGATGGCACCACTIGETIGRCARTTGGARTTTCTGGCCCAGRCRAT
LT T et
GCARGTGCTTGCCATGATGECACCAGTTGGTTGACAATTGGAATTTCTGH AGRACRAT

CLELCRACT,

TART. TCARGRGTIGERGE
PILLELLELETTELn
TAAT. CT.

Position in SUBJECT

TIG. TAC]
[RERRNARNAny!
ATTG. TAC]

TCAAGAGTTGGAGG

GTARATGGCTCTTGCTTTACT
FIELLLELLELnnn

Sequence of SUBJECT (gap = *-)

[ ]

AARTGGCTCTTGCTTTACT

GTAATGGICAGGCAICACATRAGATCTICARRATGGARRRR 720

IIIIIIIIIIIIIIIII\\\\\\\\\\\\\IIIIIIIIIIIIIIIIII
TCACATAAGATCTTCAARATGGARARR

AR TCAGTCGRATIGERATGCICCCRATTATCACTATGAGGRRTGCTICC
FEEELEEREEEE e e ey
ARATCAGTCGAATTGGATGCTCCCAATTATCACTATGAGGAATGCTCC

AN

CARRTCRCATGIGIGIGCAGEGATARTTGGCATGECTCARRT
IIIIIIIIII\\\\\\\\\\\\\IIIIIIIIIIIIIIIIII
GARATCACATGTGTGTGCAGGGATAATTGECATGELT

I:I)

Alignment (match = ‘|, mismatch

241

FEAFELTEAST LT TT T LT TTTAAMATAT LALTLASLTATATATArLATAR

Done W Ei= # zotero




NCBI GenBank: GenBank format

GenBank Accession
Database identifier of
SUBJECT

Description
One-line description
of SUBJECT

Source of the sequence

Organism name and taxonomy

Publications using this
sequence

Source details i.e. strain type,
country of isolation, etc.

Positional features in the
sequence i.e. genes, non-
coding elements, repeats, etc.

Sequence of SUBJECT

Database record of SUBJECT

@) Nucleotide - Moxilla Firefox | 1

85 c
2 Nucleotide

Influenza A virus (A/open-bill stork/Thailand/VSMU-29-NSN
l 12005(H5N1)) NA gene for neuraminidase, complete cds

\Features Sequence

. [LOCUS BB450625 1350 bp RNA linear VRL 06-DEC-2008

ﬁQEFINITIC“N Influenza A virus (A/cpen-bill
stork/Thailand/VSMU-29-NSN/2005 (HSN1)) NA gene for neuraminidase,
complete cds.

CCESSION  RB450625

VERSICN BB450625.1 GI:210144900
il KEYWORDS =
SOURCE Influenza A virus (A/open-bill

stork/Thailand/V5MU-29-NSN/2005 (H5H1) )
ORGANISM Influenza A virus (Afopen-bill
stork/Thailand/VSMU-29-HNSN/2005 (H5N1) )
Viruses; ssRNA negative-strand viruses; Orthomyxoviridae;
Influenzavirus A.
[REFERENCE : !
AUTHORS Uchida,¥., Chaichoune,K., Wiriyarat,W., Watanabe,C., Hayashi,T.,
A Patchimasiri,T., Nuansrichay,B., Parchariyanon,S., Okamatsu,M.,
Tsukamote,K., Takemae,N., Ratanakorn,P., Yamaguchi,S. and Saito,T.
TITLE Molecular epidemioclogical analysis of highly pathogenic avian
influenza HSN1 subtype isclated from poultry and wild bird in
Thailand
JOURNAL  Virus Res. 138 (1-2), 70-80 (2008)
FUBMED 18801394
REMARK Publication_Status: Available-Online
[REFERENCE 2 (bases 1 to 1330)
AUTHCRS Uchida,Y. and Saite,T.
TITLE Direct Submissicn

JOURNAL Submitted (30-JUL-2008) Contact:Yuko Uchida National Institute of
Animal Health; Kannondai 3-1-5, Tsukuba 305-0856, Japan
FEARTURES Location/Qualifiers
source 1..1350
e /organism="Influenza A virus {A/open-bill
stork/Thailand/VSMU-23-N5N/2005 (HSH1) )™
/mol_type="gencmic RNA"
/strain="A/open-bill stork/Thailand/VSMU-259-NSN/2005"
/serotype="HSN1"
/db_xx "taxon:551274"
/country="Thailand"
ene 1..1350
/gene="NA"
cDs 1..1350
o /gene="NA"

/codon_start=1

/product="neuraminidase”

/protein_id="BAGE0S861.1"

/db_xref="GI1:210144901"
/translation="MNPNKKIITIGSICMVIGMVSIMLOIGNLISIWVSHSIHIGNQH
KREPISNINLLIEKTVASVELAGNSSLCPINGWAVYSKDNSIRIGSKGDVEVIREFFI
SCSHLECRTFFLTQGALLNDKHSNGTVKDRSPHRTIMSCPVGEAPSPYNSRFESVAWS
ASACHDGT SWLIIGISGFDNGAVAVLKYNGIITDT IKSWRNNILRIQESECACVNGSC
FTVMTDGPSNGQASHKT FKMEKGKVVKSVELDAPNYHYEECSCYPDAGE ITCVCRDNW
HGSNRPWVSFNQNLEYQIGYICSGVFGDNPRENDGAGSCEPVSSNGAYGVKHGFSFKYG
HEVWIGRTKSTNSRSGFEMIWDENGWIEIDSSESVHQDIVAITDWSGYSGSFVRHEEEL
TGLDCIRPCFWVELIRGRPKESTINT 56551 SFCEVNSDTVGWSWPDGRAELPFTIDK™

ORIGIN

ld 1 AT

. AALAACCALS OAATCAALAL ATALAATAAL TOdAALAOLL

Pl | E E @ 22 hittpy//www.ncbinlm.nih.gov/sites/entrez?emd= (177 -

Change Region Shown -
Customize View x
Sequence Analysis Tools =

BLAST Sequence

Find regions of similarity between
this sequence and other sequences
using BLAST.

k Primers
Design and test primers for this
sequence using Primer-BLAST.

Influenza Viral Resource

Flu-related NCBI resources including

sequences, alignments, phylogeny and

literature.

Recent Activity -
Turn Off Clear

B Influenza Avirus (Aopen-bill
storkiThailand/VSMU-28-NSN

Q Blasl example sequencg .=+

» Ses more
All links from this record -
» Protein
» PubMed
» Taxonomy

» Related Sequences

i

ofne

H = # zotero
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NCBI GenBank: FASTA format

GenBank id Database GenBank Accession

Database identifier of
SUBJECT

FASTA Header
One line AND startsjwith a >’
followed by identifier/name|and
OPTINALLY a short description

FASTA Sequence

Maximum 80 characters per line

@ ‘udmlide - Moilla Firef

Description
One-line description
of SUBJECT

= Nucleotide

X3 v
B S Nucleotide

3 L3 3

SearchNucleotide

[ Limits{| Previewin
Format: § GenBank

- e o @ E E f= hittp:/fwwwncbi nlm.nih.gov/nuccore/210144900%e 7. |49~ Google ad

Download¥ Save ¥ Links¥

My NCBI f=
Sion In] [Register]

GenBank:g.B450625.1

Influenka A virfis (Alopefi-bill stork/Thail
12005( 1)) gengfor neuramini

SMU-29-NSN

, complete cds
.\ >gil2101449001dbj IAB450625.11 Influenza A virus (A/open-bill stork/Thailand
/VSMU-29-NSN/2005 (HSN1)) NA gene for neuraminidase, complete cds
ATGRATCCRRRTARGRAGATARTARCCATCGGAT CARTCTGTATGETARCTGEARIGGTTAGCTIARTIGT
TACRARATTGGGAACTTGATCTCAATATGGETCAGTCATTCAATTCACACAGEGARTCARCACRARAGCTGR
ACCRATCAGCRATACTAATCTTCTTACTGAGARAACTETGECTTCAGTARRATTAGCGGGCARTTCATCT
CTTTIGCCCCATTAATGGATGGGCTGTATACAGTAAGGACRACAGTATARGEATCGETICCAAGGGGERATG
v TGTTIGTTATARGAGAGCCATTCATCTCATGCTCCCACTTGEARTGCAGRACTITCTITTIGACTCAGGS

(GCCTIGCTGARTGACAAGCACTCCARTGEEACTGT CARAGAC) ' TCCTCACH CATTAATGRGT
TGTCCTGTGGGTGAGGCTCCCTCCCCATACARCTCAAGETTTGAGTCTETTECTTEGTCAGCARGTGCTT
GCCRATGRTGGCACCAGTIGET TGACARTTIGEART TTCTGECCCAGACARTGEEECTGIGGCIGIRATIGRR
ATACAATGGCATAATAACAGACACTATCAAGAGT TGGAGGAATAACATACTGAGAACTCRAGAGTCTGAR
TGIGCATGIGTARATGGECTCTIGCTITACTGTARTGACTGACGGRCCARGTARTGETCAGGCATCACATR
AGATCTTCARARTGG! GEAAAAGTGETTAAATCAGTCGAATTGEATGCTCCCARTTATCACTATGA
GEARTGCTCCTGTTATCCTGATGCCGECEARATCACATGTCTGTGCAGEEATARTIGGCATGECTCARAT
CGECCATGGGTATCTTTCARTCARRATTTGGAGTATCARRTAGGATATATATGCAGTGGRAGTITICGGRAG
ACARTCCACGCCCCRAATGATGGAGCAGETAGTTGTGETCCGETGTCCTCTARCGEEGCATATGGEETRARR
AGGGITTICATTTARRTACGGCARTGETGTCTGGATCGGEAGARCARARRGCACTARTICCAGGRGIGGET
TTTGARATGATTTGGGATCCARATGEETGEACTGARACGEACAGTAGCTITTCAGTGARRCARGATATCG
TAGCARTARCTGATTGETCAGGATATAGCGGEAGT ITTGTCCAGCATCCAGARCTGACAGEACTAGRIIG
CRTARGRCCTTGTTICTGGET IGAGTTGATCAGA RAGRGAGCACRRTITGEACTAGIGEE
AGCRGCATATCTITTITGTGETGTARATAGTGACACTGTGGET TGETCTTGECCAGACGGTGCTGAGTTGE
CRTTCACCATTGRCRRGTAG

Write to the Help Desk
NCBI| NLM | NIH
Department of Health & Human Services

Privacy Statement | Freedom of Information Act | Disclaimer

Change Region Shown -
Customize View -
Sequence Analysis Tools =

BLAST Sequence

Find regions of similarity between
this sequence and other sequences
using BLAST.

Pick Primers
Design and test primers for this
sequence using Primer-BLAST.

Influenza Viral Resource
Flu-related NCBI resources including
sequences, alignments, phylogeny and
literature.

m

B Influenza Avirus (Aopen-bill
storkiThailand/VSMU-28-NSN

Q Blast example sequencg ,-r

» Ses more
All links from this record -
» Protein
» PubMed
» Taxonomy

» Related Sequences

Done

H I = # zotero




CLUSTAL: Input

Alignment: full or fast?
‘Fast’ for quick peek at alignment, but choose ‘full’ for best result.

Substitution matrix

Determines the similarity of
two amino acids (next slide)

Format Output 7

Input Sequences (FASTA)

{@ Align Sequences using ClustalW2 | EBI - Mozilla Firefo

File Edit View History Delicious Bookmarks Tools

@ -c

| 2 Align Sequences using ClustalW2 [ EBL | = |

EMBL-EBI 3:° §

o @udbl®

Help

£ it fwwov.ebiac.uk/ Tools/clustalvi2/index. B 77 - | [#]+ Google A

Databases Tools

= Help Index
= General Help
= Formats

= Gaps

= Matrix

= References

= ClustalW2 Help
= ClustalW2 FAQ
= Jalview Help

= Scores Table

= Alignment

= Guide Tree

= Colours

-i\l\gn
“Kalign
MAFFT
‘MUSCLE
T-Coffee

Access
= www.clustal.org

Clustal Related
Literature

Search fur stal related

g
: ) _:__ i
2 frri All Databases [=]| Enter Text Here Go Rese

EBI Groups Training Industry AvoutUs Help

EBI > Tools * Seq

Clustalw2

ClustalW2 is a general purpose multiple sequence alignmentirogram for DNA or proteins. It produces
biologically meaningful multiple sequence alignments of divergeqQt sequences. It calculates the best match
forthe selected sequences, and lines them up so that the identitieg, similarities and differences can be
seen. Evolutionary relationships can be seen via viewing Cladogral or Phylograms.

New users, please read the FAQ.

>> Download Software

)

YOUR EMAIL ALIGNMENT TITLE RESULTS ALIGNMENT
| |Sequence interactive + full ~

WILP SUINLHOW TOPIHAG PAIRGAP
{WORD GIZE)

def «

Fast Al|gﬂment Only g

MATRIX

GAF OPEN

MO END

= ClustalW Pragrammatic

- Bapsz= =
o lterate Alignment

OuUTPUT PHYLOGENETIC TREE
QUTPUT QUTPUT | TREE TV [20RE CHET. IGNORBGAPE El LIS
FORMAT ORDER h Ogene IC tr
alnw/numbers + aligned » | none  « off = off = N -

Enter or paste a set of sequences in any supported format:

>BARS coronmavirus spike -

MFIFLLFLTLTSGS DLDECTTFDDVQBPNYTQHTSSHRGVYYPDEIFRSDTLYLTQDLFLPFYSNVTG |
FH

m

NNy L PRGNSV RGHYE G TUNNE S0 T TNNSTNYY TRACNERLCONEEE
EEPMGTQTHTMIFDNAFNCTFEYISDAFSLDVSEKSGNFKHLREFVFKNKDGFLWGYQPIDWRD
:EFNT LRPIFRLPLGINITNFRAILTAFSPAQDIWGT SARAYFVGYLKPTTFMLKYDENGT ITDAVDC

S

Ngm LRCSVRSEEIDKGIYQTSNERVVESGDVVRFPNITNLCPEGEVENATREPSVYANERKKISNC

VR -
Upload afii | Run |

If you plan to use these services during a course please contact us.

Done

K= # zotero

Fast Alignment Only

- for large number of sequences

- makes CLUSTAL behave more like
BLAST ... runs quicker.

Gaps

- Penalty to start a gap?

- Penalize edge gaps?

- Penalty to start a gap to make it longer?
- Penalty to separate gaps?

Iterate alighment
Align sequences multiple
times under different
conditions to get ‘optimal’
alignment

Phylogenetic tree

- Input aligned sequences

- Output type (nj, phylip, dist)

- Correct for multiple substitutions
(divergent sequences only).

- Ignore gaps (i.e. possibly ambiguous
parts of alignment)

-Algorithm:

-NJ (branch tips proportional to
change)

-UPGMA (branch tips equal).



Amino Acid Substitution Matrix

Used to determine the similarity of non-identical amino
acids

Based chemical similarity:

Hydrophobic >> Hydrophobic is more conservative (similar)

than Hydrophobic >> Hydrophilic

There are 3 types of matrices (PAM, BLOSUM, GONNET):
- Date created, 1970s onward

- Different datasets (protein sequences) and/or,

- Evolutionary models.

Each matrix has multiple versions that model different
evolutionary distances i.e. low to high sequence
divergence.

BLOSUM (Henikoff). Best available for database similarity
(homology searches) i.e. BLAST.
Versions: Blosum80 (high), 62, 40 and 30 (low).

PAM (Dayhoff). Legacy matrices from the 1970s. Versions:

PAM 120 (low), 160, 250 and 350 (high).

Gonnet. Same as PAM, but are much more up to date and
are based on a far larger data set.
Versions: GONNET 40 (low), 80, 120, 160, 250 and 350

(high).

Closely related sequences:
- BLOSUM w/ higher numbers or,
- PAM matrices w/ lower numbers

PAM20 — nghly similar sequences

A 6 —E —E —4 -8 -5 —3 —3 —E
R -8 9 -7 -12 -3 -2 -11 -11 -3
H -5 -7 8 1-13 -5 -3 -4 -1
D -4-12 1 &-18 -4 2 -4 -5
c -8 -9 -13 -1 10 -16 -1 -11 -3
-4 -16 9 o -8 0
2 -16 i} 8 -5 -8
74 -11 -5 -5 7 -10

= More i

L -7 -10 -8 —15 -17 -6 -10 -12 -
K -8 -1 -2 -6 -1 -4 -% -8

EEEE panaflz

757779777

Q -5 -2 -5
E -3 -11 -3
G -3 -11 -4
H -8 -3 -1
I -6 -6 -6

-8 -3 -6 79 —7 -7 -7 78
Ww-1s -3 -9 -17 -18 -1% -19 -17 -3
-9 -16 -4

vy -3 -9 -9 -9 -7 -8 -8 -7 -7
B -5 -9 [3 6 -14 -4 0 -4 =2
Z -4 -5 -4 o -16 7 6 -6 =2
I -4 -7 -4 -7 -11 -6 -6 -8 -F

* —19 -19 -19 -19 -19 -19 =19 -19 -19

PAM350 —

I L K H F P s T w ¥ v B

z X

*

-6 -7 -8 -6 -3 -2 -1 -1-16 -9 -3 -5 -4 -4 -19
-6 -10 -1 -5 -10 -5 -4 -8 -3 -11 -9 -9 -5 -7 -19
-6 -8 -2 -11 -10 -7 -1 -3 -3 -5 -9 & -4 -4 -19
-3 15 -6 -13 -17 -% -5 -6 -17 1% -9 & 0 -7 -1%
-7 —17 -16 16 -158 -9 -4 -9 18 —§ -7 —14 —16 —11 19
-3 & -4 -5 -15 -4 -6 -7 -15 -14 -8 -4 7 -6 -19
-6 10 -5 -8 -16 -7 -5 -7 -13 -3 -8 0 & -6 -19
-13 -12 -g,-10 -10 -7 -3 -7 -17 -16 -7 -4 -6 —& -1%
-5 -7 -8 -8 -4 -7 -2 -2 - -19

elga IVE} -8 -3 -16 -7 1 -7 -7 % 19
-9 -8 -7 -8 -3 -10 -8 -7 -19

-7 -3 7 -3 -16 -s -5 —4 -14 -10 —1u -3 -5 % -19
i«] -1z -6 -& -19
e3c ;a hges m@re -1z -16 -9 -19
& -5 —& —13

—e —9 —5 % -7 -3 7 -5 —s 2 -6 -4 19
-3 - -4 -5-10 -5 0 7 715 77 -4 -4 -7 -5 13
-16 -7 -14 -15 —§ -16 -6 -15 13 —6 —18 -11 -17 -13 —19
-7 -8 -10 -13 1 -16 -8 -7 -6 10 -8 -7 -11 -9 -19
1 -3 -10 -2 -9 -7 -8 -4 -18 -8 7 -9 -8 & -19
-7 -10 -3 -12 -12 -8 -2 -4 -11 -7 -9 & -1 -6 -19
-7 -8 -5 -6 -16 -5 -6 -7 -17 -11 -8 -1 6 -6 -19
-6 -7 -6 -6 -3 —& -4 -E-13 -3 -6 -6 -6 -6 19

A R ) D o] Q E G H I L K H F P =1 T w ¥ v E z X
A 2 -1 i} 1 -2 i} 1 2 -1 0 -2 -1 -1 -4 1 1 1 -7 -4 i} 1 i} i}
R -1 7 1 -1 -4 2 o -2 2 -2 -3 4 0 -5 1} o -1 4 -5 -3 1} 1 -1
N 1} 1 2 2 -4 1 2 1 2 -2 -3 1 -2 -4 1} 1 1 -5 -3 =2 2 2 1}
D 1 -1 2 4 -6 2 4 1 1 -2 -4 1 -3 -6 1} 1 o -8 -5 =2 3 3 -1
c -z -4 -4 -6 18 -6 -6 -4 -4 -3 -7 -6 -6 -5 -3 0 -2 -10 1 -2 -5 -6 -3
Q [t} 2 1 2 -B 4 3 -1 3 -2 =2 1 -1 -5 1 [t} o -5 -5 -2Z 2 3 [t}
E 1 i} 2 4 -8 3 4 1 1 -2 -4 o -2 -6 i} i} o -8 -5 =2 3 3 i}
G 2 =2 1 1 -4 -1 1 5§ -2 -2 -4 -1 -3 -8 i} 1 1 -8 -6 -1 1 o -1
H -1 2 2 1 -4 3, =2 s M <2 o -1 -1 -3 o -2 1 2 i}
I 0 -2 -2 -2 -3 Lef SZ Fi ega%lveZ -2 -1 0 -8 [t} 4 -2 -2 [t}
L -2 -3 -3 -4 77 -2 = -4 - S -3 -3 -2 -z [t} 3 -4 -3 -1
E -1 4 1 1 1 o -1 1 -2 -3 5 0 -5 -1 i} 0 -4 -5 =2 1 1 -1
H -1 o -2 -3 —E QPR - 3, 5 < — - 5 2 -2 =2 i}
F -4 -5 -4 -6 —E h? ; Zg BC a Fj g e;ss -1 -5 -6 =2
P 1 [t} [t} [t} 1 = 73 - = = = = -1 [t} [t} [t}
S 1 [t} 1 1 U [t} [t} 1 -1 -1 [t} 1 1 1 -3 -3 -1 1 [t} [t}
T 1 -1 1 o -2 i} i} 1 -1 i} 72 i} 1 1 2 -6 -3 i} i} i} i}
w7 4 -5 -8-10 -5 -8 -8B -3 -6 -2 -4 75 1 -7 -3 -8 27 1 -7 -6 -7 -§
¥ -4 -5 -3 -§ 1 -5 -5 -6 i} i} o -5 -2 11 -6 -3 -3 1 14 -2 -4 -5 -2
W 0 -3 -2 -2 -2 -2 -2 -1 -2 4 3 -2 2 -1 -1 -1 o -7 =2 5 -2 =2 [t}
B 1 [t} 2 3 -5 2 3 1 1 -2 -4 1 -2 -5 [t} 1 0 -5 -4 -2 3 2 [t}
z o 1 2 3 -6 3 3 o 2 -2 -3 1 -2 -8 o o o -7 -5 -2 2 3 o
X o -1 o -1 -3 o o -1 o o -1 -1 o -2 o o o -5 -2 o o o -1
% -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 —-10 —-10 —-10 —-10 —-10 —10 -10

*
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
—10
—10

1



CLUSTAL: Alignment Output

Rows: Input Sequences
Columns: Aligned amino acids

End Gap

Human coronavirus NL&3 spike
Human coronavirus 229E spike
Porcine epidemic diarrhea wiru
Transmissible gastroenteritis_
Human coronavirus 0C43 spike
Bovine coronavirus_spike
Murine hepatitis_wvirus spike
Human coronavirus HEOl spike
SER3 coronavirus_spike
Avian_infectious bronchitis wi

Human coronavirus NLe3 spike

Conse rved? Human coronavirus 229E spike
AVFPMILW RED Small (small+ hydrophobic (incl.aromatic -Y))
DE BLUE Acidic
RK MAGENTA Basic
STYHCNGQ GREEN Hydroxyl + Amine + Basic-Q
Others Gray

J,

os:
Q)

/

aromatic -
positive

non-polar ) \polar

charged

..................... wor 10 <— O€qUence

----- MRSLIYFWLLLEVLETLSLEQDVIRC 26
MKKLFVVLVVMPLIYGDNFPCSKLINRT IGNQWNLIETFLLNYSSRLEEN 50
------------ MFLILLISLPTAFAVIGDL 19
------------ MFLILLISLPTAFAVIGDL 19
------------ MLEVFILFLPSCLGYIGDF 19
--------------- MLLIIFILETTLAVIG 16
—————————————————— MFIFLLFLTLISG 13

Positions

Internal Gap
SEIREFSHL?LHHEIKYHIYJY?GIGIIR————‘SﬁﬁEEE;;;;;jj;?S 636

EGVSSFMNVILOECTEYNIYDVSGVEVIR————- VSHNDTFLNGIT--YTIS 475
EGITDVSFMILOVCTEY T IYGFRGEGIIT ————- LTHSSILAGVY--YTS &75
SEVHDLSVLHLDSCTDYNIYGRTGVGEIIR————- QITNRTLLIGLY--YTS 713
DLgEANTDT ILGVCVN Y DLYGILGRGIFV———- EVHATYYNSWQWLLYD 660
DLgESHTDI ILGVCVNYDLYGITGRGIFV———- EVHATYYNSWQNLLYD 662
DL LEPNTEVVIGICVEYDLYGITGREGVEE————- EVEADYYNSWQTLLYD 611
DLLGPNTEVFIDVCVDYDLYGITGRGIFE————- EVIAVY THSWONLLYD 652
CEPELSTDLIENQCVNFNFNGLT GTGVLT ————- PSSE-RFQPFQOFGRD 554
IT NN YNNI TLNTCVD YN IYGRT GRGFITNVIDSAVSYNYLADAGLATLD 447
i * . . EE
Identical f
Conserved Semi-Conserved

Relationship between sequences ...
groups?



CLUSTAL: Tree Output (phylip format) and FigTree: Phylogenetic tree Viewer

Phylip format: E

{

- Specifies pairwise relationship between sequences (grouping) Human_coronavirus NLE3_spike:0.19282,
- Branch length indicates amount of change o ayEes o 22 _spiiesf-Leine)
_ Not human readable f‘g:-rg;::Eepidemic_diarr':lea_vir'.z:O.2676'3}

Transmissible gastroenteritis :0.2802Z,

(
Figtree E

- Visually represent phylip data as tree. (

H . Human coronavirus 0C43 spike:0.03789,
Different types of trees: rooted, unrooted fovans cosomavises spiFer0.03301)
:0.12957,
&) FigTree v1.2.2 - clustalw2-20000808-1852431715.0h (=11 Murine hepatitis wirus spike:0.1&837)
:0.00956,
Y @ !"E < « [+ B Human coronavirus HEUl spike:0.17383)
Amotate Colour Hight Find Selection Mode PreviNext -0. 12525 . - -
i SARS coronavirus spike:0.36212)
g :0.04149,
é Avian infectious_bronchitis wvwi:0.37160)
2 g @ 10.10239);
Spread: ofs ) 2 &
® 2 ol
5 - $
» Curen T 2 % T &
b Appearance # ‘%‘,. z @5
b Trees 2 \1’3 ‘.é, q@% 7
b Time Scale 2 N H &
v [JTpLabels 2 ""@
Display: Names -
Font
Format: Dedmal -
Sig. Digits:| 41
B[] Node Labels 2
» [ | Node Bars 2
» | Branch Label: L
> cale Bar 2 ¢ h y f. |
Sir— 1. Save to ‘ph’ file,

2. Open w/ FigTree
3. Select right tree

g
S
2
2
‘ru N
kel
£ g
& g
4. N
$ : % What do
\b ‘u ® - =
B
3

re branch Groupings tell us?
e | Branch Lengths tell us?




ORFFinder: Input

Goal:
)

3

) Find possible coding sequences
2) BLAST coding sequences
) Infer function of coding

sequences

Genomic sequence
in FASTA format

Genetic code —

ORF Finder - Mozilla

ky- C

Ly i E E [ 2 httpy//www.ncbinlm.nibg 77 -

|!T" or‘FﬁnderP|

= ORF Finder

B

-
3 NCBI

NCBI

Tools
for data mining

GenBank

download data and
software

ORF Finder (Open Reading Frame
Finder)

PubMed Entrez S OMIM

Taxonomy Structure
The ORF Finder (Open Reading Frame Finder) is a graphical
analysis tool which finds all open reading frames of a selectable
minimum size in a user's sequence or in a sequence already in the
database.

This toaol identifies all open reading frames using the standard or
alternative genetic codes. The deduced amino acid sequence can be
saved in various formats and searched against the sequence
database using the WWW BLAST server. The ORF Finder should be
helpful in preparing complete and accurate sequence submissions. It
is also packaged with the Sequin sequence submission software.

Enter Gl or ACCESSION
or sequence in FASTA format

>gil9626243 | ref|NC_001416.1| -
Bactericphage lambda, complete =
genome
GEECEECEACCICECEEETITICGCTATTTATEAR

TIITTGECCICIGICETITCCITICICIGITITIG
ICCGIGGAATGARCRRATGEARGTCARCRARARAGCDS ~

Genetic codes
1 Standard -

Comments and suggestions to: info@nchi.nim.nif.gov
Credits to: Tatiana Tatusov and Roman Tatusov

u Fi= # zotero




ORFFinder: Output

Graphic of ORF
locations (light
blue)

o

| 2 ORF Finder

-
<3 NCBI

PubMed

genome

'@ ORF Finder - Mozilla i

QﬁEE@

ORF Finder (Open Reading Frame

Finder)

Entrez OMIM

Taxonomy

0i|9626243|refINC_001416.1] Bacteriophage lambda, comple

Structure

= http//www.nebinlm.nihg 77 7| _".l‘ orffinder /2

: o = - Frame fr o Length
Lt Lo +1 m15305.18903 3399
= +3 @10542..13103 2562 ORF :
+3 @ 891. 2636 1746
2 mI6435.18129 1695 |
+1 @ 2836.. 4437 1602 W/ pOE'
= -2 E25396.26973 1578
+2 m 4457 5737 1281
3 mE22686.23945 1260
+3 m19650.20855 1206
-1 E27812.28882 1071
+3 m 6135 7160 1026
+2 m21029.21973 945
+1 m38686.39585 900
+2 m41063.41953 891
-1 E24509.25399 891
-1 E36275.37114 840
3 m32025.32810 786
+3 m 8925 9695 771
3 @ 771. 1538 768
2 mI9873.20619 747
+3 m43152.43889 738
-3 E37227.37940 714
+3 m39582.40283 702
+1 m13429.14127 699
2 mE31348.32028 681 i
Done EE= # zotero

Click box to get

ORF detail
L

sorted by length

itions



ORFFinder: Output

BLAST protein sequence: ~_|
Inspect GenBank record
and report pertinent
information

Access FASTA formatted
sequence

ORF Finder - Moazilla ;

@B c

= ORF Finder

= http:/fwww.ncbinlma 7 - .l

@3

ORF Finder (Open Reading Frame
Finder)

Entrez

gi|9626243|ref[NC
genome

[ S

<> NCBI

PubMed OMIM

Taxonomy Structure

801416.1| Bacteriophage lambda, complete

Program blastp ~ Database nr

" [t ) b parameters [copnitor

orffinde 2

1GenBank ~ | Redraw | 100 ~ [sixfranes | Frame from to  Length

+1 B15505..18903 3399

+3 m10542..13103 2362

= +3 @ 891 2636 1746
-2 @16435..1812% 1695

+1 @ 2836.. 4437 1602

-2 E25396.26973 1578

= +2 W 4457.. 3737 1281
| -3 E22686..23945 1260
—— Length: 1132 aa +3 m19650.20855 1206
’ Accept ” Alternative Initiation Codons -1 m27812.28882 1071

e I +3 B 6135 7160 1026

M E K€ 5 5 KE BETEPHREAZAEK +2 m21029.21973 945

5 e 1 msess 39585 900
15855 agrgaagggrogattgaaggbooggtggatggottaaaaagegtyg _2 .410'63_41953 891
1“”5:' jm:rl = f ETD :; I;gg:“fﬂmc -1 @24509..2539% 891
LL¥ETEVLDTEEETHEH -1 m36275.37114 840

s ?us €V TVVETEE ZG®G nag:ag:ag:lg = LB edil

Genomic and amino acid
sequence of ORF

m




