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TODAY'S TOPICS

> BLAST website and options
(blastp & blastn)

> BLAST & FASTA Statistics
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blastp Protein Similarity Search

Query: Q58746.1 (AGLUS_METJA)

Archaeal glutamate synthase [Methanocaldococcus jannaschii DSM 2661]

Accession number as an input

https://blast.ncbi.nlm. gov/Blast.cgi BIOS477/877 L13 -3

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

BLAST ® » blastp suite » results for RID-02CIWW3301N Home  Recent Results ~Saved Strategies  Help
<EditSearch | SaveSearch  Search Summary v © How toread this report? B8 BLAST Help Videos DBack to Traditional Results Page
Job Title pIQs8746.1] -
Title: All non-redundant GenBank CDS
RID 02C1WW30IN. Search expirs on 0304 06 N

o
Description
Molecule ty

excluding envi samples
from WGS projects
Molecule Type: Protein
RecName: Ful=Archacal gutamate syn| \UPdate date: 2023/01/12
pe  amino acid Number of sequences: 522605238

QueryLength 510

vreports Disane e esls Ml sloomers MShviens: © [ e |

LSRN Graphic Summary  Alignments  Taxonomy

Sequences producing significant alignments Download ~  Select columns ~ Show

@ selectall 100 squences seced GenPept  Graphics  Distance reeofresults  Mullleslgnment  MSA Viewer
B ax o [ouoy | & | P s
= e Store S Gowr el ot Lan | Accssion
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blastp Similarity Search: Result Page

BLAST ® » blastp suite » results for RID-02CIWW3301N Home Recent Results Saved Strategies Help.
<EditSearch | Save Search  Search Summary v @ Howtoread his report? € BLAST Help ideos ‘DBack to Traditonal Results Page
Job Title pIQ58746.1| Filter Results
RID O2CTWWSS01N Searh espreson 02040624 am Download All v
Program BLASTP@  Citation v Ovganiom Eony 10p 20 Wil apesr exchide
Database o Scodeley
+ Add organism
Query ID Qs8746.1 Query name o
Description  RecName: A Evalue Query Coverage
Molecule type  amino acid m{ o m‘

Query Length 510 uery lenagth

Cher reports T Nnle shgnment MeAviewer

| == g

Graphic Summary  Alignments  Taxonomy
Sequences producing significant alignments Download ~ Select columns  how [ 100 | @
@ selectall 100 souences slced GenPept  Graphios  Distance tre of esulis Mulipl aignment  MSA Viewer
o= e © Sors Covr v it L Acusn
— o 106 ook G0 onoon
@ o s o o0 srees s10 e i
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https://blast.ncbi.nlm.nih.gov/Blast.cgi

blastp Similarity Search: Result Page

BLAST ® » blastp suite » results for RID-02CIWW3301N Home Recent Results ~Saved Strategies Help
SO — L R —
Job Title plQ58746.1| Filter Results
CLCMMSEOI s mn ozt Qouncad
B sl D Organim_ony o 20t gper ] exciude
vuatese v Sasdslav

e
Query D 0587461 S
octpion sk 3 Eue e
iR = Js o

QueryLength 510

Gherrepors i s of s il somer MSAvever © =]

- Compare these results against the nc ngry coverage: T
Gupiosummary  Algmens Toromy  Proportion of the query aligned

Sequences producing significant alignments Download ~ \Select columns  Show [ 100 v | @
9 select all 100 sequences sfeced. GenPep! Graphics Distance e Mliple alignment MSA Viewer

JS— - N = .
dtamate syibase-eate protin Menanocatdococcus annesch] [r—— L PYO——
amate syihese e proein Methanocaldocoecus s FS40522) Metanocaidoo 1oo%. E I amosa0s
R B scor'es = E-value 7.
‘glutamate synthase-related arotein (Methanocaldococcus lauenss] Methanocaidiacoccus lausnsis 1029 1029 100% 00 O784% 510 WP 2144006711
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blastp Similarity Search: Result Page

s

Algnments ~ Taxonomy

Qhovertoseethe title k

AlignmentScores <40 [§40-50 [J50-80 [W0-200 [W>=20 @

100sequences selected @ Putative conse ige below for detailed

ery seq.
specific hits -
Swperfomilies s

Glu_synthase superfasily

Distribution of the top 100 Blast Hits on 100 subject sequences

1 I | | | I
1 100 200 300 400 500
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blastp Similarity Search: Result Page
< v
Descriptions  Graphic Summary m Taxonomy

© [Restore defaults Download

Alignment view | Pairwise

7 sequences selected @

& Downloadv  GenPept Graphics <«Descriptions
nitronate monooxygenase [Methanoregula boonei]
Sequence ID: WP_012107254.1 Length: 503 Number of Matches: 1

See 1 more title(s) v See all Identical Proteins(IPG)

Range 1: 6 to 502 GenPept Graphics Related Information
dentites Positives Gaps ene - associated gene
nal matrix adjust. 352/504(70%) 413/504(81%) 7/504(1%) details
Identical Proteins -

Score Expect Method
727 bits(1877) 0.0 Composit

Query 6 VEPKYKVEVOPNRCHLCERCTIECSHGVYRREGDRIISYSNRCGACHRCVCPROALTY - 65 Identical proteins to
Sbjct 6  IPLRFKVELDTGQCMNCGRCIENCSYGVYRREGDRIVVNSRNCVACHRCTAFCPRDAISI 65 WP_012107254.1

Query 66 KENAISHRSHPLUDVDARVDIYNOAKTGCILLSGGNAKEHPIYEDKIVLOACOVTNPST 12
SRSHPAW  + R 44NQAKTG Tr+3GMGN ' 4P+ FD+++LDACOVINPST

Shict 66 YEKPTOYRSHPAITREVREAVFNGAKTCKLTVAGHCNVLPYPHTFORLLLOACOVINST 12

Query 126 DPLREPHELRTYIGKKPKOLEFEFVEEETOGKKIKKAKLKTKIAPNLILOTPIMTARSY 18

DPLREPHELRTYI
Sbjct 126 DPLREPHELRTYIGKKPAALS—--VKEHPNGD---~TDLLTTLAPNLKLETPIMIGHMSY 17

Query 186 GALSLNAHLSFAKAVKECGTFMGTGEGGLPKALYPYADHIITQVASGREGUNEEYLMKGS 24
SSINA + + GTF+GTGEGGL ++LYPY DH+I QUASGRFGV+ YL +G+
Sbjct 179 GATSLNAQTALAKAAKKMGTFLGTGEGGLHESLYPYQDHMIVQVASGRFGVDINYLERGA 23
Query 246 ATEIKIGUGAKPOTGOHLPGEKVTAETSATRMIPEGSDATSPAPHIDIYSTEDLAGLYRS 3¢
N " AIEIKIGQGAKPGIGGHLPGEKV A++S TRMIPEGSDAISPAPHHDIYSIEDL QLV S
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blastp Similarity Search: Result Page

BLAST ® » blastp suite » results for RID-02C1WW3301N Home. RecentResuls  Saved Srategies Help
SoveSearch  Search Summary v © Howt read his report? @ BLAST Help Videos DBk o TradiionalResuls Page
JobTide  splase7asl Filter Results
RD C2CIWWIIOIN Sear i on 05040624 3m Download Allv
o T Organiem . ol op 20 i ppeer ) exclude
ouabese  w Soedetls v \

 Add organism
Query ID 587461 o
Descripion Al Evalue Query Coverage

Molecule type  amino acid C el ] [ e[ [ Je[ ]

cvmryLangtn 510
Oterrepots  Dlstanc e ofesuls Mokl algnment VSAvier © [ rier |

| == g

EEZg ooy wwmens ooy

Sequences prod Download ~  Select columns ~ Show

Select sequences Yo be
included in the tree

@ selectall 100 GenPept  Graphics Muttiple alignment MSA Viewer

1043 1043 100% 00 100.00% 510 WP 0108708691
- BIOS477/877 L13 - 10

.
blastp Similarity Search: Result Page
BLAST ® » blastp suite » results for RID-02C1WW3301N Home Recent Results Saved Strategies Help

[cesiesearen ] soesearch  seorehsummary v Phylogeny based on pairwise distance from
e BLAST pairwise alignments.
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Job Title 5plQ58746.1|

RID QQCIMMWII0ON sewehepiescn03040624m Dounload? =) Approximated tree. For a more accurate
Program BLASTP@  Ciltion v phylogeny, distances need to be estimated
:"""m "’Sﬁjimﬁv from the multiple alignment.

blastp Similarity Search: Result Page

BLAST ® » blastp suite » results for RID-02CIWW3301N Home Recent Results Saved Strategies Help
Job Title splQ58746.1| Filter Results
F— T TR Organism_onl top 20 i appear ] exclude
Do il \

i
Query D Q587461 Akl oraaniz

QueryLength 510

Other reports  Distance tree of results Muttiple alignment MSA fewer @

v “dnr database ©  [IETSAN X

Mol s arino CJol 3L _Jo[ [ Jo[ ]
=]

Download the BLAST result:
- BLAST search result in text format P
- Sequences and allgnmeMS in FASTA format Download ) Select columns ~ Show
- BLAST hit statistics in "Hit Table (csv)"
[Can be imported to any spread sheet =TT —
program (Excel)] i Seom v o e oy s

069 1069 100% 00 10000% 510 We oioeTosse 1

Graphics  Distance tiee of results  Mulile aignment  MSA Viewier
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blastp Protein Similarity Search

— Algorithm parameters

eneral Parametel
Max target 100 v
sequences. Lioo ~ ]

Sele; fiaximum number of aligned sequences to display @

Short queries. Automically adjust parameters for short input sequences @

Expect throshold | 05
Word size s~ e

Max matches ina | [ g When searching highly conserved sequences:
Qiery range

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

Scoring Parameters.

Matrix [BLoSuMe2 v|
Gap Costs [ Existence: 116
Compositional [ Gonditional comh,_

adjustments

(the default is only 100 sequencesl!!)

Filters and Masking
Filter Low complexity regions @

Mask Mask for lookup table only @
Mask lower case letters @

BLAST Search database nr using Blastp (protein-protein BLAST)

Show results in 8 new window

https:/blast.ncbi.nlm.nih.gov/Blast.cgi BIOS477/877 L13 - 13

blastp Protein Similarity Search

Query: Q58746.1 (AGLUS_METJA)
Archaeal gl e synthase [Met} Id J hii DSM 2661]

Sequences producing significant alignments Download ~  Selectcolumns ~ Show (100 | ©

@ select all 100 sequences selected GenPept Graphics  Distance tree of results  Multiple alignment MSA Viewer

Ooscpon Scent o Vox o Gy £ P oo
& - - Score Scors Cover value ident Len Acoession
s o e % 00 000k 510 e
Jro— .

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.

ss 7 ss 00 ssw s

7% %% 00 Toun 503 MMzt

o)

THT® wen 00 7w S VT2

caoooon

; e —
At the bottom of the 100 hits, E-value is still 0l <~
There should be a lot more hits with E-values < 0.05 (the threshold) | BIOS#77/877L13-14
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blastp Protein Similarity Search

— Algorithm parameters

General Parameters.

Sesences Lo ¥ - [ Can be increased up to 5000 ]

Select the maximuml

Short queries. Automatically adjust parameters for short input sequences @
Expoct throshold [ 0,05 e

Word size [ev]®

Max matchesina [ )

query range

Scoring Parameters

Matrix BLOSUM62 v |@
Gap Costs. Existence: 11 Extension: 1 ¥ | @

Conditional i trix adjustment
adjustments [ @

Filters and Masking
Filter Low complexity regions @

Mask Mask for lookup table only @
Mask lower case letters @

BLAST ‘Search database nr using Blastp (protein-protein BLAST)

() Show rosuttsin a new window

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

BIOS477/877 L12 - 15

blastp Protein Similarity Search

Query: Q58746.1 (AGLUS_METJA)
A !

rchaeal gl e Sy [Me:

" 1d.
t

hii DSM 2661]

J
Sequences producing significant alignments Download ©  Selectcolumns ~ Show [ 5000 v | @

G select all _5000 sequences sefected GenPept Graphics  Distance tree of results  Multiple alignment MSA Viewer

= enitoname | Max | Toal Quoy | E | per A
e SclntfcName Siove Score Cover value  Mdent Len  Accesson
utamatesynhase ot ot Misthanccaiococcusannashil Mehanccacos 1083 1043 100% 00 _10000% 10_Wp 010870eea

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

1 rotain Thermoprotecta rchaacn] Temoprienta.. 33 313 9% _less ITA8% 716 NPABESLL

phic Summary  Alignments || [IRSEENY

N

All hits are from

e L bacterial/archaeal proteins
J‘\_/ BIOS477/877 L13 - 16

Numberofhits  Number of Organisms
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blastp Similarity Search: a Case Study

Query: Q58746.1 (AGLUS_METJA)
Archaeal glutamate synthase [Meth Id je hifDSM 2661]

(" But be careful limiting the
-4 search against g small subset of
database
-» E-values will be affected

g

BIOS477/877 L13 - 17

blastp Similarity Search: a Case Study

Query: Q58746.1 (AGLUS_METJA)
Archaeal g e synthase [ Meth Ide j hifDSM 2661]

¢ Can we find similar sequences in eukaryotes?

w Algnments  Taxonomy

B0 BoH D00 @0 Eem

[Default search]
- Prokaryotic proteins have both NapF and
6lu_synthase domains.
BIOS477/877 L13 - 18

[Search limited to Eukaryota]
- Do all eukaryotic proteins lack NapF domain?
- They may not be in the top 100 hits.

18



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

blastp Similarity Search: a Case Study

Query: Q58746.1 (AGLUS_METJA)

Archaeal glutamate synthase [Meth lde Ji hii DSM 2661]
) ) W ) " ) n n " " i
L L - " - - | " - L
Query seq,
Specific hits o e
Suerfanilies  NagF superfanily Glu_synthase superfanily

¢ Can we find eukaryotic sequences similar to the NapF domain?
- Use "Query subrange" option, or

- Use "Max matches in a query range" option

BIOS477/877 L13 - 19

blastp Similarity Search: a Case Study

[Search using the "Query subrange" option]

Specify the query range for
the search

19

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

Specify the query range for
the search

@
Search set I e s ety

PYSINSRI_SPSSSN P ST e Q

20

Sequence 0: OHTOU64.1 Length: 924 Number of Matches: 1

%) 4/s9(e%)

evor e o
B e S R e G AT i
Shjct 844 EIDUDKCLRCOKCAL A a0z

BIOS477/877 L13 -21
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blastp Similarity Search: a Case Study

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

" 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.

E-value increased (for short sequences)

es @

BIOS477/877 L13 -22

blastp Similarity Search: a Case Study

[Max Matches = 3]

mload Select columns ~ Show [ 100 | ©

Sequences producing significant alignments.

selectall 9 sequenc

e [yl s ATEC 07T )

BIOS477/877 L13 -23
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blastp Similarity Search: a Case Study

Without Max Matches option

(Downloaded in "Hit Table (csv)", imported to Excel)

% | alignment| mis- | gap | query | aquery | subject | subject bit %

| _query  subject lidentity length _ matches open: tat, e-value | score | positive:

Q587461 MCL4138302.1 | 35.045 248 247 6 78 S03] 47 466542673 248 5179
Q587461 |MCLA149161.1 | 34.856 416 226 4 85 483 3 390111663 222 4976
Q587461 |MICLA141667.1 | 37.681) 345 193 3| 160 483| 33 37638362 218 5333
Q587461 |MCLA115492.1 | 41.003 339 188 6 167 499|872 1204395660 224 54.28
Q587461 MCL4104575.1 | 40938 320 180 4 178 491f 869 1185 L11E59 223 5437
Q587461 |MCL4143097.1 | 41.009) 317 174 4 183 a4o1] 217 528310659 219  54.26
Q587461 |MCL4123473.1 | 41.956 317 175 4 183 493] 125 438924659 216 5584
Q587461 |GHP11700.1 20.171] 351 179 S| 167 91| 924 1269 999E59 221 5214

= 3 i . = - ===

wory oo,

Spcirc b g e

sortmilies gt uperfoly Glu_ounthase super fanily -

Y T.n.‘nm-.n-g- gap | query | query | subject| subject bit %

g bject identity| length | matches ™eweas_| start | _en = -yall core | positive:
Q587461 |MCL4138302.1 5.045| 448 247 7 47 a66[5A2E73 248 5179
Q587461 |QKY14997.1 3N 40 262 7| 61 4od s 1305322656 213 4841
Q58746.1 |ONM39253.1 33.703 451 258 10| 57 499 881 13072 202 48.12]
Q587461 |ONM39260.1 33.703 258 10| 57 490 88l 13072 202 4812
Q587461 |ONM39236.1 33703 251N258 10| 57 49d 801  1317]2: 202 4812
Q587461 |ONM39224.1 33703 51 10| _s57__ad 578 10042 202 4812
Q58746.1 |GlQ86676.1 29.091] 55] 37 NI [ 133 s 7 6 8] 54.55
Q58746.1 |OHT00364.1 32203 59) 36/ 13 6] 844 90 45| 54.24|
Q58746.1 |0A015556.1 31579 57, 38 1] 10 e 29 28 416] 5263

With Max Matches = 3 BIOS477/877 L13 -24
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Nucleotide Similarity Search

BLAST © » biastn suite Homo  Recent Results Saved Stratogios  Help

blastp | blasix | thlasin | tblastx

Enter Query Sequence

Or.uplosd e Chooss Fie ol seeciaa °

i oy BAST s ©

Algn o o mors sequences @

Choosa Search Sat

Dutabane O [STm—
. oy experimental taxonomic nt databases
[ ICP—— 4 T i e

[L {— Default database: nr/nt

o e e s

[ P —

]
Program Selection
Optimizefor @ Highy smiar secuences (megables)
7o o sasonces (deconiguous megabiast)

mowatsmla soquances (iacin)
G s BLAST i ©

5
i
BIOS477/877 L13 -2
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Nucleotide Similarity Search

BLAST ®» blastn suite Home Recent Results Saved Strategies  Help

BEEDE vece | blsx | blastn | wlesx

Enter Query Sequence

I
Onuplosdfle  Chogse il no il selecied °
Search Set

EEI® cxpurmens susoner | T Sxporimantal texonomic nt dtab

Sequences ram ype st

Vel Crose custom dtabaze

Program Selection
optmiontor @ oy s souenes (resoses)
e —
onces (wastn)
°

Veeotbck

BIOS477/877 L13 -27
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megablast vs. blastn

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

Max Target sequences: 5000

Expect threshold: 0.0001

028 hits, E<0.0001]

[megablast only 14 hits, all E-O]

f the top 13 Blast Hits on 13

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) BOSAT R OaN55

29

BLAST Databases (Nucleotide)

Nucleotide database Description
Partiall from GenBank,
Nucleotide Collection (nr/nt) default | EMBL, DDBJ, PDB, and RefSeq, excluding ETS, STS, GSS,
WGS, TSA, patent HTGS, and > 100Mb

RefSeq databases RefSeq RNA, RefSeq Select (hur?an and mouse), RefSeq

Genome, Human

Whole-Genome-Shotgun contigs (WGS), tags (EST), Read Archive
(SRA), T i Shotgun y (TSA), High T! Genomic (HTGS),
Genomic survey sequences (GSS), Sequence tagged sites (STS)

PDB i from the Protein Data Bank (PDB)

Nucleotide sequences derived from the Patent division of

Patent sequences GenBank

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

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

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

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

18S ribosomal RNA

28S ribosomal RNA

Internal transcribed spacer region

and more...
httoss/fto.ncbinlm.nib.gov/blast/db/ BIOS477/877 L13 - 26
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Nucleotide Similarity Search

BLAST ©» blastn suite Home  Recent Resuts Saved Stategios  Help

blastp | blasix | tblasn | tblasix

Enter Query Sequence

T
Onuplosdfle  Chaose Fie o il seecisd °
e oy BLAST 2 ©
Choose Search Set
Database ) > [a— > Betmcoronaviue

T eperimant monomic koo

C
(e e 0 ”;‘““' c megablasf*' w=28 (16~256)
e comor' | o senne© *This is the default search method
St .. discontiguous megablast:
w=11 (or 12)
allows some mismatches
blastn: w=11 (7~15)
w=7 for a short sequence
. &
BIOS477/877 L13 -28

E———]

© oy o e gt
oro s secorces (oot regsist)
Somownatsmir saduoncss (iasn

Groose s LT g ©

28

Discontiquous megablast

Program Selection
Optimize for Highly similar sequences (megablast)
. megablast)

‘Somownat similar sequences (blasin)
Choose a BLAST aigorithm &

Megsbiastisntonded for comparing  auery 1 closelyrlated eduences and worksbest f i arget percet ity
is 95% or more but is very fs

Dlacontipucs megablast 46es an intal e hat gnores some bases (alowing mismatches) and i ntsrded for
cross-species comparisons.

BlastN is siow, but allows a word-size down to seven bases.

If discontiguous megablast is chosen:

Discontiguous Word Options
Template length )

Total number of bases in a seed that ignores some positions. more.

Tomplato type Coding <@

Specifies which bases are ignored in scanning the database. mors.

Word matching based on discontiguous pattern (template):
e.g., for coding: 1101101101101101 (w=11, t=16)

-» mismatches are allowed for ‘0" positions

BIOS477/877 L13 -30
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https://ftp.ncbi.nlm.nih.gov/blast/db/

BLASTN/BLASTX Results BLASTP Results
[blasfn]” [blastp]

ifilii ical protein (IMG5_093910) mRNA, complete cds 1 [NADH] isoform X1 (GOSHI) [Polytomella parval
Sequence ID: XM_004035606.1 Length: 783 Number of Matches: 1 Sequence ID: QKY14997.1 Length: 2221 Number of Matches: 1
Range 1: 40 to 96 GenBank Graphics Range 1: 881 to 1305 GenPept Graphics
Score Expect  Identities Gaps Strand 213 bits(543) 26.56 Compositional matrix adjust. 153/440(35%) |213/440(48%)| 25/440(5%)

its(54 45/57(79% 7(0% Plus/Min
50.0 bits(54) .12 5/57(79%) 9/57(0%) ey Query 61  DAITIKENAISWRSHPL YNQAKTGCTLL: FORIVLDACQV 120
DA A TNATSSME R i o BT
Query 1032 TAAARATGATGAC(TETa TTiatliatoaatiatltattttoatttatt 1088 Sbjct 881  DALILHSNAFSPIAFPDGSADAR———-QLETSGDYAFRAAPGSEVHSNDPDAIAKLQAAT 936
sbjct 96 TR = e vt e AL 40 Query 121 TNPSIDPLREPMELRTYIGKKPKOLEFEFVEEETDGKKIKKAKLKTKIAPNLKLDTPINI 180
PR EL T oK VEEE K. 3 LoTPI
Sbjct 937  RGNDRELFRQFSELNTKLSKKIH—————-i LRGLURFKKSAKSVPLESVEPAQATVKRFVT 990

Low complexity region is masked
[b'GSTX] (translated query vs. profein db) = (shown in gray lower cases)

hypothetical protein FL83_19826, partial [Caenorhabditis latens].
Sequence ID: OZF96681.1 Length: 598 Number of Matches: 1

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

large it-like protein [Si: ium meliloti 1021]
Sequence ID: 087392.2 Length: 442 Number of Matches: 1

i Mange 32 33 10 410 Canpant Grannice

S emar0n: T8 C et e et

D PSS A VSO PRy S oo e e e ;
T T e s L T il S encasay S5 Cobartonat motrie sagune. i1iAT a0y T34 rcasney $5/aarcionns

sbjct 1 MR eHT S0P ST SNPMY VDL Y CAEGMT QY TPHBY—GTNLLE} 59 possible query 73 msnpLs L YNQAKTGCILL: rpKIVLDACQYINPSIDPLREPH 122

query 198 232 fpames ) A R T Y EB 1Y TOPLRE

query 30 e st 12 BxeariBovratianadntiay B e enstinvatforhine oo

ory v e nenvt rramscogta e 00 query 133 ELATYIgUPKQLErEpVERE Dbk ikar ks isrfLoTE gAMYL gl 192

NAGAVETTAMBSEQRTSHVES sbjct 70 DTSWWLGTH KIPITIAGMSFGALSGPA 104

ONAGAVLTTAMDSCQOISHVLG 179

sbjct 120 T

Query 495  CYQOGGEDSDFVRKAIESLVKKLKDKRIELDALITAVTSNGKOPTGCVTIQRSLDGRLQV 674 Query 193  HLSFAKAVKECETFMGTaReaL PKALYPY AD I TOVASGRESYNESYLMKGSATEINIS 252
CYQQCCEDS L FVRKATESL VKL KDKRTELDAL ITAVTSNGKOPTGCVTIORSLBGRLQY 3 "
Sbjct 180  CYQQGGEDSEFVRKAIESLVKKLKDKRIELDALITAVTSNGKOPTGCVTIORSLDGRLOV 239 Sbict 105 KEALGRGATASGTSTTTGDGGMTDEERGHSMTLVYQYLPSRYGHMNPKDLRRADAIEVWVG 164

BIOS477/877 L13 - 31 Low complexity region is masked BIOS477/877 L13 -32
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BLASTP Statistics BLASTP Search Summary

[b]agtp] BLAST © » blastp suite » results for RID-YBJAMMX5013 Home Recent Resuls ~Saved Strategies ~Help

4Fe-4s di d i ining protein [Tl
Sequence ID: NPA84857.1 Length: 716 Number of Matches: 1

Save Search  Search Summary v @ How toread thisreport? @ BLAST Help Videos - DBack o Traditonl Resuls Page

JobTile  splass7as| Filter Results
Range 1: 231 to 703 GenPept Graphics wD vBsaMwx5013 agfbrerieson0s0s2011am Download Allv
Organism _onytop 20 i spear exclude
Score Expect Mathod Tdentities Positives Gaps Program q e —
313 bits(802) 1e-94 Compositional matrix adjust. 187/503(37%) 267/503(53%) 31/503(6%) Database Click to see
PKYKVEVDPNRCMLCERCTTECSWGVYRREGDR-TTSYSNRCGACHRCVVMCPRDATTIK | 66 Query D the blast it
PKY+V 4 C+ ¥ V + 4G + + 4 4 C+  CP DA¥ ++ -
31 PKYRVVFKYDICIGCGTCAMVCPEGVIKMKGYKPVAAREADCIGCYACMNYCPTDAVKVE 290 Description search mate synthase [NADPH] AftNam | Percentidentity  Evalue Query Coverage
7 ENATSWRSHPLI TYNQAKTGCTLL! TYFDKIVLDACQVINPSID 126 dolesdetn oy tigti o] Jio [T o
+ + + ++ 4+ + eytengn  STaAtIsTICS
91 RVAESMTNRARIDSSTFNYMRQMASIGHPPVIGMGAENKYFPSLDQLTFIPGQTSRPPID 350
Otherreports  Distance ree of results Multle alignment MSA viewer @

Raw Score (S): simply based on pairwise scores & gap penalties | Compar these resuts aganetthe new Custered r databese ©
Normalized Score or Bit Score (S",:): — T— —

’ ’
S bit (As - lOgeK) / 10g¢2, [S nat AS - logeK] Sequences producing significant alignments Download ~  Selectcolumns  Show
Aand Kare specific to the scoring sysfem used 2 select all 1000 sequences selcted. GenPept  Graphics  Distancetree of esults  Multiple alignment MSA Viewer
(scoring matrix, gap penalties) vesaptan SN S o vt L
Where can we flﬂd the values fOI" Aand X? ‘lutamate synthase-celated protein [Methanocalococcs jamnaschil Methanocaldococs... 1043 1043 100% 00 100.00% 510 WP 010870869.1
BIOS477/877 L13 -33 (Top portion of any blast output) BIOS477/877 L13 -34
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BLASTP Search Summary BLASTP Statistics

Search Parameters [b|as-|-P]
Program blastp
Word size 5 4Fe-4S di domait ining protein [Tl 1
Expect value 005 Sequence ID: NPAB4857.1 Length: 716 Number of Matches: 1
Hitlst size 5000
Gapcosts A Range 1: 231 to 703 GenPept Graphics
e SLoSuMe2 Score Expect Method Identities Positives Gaps
: ter s"qu £ 313 bits(802) 1e-94 Compositional matrix adjust. 187/503(37%) 267/503(53%) 31/503(6%)
enetic Code 1
Window Size 20 eK CMLCERCTIECSWGVYR R-IISYSNRCGACHRCVVMCPRDAITIK 66
Y+V +C C+C GV C_C+ C+ CP DA+
Threshold L) 31 PKYRVVFKVDICIGCGTCAMVCPEGVIKMKGYKPVAAREADCIGCVACMNVCPTDAVKVE 290
Sompesitionbased state 2 7 ENAISWRSHPLWDVDARVDIYNQAKTGCILLSGMGNAKEHPIYFDKIVLDACQUTNPSID 126
+ + + H ++ +
Database 91  RVAESMTNRARIDSSTFNYMRQMASIGHPPVIGMGAENKYFPSLDQLTFIPGQTSRPPID 350
Posted date Mar 3, 2024 2:30 AM
Number of letters 278,407,168,794 . Qff H N 1
Nimer of sacuoncen Used to calculate bit Raw Score (S): simply based on pairwise scores & gap penalties
ion R " Y.
Ertraz query None L scores and E-values Normalized Score or Bit Score (S",i):

in-Altschul statisti Al for the alignments
T —rTT - with g%ps S'hi = (AS - log.K) / log.2, [S'uar=AS - log.K]

K 0137272 0.041 A=0.267, K =0.041, S",;,= {0.267 x 802 - log,(0.041)} / log,2 = 313.5

i oar601 01

= 24160 o . AT St

Alpha_y 496466 426028 Aand Kare Scoring | frese G 5o | (for gapped alignments)

Sigma 43.6362 system specific i o sraons

Results Statistics BIOS477/877 L13 -35 :::::v f;::o lzngs BIOS477/877 L13 -36
Soms

35 36



Quer 7
M + + + 4+ 44
Sbjct f291 RVAESMTNRARIDSSTFNYMRQMASIGHPPVIGMGAENKYFPSLDQLTFIPGQTSRPPID 350

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

BLASTP Statistics

[blastp]

4Fe-4S di d
Sequence ID: NPAB4857.1 Length: 716 Number of Matches: 1

protein [Thermop!

Range 1: 231 to 703 GenPept Graphics

xpect Method

Score E a Identities Gaps
313 bits(802) 1e-94 Compositional matrix adjust. 187/503(37%) 267/503(53%) 31/503(6%)
uery PKYKVEVDPNRCMLCERCTIECSWGVYRREGDR-IISYSNRCGACHRCVVMCPRDAITIK 66

PKY+V + C+ C C+C GV + 4G + + + C_ C+ C+ CP DA+ ++

Sbjct F31 PKYRVVFKYDICIGCGTCAMVCPEGVIKMKGYKPVAAREADCIGCYACMNYCPTDAVKVE 290

ENATSWRSHPL

TYNQAKTGCILL! IYFDKIVLDACQVTNPSID 126

8" = (AS - log.K) / 10g.2, [S'u=AS - log.K]
A=0.267, K = 0.041, 8", = {0.267 x 802 - log,(0.041)} / log,2 = 313.5

Bit scores (S":) are normalized using Agnd X:

Raw scores (S) depend on the scoring system; cannot be compared
— independent of scoring system; can be compared BIOSATT/877 L13-37

Pairwise alignment vs. database searching

o If P(S>x) = 0.05, P(S<x) = 1-P(S>x) = 0.95

[ Pr=0.05 as the significance level is not good enough

[For a pairwise alignment] (¢ = 1+a, where a = Kmne™ )
> Karlin-Altschul equation (Karlin & Altschul, 1990) | Taylor series approximation
P(5>x) =1 - exp[-Kmne*| = Kmne <" {* works if ais small () )

Probability of getting the alignment score S > x by chance

[For database searching]
> 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 (520

X
= 0.95 is the probability to have one pairwise alitgnment with S<x by chance

* For 10 alignments, 0.95'%= 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, 0.95'® = 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

if many glignments need fo be fested! BIOS477/877 L13 -38
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Bonferroni correction

> Multiple comparison correction

Instead of using Prob = « as the threshold
use Prob = a/N (for N comparisons) as the threshold

 For 10 alignments, use o’ = 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

 For 100 alignments, use &’ = 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 L13 -39
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BLAST Statistics

> Karlin-Altschul equation (ariin & Attschut, 1990)
[For a pairwise alignment]
P =Kmne?S (Lec 11 slide 12)
m, n: lengths of the sequences compared
=» m x n: search space

Search space

[For database similarity searching]

E = KmneS (used by BLAST instead of E=NxP)
E-value: the expected number of HSPs with scores >.§
ne Iength of the query/amsid:r a database as a single very long sequence
n: length of the database (total number of residues)
P=1-c¢fP=EifE<0.01)

=» the probability of having at least one HSP with its score > §'
TBIOS477/877 L13 -41

41
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Bonferroni correction in database searching

> Multiple comparison correction

—> Threshold without correction: P = o
=> Threshold with correction: P = o’ = /N
(for N comparisons)
E=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 L13 - 40
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BLAST Statistics

> Karlin-Altschul equation ariin & Attschu, 1990)
E=Km'n re-js (See also Altschul & Gish, 1996)

m": effective length of the query . ;
n"; effective length of the database T e

m'=m-1 \ 2
n'=n -1 X (number of in the database) |

o A
I: length adjustment =» correction for edge effects
* HSPs cannot occur too close to the search space edges.
o Effective lengths of HSPs should be shorter than the actual lengths.

* blastn and tblastx: / = In(Kmn)/H is used
« blastp, blastx, thlastn: adjusted 7’ and »’ is calculated using the

finite-size correction (FSC) (Park ef al., 2012)
BIOS477/877 L13 -42

42




P
[FASTA]

[BLAST]

> E-value = Km’n’ ¢S

value, E-value, and database search

> P-value for pairwise alignment = 1-exp[-Kmne S| = Kmne’S
-> Probability of getting the alignment score > S from random pairwise
comparison (i and » are the lengths of the two sequences compared)

> E-value = P x NV, where /V: database size (number of entries)

/ effectively PxN where P= Kmnae™S
where na: database length

=> 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

> P-value for a database search: P=1 - ¢£
-3 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
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Query: Q58746.1

BLASTP Search Summary

Query length: 510 amino acids

(—{ m =510 (length of query) ‘

| Search Parameters

Program

Composition-based stats

Database
Posted date
Number of letters

Number of sequences.

blastp
s
0.05
1000
11

Entrez query None
| Karlin-Altschul statistics

Lambda 0.31987 0267

3 0137272 0.0m

0 0416015 014
Alpha 07916 1

| Alpha_v 4.96466 42.6028
sigma 43.6362

Mar 3,2024 2.30 AM
278,407,168,794
722,992,963

: length of database

BIOS477/877 L13 -45
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BLASTN Search Summary & Statistics

Search Parameters

Program
Word size

Expect value

Hitlist size
Match/Mismatch scores.
Gapcosts

Low Complexity Filter
Filter string

Genetic Code

blastn
n
0.05
5000
23
52
Yes
Lm;

1

Database

Posted date

Number of letters
Number of sequences.

Entrez query

Lambda 0633731
K 0408146
H 0912438

Mar 1,2024 12:40 PM
1.574.905710618
103,965,835 €t

None

for gapped alignment

078

Results Statistics
Length adjustment

Effective length of query
Effective length of database
Effective search space
Effective search space used

1570539145548

2341673866012068 €= |

Query: DQO18115.1
Query length: 1533 bp

Sequence ID: LT906662.1 Length: 3403093 Number of Matches: 1
Range 1: 2315468 to 2316257 GenBank Graphics

Tdentities

532/795(67%)

Score Gaps
231 bits(255) 10/795(1%)

2341673866012068

—{ N: Number of sequences

1=42

LAm’=m—42=1533 —42 =1491
\n'=n-IxN

=1,574,905,710,618 — 42 x 103,965,835
=1,570,539,145,548

BIOS477/877 L13 -47
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[blastp]

BLASTP Statistics

4Fe-4S di d

Score Expect Method
313 bits(802) 1e-94 Compositional matrix adjust.

protein [T

Range 1: 231 to 703 GenPept Graphics

Sequence ID: NPAB4857.1 Length: 716 Number of Matches: 1

ositives

Identities P Gaps.
187/503(37%) 267/503(53%) 31/503(6%)

PKY
PKY+V + C:
231 PKYRVVFKYDIC!

A=0.267, K = 0.041, S=802,
Expect (E) = Km'n'e-*S of m'n'eS" of m'n'2-5"
E=0.041 x m'x n' x 267 X802 [from the raw score|

E=m'x n'x 235 [from the bit score]

MLCERCTIECSWGVY

m' X n": Effective search space

~IISYSNRCGACHRCVVMCPRDAITIK 66

+ C C+C GV + 4G + + + C_ C+ C+ CP DA+ ++

IGCGTCAMVCPEGVIKMKGYKPVAAREADCIGCYACMNYCPTDAVKVE 290

67  ENAISWRSHPLWDVDARVDIYNQAKTGCILLSGMGNAKEHPIYFDKIVLDACQUTNPSID 126
+ + + 4+ 4+ +

Sbjft 291 RVAESMTNRARIDSSTFNYMRQMASIGHPPVIGMGAENKYFPSLDQLTFIPGQTSRPPID 350

"pie = {0.267 x 802 - In(0.041)} / In2 = 313.5

BIOS477/877 L13 -44
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[blastp]

BLASTP Statistics

4Fe-4S di d

protein [Tl

Range 1: 231 to 703 GenPept Graphics

Score Expect Method T Gaps
313 bits(802) 1e-94 Compositional matrix adjust. 187/503(37%) 267/503(53%) 31/503(6%)

Sequence ID: NPAB4857.1 Length: 716 Number of Matches: 1

Positives

PKY

MLCERCTIECSWGVY

~IISYSNRCGACHRCVVMCPRDAITIK 66

PKY+V "+ C+ + V 4 4G + + + + C+ CP DA+ ++

231  PKYRVVFKYDICIGCGTCAMVCPEGVIKMKGYKPVAAREADCIGCYACMNYCPTDAVKVE 290

67  ENAISWRSHPLWDVDARVDIYNQAKTGCILLSGMGNAKEHPIYFDKIVLDACQUINPSID 126
+ + + ++ -+ +

sbjft 291 RVAESMTNRARIDSSTFNYMRQMASIGHPPVIGMGAENKYFPSLDQLTFIPGQTSRPPID 350

A=10.267, K = 0.041, S=802, S",;, = {0.267 x 802 - In(0.041)} / In2 = 313.5
Expect (E) = Km'n'e%S or m'n'eS" of m'n"2-5"
E=0.041 x m'x n'x e267x3%2 [from the raw score]

E =m'x n'x 23" [from the bit score]

P=1-¢*
1- exp(-5.89x10*")
0 (P=Eif E<0.01)

W/0 length adjustment: m=510, n=278,407,168,794

E = 0.041 x 510 x 278,407 168,794 x e-0267x802 = 5 89E-81 = 5.89x10-8!

E = 510 x 278,407,168,794 x 2313 = 8 51E-81 = 8.51x10L
(Without length adjustment, E-values are overestimated)

(> 1€-94)
BIOS477/877 L13 -46
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BLASTN Search Summary & Statistics

Search Parameters

Program
Word size

Expect value

Hitlist size
Match/Mismatch scores.
Gapcosts

Low Complexity Filter
Filter string

Genetic Code

blastn
1
0.05
5000
23
52
Yes
Lm

1

Database

Posted date

Number of letters
Number of sequences.

Entrez query

Lambda 0633731
K 0.408146
H 0912438

Mar 1,202412:40 PM
1574905710618
103965835

None

for gapped alignment

Results Statistics
Length adjustment
Effective length of query
Effective length of database
Effective search space
Effective search space used

1491
1570539145548

2341673866012068

Query: DQO18115.1
Query length: 1533 bp

Sequence ID: LT906662.1 Length: 3403093 Number of Matches: 1
Range 1: 2315468 to 2316257 GenBank Graphics

Tdentties

Score Gaps
231 bits(255) 532/795(67%) 10/795(1%)

2341673866012068

§=255, 1= 0.625, K = 0.41

2 %= (AS - logeK) / loge2
={0.625 x 255 - In(0.41)} / In2
=231
E=Km'n'e’
=0.41 x 2,341,673,866,012,068
X eJ.I.ﬁZS X255
=5.84¢-55=5.8 x 1055~ 1x10°
E = m'n"2-Shit
=2,341,673,866,012,068 x 23!
8e-55= 6.8 x 1055 = 1x10°>*
BIOS477/877 L13 -48
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https://www.ncbi.nlm.nih.gov/BLAST/tutorial/Altschul-1.html

[Limit the search space BEFORE starting the search]

BLAST Search Set vs. Format Option

BLAST ©» blastp suite
Standard Protein BLAST

st baste | s | thiasix

Home RecentResulls ~Saved Strategies Help

Enter Query Sequence

WP 016731810.1

" Using limited

Or, upload file Choosa Fis o file selected °

EEEr—. E=Km’n’e’S

Job it [roiie,

Entera

Align o or more sequences ©

Choose Search Set

search set

reduces the search space:

= E-values become smaller

Databases
[} [ - [8)

For mora info see Wihatis clustared

Standard

Database [ Nonredundant proin sequences i) 1@

be shown. @

‘Try experimental clustered nr database

e Q

BIOS477/877 L13 -49

BLAST Search Set vs. Format Option

[Limit the search result AFTER the search)

BLAST ® » blastp suite » results for RID-1IVXP4K5401R

Home RecentResults Saved Strategies Help
©How o read this report? € BLAST Help Videos| o Traditional Results Page

that xid:2284)

| @ _ourresuits are fierea
ST v,
ref|WP_016731819.1| S
RID

Download All v
Program
BLASTP@ Citation v
Database

nr See details v

Query ID

TVXPAKSAOIR Seorch oxpres on 0302 1734pm v,

Filter Results

S Organism _onytop 20wl appear [] exclude
Sulfolobus (taxid:2284)

+ Add organism

Percent Identity Evalue Query Coverage

S

Filtering the results does
not affect the search space
- E-values are not affected

BIOS477/877 L13 - 50
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BLAST Search Set vs. Format

Option

Limiting the search for "Sulfolobus" sequences

Database Norsredundant protein sequences (nr} Filter string F
Organis 1
a?;'l"» s (16260 Window Size w

Enterorganism common name, binamal, o taxid. 0] Threshold o

BLAST ® » blastp suite » resuls or RID-IVY7YF20013

Choose Search Set Search Parameters
Databases Program blastp
© standard dtabases o etc); EEAO) Exprin] Word size B
Expect value 005
Hitist size 5000
Standard Gapcosts Tia
Matrix BLOSUM62

Database
I

eaich  Search Summary v Qoo |

rofwp_01673181.1) Entrez query

Posted date Mar 3, 2024 2:30 AM
o Number of letters 14101522
JobTie | Number of sequences 51,369

Includes: Sulfolobus (taxid:2284)

RD

TN ——
Davnload Allv

rlin- R
H‘m Search space is r'educed]i

BLASTP@ Ciation

0.398828 014
Database Alpha 07916 19

o Sssgetalls Alpha_v 4.96466 42.6028
Query 1D sigma 43.6362

WP 016731819.1

T'B10S477/877 L13 - 51

BLAST Search Set vs. Format Option

Karlin-Altschul statistics

. w "
After the search, results are filtered for “Sulfolobus" sequences
Search Parameters Home RecentResults Saved Strategies Help
Program blastp
[Word stze 5 [ @ BLAST Help Videos *DBack to Traditional Results Page
Expoot vaive 008
it ize s000
Gapcosts 14 s
Matrix BLosUMs2
Filter string F poly top 20 will appear [ ] exclude
Genetic Cods T
Window size w (toxd2284
Threshold o
Composition based stats 2 vy Evae P
Database to to
Posted date Vr 5,2024 2:30 AM
Number of letters 278407168794
Number of sequences R
Etroz quoey None 3 h R
earch space is

Lambda 0.319428
K 0.136251
H 0.398828
Alpha 07916
Alpha_v. 4.96466
Sigma

51

BLAST Search Set vs. Format

Option

Search is NOT limited;
results are filtered

Search is limited

Database Database
Posted date

Number of letters.

Posted date
Number of etters

Number of sequences Number of sequences

Entrez query Entrez query

Mar 3,2024 2:30 AM
101,522
369

] folobus (taxid:2284)

14
(Database size is ~20,000 times larger)

Score Query cov E-value % ident

E=Km’n’e-’s
E-value is affected by the database size!

Score Query cov E-value % ident

WP_011278902.1 432 99% 2e-143 44.44% > 432 99% 9e-148 44.44%
WP_198968373.1 60.1 26% 7e-06 28.29% > 60.1 26% 4e-10 28.29%

(E-values are ~10* times larger)

BIOS477/877 L13 -53
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.| NOT affected
N———————

00
014
19
42.6028
43.6362 BIOS477/877 L13 - 52
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BLASTP Search Summary

Query: Q58746.1

Query length: 510 amino acids

Search Parameters
Program

Word size

Expect value

</// Word size (W)

0.05 €=

E-value threshold

Gapcosts
Matrix

[Trier sting

Genetic Code

Window Size

Threshold
Composition-based stats
Database

Posted date

Number of letters
Number of sequences

Entrez query

Karlin-Altschul statistic:

w- Scoring matrix & gap penalties

1 Length separating two HSPs to trigger
L — v
extension (A: two-hit methods)

o
S€~ae .

==~==__. Neighborhood threshold (T)

(no longer provided)

Mar 3, 2024 2:30 AM
278,407.168.794
722,992963
None

2 K, and H are pre-estimated
s for a combination of the scoring

Lambda 0371587 0267 matrix and gap penalties

« 0137272 0.041

i) 0416015 014

Apha 57916 o =

Alpha_v 496466 26028 | for gapped alignment

Sigma \ |43.6362 | BIOS477/877 L13 - 54
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FASTA

https://fasta.bioch.virginia.edu/fasta
(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)

BIOS477/877 L13 - 55
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FASTA Similarity Search

Soarch Databases with FASTA The brma ? ‘The NCB1 nr dutibase

‘Search Proteomes/Genomes

5 RS Tuman

Eind Internal Duplications.

Retrieve result RID: e ‘Show recent seasches.

Show domain annotations
For the query
For the database seqs

&) Program: | rasTn st

Default DB: PIR
(small, limited, only for demo use) | up

Choose SwissProt for actual search

O upload query from tle: crecas
“Protein - DNA (both-strands)

(© Database:
Protein

Annotations: =
2 Exclude low complexiey (<8 -

- To see the null distribution of
scores, check here

Comments (optionay

Outpuc mits:
to B0 BewEo)

Alignment Options: Highilgh: = similasiies ) difforences ) compact diferences.  Ouput format: FAETA B

l . [ ]. l PR I ﬂ Zﬁ l- z lillﬂlhl BIOS477/877 L13 - 56
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Libraryt Grioroe)
253556037 Teliaues in 585254 sequences

FASTA Statistics

Query: mP.q

56

Exireme value
distribution

P = Kmne’s

Instead of shuffling a sequence,

B o8 pairwise alignments between i
BB the query vs. all database entries X
are used to generate the null -
BB score distribution

(565,254 entries from SwissProt)

— 7.7576+/-0.000147;
ETECESE s Sy st

4= 5.8208+/— 0.008
= EERC 53

e 01503 ooy

SIERISTics Soneled rrom 60000 (52042) to 69692 seauences
Kolmogorey Smirnoy  Seatistic: 6.8137 (N=19) gt 92

BIOS477/877 L13 - 57

FASTA Statistics

10000 T T T g
| [ Observed distribution
§ 8000 = — Expected distribution
s i 1 Smith-Waterman score
Z 6000 Query: human glucose transporter
g L 7: g Against: SwissProt (~84,000 seq)
g 4000 I
E B 1 PP
E Distribution based on
B database sequences can be
] used to simulate extreme

::::ol value distribution

20 0.0 20 40 60 8.0 S P(SZX)=1-e£[ -Kmne*|
= I-expl-e -],
14 16 18 20 22 24 26 28 30  bit where u: location parameter

. B(or 1/2): scale parameter
/In2
similarity score e

Pearson (1998, 2013)

BIOS477/877 L13 - 58

FASTA Statistics

1w » P(S > x) = 1-exp[-Kmne ]

1 a0 _ i)

i = Lexplet )

T or from bit score: x’

1 P(S > x) = mn2~

P where m and n: the lengths of query
gg 25 and each hit sequence

203650821 residues in SE5254 sequences
statistics:

Expectatiofin T1 7.7578+/-0.000147; mu= 5.8208+/~ 0.008
e Tabas A3 533, 00 5: 875 ZAMn(1ino0): 553 Betrint 11 in 3762

FASTA (3.8 Nov 2011) [optinized]
BLS® matrix (15:-5)xS, open/ext:

Rrup: 3 EJ0in: 1 (0.400). Erant: a3 (o:120), width: 16

Scan tine: 11.510 E(565254) = P x 565254

best scores are: opt bits E(565254) % id %_sim
QSFUWG | SKAP2_XENTR Src kinase-associated phosphoprot
QSKGP7 | SKAZA XENLA Src kinase-associated phosphoprot

phosphoprot
032007 | SKAP2BOVIN Sre Kinasc-associated phosphoprot
Q3UNDO| SKAP2_MOUSE Src_kinase-associated phosphoprot

NOTE: FASTA calculates P-value for

(
(

X (

Q1z1 [SKAPE TAGU Src srosphoprot. (
(

(

(

328) 90134947 7-60130 T.000 1000 "398 alion

2 346 alion

each pairwise ahgnmen‘f Ii> E=NxP BIOS477/877 L13 - 59

58

FASTA Statistics

DANRE Src fated

fOptimum raw score’;Standardized scor
52:

Region: 204-277%89-290 :
Region: 278-319: :
intin 2063 o

P(S>x) = 1-exp[-¢4-]

2.05hntoyrerl (341 20)

C.SH3 Pfan

saith-Waternan score: 12 O Tdentity T79:5% Snilar] In 343 aa overlap =328 x 341x 21921
Seaucoce Lookun Senéral ré-search Balnist abismment
w ™ =1.66x 10
Wooow ——
o = £ E=Px565254
=9.40x10*
lalignnent]
80
spl0sF mPALPEI?VKTI.LTDLEYFISDVLKGETI.SKKAKEKKEVLlKRLKDIKHSNSLEFnAEWDLEENDGFPLPP ----- -
SpIQGP MRSUPEDFTTLISDLETFLTOV DGGSLHS
10 2 30 40 50 60 70
120 130 140 150 160 170 180 19
5pIQSF RRKDHSFF © DGYRAKINDTLRKDAKKDCC!
sp|Q6P NIVGYT RKDAKRDCC
120 130 140 150 160 170 180 1%

240 250 260 270 280 290 300
TGDHPDELSFKHGDTIYIL

230
p|QSF SHEEDIYEEL

$p106P LPDDDIYEELPEEOVPQPSKPKVTLYnkppppatpvtaavnk QGLWDCIGDQPDELSFKRGDTIYIL
210 200 30 310

0 LELYVL
250 260 270 280 320 330 ] 340

59

NOTE: FASTA calculgtes P-value for
each pairwise alignment If‘> E=NxP BIOS477/877 L13 - 60

60

10


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

I 2 05=Danio reri (341 aa) I [SKAP2_DANRE Src 2 05=Danio reri (341 aa)
Reglon: Region: 5
Region: CPH Pfan Region: C.PH Pfan :
Region: Region: Domains
gion: .. c H3 Pfan Region: 0 0.5 C ns Pfan (NODOM: no domain region)
initn: 1069 init: core: 93,0 bits: 192,1 E(565254): O.desdA initn: 1069 s opt Z-score: 9930 bits: 192.1 E(565254): 9.de-48
snith-Waternan score; 181 50,9 mentny (7.6 Shatian in 543 25 overton (e8] Shithioternan Scorc: 1207 58,05 Ldentity (00,65 Sintiar) in 543 s overtap. (4-326:3-339)
Seal e gnnent Sequence Lookup General re-search Pairwise alignment
w E3
) — Domains in the hit sequence
- - IDonains) IDonains)

—> Aligned region

[alignmen falignmen
10 2 30 40 50 60 7 80 90 100 110 80 90 100 110
ol PEDVKTLLTDLETFISOVLKGETLSKKAKEKKEVLIKRLKDIKHSHSLEFQAETDDL EENDGFPLPP~—-—-DAVSTASOR-DKDEELPYDG-SFYPLVAAQDLE-YLRAGYLEK SpIQSF M LPEDVKTI.LTDLEYFISDVLKGETI.SKKAKEKKEVLlKRLKDIKHSNSLEFDAEYDDI.EENDGFPLPP ~DAVSTASDR-DKDEELPYDG-SFYPLVARQDLE-YLRAGYLEK|
splase| rr--ee Y060 pl0ge wpireoFTTLSDLETH v G ' i
60 2 30 4 50 60 70 80
120 130 14 150 160 170 180 120 130 140 150 160 170 180 19

splasF 5pI0sF C Y DGYRAKINDTLRKDAKKDCC
spla6P v RKDAKRDCCFEV OFLIKDLGGIIP SHSQSEVAT 5p1a6P v

120 130 140 150 160 170 180 190 200 10 20 230

230 200 250 260 270 280 310 200 250 260
5pIQSF HEED spI0SF
5p106P | PODDIVEEL > avn QGLWDCIGDOPDELSFKRGDTIYIL el 5p1Q6P |POODIVEEL p avn QGLWDCIGDQPDELSFRGOTIYILSKEYD LELpL

240 250 260 270 280 200 300 310 320 EE 20 250 260 270 280 910 300 310 320 EE

BIOS477/877 L13 - 61 BIOS477/877 L13 - 62

61 62

FASTA Statistics FASTA Statistics

~4DI0EP0L9 | SKAPE. DAMRE St e o M @=-10log10P >»39{09125 PG HUAL Pleckstrin homology domain-containing fantly A pesbe (1048 3a) Q=-10log:oP
Reaion: 104-203:106-208 CPH Pfan 6-59 i scores2l 4.118: 0:6.9 To be P <0.,001
Reaion: 204-77:200-290 o Domains | 7, pe p<0.001 i oo e - Domains .001,
Region: 276-310: 251332 ; C.s i 662620 @30
5;'2:;"%:2%,‘ el 138 Taentisy ?33:“ mna:}”;: §ﬁ§5§§5::;,3;°'48 Q230 salthoiaternan score. 200; 2450 TR oIt oo oo s Svertas Do-262:26-210)
"3 _e._gi_rsm Pairuise Alignnent seauence Lookup erraltezseard Eglnuse alignment
o -
__ %0 . td in both — = =———=——( Only SH3 domain region { Other regions do not
o E) C ngh scores across the region (Q»SO) has high scores (Q>30); contribute to the score (Q=0).

T Correctly aligned region |i Alignment overextended.
laligment laliogentl p
SpI0SF M ggG-SFVPLVAE”DLE- e spmsr SKKAKEKKEVL]KRLKDIKHSHSLEFQAEWD[EENI)GF L Pvnﬁsrwwm)m
i splagy N G
Sp|QGP M QA LKSGYLEK
30 40 50 60 70 80 9 100 1 110 © » »* “ *
0 170 10 19 22 230 240 250 260
120 130 140 150 160 170 180 19 20 210 20
5pI0SF RKOHSF c DGYRAKNDTLRKDAKKDCC! 1M\ RGNIPTEDEEL) s ‘Fsm"ffw?“"'f”.“f'f"“ ¢ YL P EESEVTEL TR
T . T T TP s e eren : coe i R N
splasp T RKDAKRDCC IH LGGIIPEDEEEYDDCLSHSOSEVAT
120 130 140 150 160 170 180 19 200 lo 20 230 e 2 e e 0 ° e ' e 20 20
20 a0 2% 0 3o s
230 240 250 260 270 280 2% 300 30 30 T -
Sp|QSF HEEDIVEELS TGDHPDELSFKHGOTIVIL TGLVP AYIMEMDI SPIOSF YANFYRGLIDC I
. . ; 5109Y GCekaer
pl0eP PO0IVEEL 220 230 240 500 20 200 280 2%

25!“ 260 270
FASTA uses domain information to indicate possible incorrect alignment
BIOS477/877 L13 - 63 See Mills and Pearson (2013) BIOS477/877 L13 - 64

63 64

FASTA Statistics

250 |CSY2HSIPKHAS HUNAN Pleckstrin hanology domatr-containing fandly A mesbe (1045 22) Q=-10logtoP
4=0.118; 0=0.0

ezt bit o oo ein } Domains | 7o be £<0.001,
oo

=44; bif .340; 0 :
itn: 1186 Z- SCON 223 1 bl(s 51 3 E(SSSZSO)' 7.3e-05 Q )30
Smith-Waterman score: 201; Zd 5% identity (55.1% similar) in 196 aa overlap (70-262:26-210)
Sequence Lookup General re-search Pairwise alignment
w F3 = This is the only aligned region!
o = R

These are outside of the aligned region!
N Should not be considered to be similar regionsl!
S

30 40 50 60 110
5p15]| SKKAKEKKEVLIKRLKDIKHSHSLEFQAETODLEENDGF LPPDA‘ilAsnrulkniﬁPvnnsrv?wm\nmEVLRAGVLEKRRKnNsFrAszumn(vcmwFVWGSDKDKQQKG

MSNKTGGKRPAT
10 20

180 190

160 170
spIQSF AFSLDGVRAWDTLRKUAMDH

splao $1piL
110

120 130 140

270 280 290 300 310 320
5P| Q5FY YANFYRGLWDCTGOHPDELSFKHGDTIYILSKEYNTYGHWVGEMKGTIGLVPKAY IMEMYDT

splogv]ace
220 230 240 250 260 270 280 290

BIOS477/877 L13 - 65

65



