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Ø BLAST website and options
(blastp & blastn)

Ø BLAST & FASTA Statistics

TODAY'S TOPICS
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Query: Q58746.1 (AGLUS_METJA) 
 Archaeal glutamate synthase [Methanocaldococcus jannaschii DSM 2661]

blastp Protein Similarity Search

Q58746.1

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

Accession number as an input
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How to read BLAST output
(available also from Canvas/References page)

blastp Similarity Search: Result Page
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blastp Similarity Search: Result Page
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Query name

Query length

blastp Similarity Search: Result Page
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blastp Similarity Search: Result Page

Query coverage:
Proportion of the query aligned

Bit scores E-value
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Conserved domains

blastp Similarity Search: Result Page
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blastp Similarity Search: Result Page
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blastp Similarity Search: Result Page

Select sequences to be 
included in the tree
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blastp Similarity Search: Result Page
Phylogeny based on pairwise distance from 
BLAST pairwise alignments.

➜ Approximated tree. For a more accurate 
phylogeny, distances need to be estimated 
from the multiple alignment.
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blastp Similarity Search: Result Page

Download the BLAST result:
- BLAST search result in text format
- Sequences and alignments in FASTA format
- BLAST hit statistics in “Hit Table (csv)”

[Can be imported to any spread sheet 
program (Excel)]
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When searching highly conserved sequences: 

➜ "Max target sequences" number needs to 
be increased to see more divergent hits.

(the default is only 100 sequences!!)

blastp Protein Similarity Search

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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blastp Protein Similarity Search

...

Query: Q58746.1 (AGLUS_METJA) 
 Archaeal glutamate synthase [Methanocaldococcus jannaschii DSM 2661]

At the bottom of the 100 hits, E-value is still 0!
There should be a lot more hits with E-values < 0.05 (the threshold)

...When searching highly conserved proteins,
 the default setting may not show all the hits. 
➜ Only the top 100 hits will be listed.
➜ To see more divergent sequences, the number 

of hits needs to be increased. 
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Can be increased up to 5000

blastp Protein Similarity Search

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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blastp Protein Similarity Search
Query: Q58746.1 (AGLUS_METJA) 
 Archaeal glutamate synthase [Methanocaldococcus jannaschii DSM 2661]

Even after changing "Max target sequences" to 5000:
all hits have very small E-values (< 1e-93)

All hits are from 
bacterial/archaeal proteins
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Query: Q58746.1 (AGLUS_METJA) 
 Archaeal glutamate synthase [Methanocaldococcus jannaschii DSM 2661]

� Can we find similar sequences in eukaryotes?

blastp Similarity Search: a Case Study

Q58746.1

Limit the search against eukaryotes But be careful limiting the 
search against a small subset of 
database
➜ E-values will be affected
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Query: Q58746.1 (AGLUS_METJA) 
 Archaeal glutamate synthase [Methanocaldococcus jannaschii DSM 2661]

� Can we find similar sequences in eukaryotes?

blastp Similarity Search: a Case Study

[Default search]
- Prokaryotic proteins have both NapF and 

Glu_synthase domains. 

[Search limited to Eukaryota]

[Search limited to Eukaryota]
- Do all eukaryotic proteins lack NapF domain?
- They may not be in the top 100 hits. 
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Query: Q58746.1 (AGLUS_METJA) 
 Archaeal glutamate synthase [Methanocaldococcus jannaschii DSM 2661]

� Can we find eukaryotic sequences similar to the NapF domain?

 - Use "Query subrange" option, or

 - Use "Max matches in a query range" option

blastp Similarity Search: a Case Study
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[Search using the "Query subrange" option]

blastp Similarity Search: a Case Study

E-value increased (for short sequences)

Specify the query range for 
the search
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[Search using the "Query subrange" option]

blastp Similarity Search: a Case Study

Specify the query range for 
the search

21

Limit the number of matches to each query range.
➜ For each conserved region, only a given 

number of hits (e.g., 3) will be shown.
➜ Useful for finding multiple domains.

[Search using the "Max matches in a query range" option]

blastp Similarity Search: a Case Study

E-value increased (for short sequences)
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[Max Matches = 3]

blastp Similarity Search: a Case Study
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query subject % identity
alignm ent 

length
m is-

m atches
gap 

opens
query 
start

query 
end

subject 
start

subject 
end e-value

bit 
score

% 
positives

Q58746.1 MCL4138302.1 35.045 448 247 6 78 509 47 466 5.42E-73 248 51.79
Q58746.1 QKY14997.1 34.773 440 262 7 61 490 881 1305 3.22E-56 213 48.41
Q58746.1 ONM39253.1 33.703 451 258 10 57 490 881 1307 2.09E-52 202 48.12
Q58746.1 ONM39260.1 33.703 451 258 10 57 490 881 1307 2.21E-52 202 48.12
Q58746.1 ONM39236.1 33.703 451 258 10 57 490 891 1317 2.29E-52 202 48.12
Q58746.1 ONM39224.1 33.703 451 258 10 57 490 578 1004 2.40E-52 202 48.12
Q58746.1 GIQ86676.1 29.091 55 37 1 13 65 7 61 0.26 40.8 54.55
Q58746.1 OHT00364.1 32.203 59 36 1 13 67 844 902 0.36 45.1 54.24
Q58746.1 OAO15556.1 31.579 57 38 1 10 66 225 280 4.5 41.6 52.63
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query subject
% 

identity
alignm ent 

length
m is-

m atches
gap 

opens
query 
start

query 
end

subject 
start

subject 
end e-value

bit 
score

% 
positives

Q58746.1 MCL4138302.1 35.045 448 247 6 78 509 47 466 5.42E-73 248 51.79
Q58746.1 MCL4149161.1 34.856 416 226 4 85 483 3 390 1.11E-63 222 49.76
Q58746.1 MCL4141667.1 37.681 345 193 3 160 483 33 376 3.83E-62 218 53.33
Q58746.1 MCL4115492.1 41.003 339 188 6 167 499 872 1204 3.95E-60 224 54.28
Q58746.1 MCL4104575.1 40.938 320 180 4 178 491 869 1185 1.11E-59 223 54.37
Q58746.1 MCL4143097.1 41.009 317 174 4 183 491 217 528 3.10E-59 219 54.26
Q58746.1 MCL4123473.1 41.956 317 175 4 183 493 125 438 9.24E-59 216 55.84
Q58746.1 GHP11700.1 40.171 351 179 5 167 491 924 1269 9.99E-59 221 52.14

Without Max Matches option

With Max Matches = 3

(Downloaded in “Hit Table (csv)”, imported to Excel)

blastp Similarity Search: a Case Study
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Nucleotide Similarity Search

Default database: nr/nt

25

Nucleotide database Description

Nucleotide Collection (nr/nt)
Partially non-redundant nucleotide sequences from GenBank, 
EMBL, DDBJ, PDB, and RefSeq, excluding ETS, STS, GSS, 
WGS, TSA, patent sequences, HTGS, and sequences > 100Mb

RefSeq databases RefSeq RNA, RefSeq Select (human and mouse), RefSeq 
Genome, Human RefSeqGene, etc. 

Whole-Genome-Shotgun contigs (WGS), Expressed sequence tags (EST), Sequence Read Archive 
(SRA), Transcriptome Shotgun Assembly (TSA), High Throughput Genomic Sequences (HTGS), 
Genomic survey sequences (GSS), Sequence tagged sites (STS)

PDB nucleotide sequences Sequences from the Protein Data Bank (PDB)

Patent sequences Nucleotide sequences derived from the Patent division of 
GenBank 

16S ribosomal RNA 16S ribosomal RNA (Bacteria and Archaea type strains)

18S ribosomal RNA 18S ribosomal RNA sequences (SSU) from Fungi type and 
reference material

28S ribosomal RNA 28S ribosomal RNA sequences (LSU) from Fungi type and 
reference material

Internal transcribed spacer region Internal transcribed spacer region (ITS) from Fungi type and 
reference material
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BLAST Databases (Nucleotide)

default

https://ftp.ncbi.nlm.nih.gov/blast/db/
and more…
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Nucleotide Similarity Search
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Nucleotide Similarity Search

megablast*: w=28 (16~256)
 *This is the default search method
discontiguous megablast:
 w=11 (or 12)
 allows some mismatches
blastn: w=11 (7~15)
 w=7 for a short sequence
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megablast vs. blastn

[megablast: only 14 hits, all E=0] 

[blastn: 1028 hits, E<0.0001] 

megablast:
 for searching closely related sequences 

(>95%), very fast
 word size = 28 bases (16~256)

blastn:
 more sensitive, slow, 
 word size = 11 bases (7~15)

Query: DQ018115.1
M. jannaschii glutamate synthase gene, 
complete cds

Max Target sequences: 5000
Expect threshold: 0.0001

…
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Discontiguous megablast

If discontiguous megablast is chosen:

Word matching based on discontiguous pattern (template):
e.g., for coding: 1101101101101101 (w=11, t=16)
 ➜ mismatches are allowed for '0' positions
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[blastn]

[blastx] (translated query vs. protein db)

BLASTN/BLASTX Results

6 possible 
frames

Low complexity region is masked 
(shown in gray lower cases)
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[blastp]

BLASTP Results

Positives (+):  Similar amino acid pairs
These AA pairs have positive scores in the scoring matrix used

Low complexity region is masked 

32

BIOS477/877 L13 - 33

BLASTP Statistics
[blastp]

Normalized Score or Bit Score (S'bit):
 S'bit = (lS - logeK) / loge2,  [S'nat = lS - logeK]

Raw Score (S): simply based on pairwise scores & gap penalties

l and K are specific to the scoring system used
(scoring matrix, gap penalties)

Where can we find the values for l and K ?
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Click to see 
the blast 

search 
statistics

BLASTP Search Summary

(Top portion of any blast output)
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BLASTP Search Summary

Used to calculate bit 
scores and E-values 
for the alignments 

with gaps
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BLASTP Statistics
[blastp]

Normalized Score or Bit Score (S'bit):
 S'bit = (lS - logeK) / loge2,  [S'nat = lS - logeK]
 l = 0.267, K = 0.041, S'bit = {0.267 x 802 - loge(0.041)} / loge2 = 313.5

Raw Score (S): simply based on pairwise scores & gap penalties

l and K are scoring 
system specific (for gapped alignments)

36
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BLASTP Statistics
[blastp]

Normalized Score or Bit Score (S'bit):
 S'bit = (lS - logeK) / loge2,  [S'nat = lS - logeK]
 l = 0.267, K = 0.041, S'bit = {0.267 x 802 - loge(0.041)} / loge2 = 313.5

Raw Score (S): simply based on pairwise scores & gap penalties

Raw scores (S) depend on the scoring system; cannot be compared
Bit scores (S'bit) are normalized using l and K; 
  ® independent of scoring system; can be compared
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[For a pairwise alignment]
Ø Karlin-Altschul equation (Karlin & Altschul, 1990)
 P(S≥x) = 1 - exp[-Kmne-lx] ≈ Kmne-lx

   Probability of getting the alignment score S ≥ x by chance

[For database searching]
Ø Multiple pairwise alignments    multiple testing problem
 • P(S≥x): Probability of getting the alignment score (S) 
   larger than x by chance from one pairwise alignment
 

 • If P(S≥x) = 0.05, P(S<x) = 1-P(S≥x) = 0.95
  ➜ 0.95 is the probability to have one pairwise alignment with S<x by chance

Pairwise alignment vs. database searching

P(S≥x)

x

• For 10 alignments, 0.9510 ≈ 0.60 is the probability to have all 10 alignments with S<x
 ➜ 1-0.60 = 0.40 is the probability to have at least one alignment with S≥x by chance
• For 100 alignments, 0.95100 ≈ 0.006 is the probability to have all 100 with S<x
 ➜ 1-0.006 ≈ 0.99 is the probability to have at least one alignment with S≥x by chance  

Pr=0.05 as the significance level is not good enough
if many alignments need to be tested!

ea ≈ 1+a, where a = -Kmne-lx

Taylor series approximation
➜  works if a is small (<<1)

38

Ø Multiple comparison correction
 Instead of using Prob = a as the threshold
 use Prob = a/N (for N comparisons) as the threshold
 • For 10 alignments, use a’ = 0.05/10 = 0.005 (instead of 0.05) as the threshold
 ➜ For P(S≥x) = 0.005, (1-0.005)10 ≈ 0.95 is the probability to have all 10 

alignments with S<x by chance
 ➜ 1-0.95 = 0.05 is the probability to have at least one alignment with S≥x 

by chance 

 • For 100 alignments, use a’ = 0.05/100 = 0.0005 (instead of 0.05) as the 
 threshold

 ➜ For P(S≥x) = 0.0005, (1-0.0005)100 ≈ 0.95 is the probability to have all 
100 alignments with S<x by chance

 ➜ 1-0.95 = 0.05 is the probability to have at least one alignment with S≥x 
by chance 

Bonferroni correction

BIOS477/877 L13 - 39
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Ø Multiple comparison correction
 ➜ Threshold without correction: P = a
 ➜ Threshold with correction: P = a’ = a/N 
    (for N comparisons)
 E = N x P
 ➜ For E-value, using E = a as the threshold is 
  equivalent to using the threshold corrected for 

 multiple comparisons
 

 • For database searching:
  N = the database size = the number of entries
   = the number of alignments

Bonferroni correction in database searching
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Ø Karlin-Altschul equation (Karlin & Altschul, 1990)
 [For a pairwise alignment]
 P = Kmne-lS (Lec 11 slide 12)
 m, n: lengths of the sequences compared
 ➜ m x n: search space

 [For database similarity searching]
 E = Kmne-lS (used by BLAST instead of E=NxP)
 E-value: the expected number of HSPs with scores ≥ S
  m: length of the query
 n: length of the database (total number of residues)
 P = 1 - e-E (P ≈ E if E < 0.01)
 ➜ the probability of having at least one HSP with its score ≥ S

BLAST Statistics

Consider a database as a single very long sequence

T T A G A C G C G T A

A

C

A

G

A

G

C

T

A

Search space

Used by FASTA
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Ø Karlin-Altschul equation (Karlin & Altschul, 1990)

 E = Km'n'e-lS 
 m': effective length of the query
 n': effective length of the database
 m' = m - l
 n' = n - l x (number of sequences in the database)

 l: length adjustment ➜ correction for edge effects
  • HSPs cannot occur too close to the search space edges.
  • Effective lengths of HSPs should be shorter than the actual lengths.

 • blastn and tblastx: l = ln(Kmn)/H is used
 • blastp, blastx, tblastn: adjusted m’ and n’ is calculated using the 

finite-size correction (FSC) (Park et al., 2012)

BLAST Statistics

HSP cannot start or extend
beyond the edge

(See also Altschul & Gish, 1996)
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P-value, E-value, and database search
[FASTA]
Ø P-value for pairwise alignment = 1-exp[-Kmne-lS] ≈ Kmne-lS

 ➜ Probability of getting the alignment score ≥ S from random pairwise 
 comparison (m and n are the lengths of the two sequences compared)

Ø E-value = P x N, where N: database size (number of entries)
[BLAST]
Ø E-value = Km’n’ e-lS  
 ➜ Number of alignments with a score ≥ S expected by chance from a 

 database search
  m’: effective length of the query 
  n’: effective length of the database 

Ø P-value for a database search: P = 1 - e-E 
 ➜ The probability of having at least one HSP with its score ≥ S
 BLAST Statistics: https://www.ncbi.nlm.nih.gov/BLAST/tutorial/Altschul-1.html
 Altschul et al. (1994) BIOS477/877 L13 - 43

effectively PxN where P= Kmnde-lS

where nd: database length

43

BIOS477/877 L13 - 44

BLASTP Statistics
[blastp]

Expect (E) = Km'n'e-lS or m'n'e-S'nat or m'n'2-S'bit 

E = 0.041 x m' x n' x e-0.267 x 802 [from the raw score]
E = m' x n' x 2-313 [from the bit score]

m' x n': Effective search space

l = 0.267, K = 0.041, S=802, S'bit = {0.267 x 802 - ln(0.041)} / ln2 = 313.5
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BLASTP Search Summary
Query: Q58746.1
Query length: 510 amino acids m = 510 (length of query) 

n: length of database 
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BLASTP Statistics
[blastp]

Expect (E) = Km'n'e-lS or m'n'e-S'nat or m'n'2-S'bit 

E = 0.041 x m' x n' x e-0.267 x 802 [from the raw score]
E = m' x n' x 2-313 [from the bit score]

l = 0.267, K = 0.041, S=802, S'bit = {0.267 x 802 - ln(0.041)} / ln2 = 313.5

W/O length adjustment: m=510, n=278,407,168,794
E = 0.041 x 510 x 278,407,168,794 x e-0.267 x 802 = 5.89E-81 = 5.89x10-81    

E = 510 x 278,407,168,794 x 2-313 = 8.51E-81 = 8.51x10-81 ( > 1E-94) 

P = 1 - e-E 
 = 1- exp(-5.89x10-81)
 ≈ 0 (P ≈ E if E < 0.01)

(Without length adjustment, E-values are overestimated)
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BLASTN Search Summary & Statistics
Query: DQ018115.1
Query length: 1533 bp m = 1533

n: Length of database 

N: Number of sequences

l = 42
m’ = m – 42 = 1533 – 42 = 1491
n’ = n – l x N 
 = 1,574,905,710,618 – 42 x 103,965,835
 = 1,570,539,145,548

m’ x n’

for gapped alignment
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BLASTN Search Summary & Statistics
Query: DQ018115.1
Query length: 1533 bp m = 1533

for gapped alignment

S=255, l = 0.625, K = 0.41

S'bit = (lS - logeK) / loge2
 = {0.625 x 255 - ln(0.41)} / ln2 
 = 231

E = Km'n'e-lS

 = 0.41 x 2,341,673,866,012,068 
  x e-0.625 x 255

 = 5.84e-55 = 5.8 x 10-55 ≈ 1x10-54

E = m'n'2-S'bit 

 = 2,341,673,866,012,068 x 2-231

 = 6.8e-55 = 6.8 x 10-55 ≈ 1x10-54

m’ x n’

48
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BLAST Search Set vs. Format Option

Using limited search set 
reduces the search space:
E=Km’n’e-lS

➜ E-values become smaller

[Limit the search space BEFORE starting the search]
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BLAST Search Set vs. Format Option
[Limit the search result AFTER the search]

Filtering the results does 
not affect the search space
➜ E-values are not affected
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Limiting the search for ”Sulfolobus" sequences  

BLAST Search Set vs. Format Option

Search space is reduced
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After the search, results are filtered for ”Sulfolobus" sequences  

BLAST Search Set vs. Format Option

But search was not limited

Search space is 
NOT affected
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Search is limited
Search is NOT limited; 

results are filtered

BLAST Search Set vs. Format Option

(Database size is ~20,000 times larger)

WP_198968373.1

WP_011278902.1

Score   Query cov  E-value     % ident Score   Query cov  E-value     % ident

E=Km’n’e-lS

E-value is affected by the database size!

>
>

(E-values are ~104 times larger)
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BLASTP Search Summary
Query: Q58746.1
Query length: 510 amino acids

Scoring matrix & gap penalties

Word size (W)

Neighborhood threshold (T)
 (no longer provided)

Length separating two HSPs to trigger 
extension (A: two-hit methods)

l, K, and H are pre-estimated 
for a combination of the scoring 
matrix and gap penalties

for gapped alignment

E-value threshold

54
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FASTA

https://fasta.bioch.virginia.edu/fasta_www2/fasta_list2.shtml 
 (includes also SSEARCH)

https://www.ebi.ac.uk/jdispatcher/sss/fasta
 (includes also SSEARCH)
 With graphic output
 Results can be obtained through email

https://www.genome.jp/tools/fasta/
 (search can be done against KEGG databases)
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FASTA Similarity Search

https://fasta.bioch.virginia.edu/fasta_www2/fasta_list2.shtml

Show domain annotations
 For the query
 For the database seqsDefault DB: PIR

 (small, limited, only for demo use)
Choose SwissProt for actual search

To see the null distribution of
alignment scores, check here

56
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FASTA Statistics

P = Kmne-lS 

Extreme value 
distribution

Instead of shuffling a sequence,
pairwise alignments between

the query vs. all database entries 
are used to generate the null 

score distribution
(565,254 entries from SwissProt)
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Pearson (1998, 2013)

FASTA Statistics
Observed distribution
Expected distribution

Smith-Waterman score
Query: human glucose transporter
Against: SwissProt (~84,000 seq)

S'bit = (lSraw-lnK)/ln2

P(S ≥ x) = 1-exp[-Kmne-lx]
 = 1-exp[-e-l(x - u)],

where u: location parameter
b  (or 1/l): scale parameter
for Gumbel EVD

Distribution based on 
database sequences can be 
used to simulate extreme 

value distribution
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FASTA Statistics
P(S ≥ x) = 1-exp[-Kmne-lx]
  = 1-exp[-e-l(x - u)]
or from bit score: x'
P(S ≥ x) = mn2-x' 

where m and n:  the lengths of query 
and each hit sequence

E(565254) = P x 565254

NOTE: FASTA calculates P-value for 
each pairwise alignment E=NxP
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FASTA Statistics

NOTE: FASTA calculates P-value for 
each pairwise alignment E=NxP

Optimum raw score Standardized score Bit score
P(S ≥ x) = 1-exp[-e-l(x - u)] 

or
P(S ≥ x) = mn2-x' 
 = 328 x 341x 2-192.1 

 = 1.66 x 10-53

E = P x 565254 
 = 9.40 x 10-48

(x': bit score)
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FASTA Statistics

Aligned region
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FASTA Statistics

Domains in the hit sequence

Domains
(NODOM: no domain region)
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FASTA Statistics
Domains

Q=-10log10P
To be P < 0.001,
 Q > 30

Consistent domains in both sequences.
High scores across the region (Q>>30)
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FASTA Statistics
Domains

Only SH3 domain region 
has high scores (Q>30);
Correctly aligned region

Q=-10log10P
To be P < 0.001,
 Q > 30

See Mills and Pearson (2013)

FASTA uses domain information to indicate possible incorrect alignment

Other regions do not 
contribute to the score (Q≈0).
Alignment overextended.  
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FASTA Statistics
Domains

Q=-10log10P
To be P < 0.001,
 Q > 30

These are outside of the aligned region!
Should not be considered to be similar regions!!

This is the only aligned region!
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