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Learning objectives

A define a positiorspecific scoring matrix (PSSM);

A explainhow positionspecific iteratedLAST(PS
BLAST)andDELTABLASTgreatly improvehe
sensitivity oBLASTprotein searches

A describeprofile hidden Markov models (HMMs) and
explain their advantages ovBLAST for database
searching

A explainhow spaced seed strategies improve the
sensitivity oDNA searchesand

A describehow millions of nextgeneration sequencing
reads are aligned to i@ference genome
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Three problems standar@LASTcannot solve

[1] Use human beta globin as a query against huReifeq
proteins,andBLASTPdoes ot oOof I ndd hume
This Is because the two proteins are too distantly related.
PSIBLAST at NCBI as well as hidden Markov models easi
solve this problem.

[2] How can we search using 10,000 base pairs as a quer
or even millions of base pairs? Many BL-A&Itools for
genomic DNA are available suchRatternHuntey
MegablasBLAT, and_ASTZ.

[3] How can we align tens of millions of short reads to a
reference genome?
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There are hundreds of BLAST servers,;
Ensembis a prominent example
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There are hundreds of BLAST servers;
Ensembis a prominent example

Links
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[A][S][G] [C]
[A][S][G] [C]
[A][S][G] [C]
[A][S][G] [C]
[AI[S][G] [C]
[AI[S][G] [C]
[A][S][G] [C]
[A][S][G] [C]
[A][S][G] [C]
[A][S][G] [C]
[A][S][G] [C]
[A][S][G] [C]

Query
Start End Ori
31 106
31 124
1 110
13 121
1 10
32 104
101 147
65 147
1 45
105 147
65 147
31 143
31 143

+

PRI T T T T T T TN

Chromosome

Name

Chr:11
Chr:11

Start

5247804
5255155
5275504
5290606
5270580
5264339
5246831
5254197
5248123
5289702
5274510
226926

223122

End

5248031
5255445
5275746
5290980
5270822
5264557
5246962
5254418
5248251
5289830
5274728
227237

223433

Stats

Score E-val
652 4.0e-94
646 2.5e-65
532 2.4e-82
529 9.2e-41
527 T7.3e-82
436 5.9e-73
360 4.0e-94
323 T.2e-35
272 91e-42
266 1.1e-25
263 2.3e-25
260 1.7e15
256 4.4e15

%ID Length

98.68 76
81.63 938
75.31 81
56.25 128
7531 &1
7297 74
01.49 47
55.95 84
80.00 45
74.42 43
50.59 85
35.54 121
35.59 118

EnsembBLAST output summarizes scores,

expect values and other features.




Specialized BLASdlated algorithms

There are numerouspecialized BLASElated algorithms

BLAST ofhext-generationsequence (NGS) data
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Sequence similarity searching tool£A|

Category Tool Cuery Description
FASTA FASTA P. N, G, WG5S Fast, heuristic, local alignment searching
35EARCH B N, G, WGs Optumal {not heuristic-oaseaq) kocal alignment
search tool (uses Smith—\Waterman)
FSI-SEARCH P Combines S5EARCH with PSI-BLAST profile

construction to cetect distant relationships

GGSEARCH PN Optimal global alignment using
Meecleman—Wunsch algornthm

GLSEARCH PN Optmal alignment using {glotal in the
guery, local in the gatabase sequence).

FASTM/SF F. M, Proteomes Analyzes short peptide queries
BLAST MCBI BLAST P N, Vectors Fast, heuristic, local alignment
WU-BLAST F N Higher-sensitivity alternative to NMCEI BLAST
Fal-BLAST F Position-specific iterated BLAST to detect
distant relationships
EMA Segquence M Fast search of European Nucdleotide Archive

Search

P,protein; N, nucleotide(s,genomes/NGS, whole-genomeshotgun
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Position specific iterated BLAST:
PSIBLAST

The purpose of PBLAST is to look deeper into the
database for matches to your query protein
sequence by employing a scoring matrix that is
customized to your query.



PSIBLAST Is performed In five steps

[1] Select a query and search it against a protambase
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PSIBLAST Is performed In five steps

1] Select a query and search it against a protein databa

2] PSIBLAST constructs a multiple sequence alignment
t hen creates a o0pr o-fpedifie 0
scoring matrix (PSSM
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Inspect theBLASTPoutput o 1 dent i fy empir |
amino acids tolerated at each position

730496 66 FTVDENGQMSATAKGRVRLFNNWDVCADMIGSFTDTEDPAKFKMKYUGVASFLQKGNDDH 125
200679 63 FSVDEKGHMSATAKGRVRLLSNWEVCADMVGTFTDTEDPAKFKMKYUGVASFLQRGNDDH 122
206589 34 FSVDEKGHMSATAKGRVRLLSNWEVCADMVGTFTDTEDPAKFKMKYUGVASFLOQRGNDDH 93
2136812 2 MSATAKGRVRLLNNWDVCADMVGTFTDTEDPAKFKMKYUGVASFLQKGNDDH 53
132408 65 FKIEDNGKTTATAKGRVRILDKLELCANMVGTF IETNDPAKYRMKYHGALAILERGLDDH 124
267564 44 FSVDESGKVTATAHGRVIILNNWENMCANMFGTFEDTPDPAKFEKMRYWGAASYLQTGNDDH 103
267585 44 FSVDGSGKVTATAQGRVIILNNWENCANMFGTFEDTPDPAKFKMRYUGAAAYLQSGNDDH 103
8777608 63 FTIHEDGAMTATAKGRVIILNNWEMCADMMATFETTPDPAKFRMRYUGAASYLQTGNDDH 122
6687453 60 FKVEEDGTMTATAIGRVIILNNWEMCANMFGTFEDTEDPAKFKMKYUGAAAYLQTGYDDH 119
10697027 81 FKVQEDGTHMTATATGRVIILNNWENMCANMFGTFEDTEEPARFKMKYWUGAAAYLQTGYDDH 140
13645517 1 MVGTFTDTEDPAKFKMKYUGVASFLQKGNDDH 32
13925316 38 FSVDGSGKNTATAQGRVIILNNWENCANNFGTFEDTPDPAKFKMRYUGAALAYLQSGNDDH 97
131649 65 YTVEEDGTHTASSKGRVKLFGFUVICADMAALQYTDPTTPAKMYNTYQGLASYLSSGGDNY 126

R,I,K C DE,T KR, T N,L,Y,G
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PSIBLAST Is performed In five steps

1]

>

Select a query and search it against a protein databa

PSIBLAST constructs a multiple sequence alignment

then creates a O p r o fspedifie 6
scoring matrix (PSSM)

[3] The PSSM is used as a query against#tabase
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PSIBLAST Is performed In five steps

1] Select a query and search it against a protein databa

2] PSIBLAST constructs a multiple sequence alignment

then creates a O p r o fspedifie 6
scoring matrix (PSSM)

[3] The PSSM is used as a query against the database

[4] PSIBLAST estimates statistical significance (E Values






