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Today's topics

> BLAST and FASTA statistics
> Multiple Alighment

= Introduction

> Assignment 7
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blastp statistics: bit score

glutamate synthase [NADPH] large chail phis lumbri
Sequence ID: XP_061781277.1 Length: 1377 Number of Matches: 1

Range 1: 755 to 1081 GenPept

Expect Method

Score

219 bits(557) 5e-58 Compositional matrix adjust.

uery 3 MSYGALSLNAHLSFAKAVKECGTFMGTGEGGLPKQLY———PYADH———IITQVASGRFGV 236
I

like

Graphics

Identities Positives Gaps
134/330(41%) 183/330(55%) 9/330(2%)

VASGRFGV

+ + +
Sbjct 5  MSLGALSPEAHKTLNVAMNRIGAKSDSGEGGEDPAHF
Query 37 NEEYLMKGSAIEIKIG(QJGAKPGIGGHLPGEKVTAEISATRMIPEGSDAISPAPHHDIYSI 296
Sbjct JB15  TAEYLNHCEELEIKVAQGAKPGEGGQLPGIKVTDLIARLRHSTKGVTLISPPPHHDIYSI 874

814

Raw Score (S): simply based on pairwise scores & gap penalties
Normalized Score or Bit Score (S'yi):

8" = (AS - log.K) / 10g.2, [S"uur

Aand K are specific to the scoring system used
(scoring matrix, gap penalties, etc.)
= Where can we find the values for A and K ?

= AS - log.K]
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blastp search summary

BLAST ® » blastp suite » results for RID-WDOXJ91M016. Home  Recent Results ~ Saved Strategies ~ Help

© Howtoread this report? @ BLAST Help Videos 'DBackto Traditional Resuits Page

|o Your search i limited to records yfffinclude: Eukaryota (taxic:2759)
Job Title. Qs8746:RecNamafflil=Archaeal glutamate synthase... Filter Results
RID os1138am Download Allv
H or ‘only top 20 wil appear | exclude
pogam  Click to see the GAnem ol p P o
e |
blast search T
Query D -
Descriptior statistics » synthase [NADPH]; Al Percent Identity Evalue Query Coverage
Molecule type  amino acid o ‘ o ‘ to

QueryLength 510
Other reports  Distance tree of results Multiple alignment MSAviewer @

Descripti Graphic Summary  Alignments  Taxonomy

Sequences producing significant alignments

Download ~  Select columns ~ Show [ 1000 v | @

€ select all 1000 sequences sefcted GenPept  Graphics  Distance tree of results  Multiple alignment MSA Viewer
Ssontfoname Mat | Tol Quory A
b s gl Sooro Score Covor value lgont  Len  Accession

4 24 TEN SeT2 WZ% 420 CAROIMILI
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Gt symhase lrge subunt ke rotein (Geodis barers) (Gaosia barers

(Top portion of any blast output)

Search Parameters

Program blastp
Word size 5

Expect value 0.05
Hitlist size 1000
Gapcosts 111

Matrix BLOSUM62
Filter string F

Genetic Code

Window Size

Threshold
Composition-based stats

Database

Posted date Feb 13, 2026 2:53 PM
Number of letters 34,352,650,388
Number of sequences 82,371,451

Entrez query

Includes: Eukaryota (taxid:2759)

Karlin-Altschul statistics

Lambda 0.31987 0267 {
K 0.137272 0.041

H 0.416015 014

Alpha 07916 19

Alpha_v 4.96466 42.6028

Sigma \_ [#36362 )

blastp search summary

Used to calculate bit
scores and E-values for
the alignments with gaps
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blastp statistics: bit score

glutamate synthase [NADPH] large chain-like [Nerophis lumbriciformis]
Sequence ID: XP_061781277.1 Length: 1377 Number of Matches: 1
Range 1: 755 to 1081 GenPept Graphics

Score Expect Method Identitie: Positives Gap:
219 bits(557) 5e-58 Compositional matrix adjust. 134/330(41%) 183/330(55%) 9/330(2%)

uery 1p3 MSVGALsLNANLSFAKAVKECGTFMGTGEGGLPKALV———PYADH———IITQVASGRFGV 236
ASGI
Sbjct 5 MSLGALSPEAHKTLNVAMNRIGAKSDSGEGGEDPANFVPEPNGDNPSAKIKOVASGRFGV 814
Query F37  NEEYLMKGSAIEIKIGQGAKPGIGGHLPGEKVTAEISATRMIPEGSDAISPAPHHDIYSI 296
+ + +

+ DIYSI
Sbjct [B15  TAEYLNHCEELEIKVAQGAKPGEGGQLPGIKVTDLIARLRHSTKGVTLISPPPHHDIYSI 874

Raw Score (S): simply based on pairwise scores & gap penalties
Normalized Score or Bit Score (S'yi):
"hie = (AS - 10g.K) / 10g.2, [S'uu=AS - log.K]
A=0.267, K =0.041, §";, = {0.267 x 557 - 10g,(0.041)} / log,2 = 219.2

Karlin-Altschul statistics
Aand K are scoring | [« avars (for gapped alignments)
W aacots
system specific ‘pha 07916 o
dter 2se6s L) BIOS477/877 L14 -6
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blastp statistics: bit score

glutamate synthase [NADPH] large chain-like [Nerophis lumbriciformis]
Sequence ID: XP_061781277.1 Length: 1377 Number of Matches: 1

Range 1: 755 to 1081 GenPept Graphics

Score xpect Method Identities Positives

219 bits(557) se 58 Compositional matrix adjust. 134/330(41%) 183/330(55%) 9/330(2%)

uery 1B3  MSVYGALSUNAHLSFAKAVKECGTFMGTGEGGLPKALY——FYADH——TITOVASGREGY 236
+ + +GEGG 1 QVASGREGY

Sbjct 5  MSLGALSPEAHKTLNVAMNRIGAKSDSGEGGED! 814

Query 37  NEEYLMKGSAIEIKIGQGAKPGIGGHLPGEKVTAEISATRMIPEGSDAISPAPHHDIYSI 296

FEIK+ K + + ST
Sbjct B15  TAEYLNHCEELEIKVAQGAKPGEGGQLPGIKVTDLIARLRHSTKGVTLISPPPHHDIYSI 874

Raw Score (S): simply based on pairwise scores & gap penalties
Normalized Score or Bit Score (S'yic):

S = (AS - log.K) / 10g.2, [S'sa=AS - log.K]

A=0.267, K = 0.041, §"; = {0.267 x 557 - og,(0.041)} / log,2 = 219.2

= Raw scores (S) depend on the scoring system; cannot be compared
= Bit scores (S'y;:) are normalized using A and K

= independent of scoring system; can be compared TL14-7

Pairwise alignment vs. database searching

[For a pairwise alignment]
> Probability of getting the alignment score S > x by chance
P(S>x) =1 - exp[-Kmne-*| = Kmne* <......... (¢ % 1+a, where a = -Kmne™ |

Karlin-Altschul equation (Karlin & Altschul, 1990) Taylor series approximation
= works if a is small («<1)

[For database searching]
» Multiple pairwise alignments
=> Multiple testing problem
= P(S=x): Probability of getting the alignment score () equal
to or larger than x by chance from one pairwise alignment
o If P(S2x) = 0.05, P(S<x) = 1-P(S>v) = 0.95

=> 0.95 js the prob. to have one pairwise alignment with S< chanc
o For10 allsgnmgnts, 0. 95|-lﬂ 0.60 I};l e prol g %oﬂave Xﬂ 10 alfér%ents v(veith S<x

=> 1-0.60 = 0.40 is the prob. to have at least one alignment with S>x by chance
o For 100 alignments, 0.95% = 0.006 is the prob. to have all 100- alignments with S<x
= 1-0.006 = 0.99 is the prob. 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!

P(S2x)

13105477/877 L14-8

Bonferroni correction in database searching

> Multiple comparison correction

= Threshold without correction: P = «
= Threshold with correction: P = o’ = a/N
(for NV comparisons)
= F=NxP
=> For E-value, using E = o 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

BIOS477/877 L14 - 10

7
Bonferroni correction
» Multiple comparison correction
= Instead of using Prob = a as the threshold,
use Prob = o/N (for N comparisons) as the threshold
o For 10 alignments, use &’ = 0.05/10 = 0.005 (instead of 0.05) as the
threshold
= For P(S>x) = 0.005, (1-0.005)° = 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
o For 100 alignments, use o’ = 0.05/100 = 0.0005 (instead of 0.05) as the
threshold
= For P(S>x) = 0.0005, (1-0.0005)% = 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
BIOS477/877 L14 -9
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blastp statistics: E-value

» Karlin-Altschul equation (kariin & Altschul, 1990)
[For a pairwise alignment] PSS
P = Kmne? (Lec 11 slide 3)
m, n: lengths of the sequences compared Search space
= m x n: search space ——/L
[For database similarity searching]

E = KmneS (used in BLAST instead of E—NxP)
=> the expected number of HSPs with scores > §
* m: length of the query Consider a database as a single very long sequence
* n: length of the database (total number of residues)
P=1-eE@P=Eif E<0.01)

=> the probability of having at least one HSP with its score > .§'
BIOS477/877 L14 - 11

blastp statistics: E-value

» Karlin-Altschul equation (kariin & Altschul, 1990)
E=Km rn ’ e-,is (See also Altschul & Gish, 1996)

*m'": effective length of the query HSP cannot start or extend
=m-1 beyond the edge

* n'": effective length of the database \
n'=n -1 X (number of sequences in the database)
« I: 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.

o For blastn and tblastx: / = In(Kmn)/H is used
o For blastp, blastx, tblastn: adjusted m’ and ’ is calculated
using the finite-size correction (FSC) (Park et al., 2012)

BIOS477/877 L14 - 12
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P-value, E-value, and database search

[FASTA]
» P-value for pairwise alignment: 1-exp[-Kmne4S| = Kmne-sS
= Probability of getting the alignment score > S from random pairwise
comparison (m and n are the lengths of the two sequences compared)

» E-value = P x N, where N: database size (number of entries)
[BLAST] Effectively E=PxNif m' is the

> E-value = Km’n’ e*s. __— average length of queries and

n' is the number of entries
= Number of alignments with a score >.§

expected by chance from a database search
m’: effective length of the query
n’: effective length of the database

» P-value for a database search: P=1 - ¢*
= The probability of having at least one HSP with its score > .S

Altschul et al. (1994)
See also ) SLvwebsi BIOS477/877 L14-13

blastp statistics: E-value

glutamate synthase [NADPH] large chain-like [Nerophis lumbriciformis]

Sequence ID: XP_061781277.1 Length: 1377 Number of Matches: 1

Range 1: 755 to 1081 GenPept Graphics

Score Expect Method Identities Positives <

219 bits(557) _Se-58 Compositional matrix adjust. 134/330(41%) 183/330(55%) 9/330(2%)
Query MSVGALSLNAHLSFAKAVKECGTFMGTGEGGLPKALY———PVADH———IITgmgggE% 236
Sbjc MSLGALSPEAHKTLNVAMNRIGAKSDSGE 814

NEEYLMKGSAIEIKIGQGAKPGIGGHLPGEKVTAEISATRMIPEGSDAISPAPHHDIYSI 296
+EIK+ + +
TAEYLNHCEELETKVAQGAKPGEGGQLPGIKVTDLIARLRHSTKGVTLISPPPHHDIYSI 874

2=0.267, K=0.041, S=557, 5";;={0.267 x 557 - In(0.041)} / In2 = 219.2

Expect (E) = Km'n'e’S or m'n'e=S" or m'n"2-5"

E=0.041 x m'x n' x ¢9267x557 [from the raw score]
E=m'"xn'x 22" [from the bit score]

m' X n': Effective search space
BIOS477/877 L14 - 14
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blastp search summary
Query: Q58746.1 (510 amino acids)(—{ m =510 (length of query) ‘

Search Parameters
Program biastp

Word size s

Expect value 005

Hitlist size 1000

Gapoosts 1A

Matrix BLOSUMG2

Filter string F

Genetic Code i

Window Size a0

Threshold o

Composition based stats 2

Database |

Posted date Feb 13,2026 253 PM

Number of letiers 54.352,650,388 length of database
Number of sequences 82.371,451

Entrez query Includes: Eukaryota (taxid:2759) ‘

Karlin- Altschul statistics

Lambda 031987 0267

K 0137272 0041

H 0.416015 014

Alpha 07916 i

Alpha_v 496466 42,6028

Sigma 23.6362 BIOS477/877 L14 - 15

blastp statistics: E-value

glutamate synthase [NADPH] large chain-like [Nerophis lumbriciformis]
Sequence ID: XP_061781277.1 Length: 1377 Number of Matches: 1

Range 1: 755 to 1081 GenPept Graphics

Score Expect Method Identities Positives
219 bits(557) Se-58 Compositional matrix adjust. 134/330(41%) 183/330(55%) 9/330(2%)

Query MSYGALSLNAHLSFAKAVKECGTFMGTGEGGLPKALY———PYADH———IITQ&ASE&;gg 236
Sbjc MSLGALSPEAHKTLNVAMNRIGAKSDSGE PEPNGDNPSAKI 814

NEEYLMKGSAIET KIGgGAKFGIGGHLPGEKVTAEISATRMIFEGSDAISPAPHHDIYSI 296
TAEYLNHCEELEI KVAQGAKPGEGGQLPGIKVTDLIARLRHSTKGVTLISPPPHHDIYSI 874

2~0.267, K=0.041, S=557, 5";;={0.267 x 557 - In(0.041)} / In2 = 219.2

Expect (E) = Km'n'e*S or m'n'eS or m'n'2-5"

E=0.041 x m'x n' x %2675 [from the raw score]
E=m'xn'x 2% [from the bit score]

P=1-¢*
1- exp(-1.86x10%%)
20 (P=EifE<0.01)

'W/O length adjustment: m = 510, n = 34,352,650,388

E =0.041 x 510 x 34,352,650,388 x 257 = 1,86 | °
E =510 x 34,352,650,388 x 27" = 2.08e-53 = 2.08x10; (> 5e-58)
(Without length adj , E-values are d) DI LK =16

15

blastp search summary

Query: Q58746.1 (510 amino acids) Word size (W)

Search Parameters

.— E-value threshold

Program biastp
Word size

Expect value 005 &= Max target sequences
Hitlist size 1000 €——

Gapcosts 1,7 : COTi 9 i > alties
oapee BLOSUMSZ_: Scoring matrix & gap penalties
3

Filter string

Genetic Code 1 Length separating two HSPs to trigger

Window Size 20 €—— . . . P °

s (A: two-hit

Composition-based stats 2 LT |

T ==um - Neighborhood threshold (T)
atabase 5 ° .

Posted date Fob 15,2026 253 P (no longer provided)

Number of letters. 34,352,650,288

Number of saquences wanam FE— 4 K, and H are pre-estimated

Entrez query i for a combination of the scoring

Karlin-Altschul statistics matrix and gap penalties

Tambaa G31987 o267 Y&
K 0137272 0.0a1
" 0416015 014
Tohe TTETE A P dali 7
Alpha_v 296466 w2608 | for gapped alignment
Sigma ([43.6362) , BIOS477/877 L14-17
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blastn search summary & statistics

Searchibarameters| Query: DQO18115.1 (1533 bp)
Program biastn
Word size T
Expect value 008
Hiist size 100
Match/Mismatch scores 23 n: Length of database
Gapoosts 52
Low Complexity Filter Yes / .
E— o ., N: Number of sequences ‘
Genetic Code 1
/ S/ For blastn, fixed values are used for

Database A“// effective lengths and shown in the
Posted date Feb 18, 2026 1:15 h
Number of letters 7,086, zﬁs,uuu,cyZZZ Sealchl s mim oL,
Number of sequences 121,169,851 1=41

nirez que None

ez e =m—41=1533 -41=1492
Karlin-Altschul statistics A w=n— IXN

Lambda [0.633731 [o.625

X fodosras foe A =1,056,255,000,623 -

W [osv2a38 o7 41 x 121,169,851
TR 7 =1,051,287,036,723

Length adjustment G / m' x n'=1492 x 1,051,287,036,723
Effective length of query [1a52 / - =1,568,520,258,804,144
Effective length of database. 1051287036732

Effective search space

Effective search space used BIOSZZE BRI

17
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https://www.ncbi.nlm.nih.gov/BLAST/tutorial/Altschul-1.html

blastn search summary & statistics

Search Parameters

| Query: DQ018115.1 (1533 bp)

Program biastn |

Word size n Sequence ID: CP009508.1 Length: 5427890 Number of Matches: 1
Expect value 0.05

Hitlist size 700 Range 1: 4727192 to 4728045 Genfank Graghics
Match/Mismatch scores 23 = e -
Gapcosts 52 280 bits(310) 4e-70 579/857(68%) 6/857(0%)
Low Complexity Filter Yes -

Fiter string Lm X §=310, 1=0.625, K = 0.41

Genetic Code [ B / |

Database [ 2 S"ie= (AS - logeK) / loge2

Posted date Feb 18,2026 1715 AM [ ={0.625 x 310 - In(0.41)} / In2
Number of letters 1.056,255,000,623 | _

Number of sequences 121,169,851 \ 2808

Entrez query None \ E=Km'n'e?

- =

Karlin-Altschul statistics _for gapped alignment ) - 0.41 x 1,568,520,258,804,144
Lambda 0.633731 0625 0.625 X310

K 0.408146 0.41 e 70 70
G [0512438 =4.61e-70 =4.61 x 107 = 4x10"
Results Statistics E =m'n"2-S"hit

Length adjustment n - -280.8
Effective length of query 1492 1’568’520’258’804’144 2 2
Effective length of database 1051287036732 L_=4.64e-70 = 4.64 x 107" ~ 4x10"7°

Effective search space BIOS477/877 L14 - 19

Effective search space used

19

BLAST search set vs. format option

[Limiting the search space BEFORE starting the search]

BLAST © » blastp suite » resuts for RID-TYZWYX43016 SearchParameiers)

I (i) Expect value 0.05

RO TYZWYX43016 Download | 8aPcoSts 1
Program BLASTP@ Citation v Matrix BLOSUM62
Query ID 0587461

Description RecName: Full=Archaeal glutamate synthase INADPHJ

B e :M[ Search spac; is reduced k

Query Length 510

Otherreports  Distance teeofresuls Multple algnmens. w5 ve) [DaFabase

Posted date Feb 13,2026 2:53 PM
Number of sequences 5875
Clusters producing significant alignments a 4
Entrez query includes: Sulfolobus acidocaldarius (taxid:2285)

selectall 3custessacted

Without limiting the search: ~10% times larger

Gurc Cht Arener o
£ [Database

BIOS477/877 L14 - 21

Database size and E-value

= Search is NOT limited; result is filtered

2 member(s), 2 organism(s) _crenarchaeotes FMM-

25 295 6% dedd 4BIS% 712 WP 0112791071

Database Score E-value % identity
i L % WP_011279107.1 295 4e-88 48.15%
Number of eters 152408517774

Number o sequences |

entrez query o

= Search is limited to Sulfolobus acidocaldarius

B2 member(s), 2 organism(s)  renarchaeotes cdocal 205 295 6% 03 4818% 712 WP 0112791071
[[Database Score E-value % identity
Posted date i WP_011279107.1 295 3e-93 48.15%

Number o eters 5D =
Namber of sequences 355
Entrez query ud - Database size: 2x10° times smaller
(152,408,517,774/936,316 = 2x10°)
~ = E-value: ~10° times smaller
E=Km’n’e?s (3e-93/4e-88 = 10°%)

E-value is affected by the database size!
(. BIOS477/877 L14 -23

BLAST search set vs. format option

Query: Q58746.1 (AGLUS_METIA) Archaeal synthase
=>All similar sequences found so far are from bacteria and archaea

jannaschii DSM 2661]

» Can we find this protein in Sulfolobus acidocaldarius?
BLAST ©» biastp sulte

wqimiting the search using "Search Set"

Enter Query Sequence

T reduces the search space:

= E-values become smaller
E=Km’n’e’s

\_

Datan | ClstaroaNR _star_sea)

Program Selection

Aigorthn

BIOS477/877 L14 -20
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BLAST search set vs. format option

[Filtering the search result AFTER the search]

BLAST ® » blastp suite » results for RID-TZ092XP3014

Home Recent Results Saved Strategies ~ Help

@ How toread this report? € BLAST Help Videos 'DBack to Traditional Results Page

Job Title splQse746.1] Filter Results

RID TZ097XP3014 seschexpreson 02270609 am Download All v

Program BLASTP@ Citation v Organism _oniy top 20 wil appear (I

Database ClusteredNR  See detais v 4

Query D 0587461 o7 || e

Description RecName:Full=Archacal gutamate synhase (X0FH Al Percent Identity Evalue Query Caverage
Molecule type  amino acid Ve 41‘0[ | © ‘ L ‘°‘_|
QueryLength 510 pad — —

7
== 2%

[Database I

’ Posted date Feb 13,2026 253 PM
- Youvv-su\unmﬁlur-‘dmmmchv. Number of eters 152408517.774
a 476548436
Entrez query None

fect columns ~ Show [ 5000 v | ©

2 select all 1 custers seicted

Filtering the results does not [ o s re we oo

affect the search space
BIOS477/877 L14 -22

FASTA Web servers

FASTA server @ UVA
(Pearson’s original site; including also SSEARCH)

FASTA server @ EBI (including also SSEARCH)
* With graphic output
* Results can be obtained through email

FASTA server @ genome.jp (KEGG)

(search can be done against KEGG databases)

BIOS477/877 L14 - 24
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https://fasta.bioch.virginia.edu/fasta_www2/fasta_list2.shtml
https://www.ebi.ac.uk/jdispatcher/sss/fasta
https://www.genome.jp/tools/fasta/

FASTA similarity search

ke SwissProt The PIR1
Search Databases with FASTA “The NCal

‘Statstical Sgnificance fom Shufles

Find Internal Dupications (align/plalign)

HydropathyiSecondary.Structurelseq New: Annotaton festures avalable for Ulprol/SwissProuPIR 1 bray searchos.

Retreva resut RID: ot

Show domain annotations

(8) Program: .o

Y ——r— For the query

( Default DB: PIR Rt GoorSeqore ==\ __For the database seqs
Upload ancciaion il crome e o ieced
(small, limited, only for demo use) fo—
\-P Choose SwissProt for actual search |  unierotseauenca browzar
g

orotein

(©) Database: —

Protoin — To see the null distribution of

P e—
‘@Exclude low complexty (seq) e

alignment scores, check here

‘Gomments (optional)

Other soarch options:
Scoring matrix: open: ex

ut imits:
o , BestE0 algns

Kup:  Statistical esti

roticH i
Alignment Options: Highight o simiariies  dferences — compact diferences.  Outputformat: savia °
BIOS477/877 L14 -25
. .
FASTA statistics
10000 T T 4 T
- _ O Observed distribution
P - Expected distribution
Q 8000
S r 1 Distribution of Smith-Waterman score
S .
g 6000 ngrv. hun‘an glucose transporter
3 | ] Against: SwissProt (~84,000 seq)
k<]
_§ 4000
£ r 1 Distribution based on
€ 2000 database sequences can be
F E used to simulate extreme
L L R value distribution
20 00 20 40 6.0 2(c)
PP S S S S P S S T §'>x) = 1-exp|-Kmne
-20 00 20 40 6.0 8.0 xS & l)expl—e xl o], IXI
14 16 18 20 22 24 26 28 30  bit u: location parameter
B (or 1/1): scale parameter
similarity score for Gumbel EVD

Pearson (1998, 2013)

8= (ASran-InK)/In2
BIOS477/877 L14 -27
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Ophmum raw score -

nitn: nit: 548 [ ( 797 Z-score: 992, bxts
Sm‘r Waternan scorer L0510 TH—HFE‘) entity Sinitar T =333 x 341x 21920
uence Lookup  Re-search w/sibject  Pairwise aligument I
w =1.81x 10"
Eﬂﬂ E=Px571282
=10.0x 104
(alignment]
sp|Q5F INPALPEDVKTLLTDLEYFlSDVLKGEYLSKKAKEKKEVLIKRLKDIKHSNSLEFQAEYDDLEEMDGFPLPP*—* *DAVSIASDK DKDEELPVDG SFYPLVAAQDLE YLRAGVLEK
splosP Mksvpsnrrrusmsm oV i dasp QAVLKSGYLEK
30 40 50 60 70 80 90 100 [ 110
130 140 150 160 170 180 190 200 ] 210 220
sp|QsF
splasp v T xmmxpsnzzmmsnsnssm
120 130 140 150 160 170 180 190 200 110 220
230 20 250 260 [ 270 300
sp|QSF SHEEDIYEELS NNT VN'WGMEEMKG”GLVPKAYXHENVDI
5p1Q6P LPDDDIVEELS KPKVTLVkppppatpytaavik-5 WDCIGDQPDELSFKRGOTIYILSKEYOMFGHWVGEMKGVIGIVPKEYLLELYVL
240 250 260 270 280 290 300 310 330 ) 346

FASTA statistics: E-value

PS=x)
or
P(S>x)=mn2™

bit score)

BIOS477/877 L14 -29

FASTA statistics

7195 me inetease 4.4/29.4120-mar-2005 - 333 an
Liprary s ERret (aTarat, 250k)
028258 FeRale " In L9 203 Shauences.

one = represents 121 Uibrary sequences

Extreme value
distribution

P=KmnedS

=

Instead of shuffling a sequence,
o8 E pairwise alignments between

L the query vs. database entries are
ne o used to generate the null score
BOE & distribution

I A (sampled from 571,282 entries)

QZ?“’““ 'Ei;iifitt'_‘wrﬁﬁsrms’“” FHSTRRTS 5038+/-0. 000145,

7555 Zarimdistert 860" Btr

SEatIIE Eanteg rrom sosse (sism1) 1o 70024 sequences
_Smitnov ceatistic: 6.0138 (N=18) at

6857/~ 0.008
MR 75

BIOS477/877 L14 - 26
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FASTA statistics: E-value

P(S > x) = 1-exp[-Kmne*}

or from bit score: x’
P(S = x) = mn2~'

m and n: the lengths of query

= l-exp[-e M- "]

and each hit sequence

X))= 7.8038+/-0.000145; mu=_5.6857+/= 0.008
Xrin(11506): 886 B-trin: 133 in 2/62

BLSO matrix (15:-5)x5, open/ext:
674375 Eront:6e3 (6:123): width: 16

sDIQSFwﬂsKAPz XENTR Src kinase-associated phosphoprot
5P [05XGP7 | SKAZA XENLA Src kinase-associated phosphoprot
2p105US97 | SKAZB_XENLA Src kinase-associated phosphoprot
2 101KKZ1 | SKAP2 TAKRU Src kinase-associated phosphoprot
5p1075563 | SKAPZ_HUMAN Src Kinase-sssociated phosphoprot
Sp[Q32LP7 |SKAP2 BOVIN Src kinase-associated pho:

2203000 | SKAPSMOUSE Sre Kinase—associated BhosBhoBrot

NOTE: FASTA calculates P-value for [> E XP

each pairwise alignment

E(571,282) = P x 571,282

opt bits £(571282) aid mosin alen
5. 30™11000 1000 326 alion
: 211
26 o.

1599 0.808 354 alian

BIOS477/877 L14 - 28
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FASTA alignment

2 05=Danio reri (341 aa)
295.2 : |C.PH Pfam

B Lntecor
C.SH3 Pfam
! s (SR saicine
dnitn 75 °592.8 bits: 103.0 £(571262):
Sniihioternan score: 1287 50.0% sdentity (70,68 Simiiar)in 343 aa avertapl

Sequence Lookup Re-search'w/subject Pairwise alignment

[Domains],

——> Aligned region

[aligneat]

p|SF ) LPED\IKILLTDLETFISDVlKGETLSKKAKEKKEVUKRLKD]KHSHSLEFQAETDDLEmI}GFPLP

[
DAVSTASOR-DKDEELPYOG- SFVPLVAABDLE At

spl06P | MR vPEanTusoLETrm: L Fidr mvmsr.uz
2 30 i 50 60 70 80 9 00 (1
120 130 140 150 160 170 180 190 200 ) 210 20
5p105F §RKDHSFFASEWOKRWCUCTNSHFYYYGSDKDKQQKGAFSLDGYRAKHNDTLRKDAKKDCCFETFAPD IMNSAGNIPTEDEEL)
sp106P A NIVG TKDLGGIIPEDEEEYDDCLSMSQSEVAT]
120 130 140 150 160 170 180 190 200 110 220 230
230 240 250 260 [ 270 280 29 300 310 320
5p|QSF JHEEDIYEELS DELSFKHGDTIYILSKEYNTYGHWVGENKGTIGLVPKAYIHEMDT
5p106P {PDDDIYEELPEEDVPQPSKPKVTLVNkppppatpvtaavik ToodpOELSFAGOTIVL F e
200 250 260 270 280 290( 310 320 301 3

29
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FASTA alignment

DAE Src | 2 05-Danio rer (341 aa)
core cH

Reglon: 104-20:

}Domams in hit & query

-339)

Core: 992.5" bits: 162.0 £(571262): 9.0e-48
Smith-Waternan score: 1287; 58.0% identity (79.6% sinilar) in 343 aa overlap (4-32
Sequence Lookup Re-search w/subject Pairwise alic

<— Dotnains in the query sequence
= _— 1 Domains in the hit sequence

— [oonains)

lalignnent|

10 20 30 40 50 60 70 80 % 00 [ 110
$P105F MNPALPEDVKTLLTDLETFISDVLKGETLSKKAKEKKEVLIKRLKDIKHSHSLEFQAETDDLEENDGFPLPP————-DAVSTASDR-DKDEELPYDG-SFYPLVAAQDLE- YLRAGYLE!

sp|Q6P  MREVPEDFTTLISOLETFLTDVL Q QAVLKSGYLE}
10 20 30 a0 50 60 70 80 % 100 [ 110
120 130 1450 150 160 170 180 19 200 20
spl0sF
SplQ6P QRKDHSFF vy T A OFLIKDLGGTIPEDEEEYDDCLSHSQSEVAT]
120 130 140 150 160 170 180 190 200 110 220 230

250 260 [ 270
spl0sF eeDrveeLoees—-eie- WEXEYPKAYPVPVIIITSGKENTDYMFVRGLWCYGDNPDELSFKNGDTXYILSKEWVGMGEMKGHGLVPKAVXNEN 01

5p106P §PODDIYEELPEED melGDQPDELSFKRGDY!YILSKEYDMFGMGEMKGVIG!VPKEYLLEL L
240 250 260 270 280 01 3f0

BIOS477/877 L14 - 31
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FASTA alignment

0=-10log1 P
osn aicvavs pe (045 3) e beE 2 0001,
c'."s*nz-mme Fan Domains | 0>30
Pfam

Region: 95-131
qRegion: 103-2

G5 shterero

it e 5y ey (68 Pl Only SH3 region has igh seares (@30)

S O 20 = Possibly correctly aligned

: ; ' do the
[-DAh regions m‘rmm'ltxmto e score (Q=0) J

lalignnent]

130
(V(WNSMFYWGSDKDKQQKGAFSLDGVRAK\

70 80 9% 100 [ 110 120
5p|QSF KHSHSLEFQAETDDLEENDGFPLPPDAVSTASDROKDEELPYDGSFYPLVAAQDLEYLRAGYLEKRRKDHS FFASEWQKR

spIP27 g
640 650 660 S0l 6]

splast he--ZEDrveeLpeEseKpvTELE TPRATPUPIARTSGKENTI vmrvmwn

splP27 inEGILTI- ««snr.rvL T FrolLELVER wsu‘q‘x%ksinmorwxepzmuxsxpmsm
700 710 720 730 70

280 290 300 310 320
5pIQSF - CTGDHPDELSFKHGDTIYILSKEYNTYGHWVGEMKGTIGLVPKAYIMEMY )T

YGRIGHFPSN!

TIKIL QQGHWRGE /EEDVSEYC
810 820 80 ] 840

FASTA uses domain information to indicate possible incorrect alignment

See Mills and Pearson (2013) BIOS477/877 L14 -33
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Multiple sequence alignment (MSA)

iiiniiiiiiecce

T EuvusssNaaa1113133 sV RUN NN NN TT1111 e e e e e By

B

5555

HiononRessce

BIOS477/877 L14 -35

FASTA alingment

DANRE Src 2,05:0anio reri (341 2a)
Region: 104-203:106-208 : score C.PH Pfan
04-211

Region: T78-319: 301337 e i |
‘aRegion: 27 1d=0.622; 0=200.4 :
R R e e e L e T s
Snith dotarnan score: 1267 50.9% Sdentity (75,65 Simitar) in 343 3a averlap. (4-326:3-339)
Sequence Lookup Re-search w/subject Pairwil€ align

0=-10lognP |-
To be P<0.001,
0>30

10=0.651; =795
1o

103-201

. 646;

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

[alignment

[
p|QSF MNP I.PEDVKYI.I.TDI.ETFISDVI.KEEYLSKKAKEKKEVLlKRLKDIKHSHSLEFQAETDDLEBIDGFPLPP Avsusnn OKOEELPYOG- stvammE Rt

SpIQ6P MR vpznmusnmn ol , nAvLKsmEx
30 a0 50 50 70 80 % 100
180

spI0SF |
Sp|Q6P | RKDHSFFGNEWOKRWCA F RKDAKRDCC

120 130 140 150 160 170 180

230 200 250 260 [ 270 280
5pIQSF {HEEDTYEELS ODHPDELSFRIGOTIYTLSKENTYGHGEHKGTIGLYPAYIHEN T
5p106P {PDDDIYEELS KPKVTLUNKp 3 TGDOPDELSFKRGDTIVIL m "

240 250 260 270 200 300 310 320 3301
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FASTA alignment

0=-10log10P
2 PTTOIAL WIS Proo-oncogene, vau 05 useutus 110650
ores To be P <0.001,
ahagin
Reglon 0>30
Region 2.
QRegic resizi; bitse3n. ; 0=s
fnitn o Tescores 32206, bites 30.8 EL37ien):
snith 55 24.3% Saentity (4910w cinilar) in 251 22 overisp (8
Sequence Lookup ch w/subject Pairwise alignment ——
This is the only aligned region!
S [oonains).
[atignfiEneT (
5 o 7 8 o 150
ronEThoL P, ol This is 7:Tsldeb of the aligned f‘¢9'°"' aakearsLoorac
5p1P27] GUDFAGTHKKDKLHRRAQDKKRNEL GLPKNEVFQEYYGIpgbpga Should not be ed fo b SVALWYAGPHERA
570 580 590 600 0 similar regionsl| 6700 680
190 Zﬂﬂ \ [ 270
sDInsF HND\'LRKDAKKDCCFEXFAP’ YDDVNC TPKATPVPVNNT:
spIP27 AEGILTH- ‘sucwmnnvxnnzFus1xmvvanlKmrsscmmEKKAFm:LLELVEvamsancrKsLnrrmrwxspzmlsxpfw:srxf
5p105F -CTODAPOELSFRIDTIYILSKEMTYGWNGEIKGTIGLYPKAY DL
splP27 mm ézL” HRkk-G et
810 BEB 1 840
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Why multiple alignment?

> To examine evolutionary relationships between
sequences
=> To reconstruct phylogenetic trees

> To predict protein functions
(conserved regions, functional or structural domains)

» For homology modeling (structural prediction)
» To design PCR primers etc. etc. ...

BIOS477/877 L14 - 36
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Multiple alignment as an extension
of pairwise alignment

> Dynamic programming algorithm
=> Guarantees to find the optimal
alignment
based on the scoring system
> Optimal alignments are searched based on
alignment score
=» Match/mismatch (S;;) and gap penalties

BIOS477/877 L14 -37
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Multiple alignment: complexity

» Dynamic programming algorithm
Pairwise alignment Multiple alignment for 3
3 ways to align 7 ways to align

AN
= A
T

A - i
i = A
- - ¢

O(mxn) or O(n?) <-\ > ond)
Complexity can be expressed with big-O notation
BIOS477/877 L14 -39

1P
Q1P
(e -}
aap

39

How to score multiple alignment

> Sum of pairs score
S(A) = Zi,iS(Aij)

Ajj: the score of the pairwise alignment between i and j

MEGP-GE
MpGpppQ ‘112
MEGP-GE S(A) = 8(A12) + S(413) + 5(423)
MEA--AD ‘'3

MEGP-GE
A MDGPPPQ
MEA--AD
MDGPPPQ

MEA--AD 23

=> S(A) has no statistical justification

There is no single good method that can measure
the overall quality of multiple alignments!

BIOS477/877 L14 -41
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Multiple alignment: complexity

> Dynamic programming algorithm

Pairwise alignment Multiple alignment (3x)
T|T[G]G[A]C]G]T[G N
T A
€] /
% Search Space .
€]
E s
1 v s N s
ST T T T T T T

O(mxn) or O(n?) <\ > o(n’)
Complexity can be expressed with big-O notation
BI0S477/877 L14 -38
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Multiple alignment: complexity

» Dynamic programming algorithm

Pairwise alignment

Multiple alignment (3x,4x,5x,...)
T[T|G|G|A|C|G|[T]G ¢

A

1

Search Space

RERRERRRE

v s N s

o(n?) o(nd), O(n?), O(rd) ... O(n~)
Impossible for more than 5 - 6 sequences!

BIOS477/877 L14 -40
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Multiple alignment: Divide and Conquer (DCA)

https://bibiserv.cebitec.uni-bielefeld.de/dca

original sequences

Divide and Conquer algorithm

i) Breaks down a problem into small sub-

/ divide \ problems,

ii) Solves each sub-problem independently,

iii) Combines the solutions to the sub-
problems to give a solution to the original
large problem.

| | align optimally | —j_
\ Yoncllenm/ /
Stoye (1998) BIOS477/877 L14 - 42
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https://bibiserv.cebitec.uni-bielefeld.de/dca
https://bibiserv.cebitec.uni-bielefeld.de/dca
https://bibiserv.cebitec.uni-bielefeld.de/dca

Multiple alignment: Divide and Conquer (DCA)

https://bibiserv.cebitec.uni-bielefeld.de/dca

original sequences. '

For multiple alignment:

1. Each sequence is cut into two.
divide \ 2. Each group of subsequences is

recursively cut into two until they are
short enough.

\

N

divide

/dlvlde\

I~
I

3. Each group of short subsequence is
aligned optimally (dynamic
programming algorithm)

4. Short
yielding a solution of the original
multiple alignment problem.

l align optimally l

N\

Stoye (1998) BIOS477/877 L14 -43

\
IR
J\

lig 1ts are ed

\
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Multiple alignment: Divide and Conquer (DCA)

DCA:

 Uses (almost) exact multiple alignment
method on shorter fragments

* How can the suitable cutting positions be
found?

DIALIGN (local fragment alignment) can be used to
find cutting positions (based on highly conserved
fragments)

Sammeth et al. (2003) Bioinformatics 19: ii189-ii195
[Not implemented.]

BIOS477/877 L14 - 44
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https://bibiserv.cebitec.uni-bielefeld.de/dca
https://bibiserv.cebitec.uni-bielefeld.de/dca
https://bibiserv.cebitec.uni-bielefeld.de/dca
https://bibiserv.cebitec.uni-bielefeld.de/dialign
https://bibiserv.cebitec.uni-bielefeld.de/dialign
https://bibiserv.cebitec.uni-bielefeld.de/dialign
http://bibiserv.techfak.uni-bielefeld.de/dialign/
https://dialign.gobics.de/

