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Starts with a Query Sequence in FASTA Format

Amino acid sequence:

>ribosomal protein L7/L12 [Thiomicrospira crunogena XCL-2]
MAITKDDILEAVANMSVM ELVEAMEEKFGVSAAAVAVAGPAGDAGAA

GEEQTEFDVVLTGAGDNKVAATIRAVRGATGLGLKEAKSAVESAPFTLKEG
VSKEEAETLANELKEAGIEVEVK

Note the description line

Starts with “>”, ends with carriage return

Nucleotide sequence:
Not read as sequence data

>gi|118139508:333094-333465 Thiomicrospira crunogena XCL-2

ATGGCAATTACAAAAGACGATATTTTAGAAGCAGTTGCTAACATGTCAGTAATGGAAG
TTGTTGAACTTGTTGAAGCAATGGAAGAGAAGTTTGGTGTTTCTGCAGCAGCAGTTGC
GGTTGCAGGTCCTGCAGGTGATGCTGGCGCTGCTGGTGAAGAACAAACAGAGTTTGAC
GTTGTCTTGACTGGTGCTGGTGACAACAAAGTTGCAGCAATCAAAGCCGTTCGTGGCG
CAACTGGTCTTGGGCTTAAAGAAGCGAAAAGTGCAGTTGAAAGTGCACCATTTACGCT
TAAAGAGGGTGTTTCTAAAGAAGAAGCAGAAACTCTTGCAAATGAGCTTAAAGAAGCA
GGTATTGAAGTCGAAGTTAAATAA
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NCBI BLAST Interface
blastp: for protein-protein alignments

=, BLAST
~ | Home | Recent Results || Saved Strategies || Help |

My NCBI ]

5 Register]
» NCBIf BLAST/ blastp suite:

plastn, [ lastp | blastx | iastn | wiastx |

BLASTP progr mer. Beselpse  Bookmark
Enter Query Sequence
Enter accession number, gi, or FASTA sequence & Clear  Querysubrange &
From
(Paste FASTA format
To
sequence here)
Or, upload file
Jab Title
Enter a descr 2 title for your BLAST search &
[ Align two or more sequences &
Choose Search Set
Database Non-redundent protein sequences () ¥ &
Organism
Optional OExclude -+
Enter organism commen name, binomial, or tax id. Only 20 top taxa will be shown. &
Exclude O Modets avixP) O Uncultured/emironmental sample sequences
Optional
Entrez Query
Optional

Enter an Entrez queryto limit search &
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NCBI BLAST Results Page:

Potential homologs retrieved from database

Color key for alignment scores

Query

significant

Accession Description

potential FMN-protein (Synechocystis sp, PCC 6803) »splP727
flavin reductase domain-containing protein [Nostoc punctifarm
flavin reductase-like, FMN-binding [Anabsens varisbilis ATCC
flavoprotein [Nostoc £p. PCC 7120] >5p| QEYNWT 1IDFA4_ANS
dfad PCC 7808]

ZP 016308501 | flavoprotein [Nodularia spumigens CCY9414] >gb|EAW44518 93 193 100% Ge-d8

>0kecive_oozaszser. 1t [ s1avin donain protein Fii-binding [Cyanothece sp. PCC
74251

.11 (8 f1avin recuctase donsin provein MD-binding [Cysnothece sp. PCC

GENE ID: 7287783 Cvani4g
[Cyanothece sp. PCC 7425]

859 | flavin reductase domain protein FMN-binding

Scoxe = 196 bits (446), Expect = le-42, NMethod: Compositional matrix adjust.
Identities = 95/196 (48%), Positives = 125/196 (63%), Geps = 16/196 (8%)

Query SGANFARQLRTHKROR IARQATTE TQADRTQQAYGRIIGS IGVVTTQTTGR - mm mmmmm 52
GRS L+ K4QR RO+ +DRT+GAVGRIIGS+ W4T +

Q- H
Shbjct 393 AGSDFAQVIKKAKKURSPROSILEVQSDRTEQAVGRIIGSLCVLTAKQQQTHPHPEVEEP 452

Query 53 -e-et QGILTSUVSQASFTPPGINLATPGEFDAYGLAGONKAFVLNLLQEGRSVERHFDH 107
+L SWVSQASF PPGH +h+ E A GL AFVLN+LHEG ++RRHF
Sbict 453 QLEVPTAMLVSWVSQASFHPPGLTIALAKE-RAEGLDHSCDAFVLNVLKEGMHLRRHFSK  S11
Query 1068 QPLPKDGDNPFSRLEHYSTONGCLILAEALAYLECLYQSWSHIGDHVLYYATVOAGQVLQ 167
GH Al Lt GHYLQ
Sbict 512 SFAP--GEDRFAGLNIQWAENGCPVLODCLAYLECTVQSRMECGDHVLIVATVENGKVLY 569
Query 169 PNGITAIRHRKSGGQY 183
P G TA+H
Sbict 570 PTGTTAVOHRKSGNQY 585
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Overview of BLAST

> W b=

matches first
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Segment the query sequence into short “words”

Use the query sequence segments to scan the
database for matching sequences

Extend the matched segments in either
direction to find local alignments.

Create a list of hits & alignments, with best

BLAST Phase 1: Segment the query sequence and
identify words that could form potential alignments

Query Sequence:

>gi|16329320 (residues 412 to 594)
SGANFARQLRTHKRQRIARQATTETQADRTQQAVGRIIGS IGVVTTQTTG
RHQGILTSWVSQASFTPPGIMLAI PGEFDAYGLAGQNKAFVLNLLOEGRS
VRRHFDHQPLPKDGDNPFSRLEHYSTQNGCLILAEALAYLECLVQSWSNI
GDHVLVYATVQAGQVLQPNGITAIRHRKSGGQY

Fragmentation into words:

SWVSQASFTPPGIM SWV WVS VSQ SQA QAS ASF SFT ...

Selection of words scoring above threshold (for word SWV):

Substitution Matrix* SWV (4+11+4=19)

RIG[I [KIF |S [T W[V =
Rls o 11201 0130 it il
G| 64230 [-2]2]3 TWV (1411+4=16) | Synonyms above
T [4 370 [-2[1]3]3 GWV (0+11+4 =15) | threshold 11.

K 530 []3]2
1 CREAEACHE —= KWV (0+11+4 = 15) (others not shown)
? | 14 ; g .‘-32 SWS (4+112=13)

1 L SFV (4+1+4=9' onyms below
Wi | RN Ee] ¢ _ ) :I ﬂgsn%’n'é‘n...
v 4 SRV (4-3+4 =5) (others not shown)

*A portion of the BLOSUM 62 matrix
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— Segment the query
sequence into pieces
(“words”)

» Default word length: 3

amino acids or 11 nucleic
acids

— Create a list of synonyms

and their scores for
comparing query words to
target words
» Uses scoring matrix to
calculate scores for
synonyms that might be
found in the database

— Save the scores (and

synonyms) exceeding a
given threshold T




BLAST Phase 2: Using the query sequence word list,
scan the database for synonyms (hits)

— Scan the database for matches to the word list with
acceptable T values

— Require two matches (“hits”) within the target

sequence
— Set aside sequences with matches above T for further
analysis
Words
SWI PGI

ceveinnen» « SWITEASFSPPGIM.... . €— Possible match from the database
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BLAST Phase 3: Extending the hits

— Search 5’ and 3’ of the word hit on both the query and
target sequence

— Add up the score for sequence identity or similarity
until value exceeds S

— Alignment is dropped from subsequent analyses if
value never exceeds S

RHQGIL QASFTPPGIMLAIPGEFDAYGLAGQNK
L L L I 1 - - A O

. . TAMLVISWVEBQASFNPPGLTIALAKE . RAEGLDHSGD

- B

Word match Extension until score drop—s
from Step 1
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So, to summarize:

» BLAST segments query sequence into “words” and
scores potential word matches

» Scans this list for alignments that meet a threshold

score T

— uses a scoring matrix to calculate this (e.g., BLOSUM62)

» Uses this list of ‘synonyms’ to scan the database
» Extends the alignments to see if they meet a cutoff

score S

— uses a scoring matrix to calculate this
» Reports the alignments that exceed S
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PAM and BLOSUM Matrices

» Scoring matrices are
calibrated to capture different
degrees of sequence similarity

* In practice, this means
choosing a matrix appropriate
to the suspected degree of
sequence identity between the
query and its hits

+ PAM: empirically derived for
close relatives

+ BLOSUM: empirically derived
for distant relatives

Kerfeld and Scott, PLoS Biology 2011

More divergent

BLOSUM45

BLOSUM62

BLOSUMS80

BLOSUMS90

A PAM240

PAM180

PAM120

v PAM30

Less divergent




Raw Scores (S values) from an Alignment

S = (ZM;) — cO - dG,
where
M = score from a similarity matrix
for a particular pair of amino acids (ij)
¢ = number of gaps
O = penalty for the existence of a gap
d = total length of gaps

G = per-residue penalty for extending
the gap
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Limitations of Raw Scores

» S values depend on the substitution
matrix, gap penalties

 Impossible to compare S values from hits
retrieved from BLAST searches when
different matrices and gap penalties are
used

Kerfeld and Scott, PLoS Biology 2011




Going from Raw Scores to Bit Scores

S’ = [AS-In(K)]/In(2)
where

S’ = bit score

A and K = normalizing parameters of the
specific matrices and search spaces

(asinOvs 1)

— Larger raw scores result in larger bit scores

— Allows user to compare scores obtained by
using different matrices and search spaces

Kerfeld and Scott, PLoS Biology 2011

Limitations of Bit Scores

» How high does a bit score have to be to
suggest common ancestry?

— Hard to evaluate hits as homologs or not,
based solely on bit scores

Kerfeld and Scott, PLoS Biology 2011




E-value

» Number of distinct alignments with scores
greater than or equal to a given value expected
to occur in a search against a database of
known size, based solely on chance, not
homology.

— Large E-values suggest that the query sequence and
retrieved sequence similarities are due to chance

— Small E-values suggest that the sequence similarities
are due to shared ancestry (or potentially convergent
evolution)

Kerfeld and Scott, PLoS Biology 2011

Calculating E-values

E=(nxm)/25
where
m = effective length of the query sequence
= length of query sequence — average length of alignments

(Controls for fewer alignments occurring at the ends
of the query sequence)

n = effective length of the database sequence
(total number of bases)

The value of E decreases exponentially with increasing S

Kerfeld and Scott, PLoS Biology 2011




BLAST Parameters

e o
= O
© T
o O
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N

(o)

» Matrix —
. Gapcosts —
o Filter >
« Mask —
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¥ Algorithin parameters

General Parameters

Max target 100 »

EERURIICAS Selectthe maximum number of aligned sequences to display @
Short queries [ Au adjust for short input ]
Expect threshold 10 @
Word size 3 [v]e

Scoring Parameters
Matrix BLOSUME2 |v| @

Gap Costs Existence: 11 Exension: 1 |»| &

Compositional m)

adjustments

Conditional compositional score matrix adjustment

Filters and Masking

Filter [ Low complexity regions &
Mask [ Mask for lookup table only &
[0 Mask lower case letters &
‘: BLAST :\ Search database nr using Blastp (protein-protein BLAST)

Shew results in a new window

E value Threshold

Alignments will be reported
with E-values less than or
equal to the expect values
threshold
— Setting a larger E
threshold will result in
more reported hits
— Setting a smaller E
threshold will result in
fewer reported hits
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¥ Algorithm parameters
General Parameters

Max target 100 [w

sequences Select the maximum number of aligned sequences to display &

Short queries [ Automatically adjust parameters for short input sequences @

Expect thieshold 19 @

Word size 3 |v|l@

Scoring Parameters

Matrix BLOSUME2 |v| @

Gap Costs Existence: 11 Extension: 1 || @

Compositional
adjustments

Conditional compesitional score matrix adjustment %] &

Filters and Masking

Filter [ Low complexity regions &
Mask [ Mask for lookup table only &
[ Mask lower case letters @
(TBIAST ) | Search database nr using Blasip (protein-protein BLAST)

[ show results in a new window




Filter and Mask

* Filter: Low complexity
— Replaces the following e |

BoqusnCes. Select the maximum number of aligned sequences o display &

Wlth N (n ucleotldes) Short queries [ Automatically adjust parameters for short input sequences &

or X (amino acids) S =
+ Dinucleotide repeats T 7
* Amino acid repeats e e
. Leader Sequences E::il‘l;pusilli‘nl;ml Canditional compositional score matrixadjustmant v &

+ Stretches of hydrophobic residues Fifers end Masking

—p Filter O Low complexity regions &

) M as k : Lower Case — Mask [ Mask for lookup table only &

[ Mask lower case letters &
— Replaces lowercase letters in =D
sequence with N or X

Search da
0 show re:

i using Blastp {protein-protein BLAST)
new window

» Lowercase letters typically indicate
base or amino acid not known with
certainty
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Parameter Summary is Found at the Bottom
of the Output.....

Search Parameters

Program blastp
[Word size 3
Expect value 10
Hitlist 100
‘Gabrc-s;-'- 11,1
Matrix BLOSUM6Z
Filter string F
[Genetic Code 1
40
& 11
‘Cf_-rn;-o.ﬂtw-:'n—based stats 2
Database
Posted date Sep 6, 2010 4:4Z AM
Number of letters 4,014,994 ,744
Number of sequences 11,756,863
Entrez query none

Karlin-Altschul statistics

Lambda 0.319424 0.267

K 01 0.041

H 0.397413 0.14

Results Statistics
Length adjustment 129
Effective length of query 54
c length of database 2498359417
. Effec arch space 1;43?1140675713

Kerfeld and SCOtt' PLoS BIOk)gy 2011 Effective search space used 134911408518




Evaluating BLAST Results

Color key for alignment scores
<40 40-50 50-80 80-200 >=200
| 1 I I 1 1
0 30 60 90 120 150 180
significant ali
Description | Man score ImLm Query coverage | E value
potential FMN-protein [Synechocystis sp. PCC 6803) >sp|P727 379 100% 16-103
flavin reductase domain-containing protein [Nostoc punctiform 199 199 100% 20-49
flavin reductase-like, FMN-binding [Anabaena varisbilis ATCC 138 198 a8% 3e-48
flaveprotein [Nostae £p. PCC 7120] >5p| QEYNW? 1|DFAI_ANE 197 197 98% 6e-49
1 dfad PCC 7808] 194 194 100% 3e-48
ZP_01630850.1  flaveprotein [Nodularis spurnigena CCY9414) >gb|EAW44518, 193 193 100% be-d8
)D:eﬂ p_oozas2se7.11 [ s1avin domain protein FMli-binding [Cyancthece sp. PCC
74
LL\H .11 (8 f1avin recuctase donsin provein MDI-binding [Cysnothece sp. PCC

7425)

Length=585

GEME ID: 7267783 C "LPKWG?ML&J | flavin reductase domain protein FMN-binding
[Cyanothece sp. PCC 7

Seoxe = 196 bits (446), Expect = le-42, Nethod: Compositional matrix adjust.
Identities = 95/196 (48%), Positives = 125/196 (63%), Geps = 16/196 (8%)

Query SOANTAROLRTHKROR AR IATTE TOADRT0OAYGR LGS LGYVITOTTGRE-- - -—--~ sz

4GHEAF L+ KéQR RO+ E Q+DRTHOAVGRIIGS+ VAT +
shyer 393 BTDFALYLAOAR QR SPROSTLEV DR TE AV GRILO31 CVL TAKDUQTHPHPEVEED 452
Query 53 =-mman QGILTSUVSQASFTPPGINLATPGEFDAYGLAGUNKAFVLNLLOEGRSVRRHFDH 107
+L § Gt A+ L HLHEG i
Sb3ct 453 QLEVETAMLVSWYSQASFHPPGLTIALAKE-RAEGLDHSGDAFVLNVLKEGMMLRRHFSK 511
Query 108 DPLP}mwlﬂ’FSRLEHYS'IUIIECLILAEALAVLEELVUSUSHIGD}NLWAWUAGHVLU 167
Gl VATV
syce 512 SHP—-GEDRTAGLNEDEIAEIIGCI’VLUDCLAYLECYVUSRHZCGDH\'LIVMWINWW 569
Query 168 PNGITAIRHRKSGGQY 183
P G Th+H

Sbict §70 PTGTTAVQHRKSGNQY 585
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Examine the BLAST Alignment

>LJref |¥YP_002482587.1 E flavin reductase domain protein FMN-binding [Cyanothece sp. PCC
7425]

6.1 E flavin reductase domain protein FMN-binding [Cyanothece sp. PCC

oF

7425)

Length=585 Does it cover the whole length of both the query and subject sequences?
I 287783 Cyan7425 1859 | flavin reductase domain protein FMN-binding

[Cyanot.hece sp. PCC 7425]

Score = 176 bits (446), Expect = le-42, Method: Cowmpositional matrix adjust.
Identities = 95/196 (48%), Positives = 125/196 (63%), Gaps = 16/196 (8%)

Query 1 SGANFARQLRTHKRQRIARQATTETQADRTQQAVGRIIGSIGVVTTQTTGRH-------~ 5z
+G++FA+ L+ K+QR RO+ E Q+DRT+QAVGRIIGS+ V+T + H
Sbjct 393 AGSDFAQVLKKAKKQRSPROSILEVQSDRTEQAVGRIIGSLCVLTAKQQQTHPHPEVEEP 452

Query 53 ----- QGILTSWVSQASFTPPGIMLATIPGEFDAYGLAGQNKAFVLNLLQEGRSVRRHFDH 107
+L SWVSQASF PPG+ +A+ E A GL AFVLNAL+EG ++RRHF
Sbjct 453 QLEVPTAMLVSWVSQASFNPPGLTIALAKE-RAEGLDHSGDAFVLNVLKEGMNLRRHFSK 511

Query 108 QPLPKDGDNPFSRLEHYSTQNGCLILAEALAYLECLVQSWSNIGDHVLVVATVQAGQVLQ 167
P GHTF+ L +NGC +L + LAYLEC VQ35 GDH L+YATV G+VLQ
Sbjct 512 SFAP--GEDRFAGLNIQWAENGCPVLQDCLAYLECTVQSRMECGDHWLIVATVNNGEVLQ 569

Query 168 PNGITAIRHRKSGGQY 183
P G TA+HRKSG QY
Sbjct 570 PTGTTAVQHRKSGNQY 585
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High E-value: Discovery of a
Distant Homolog or Garbage?

» Take another look at the target (subject)
sequence(s) that have high E-values
— Similar length?
— Recurring motifs?
— Similar biological functions?

» Use target sequences as query sequences for
another BLAST search

— Does the original query sequence come up in report?
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