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Common Themes

* Gene and functional pathway presence/absence
* |dentification, alignment of orthologs

e Structural analysis and comparison
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Basic Local Alignment Search Tool (BLAST)

B s National Library of Medicine NCBI National Center for Biotechnology Information Sign in to NCBI

BLA,STo » blastn suite Home RecentResults Saved Strategles Help
Standard Nucleotide BLAST
blastn blastp biastx | tblastn | tblastx

= Reset Bookmark
Enter Query Sequenoe BLASTN prog search using a query. more.. Reset page
Enter accession number(s), gi(s), or FASTA sequence(s) Clear Query subrange
From
To
/)
Or, upload file Choose File | No file chosen w
Job Title
Enter a descriptive title for your BLAST search &)
Align two or more sequences
Choose Search Set
Database Human genomic + transcript () Mouse genomic + transcript @ Others (nr etc.):
| Nucleotide collection (nr/nt) 3@
Organism
Optional Enter organism na| r tions will be suggested Exclude *
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown &
Exclude Models (XM/XP) || Uncultured/envi al sample
Optlonal
Limit to Sequences from type material
Optional
Entrez Query Youlflli Create custom database
Optional 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 &
Search Nucleotid llection (nrint) using Megablast (Optimize for highly similar sequences)
Show results in a new window
(+) Algorithm parameters
y
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The Core BLAST Programs

Query Sequences | Database Sequences | Alignment

Program

nucleotide nucleotide nucleotide
amino acid amino acid amino acid
nucleotide amino acid amino acid
amino acid nucleotide amino acid
nucleotide nucleotide amino acid
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Downstream Applications

* |dentify orthologs
* Reciprocal BLAST
* OrthoMCL

e Annotation and Pathway Analysis
* e.g., BLAST2GO

 Many others
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Advantages of Running BLAST Locally

e Customize databases with unpublished sequences
* Run thousands of simultaneous searches

* Integrate into custom scripts and pipelines
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Parsing BLAST Output

BLASTN 2.2.30+

Database: bacterial-tRNAs. fas
24,746 sequences; 1,923,058 total letters

Query= 1
Length=74

Score E
Sequences producing significant alignments: (Bits) Value

Microcystis_aeruginosa NIES_843_chr.trnad42-AspGTC (409004-40893... 111  2e-26

o S e e e Il UL G L o N T B M M o o

Anabaena_variabilis ATCC_29413_chr.trna22-AspGTC (6126075-61260... 111 2e-26

Mt A T e e P R P A A P e e e e e T

ey e s e e e P A e e e e P P O )

Asp (GTC) 74 bp Sc: 75.49
Length=74

Score = 111 bits (122), Expect = 2e-26
Identities = 69/74 (93%), Gaps = 0/74 (0%)
Strand=Plus/Plus

Query 1  GGGATTGTAGTTCAATTGGTTAGAGCACCGCCCTGTCAAGGCGGAAGCTACGGGTTCGAG 60

PELEELELPLECEEELE L EEEEEELEEEEERELUEEL BELEEF o LR
Sbjct 1  GGGATTGTAGTTCAATTGGTTAGAGCACCGCCCTGTCACGGCGGAAGTTGCGGGTTCGAG 60

Query 61 TCCCGTCAGTCCCG 74

LEELELEE T
Sbjct 61 CCCCGTCAATCCCG 74
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Organization of BLAST Output

 RESULTS — One results block for each sequence in the
original query file

e HITS — Within each results block, one hit block for
each sequence in the database that produced a
significant alignment

e HSPs — Within each hit block, one high-scoring-
pair block for each significant local alignment
to that hit
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Parsing BLAST Output

BioPerl

http://bioperl.org/howtos/Searchl0 HOWTO.html



http://bioperl.org/howtos/SearchIO_HOWTO.html
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Parsing BLAST Output — BioPerl Results Information

Object | Method Example Description
Result | algorithm BLASTX algorithm string
: = 2.2.4 [Aug-26- 2 g
Result | algorithm version 2002) algorithm version
Result | query name gi 20521485
Result | query accession AP004641.2 query accession
Result | query length 3059 query length
. Oryza sativa ... .
Result | query description query description
- 977CE9AF checksum.
Result | database_name test.fa database name
Result | database_letters 1291 number of residues in database
Result | database_entries 5 number of database entries
X o effectivespaceused o
Result | available statistics statistics used
- ... dbletters
: gapext matrix
Result | available parameters parameters used
allowgaps gapopen
Result [ num_hits 1 number of hits
2 List of all Bio::Search::Hit::GenericHit objects for this
Result | hits
Result
Reset the internal iterator that dictates where next_hit()
Result | rewind is pointing, useful for re-iterating through the list of
hits
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Parsing BLAST Output — BioPerl Hit Information

Object | Method Example Description
Hit name gb 443893
Hit length 331 Length of the Hit sequence

. . accession (usually when this is a Genbank formatted id this will be an
Hit accession 443893 ;

accession number - the part after the gb or emb )

: & sus LaForas . 4 s

Hit description hit description
sequence

Hit algorithm BLASTX algorithm
Hit raw_score 92 hit raw score
Hit significance 2e-022 hit significance
Hit bits 92.0 hit bits
Hit hsps List of all Bio::Search::HSP::GenericHSP objects for this Hit
Hit num_hsps 1 number of HSPs in hit
Hit locus 124775 locus name
Hit accession_number | 443893 accession number

. Resets the internal counter for next hsp() so that the iterator will
Hit rewind § o, : =

begin at the beginning of the list
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Parsing BLAST Output — BioPerl HSP Information

Object | Method Example Description
HSP algorithm BLASTX algorithm
HSP evalue 2e-022 e-value
HSP expect 2e-022 alias for evalue()
HSP frac_identical 0.884615384615385 fraction identical
fraction conserved (conservative and identical replacements
HSP frac_conserved 0.923076923076923 = S
- aka "fraction similar®)
HSP gaps 2 number of gaps
HSP query_string DMGRCSSG .. query string from alignment
HSP hit_string DIVQNSS ... hit string from alignment
HSPt homology_string D+ + SSGCN ... string from alignment
HSP length('total') 52 length of HSP (including gaps)
HSP length( 'hit") 50 length of hit participating in alignment minus gaps
HSP length( 'query')t 156 length of query participating in alignment minus gaps
HSPt hsp_length 52 Length of the HSP (including gaps) alias for length('total')
HSPt frame 0 $hsp->query->frame, $hsp->hit->frame
number of conserved (conservative replacements, aka
HSP num_conserved 48 S B
= "similar®) residues
HSP num_identical 46 number of identical residues
HSPt rank 1 rank of HSP
HSP seg_inds('query’, 'identical') (966,971,972,973,974,975 ...) | identical positions as array
seqg_inds('query', 'conserved-not- 5 x e
HSP F A (967,969) conserved, but not identical positions as array
identical')
i L . (966,967,969,971,973,974,975, . i L
HSP seg_inds( 'query’, 'conserved') ) conserved or identical positions as array
HSP seq_inds('hit','identical’) (197,202,203,204,205, ...) identical positions as array
seg_inds('hit', 'conserved-not- = e T
HSP SIS (198,200) conserved not identical positions as array
identical')
" " conserved or identical positions as array, with runs of
HSP seq_inds('hit', 'conserved’,l) (197,202-246) 7
consecutive numbers compressed




Comparative Genomics

Colo§taa(g‘(3)

Iniversity

Parsing BLAST Output — BioPerl HSP Information (Cont.)

HSPt score 227 score

Hsp bits 92.0 score in bits

HSP range( 'query') (2896,3051) start and end as array

HSP range('hit') (197,246) start and end as array

HSP percent_identity 88.4615384615385 % identical

HSP strand('hit') 1 strand of the hit

HSP strand('query') 1 strand of the query

HSP start('query') 2896 start position from alignment

HSP end( 'query') 3051 end position from alignment

HSP start('hit’') 197 start position from alignment

HSP end( 'hit") 246 end position from alignment

HSP matches('hit') (46,48) number of identical and conserved as array

HSP matches( 'query’) (46,48) number of identical and conserved as array

HSP get_aln sequence alignment Bio::SimpleAlign object

HSPE hep_group Not available in this report Group field fxfrrn.wu—ELAST reports run with -topcomboN or -
- topcomboE specified

HED links T BT Ly T Link? field from.WUTBLAST reports run with -links showing

consistent HSP linking




Exercise

~/TodosSantos/local_blast
Make BLAST databases

e Run local BLAST searches

* Parse BLAST output with BioPerl

* Make dot-plot comparing two bacterial genomes in R using parsed BLAST
output



