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Starts with a Query Sequence in FASTA Format

Amino acid sequence:

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

MAITKDDILEAVANMS VVELVEAMEEKFGVSAAAVAVAGPAGDAGAA
GEEQTEFDVVLTGAGDNK KAVRGATGLGLKEAKSAVESAPFTLKEG
VSKEEAETLANELKEAGIEVEVK

Note the description line
Starts with “>", ends with carriage return

Nucleotide sequence:
Not read as sequence data

>0i|118139508:333094-333465 Thiomicrospira crunogena XCL-2

ATGGCAATTACAAAAGACGATATTTTAGAAGCAGTTGCTAACATGTCAGTAATGG
TTGTTGAACTTGTTGAAGCAATGGAAGAGAAGTTTGGTGTTTCTGCAGCAGCAGI
GGTTGCAGGTCCTGCAGGTGATGCTGGCGCTGCTGGTGAAGAACAAACAGAGT
GTTGTCTTGACTGGTGCTGGTGACAACAAAGTTGCAGCAATCAAAGCCGTTCGT
CAACTGGTCTTGGGCTTAAAGAAGCGAAAAGTGCAGTTGAAAGTGCACCATTTA
TAAAGAGGGTGTTTCTAAAGAAGAAGCAGAAACTCTTGCAAATGAGCTTAAAGAA
GGTATTGAAGTCGAAGTTAAATAA
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NCBI BLAST Interface
(blastp: for protein-protein alignments)

+ NCEIf BLAST/ blastp suite

piasin [olestp | blastx | lastn | blasix

0 = BLASTP progri datahases mere. Resttpse  Bookmar
Enter Query Sequence
Enter accession number, gi, or FASTA sequence & ciear  Ouerysubrange &
From
(Paste FASTA format

sequence here) ™
Or, upload file T
Job Title

Enter a descrn

@ tile for your BLAST search &
[ Align two or more sequences &

Choose Search'Set

Database Nor-redundant protein sequences () | &

Organism

optional DOExclude &=
Enter organism commen name, binomial, or taxid Only 20 top taxa wil be shown. &

Exclude O models o) Ol Unculured/environmental sample sequences

Optional

Entrez Query

Optional

Entgr an Enf

v 1o limit search &
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NCBI BLAST Results Page:

Potential homologs retrieved from database

Color key for alignment scores

Query

significant
Accession Description | Mawscore | mmm Duery coverage |_ Evalue
L potential FMN-protein [Synechocystis sp. PCC 6803) >splP727 375 100% 1e-103
YP_00166 flavin reductase domain-containing protein [Nostoc punctiform 199 199 100% 2e-49
flavin red like, binding [ b. variabilis ATCC 138 198 9% e-49
flavoprotein [Nostac p. PCC 7120) >sp|QEYNW7.1|DFA4_ANE 197 197 98% fe-48
dfad PCC 7806] 199 194 100% Se-48
ZF 01630850.1 | flavoprotein [Nodularia spurnigens CCY9414] >gb|EAWA4S518 193 193 100% Be-48
)Dni\ YP_002482587,.1)| E flavin domain protein FiN-binding [Cyanothece sp. PCC
Vqllzij%lhm 611 E flavin reductase dosain protein FMN-binding [Cyanothece sp. PCC

Length=585

GENE_ID: 7 7425
[Cyanothece s'p‘ Pct 7425]

| Elavin domain protein FMN-binding

Scoxe = 176 bits (445), Expect = le-42, Nethod: Compositional matrix adjust.
Ldentities = 95/196 (48%), Pasitives = 125/156 (63%), Gaps = 167195 (8%)

Query L SBANPARQLRTHKRORTARONTTETOARTO0NY ORI LOSIGY VI TOTT0RE -~ -~ 52
AGHEAR L+ KeQR RO+ E Q+DRTHOAVGRIIGSH V4T +
Shyet 393  AGSDFAQVLKKAKKURSPROSILEVOSDRTEQAVGRIIGSLCVL EEP 452
Query 53 -=-an ST smsnppnmnnpsz PRAYGLARMKATYIMLIGE RV . 107
FVLNHLEG +RRH]

gbjer 453 uLEvPTMLvﬂWsuASmPPGL.TlAJ.AKE RAEGLDHﬁU.DA}‘VLNVLKIGImLRRH:SK 511
Query 108 QPLPRDGDNPFSRLEHYSTONGCLILAEALAYLECLVQSWSHIGDHVLVYATVOAGQVLY 167
sbyct 512 SFI.P—-GEI\RTAGHJIDEMI-:IIGC?VLUDCL:I LIETVUSRPEEGDHULIVAMINGVNLO 569
Query 168 PBIGITAIRHRKSGGU\ 183
sbyct 570 P’.\".TI’I'AWHRYSWD‘{ 585
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Overview of BLAST

1. Segment the query sequence into short “words”

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

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

4. Create a list of hits & alignments, with best

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

Query Sequence:

>gi|16329320 (residues 412 to 594)
SGANFARQLRTHKRQRIARQATTETQADRTQQAVGRIIGSIGVVITQTTG
RHQGI LTSWUSQASFTPPGIMLAT PGEFDAYGLAGQONKAFVLNLLQEGRS
VRRHFDHQPLPKDGDNPFSRLEHYSTONGCLILAEALAYLECLVQSWSNI
GDHVLVYATVQAGQVLQOPNGITAIRHRKSGGQY

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)

*A portion of the BLOSUM 62 matrix
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- .5R .l.JG N_KIF 1S LT IWIYV SWI (4+11+3=18)

G| 64| TWV (141144 =16) | Synonyms above
L ElE GWV (0+11+4 = 15) ?‘;fsm“"”— 5
F 3]~ KWV (0+11+4=15) [ Onernotsiow

S | SWS (4+11-2=13)

Tw. SFV (4+1+4=19) J Synonyms below
N _ threshoid 11...

v SRV (4-3+4 = 5) {others not shown)

— 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

.............. 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
N T

. . TAMLVISWVEQASFNPPGLTIALAKE . RAEGLDHSGD

- =

Word match Extension until score drop?;
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., BLOSUMG62)

» 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 More divergent

calibrated to capture different BLOSUMA45 A PAM240
degrees of sequence similarity

* In practice, this means
choosing a matrix appropriate ~ BLOSUM62 PAM180
to the suspected degree of
sequence identity between the

query and its hits BLOSUMS0 PAM120
* PAM: empirically derived for
close relatives BLOSUM90 v PAM30

* BLOSUM: empirically derived

for distant relatives Less divergent
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Raw Scores (S values) from an Alignment

S =(2M;) - 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
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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

13
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
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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)
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Calculating E-values

E=(nxm)/2%
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

16
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BLAST Parameters

« Gap costs —

e Filter >
* Mask -
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¥ Algorithi parameters
General Parameters

Max target 100 |v

sequences Selectthe maximum nuriber of aligned sequences to display &
Short queries [ Au adjust for short input sequences &
Expect threshold 10 @

Word size 3 v @

Scorning Parameters

Matrix BLOSUMS2 [v| &

Gap Costs Existence: 11 Extension: 1 |v| &

Compositional
adjustments

Conditional compositional score matrix adjustment || &

Filters and Masking

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

[ show resutts 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 [»
sequences

\e maximum number of aligned sequences 1o display &
Short queries [ Automatically adjust parameters for short inpit sequences &
Expect thieshold 19 o

Word size 3 |w|@

Scaring Parameters

Matiix BLOSUME2 [v| &

Gap Costs Existence: 11 Extensian: 1 [w] &

Compositional

Conditional compositional score matnx adjustment || &
adjustments

Filters and Masking

Filter [ Low complexity ragions &
Mask [ Mask for laokup table only &
[ Mask lower case letters &
— - .
L\B—’IASI: Search database nr using Blastp (protein-protein BLAST)

[ show resutts in a new window




Filter and Mask

Filter: Low complexity
— Replaces the following

with N (nucleotides)
or X (amino acids) A e
« Dinucleotide repeats e
« Amino acid repeats - S
« Leader sequences - e

« Stretches of hydrophobic residues Fiters

— Filter O Low complexity regions &

M aS k : LOWe r Case — Mask [ Mask for Iookup table anly &

[ Mask lower case letiers 4
— Replaces lowercase letters in
sequence with N or X

figned sequen

o display &

Word size 3 e

Conditional compositional score matrix adjustment | v| &

and Masking

& ur using Blastp (protein-protein BLAST)
4 new window

parameters for short input sequences &

» 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 size 100
"I»apc\:-st'- 11,1
Matrix BLOSUM62Z
Filter string F
‘Genem-: \‘.').dr: 1
Window Size 40
Threshold 11
‘Coﬁ'-msmr.\r-rbase-j stats 2

Database
Posted date Sep 6, 2010 4:4Z AM
Number of letters 0 94,744
Number of sequences )
Entrez query

Lambda 0.267
K 0,041
0.14

Results Statistics

129

e length of query 54

Effective length of database
. Effective search space 134911408518 20
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Evaluating BLAST Results

Color key for alignment scores
<40 40-50 50-80 80-200 >=200
Query
] | 1 I I 1 1
0 30 60 90 120 150 180
significant ali
Max score | TYotal score Query coverage | E value
NP 4400451 | potential FMN-protein (Synechocystis sp. PCC 6803] »sp|P727 378 79 100% 16103
1P 0018642951 | flavin reductase domain-containing protein [Nostos punctiferm 198 100% 28-49
3 flavin red ke, 1 varibilis ATCC 198 98% 3e-49
flavaprotein [Nostac $p. PCC 7120] »5p| QEYNWY 1IDFAS_ANE 197 98% 6e-49
H dfad PCC 7806) 194 100% Je-48
flavoprotein [Nodularia spumigens CCY9414] >gb|EAW44518, 193 100% 6e-48
)Dni\‘tl‘ 00245255711 (8 t1avin domain protein Fli-binding [Cysnothece sp. PCC

&lﬁ 11 & t1avin reauctase dousin protein MON-binding [Cyanothece sp. PCC
7425]
Length=585

GEME_ID: 7287783 Cyan?425 1859 | flavin reductase domain protein FMN-binding
[Cyanothece sp. PCC 74251

Scoxe = 196 bits (445), Expect = le-42, NMethod: Compositional matrix adjust.
Identities = 95/196 (48%), Positives = 125/196 (63%), Caps = 16/196 (8%)

Query 1| SGANFARQLRTHERORTARQATTETUADRTOQAVGRIIGSIGVVITOTTORH- === =nn~ 52
4GHEA Lh K3QR RO+ E QHDRTIQAVGRIIGS+ WT + B
Shbjet 393 AGSDFAQVLKKARKURSPRQST EEP 452
Query 53 eme O LT SASK TP IGAT DA SLAGUAAT AL RSV RIFL. 107
PPG +A+ E A GL  AFVLNHLYEG +RRHF

Sbjer 453 QLEVPTALVSVYSOASFNPPOLTIALAKE -PAEGLOHSGDAFVLIVLIE GILIRHFSE  S11
Query 108 UPLPDEN!PI':!RLEHYﬁT\JIIECI.lLAEALAVLEELVUSUSHIGD}NLWATVUAWVLQ 167
Gl TV
sbycr 512 SFAP—-GEDFmt‘vu]EUEIAEIIGCI‘VLl]DCLA'ﬂ.ZETVUSRHZEGDHNLIVATWINGI’NLG 569
Query 169 PNGITAIRHRKSGGQY 163
PG Tk
Sbjct 570 PTGTTAVUHRKSGNOY 585
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Examine the BLAST Alignment

>Llref |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

b
7425]
Length=585

NE ID: 72
[Cya.not.hece sp. PCC 7425]

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

Query 1 SGANFARQLRTHKRQRIARQATTETQADRTQQAVGRIIGSIGYVVTTQTTGRH------~~ 52
+G+HFA+ L+ K+QR RO+ E (HDRTH+QAVGRIIGS+ V4T + H
Sbjct 393 AGSDFAQVLKKAKKQRSPRQSILEVQSDRTEQAVGRIIGSLCVLTAKQQQTHPHPEVEEP 452

Query 53  ----- GC-ILTSWSGASF]‘PPGIHLAIPGEFDAYELAEQN‘KAFVLNLLIJEGRSV'RRHFDH 107
L SWVSQASF PPG+ +A+ E A GL AFVLNAL+EG ++RRHF
Sbjct 453 QLEVPTMLVSWSDASFNPPGLTIALAKE ~-RAEGLDHSGDAFVLNVLKEGMNLRRHFSK 511

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

Query 168 PNGITAIRHRKSGGQY 183
P G TAHHRKSG 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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