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Overview

* Week 2

 Similarity vs. Homology
Global vs. Local Alignments
Scoring Matrices
BLAST
* BLAT

e Week 3
* Profiles, Patterns, Motifs, and Domains
* Structures: VAST, Cn3D, and de novo Prediction
* Multiple Sequence Alignment
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Sequence Comparisons

* Homology searches
* Usually “one-against-one” BLAST, FASTA

* Allows for comparison of individual sequences against
databases comprised of individual sequences

* Profile searches
* Uses collective characteristics of a family of proteins

* Search can be “one-against-many”  Pfam, InterPro,
CDD

or “many-against-one” PSI-BLAST

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Profiles

* Numerical representations of multiple sequence
alignments

* Depend upon patterns or motifs containing conserved
residues

* Represent the common characteristics of a protein
family

* Can find similarities between sequences with little or no
sequence identity

* Allow for the analysis of distantly-related proteins

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Profile Construction

APHIIVATPG
GCEIVIATPG
GVEICIATPG
GVDILIGTTG
RPHIIVATPG
KPHIIIATPG
KVQLIIATPG
RPDIVIATPG
APHIIVGTPG
APHIIVGTPG
GCHVVIATPG
NQDIVVATTG

* Which residues are seen at each position?

* What is the frequency of observed residues?
* Which positions are conserved?

* Where can gaps be introduced?

Position-Specific Scoring Table

Cons A B c D
17 18 0 19
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14 -22 31 0 -9 12 -15 -5 15 10 9 6 18 14 1 -15 -22 11
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-1 -12 6 -13

5 -9 9 -9
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40 20 20 20

- r r > 23 2 -2 12 11 17 -31 -8 1

25 -20 8 32 -9 9 -10 -9 22 7 30 10 0 4 -8 -20 -7 27
-11 33 -12 -13 63 -11 40 29 -15 -9 -14 -15 -6 7 50 -17 8 -11
-9 22 -3 -11 46 -9 37 30 -13 -3 -9 -13 -6 6 50 -19 2 -8
-9 19 -1 -13 57 -9 35 26 -13 -2 -11 -13 -4 9 58 -29 0 -9
17 -24 44 -6 -4 -1 -11 -5 12 19 9 -13 21 19 9 -39 -20 10
20 -30 40 -10 20 20 -10 0 20 30 -10 -10 30 150 20 -60 -30 10

QUHEPIIHDTOO
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Pfam

* Collection of multiple alignments of protein domains
and conserved protein regions
(regions which probably have structural or functional
importance)

* Each Pfam entry contains:

Multiple sequence alignment of family members
Protein domain architectures

Species distribution of family members
Information on known protein structures

Links to other protein family databases

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Pfam

e Pfam A

* Based on curated multiple alignments
(“seed alignment™)

* Hidden Markov models (HMMs) used to find all detectable
protein sequences belonging to the family

* Given the method used to construct the alignments, hits are
highly likely to be true positives

e Pfam B

* Automatically generated from database searches

* Deemed “lower quality”, but can be useful when no Pfam A
family is identified

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Sequences Used in Examples

http:liresearch.nhgri.nih.gov/
teachinglseq_analysis.shtinl
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Pfam 24.0 (October 2009, 11912 families)

The Pfam database is 3 large collection of protein families, each represented by multiple sequence alignments
2nd hidden Markov models (HMMs). More...

QUICK LINKS YOU CAN FIND DATA IN PFAM IN VARIOUS WAYS...
SEQUENCE SEARCH  Analyze your protein sequence for Pfam matches

Y sanger http://pfam sanger.ac uk

E=rale)

VIEW A PFAM FAMILY  View Pfam family 2nnotation and alignments
VIEWACLAN  See groups of related families
VIEW A SEQUENCE  Look 2t the domain crganisation of 2 protein sequence
VIEW A STRUCTURE  Find the domains on 2 PDB structure
KEYWORD SEARCH  Query Pfam by keywords

LN — -] o

Enter a0y type of acoession or 1D to Jam £ the 3age for 2 Plars farmiy or dan, UniPest
sequence, PDS structare, etc

Or view the belp pages for more information

Recent Pfam blog# posts BHide this
Update Pfam searches to HMMER3S.0 beta 317 (posted 16 December 2003)

As mast of you are probaily aware, Sean released HMMER3.003 fast month. The beta 3 version of HMMER3.0
contains 2 few bug fixes 2nd the four HMMERS search programs now aliow melti-core paralielisation. We've just
wpdated all of the Pfam sequence searth tools to use the new HMMERS.0 beta 3 release, so we thought [...]
Website update < (sosted 25 Octoter 2005)

We've just updated the Pfam website again. This update comes f2irly soon after the major, Pfam 24.0 release and
it's intended to fix some of the more 2nnoying bugs 2nd omissions that we've found in the last week or so. There
are various small changes and fixes 2l over the Site, but there are several mare [...]

Pfam release 24,07 (posted 13 October 2009)

We have just refleased the latest update to Pfam. Release 24.0 contains a total of 11,912 families, with 1,808 new
families and 235 families killed since the last release. 75.15% of 2ll proteins in Pfamseq contain 2 match to 2t least
one Pfam domain. 53.18% of 2ll residues in the sequence database fall within Pfam [.]
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Pfam 24.0 (October 2009, 11912 families)
The Pfam database is a large collection of protein families, each by muitiple

2and hidden Markov models (HMMs). More...

QUICK LINKS
SEQUENCE SEARCH

ANALYZE YOUR PROTEIN SEQUENCE FOR PFAM MATCHES
Paste your protein sequence here to find matching Pfam families.

VIEW A PFAM FAMILY
VIEW A CLAN
VIEW A SEQUENCE
VIEW A STRUCTURE This search will sse and an E-value of 1.0. You can set your Own search parameters and
KEYWORD SEARCH  perform 2 ange of ather searches hare.
JuMP TO
Recent Pfam blog posts EHide this

Update Pfam searches to HMMER3.0 beta 3 (postes 16 Decemider 2003)

As most of you are probably aware, Sean released HMMER3.0b3 last month. The beta 3 version of HMMER3.0
contains a few bug fixes and the four HMMERS search programs now aliow multi-core parallelisation. We've just
updated all of the Pfam sequence search tools to use the new HMMER3.0 beta 3 release, so we thought [...]
Website update = (postec 29 October 2005)

We've just updated the Pfam website again. This update comes f2irly Scon after the major, Pfam 24.0 release and
it's intended to fix some of the more 2nnoying bugs and omissions that we've found in the last week or so. There
are various small changes and fixes 2l over the ske, but there are several more [...]

Pfam release 24.0:F (posted 13 October 2003)

'We have just refleased the latest update to Pfam. Release 24.0 contains a total of 11,912 families, with 1,808 new
families and 235 families killed since the last release. 75.15% of 2il proteins in Pfamseq contain 2 match to 2t least
cone Pfam domain. 53.18% of 2ll residues in the sequence database fall within Pfam [...]

.t

ann T Seasch Pam
m—m..mwum 5 ¢ Ja-cam B
-~
Search Pfam = & = - _
0 architecturss 0 mteractions 0 speces o
[Sequence Sequence search
Batch search
Find Pfa= famiies within your Saquence of interest. Paste your Srotein sequence inks the box below, % have 2 searched for maiching Pfam famies. Less...
Sequence validation
Functional similarity
We check 2l sequances before ruaning 2 search. In erder to avoid problems with the vaidaticn of your sequence, you should use osly plain, unformatied
Domain architecture | tex: Here 2re some of the validation checks that we 22ply to Sequences:
DNA seguence « sequence length must be less than 10,000 resicues
— « the sequence must be 2 protein sequence; nuCiectide sequences will not be accepted
axonomy « only residue symbois allowed in the sequence (letters or ™*7); sequences containing cther characters will not be accepted.
Note that ™" was previously accested 25 3 vaid sequence Character, But 'S not 2lowed i the iatest version of HMMER.
Jump to... + FASTA-header ines 2re 2ccested but wil Se removed

¥ you hawe problems getfing your sequence o upicad, please check that  passes 2l of these tests. Note that although we do allow FASTA-style header lines
©on 2 sequence, some characiers in header lines can still cause the sequence to be rejected. If in dout, please remove header lines before pasting in your
sequence.

You can see 2n example of 2 sequence that will successfully pass 2l of the validaticn tests by dicking the Exampie button below the search form.
Search options

Feoeau\mwfwmwmrmsms-auono mmanawmmmwfwwmxamcﬂmﬂwms—
setting. Note that the E-value that you give must be positive.

By defauk the search will cnly look for Pfam-A families 0n your Sequence but, by checking the box below, you c2n 2iso search for Pfam-S hits.

MAFSQYISLAPELLLATAIFCLVFWVLRC TRTQVPKCLKSPPGPWCOLPFAICHMLTLCKNPHLS
TKLSQQYCOVLQRICSTPVWVLSGLNTINQAL VKQCDOFK GRPDLYSFTLITNCKSMTFN
SKFQKL

Comments or questions 0n the ste? Send 2 mal £ pfam-help@sanger.ac uk
The Wellcome Trust

January 26, 2010
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800 Plam: Sequence search results

<> Jl 2]~ o e sampe x s s seunce =R G o
wellcome trust
Sanger HOME | SEARCH | BROWSE | FTP | HELP | ABOUT “m
rstiute

Sequence search results
Show the detailed description of this results page.
We found 3 Pfam-A matches to your search sequence (1 significast 2nd 2 insignificant) but we &id not find any Pfam-B matches.

B -
Show the search options and sequence that you submitted.
Retun to the search form 1o look for Pfam domains on 2 new sequence.
i Pfam-A M
Show or hide all aignments.
Descriptio - = . = _; gibep > = = =
2450  Cytochrome P450 Domain . a1 s05 41 500 1 452 3456 28e-103 . S
ignificant Pfam-A M

Show or hide all aignments.

HMM

E-value Predicted Show /hide

From | To active sites  alignment

COG7  Golgi complex companent 7 (COG7) Family C1029¢ 189 308 247 296 317 366 110 0.056 : S
SecB exocyst SecS exocyst complex component speciic domain Domain (10295 246 286 249 277 42 70 133 0037 : S

Camments or guestions on the site? Send 2 mail 1> plam-help@sanger.ac.uk
The Wellcome Trust

ann Plam: Sequence search results.

B DT re— =3 ¢ o oam S

Sequence search results

Hide the detailed description of this results page.

The Pfam graphic below shows onll the signifficant matches to your sequence. A significant match is one where the bits score is greater than or equal to the gathering
threshhold for the Pfam domain. Cliicking on any of the domains in the image will take you to a page of isformation about that domain. Note that some Pfam-B domains may te |
cbscured by overlapping Plam-A domains, which are given higher priority when building the graphic.

Below are the details of the matches that were found. We separate Pfam-A matches into two tables, containing the significant and insignificant matches. Hits which do not start
and end 2t the end points of the matching HMM are highlighted.

A small proportion of sequences within the enzymatic Pfam families have had their active sites experimentaily determined. Using a strict set of rules, chosen to reduce the rate of
false positives, we transfer experimentally determined active site residue data from 2 sequence within the same Pfam family to your query sequence. These are shown as
“Predicted active sites™. Full details of Pfam active site prediction process can be found in the accompanying paperd?.

For Plam-A hits we show the alignments between your search sequence and the matching HMM. For Pfam-Bs the alignment is between your search sequence and the matching
sequence from our library of Plam-8 sequences. You can show individsal alignments by dicking on the "Show™ button in each row of the result table, or you can show all
alignmerts usig te Inks 2bove each table.
This alignment row for each hit shows the alignment between your sequence and the matching HMM. The alignment fragment includes the following rows:

#HMM:  consensus of the HMM. Capital letters indicate the most conserved positions

#MATCH: the match between the query sequence and the HMM. A '+ indicates a positive score witich can be interpreted s 2 consenvative substitution

=PP: posterior probability. The degree of confidence in each individual aligned residue. 0 means 0-5%, 1 means 5-15% and so on; 9 means 85-95% and 2 ™' means 95-
100% posterior probability

#SEQ:  query sequence. A ™' indicate deletions in the query sequence with respect to the HMM. Columns are coloured according to the posterior probability
o> I | 100%

You can bookmark this page and return to it later, but please use the URL that you can find in the "Search options™ section below. Please note that old results may be removed
2fter one week.

We found 3 Pfam-A matches to your search sequence (1 significant and 2 insignificant) but we did not find any Pfam-B matches.
—_—

Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on 2 new sequence.

Significant Pfam-A Matches
Show or bide all alignments.

Pfam-A

Show or hide all aignments.

ed  Show/hide
es alignment

Clan - S
Start End Start End From To  Score act
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ann Plamx Famiy: p450 PFOO06T)
—w‘.mummru EicKQ-*— C
|
\.-.ekome trust
ger HOME | SEARCH | BROWSE | FTP | HELP | ABOUT n m
nstaute
Family: p450 (PFO0067) - .S = >
152 achtectores 18883 secuences | 2 istesctions 1392 soeces 516 sructures
E Summary
Domain organisation
Alignments Cytochrome P450
HMM logo o
ytochrome P450s are haem-thioizte proteins [§] nwolved in the cxidative degradation of various compounds. They are
Trees particularly wel known for their role in the degradation of emvironmental toxins aad mutagens. They can be divided into
4 Gasses, a0c0Ging 1o the method by which electrons from NAD(P)H 2re defivered 1o the catalytic ste.
Curation & models consenation is relatively low within the famiy - there are caly 3 2bsolutely conserved residues - but their geseral
_ topography 2nd struchral fold are highly conserved. The censerved core is composed of 2 col termed the ‘meander’, 2
Species four-helix bundie, heices ] 202 K, and two sets of Seta-sheets. These consttute the haem-inding l0op (with 2n
o absoktely conserved cysteine that serves s the 5th igand for the haem iron), the proton-transfer groove and the
Interactions
a:suuzyw-ser-ed EX0(R motf in helx K. Whie prokaryotic P450s 2re soluble proteins, most eskaryotic P450s are
r ’-ergenerzlerwnzlx‘umcn smamysemgcspeu‘:and
axdatnﬂol o ¥e ¢
Jump to... i Literature references
Examote stracre
. Graterlorence S, Amarmen & Whie 2E, Peterson 14, Smosen SR:  Zroten SO 1995410851080 AUVES- logm ey aai: vt s s
madel of . PUSMED:7542871 mmdxnlm
2. Degtyarenko KN, Archaiow AL; , FESS Lett 1993;332:1-8.: Molecuiar evolution of P450 superfamily 202 P4S0- -...-—-—;(E]
cont2ining monoaxygenase systems. PUBMED 8205421 Ce— 1)
3. Neison DR, Kamatzic T, Wawman DJ, Gue: , Estabrook RW, Feyereisen R, Gonzalez FJ, Coon MJ,
Gunszius IC, Gotoh O, et 2%; , DNA Cel Biol 1993; u 1-51.: The P450 superfamiy: update on mew sequences,
gene mapping, accession numbers, early trivial names of enzymes, and nomenciature. PUBMED: 7678454
4. Guangerich F2; , J;ol Chem 1991;266:10019-10022.: Reactions 2nd significance of cytachrome P-450 enzymes.
PUSMED: 2037357
S. NeSert DW, Gonzalez FJ; , Anns Rev Siochem 1987,56:945-993.: P450 genes: structure, evolution, 22d
regulaton. PUBMED: 1304150
& Werck-Reichhart D, Feyereisen R; , Genome Biol 2000;1-REVIENS3003.: Cytochromes P450: 2 success story.
PUSMED:11178072¢F
InterPro entry IPRO01128=
Cytochrome P450 enzymes are 2 superfamily of haem—containing manc-axygenases that are found in all kingdoms of ife, and which show extraordinary
diversty in their reaction chemistry. In mammals, these proteins are found primarily in microsomes of hepatocytes 2nd other cell types, where they oxidise
stervics, fatty 2Gds 2nd xenobictics, and are important for the detaxiication and Cearance of various Compounds, as well as for hormone syrthesis and
breaidomn, cholesterol synthesis and vikamin D metabolism. In piants, these proteins 2re important for the Siosymthesis of several compounds Such as
hormones, defensive compounds and fatty acds. [ bacteria, they 2re important for several metabolic processes, such 2s the biosynthesis of antidiotic L
enthromycn n Saccharochrspor enthraea (Strepiomyces enythraeus). S
O P4S soremes on haso tn ovidics sheir usion sestnes decied froen NANE s MANDH b cnlit the aywnen on 3 sinele atem ran be
ann Plamx Famiy: p450 PFOO06T)
—mw.m‘nmmrmnx EicKQ-*— C
|
\.-.ekome trust
ger HOME | SEARCH | BROWSE | FTP | HELP | ABOUT n m
nstaute
Family: p450 (PFO0067) - = >
152 achitectures 18883 1392 species 516 Sructures

loomain organisation |

Below is 2 fisting of the unique domain crganisations or architectures in which this domain s found. Mere...
Alignments
HMM | There are 16131 with the
AVNA ASPPA cus] Awerantin oxi EC=1.14.-.- (455 resicues)
Trees l—pﬂ_‘.
Curation & models | Snow 2 sequences with this archiectire.
Spedies There are 1087 with the PaSOx2
1 - C1331 XYLFA [Xylela fasticiosa] Putative cytochrome P4SD 13381 EC=1.14.-.- (422 residues)
L pie pi50.
Structures §
Show 21 sequences with this architechire.
Jump to... There are 137 with the 450, 1_1, FAD_binding_1, NAD_binding_1
- €505 FUSOX [Fusarium oxysporum] Sfunctional P450:-NADPH-PE50 reductase C) P450 505 NADPH- P40 reductase EC=1.14.14.1
EC=16.2.4 (1056 residues)

i

Show 2l sequences with this architecture.

There are 54 with the i it An_ il p45S0

Q4ws41 ASPRY [Aspergilius fum (Sartorye fumigata)] Fatty 204 axygenase, putative EC=1.-.-.- (1135 resicues)
ﬁ — pisa

Show 2l sequences with this architecture.

There are 38 with the i Pp450, FAD_binding_6, NAD_binding_1, Fer2
AIUZSE BURMS [Burkholderia mallei (strain SAVP1)] Cytochrome P450 (784 residues)
PR —

Show 21 sequences with this architecture.

There are 33 with the i p4S0x3
Q33N STRIA [Streptomyces lavenculse] PE50-related cxidase (397 residuss)
P SO

Show 21 sequences with this architectire.

There are 17 with the i P450, KR
QE25N7 BURMA ia malei (i nonas malei)) Gy

P450-related protein (1373 residues)
—pl——— —_—
Show all sequences with this architecture.

There are 15 with the An x2,

p450 .
QU295 ASPTN [Aspergius termeus (strain NIH 2524 / FGSC ALISE)] Putative uncharacieried protein (1045 resiues) -
_osma
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ann Plamx Famiy. p450 (PFOD06T)
2> [ [~ v ) e sanger 2 s Tamin PFOO067 1S Rabvewmtat2 = =
ol
wellcome trust
jsanger MOME | SEARCH | sROwsE | FTP | WELs | AsOUT am
rstaute seasch
Family: p450 (PFO0067)
a— Alignments |
Domain organisation
There are various ways to view or downioad the sequence alignments that we store. You can use 2 sequence viewer to look at either the seed or full
[Alignments aigrment for the famiy, 0r you c2n losk 2t 2 plain text version of the sequence in 2 variety of cierent formats. More...
HMM logo View options
O ol (18883)
O Metagenomics (2796)
Structures Formatting options
Jump to... u Asgnment: @ Seed (50) O rot (28383)
e 1) Format: (Soex 3]
Order: @ Tree O siphabetical
Sequence: @ Inserts lower case () Al upper case
Gaps a5~ or - (mixed)
Download/view: @) Dowrica: O view
—
Generate
Download options
Very large alignments can often cause problems for the formatting tool 25ove. I you find that downloading or viewing 2 l2rge 2ligament is problematic, you o
c2n 2iso downioad 2 gzipF-compressed, Stockholm-format file contzining te seed or full aignment for this family.
You can 250 downigad 2 FASTA format fie containing the full-length sequences for 21 sequences in the full aignment.
Tre main seed 2nc ful aign=ents a-e generated using sequences from the UsProt sequence datatase. However, we 2iso generate alignments using
sequences from the NCBI sequence database a=d te "metasaq” metagencmics dataset.
You can view aligaments from these two additional datasets using the form a5ove, or you can downioad 2lignments of NCB] or metagenomics sequences, 2s
gripP-compressed fies.
O
Seed (50 Full (18383,
ST . 2 (50) O Fon (z8583)
NCBI (28513) O Metagencmics (2736) .
Full length O s {18883)

et

g kAL

A EE R

e
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Family: p450

ger HOME | SEARCH | BROWSE | FTP | HELP | ABOUT P‘Qm

(PF00067)

By

Domain organisation
Alignments Cytochrome P450 &9
HMM logo meus&ammmmm_ﬂmﬂn—emqmdmmmmam
Trees partcularly wel known for their role in the toxins 2 They can be civided into
Au&s.mmmmmwmmewmwmammmmmmm Sequence
Curation & models consenation is relatively low within the famiy - Mrzedylammrsdxs-hﬁmrm
topography 2nd struchural fold are highly The of 2 coil termed the ‘meander’, 2
Species mmhmme,mlwnammmofmmmmmm—muo(-man
2bsoktely conserved cysteine that serves as the Sth igand for the haem iron), the groove and the
Interactions
amymmwnhehmmmwusosnmhmm,mmmnmnm
with microsomal ther general function s to catzlyse regospechic and stereospeciic
oxidation of non-activated hycrocarbons 2t physiclogical temperatures [6].
Jump to... i Literature references
L Gnram-mrms A—ameha,mii Peterson JA, Simascn ER; , Protein Sci 1995;4:1055-1080.: A thee- | pog oy 210 Cryseat e ot fovmes
P450. PUBMED: 7540871 F d-v—md:‘s:lm

2. Degtyarenio KN, Archakow AL; , FEBS Lett 1963;332:1-8.: Molecular evoluticn of P450 superfamily 2nd P4S0- _,—___@
systems. 215 —_—

3. Neison DR, Kamataié T, Wawman DI, Guengerich F7, Estabrook RW, Feyereisen R, Gonzalez FJ, Coon MJ,
Gunsaius IC, Gotoh O, et 2%; , DNA Cell Bl 1993;12-1-51.: The P450 superfamily- update on new sequences,
gene mapping, accession numbers, early trivial names of enzymes, and fomesclature. PUBMED: 7673434 %

4. Guengerich FP; . ) Bl Chem 1591:266:10015-10022. Reaclions and sgelicance of cftoctrome P-450 encymes:
PUSMED: 2037357

5. Nebert DW, Gonzalez FJ; , Annu Rev Sicchem 1987;56:945-993.: P450 geses: structure, evolution, and
reguiation. PUSMED: 3304150

”

Werck Rekiihact D, Feyereiona 2; , Geacme Bl 2000;1-REVIEWS3083.: Cytochromes (MS0: & sccese sicy.
PUSMED: 11172272

InterPro entry IPR0O01128~
Cytochrome P4S0 enzymes are 2 superfamily of haem—containing mono-Gxygenases that are found in 2l Kingdoms of ife, and which show extrzordinary

breakdown, cholesterol synthesis and vitamin D metabolism. In plants, these proteins are important for the Biosynthesis of several compounds as
defensive compounds 2nd fatty acds. In bacteria, they are important for several processes, such 2s the biosynthesis of antidiotic L
enthromycn in enyhraeus). 2
Fa DA soremes ice haem tn oyidice s sy oemtnes dechced Srom MANES o MANOH tn <ri® the oyyren s > Sncle e can he
L1 i fambh: 9558 GEVONED).
> e 3 1 samper 2 k. Ty PFORET.15 Eclq» Coogie
T R

6. Werck-Reichhart D.@Fenreeen R; , Genome Biol 2000;1-REVIEWS3003.: Cytochromes P4350: 2 success story.
PUSMED:11172272

InterPro entry IPRO01128=
Cytochrome P4S0 enzymes are 2 superfamiy of haem-containing monc-axygenases that are found in all kingdoms of e, and which show extraordinary

these
defensive compoends 2nd fatty a0ds. I bacteria, they 2re impartant for several metaboic processes, such 2s the biosynthess of antisiotic
Szccharooolyssorz endhraea (Streptomyces )

cwensummhae-nmoaesemrmmmmmmmamms&mmnmammanm
2dded 1o 2 substrate. They 2150 require electrons, which they receive from 2 variety of redox partners. [n certzin cases, Cytochrome P450 c2n e fused o its
redox partner to produce 2 bi-functional protein, such 2s with P4508M-3 from Saclius megaterium PUBMED: 17023115, which has hzem and flavin comains.

Organis=s produce many dfferent Weksﬁem(i!mianmm).mmmrwﬁmmanmanﬂeumoﬁ
enzymes with dfferent substrate ad Sssve specicties. Individual cytschrome P4S0 proteins follow the namendiature: CYP, followed by 2 number (family),
then 2 letter (subfamily), 202 anomer numiser (proein); € 5. CYP3AG ' the fourth proten in famiy 3, subfamiy A. In general, family members shoud share
>40% identity, whie susfamiy members should share >55% dentty.

Wgﬂsﬂmm&kmmwmdﬂmmommnshmmi ic spiit- class I (prokar

and dass II (eckaryotic microsomes). The other scheme was based on the number of components in the system: Gassu-cnmmms)andcasssm-
mmrls)fwndasses-e-oemaca—moegm Neawdnrwwsa'vd mﬂm(amﬁmlcﬁss)mmmsm«s(o&u&sa)-
2 F protein and P450. Most have 2

sequence dstess, mlv,mum«uymmmnmweusnﬁmwm.mxammznmhm“mn.
of the into B- 210 E-classes, 2nd further civergence intn stable Custers wihin the E-ciass, 2opears i be very

ancest, mmbefnmawmudam
Mace information abost these croteins can be found 2t Protein of the Month: Cytochrome P4S0 PUBMED:.
Gene Ontology

Comments o Questions on the ste? Senc 2 mai to pfam-help@sanger acuk.
The Wellcome Trust
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J

mmd

ﬂ oo (TE T (e
ExPASy Proteomics Server

Databases Tools Services Mimors About Contact
¥ou 252 here: ExPASy CH >Databases >PROSTE
Cytochrome P450 cysteine heme-iron ligand signature
Description:

Cytochrome P450's [1,23E1] are a group of enzymes involved in the cxidative metabolism of a high number of natural compounds (such as steroids, fatty acds,
prostagiandins, leukotrienes, etc) as well as drugs, carcinogens and mutagens. Based on sequence similarities, P450's have been classified into about forty different
families [4.5). P450's are proteins of 400 to 530 amino acids; the only exception is Bacllus BM-3 (CYP102) which is a protein of 1048 residues that contains a N-terminal
P450 domain followed by a reductase domain. P450's are heme proteins. A conserved cysteine residue in the C-terminal part of P450's s invoived in binding the heme
iron in the fifth coordination site. From a region around this residue, we developed a ten residue signatiure speciic to P450's.

ot
The term ‘cytochrome’ P450, whie commonly used, is incorrect as P450 are not electron-transfer proteins; the appropriate name is P4S0 heme- thioiate proteins’.

last poame N
December 2004 / Patten and text revised.

Technical section:

PROSITE method (with tools and information) covered by this documentation:

CYTOCHROME_Paso, PS0008s. P4S0 oy iren PATTERN)
IMM![GDI(HWHMCWAH[G‘D!
m"""‘;;"""f" ALL_ exvect for P450 NE0 from mouse, which has Lys in e fiest position of the pattem

Oxher sequence(s) detected in

Seiss-Proe c

- Retrieve an alignment of Swiss-Prot true posiive hits

uﬁmwm\n- Clestal format, color / Clustal formet, piain text / Fasta format
- sequence logo from

= Taxonomic tree view of 2l Swiss-Prot/TrENBL entries matching PS00086

- Retrieve 2 fist of all Swiss-Prov TrEMBL entries matching PS00088

- Scan Swiss-ProtTrEMEL ertries against PS00086

- vew 33aC Dndng simstcs

Masching PDS stuctures: 1AKD 18U7 1BVY 1CaJ _ [ALL]

ann Plamx Famiy. p450 (PFOD06T)
/> e | 5t sanger ac sk, Tamin PFOD067. 15 5 ¢ Q- Cooge
SO PO ST

6. Werck-Reichhart D, Feyereisen R; , Genome Biol 2000;1-REVIEWS3003.: Cytochromes P450: 2 success story.
PUSNED:11178272¢F

InterPro entry IPR0O01128=

Cytochrome PS50 enzymes are 2 superfamiy of haem-containing menc-oxygenases that are found in 2l ingdoms of ife, and which show extraordinary
diversty in their reaction chemistry. In mammals, Shese protens are found pramarily in microsomes of hepatocytes 20d other cel types, where they cidise
steroics, fatly 20ds 208 xenobiotics, 20d are important for the detaxiication and Cearance of various compaunds, as well 25 far Somane syrthesss and
breakdowmn, cholesterol synthesis and vizamin D metzbois: plants, these proteins 2re important for the Siosyrthesis of several comzounds Such 25
hormones, defensive compounds and fatty accs. In bacteria, they 2re important for several metabolic processes, such 2s the biosynthess of antidiotic
enthromycn in Saccharcoclyspora enthraea (Streptomyces erysiraeus).

Cytochrome P4S0 enzymes use haem to cxidise their substrates, using protons derived from NADH o NADPH o spit the oxygen so 2 single 2%am can be
2dded %o 2 substrate. They aiso require electrons, which they receive from 2 variety of redox partners. In cert2in cases, oytochrome P4S0 canbe fused o its
redox partner to produce 2 bi-functional protein, such as with P4508M-3 from Bacius megaterium PUBMED: 17023115, which has haem and flavin domains.

Organis=s produce many different qytochrome PES0 enzymes (at least 58 in humans), which together with aitermative splicing can provide 2 wide array of
enzymes with diferest substrate and tssve speciicties. Incvidual cytochrome P4S0 proteins follow the nomendiature: CYP, followed by 2 number (famidy),
then 2 letter (subfamily), 202 another number (protein); e.g. CYP3AS s the fourth protein in famiy 3, subfamiy A. In general, famiy members should share
>40% idertity, whie susfamiy members should share >55% densty.

Cytochrome P450 proteins can 2iso be grouped by two different schemes. One scheme was based cn 2 spiit- dass I ( )]
2and dass [I (eskaryotic micosomes). The other scheme was Sased on the number of components in the system: cass B (J-Q:-ﬂ:nre'is) and cass E (2-
components). These classes merpe to 2 cert2in degree. Most prokaryotes and mitachondria (and h.nga CYPS5) have 3-component systems (cass Lidass B) - ol
2 FAD-containing flavcprotein (NAD(P)H-dependent reductase), 2n iron-sulphur protein and P450. Most yo! have = systems

(dass [1/ciass E) - NADPH:PS50 reductase (FAD and FMN-contzining Siavoprotein) and P450. There are exceptions 1o this scheme, Such 25 1-Component
systems that resemble dass E enzymes PUBMED; 16042601, PUSMED: 15128046, PUBMED-S637843. ThtdaSEE"lY‘QSG"BEfUWﬂ-NMCQC into five
sequence dusters, grouss I-V, e2ch of which may contzin mare than coe cytochrome P450 f2midy (eg, CYP1 and CYP2 are both found in group I). The
Gvergence of the Gytpchrome P4S0 superfamily into B- 2nd E-classes, 2nd further dvergence intn stable clusters wihin the E-dzss, 2ppears & be very
2nCert, ocasing before the appearance of eukaryotes.

More information about these proteins can be found 2t Protein of the Month: Cytochrome PS50 PUBMED:.
Gene Ontology

Comments o questions on the S2e? Send 2 mal to plam-help@sanger acuk B
The Wellcome Trust
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2] w3 ) rem e 2 s etesra Dssiapratyac~FRO01 LIS

S CE T T

ESGroaps  Training ndusTy

Jumpto: imerProScan Datsbeses Oocumentafion FTPshe Helo M Advanced search
InterPro: IPR001128 Cytochrome P450

|Protein matches &
|UniProtks
Matches:

= — = Parent-Child Relationships (Subfamilies)
! P450, Bclass . . .
Cuiaren S Sy a0, e 7o | Child entries are more spe?tﬁc fhan the parent
Pas0, Eciass ROV _ A match to the child entry implies a match to the parent
Contnal 501 7572 Oytctrome P40, conserved sae Signatures for the parent and child entries must overlap

thet are found in all Kingdoms of e, and which show extracedinary Giversity in their reection
mhmmmnmmnmdwmw—ummm stercids, fatty acids end xendotics, and are

tant for various as well as for syrthesis In giants,
mmnmunmdwmmummmmmmhmmnwbmﬂm

use heem 1 cxicise their substrates, use rwed from NADH or NADPH %o soit 1 canbe added o They

PRO01128 Cymchrome M50
-« » 2 b 25 ac sk wterra Osiapprttyac=-FR001 Lt =10 ==

— e —_ e —_—_
Horotsinl: e.g. CYP3A is the fourth protiin in family 3, Sublamily A In general, family members Shoukd share >40% identity, while subfamily members Shoukd share >55% identity.

o schemes. Ore
jmicrosomes). The other scheme was umber of n
cegree. Vst ia {ard ngal CYPSS) tave «==| Center Tree root
Fihere ave exoapsions 1o tis scheme, such as 1-componert sysiers tha resertie clase
[Trre re excaptrs 1o tis octeme, such s =| Inner circles Tree nodes

Supertamay inks B and E-ciasses, and futher Grvergence i siabie Custers witin e £}

Outer circles Representative
More information about These proteins can be found at Protiein of the Mongh: Cytochrome:

model organisms -

There is no significance to the
placement of individual nodes

on the circles B
1z Saccharomyces cerevisiae nclassified 2
4375 Fungi 2
B0 Caencrhabditis elegans rchaea 2z
170 Nematoda acteria 2815
Metazo yanobactena 166
Fruit Fh Synechocystis PCC 6803 1
Arthropoda Oryza sativa (Rice) 1301
Chordata Arabidopsis thaliana 465
Mouse reen Plants 5588
Huma astid Group 5799
Eukaryota Other Eukaryotes 41
PRO0112S Numbers of owerlaoging proteins: Awecage rumbers of owerlapping aming acids
PR002397
£, < — A
20023
R, S wia
PR &
o, R wia
PR00220.
e B a T e wia
£e 3
TRt TGS — A
3 4
it S A
PR &
T e m e A
PRO0S06
e eI e e wia |
£5 7 o
3T, e A :
e
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Claksl PR001128 Cymochrame 7450

« > [l 3]0 ) e e ac s e Dspappeintyac - PRO01 LT =3 ¢ Q- coope

$002158 Cytochrome PES0 3425

}017624 Putative cytochrome P50 cyp-1381

[Prooe0ss  |Cytachrome P4s0, E-ciass, group L CYP1

PR02403  |Cytochrome P450, Eclass, growp IV
\FRo0e?  [Oytochrome P4S0, E-class, growp Il
(PRo2ed1  [Cytochrome P4S0, Eclass, groep |
[FRO0S072 | Cytochrome P450, Eclass, CYP3A

|

Further Reading

ety Pt Do wih the Plam
Do

Current Protocols in Bioinformatics
Unit 2.5

Pfam

Current Protocols in Bioinformatics
Unit 2.7
InterPro

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Conserved Domain Database (CDD)

* Identify conserved domains in a protein sequence

* “Secondary database”
* Pfam A and B
Simple Modular Architecture Research Tool (SMART)
Clusters of Orthologous Groups
PRK
TIGRFAM

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Conserved Domain Database (CDD)

* Search performed using RPS-BLAST
* Query sequence is used to search a database of precalculated
position-specific scoring tables
* Not the same method used by Pfam or InterPro

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Gkl
21> J 2= w3 rewm 2ok i gon s o2 o]

e | htpliwww.nebi .nlm.nih goviStructurelcdd/cdd shtml |

eon Jf e

Conserved Domains and Protein Classification

Resources

Conserved Domain ©DD & 2 protein amnctation rescurce that consists of 2 collection :fweL-emoem R A

Database (CDD) Tutivle sequence alignment mode’s for ancent domains and ful-lesg™
These are avaiabie 25 cositon-spechc score matrices (PSSMS) for fast rm‘r:ﬁamn
of conserved domains in protein sequences via RPS-SLAST. CDD content inchudes
NCSl-curated domains, which ese 3D-struchure information 8 expiictly o define
Goman boundares 2nd srovide nSGH'S into sequence/structure/ function
relationships, 2s well s domain models imported from 2 number of exterma
source databases (Pfam, SMART, COG, PRK, TIGRFAM).
Search How T Help News FTP Publicasions

CD-Search CD-Search is NCST's interface %o searching the Conserved Domain Database with
srotein query sequences. It uses R5S-BLAST, 2 variast of PSI-BLAST, to quicdy sc2n 3-D structures and
2 set of pre-calasiated position-spechic scoring matrices (PSSMs) with 2 protein
query. The results of CD-Search 2re presented as 2n ansotation of protein domains
©n the wser query sequence (dustrated exampie), 2nd can be visaiized as domain
multile sequence 2ignments with embedded user queries. High confidence
associations between 2 query sequence and conserved domains are shown as
specific hits.

Search Heip FT3 Susbicasons

G =
‘Submit | Search Datatese | CDD »2.18 - 32089 PSSNis ¢

>NP_005206.1 celeted in colorectal caronoma [Homo
sapiens]
MENSLROVINVPKLAFVLFCASLLSAHLQVTCFQIKASTALRFLSEP
Conserved features

CDART: Conserved Domain Archibecture Retrieval Tool (CDART) performs simiarity searches (binding and catalytic skes)

Domain Architectures of the Entrez Proten catzbase based o domain archiecture, defined 2s the
sequential order of conserved domaias in protein queries. CDART finds protein
Simiarises acoss Sgnficant evoiuionary distances using sensitive domain profies
rather than direct sequence simiariy. Proteins simiar b the query 2re growped and
scored by architecture. You can search COART directly with 2 query protein
sequence, or, ¥ 2 sequence of interest is aready in the Entrez Proten catabase,
Simply retrieve the record, open & "Links” mens, and select "Domain Relatives” to
see the precaiasizted CDART results (iustrated exampie). Relying on domain profiles
2loms COART 1o be fast 202, beczuse & relies on annotated fusctional domains,
rformative

Search Heip FT3 Pubbicasons
Proteins with |
COTree COTree is 2 helper for your web browser that allows you to interactively Samilar Domain Architectures

ano MCBI Comserved Domaim Seach
DI e ] ¢ Ja- cooge

e receter --.‘A

wm e g E == E-)E-.!E@ !--IH Neogenin_C superfamily

lhlli-chui-s
Search for similar domain architectures | @ | Refine search | @

ist of domain hits 2
Description Pssmid  Mudtidom E-valee
—) £+10005722, ig7_Neogenin, First immunogictuin (ig)-ike domain in neogenin and simiar proteins 1e3180 o 2041
Hdllmlg-—qu 143743 NA 4220
E+1o300063, N3, Fxanectin type 3 domain: One of Bree types of itermal repeats found i the plasma. . 28945 no 8e13
of three types of imternal repests found in the plasma... 25 o te12
£+]c000063, NG, Fiaronectin type 3 domain: One of three types of internal repeats found in the plasma. . 28945 o 311
One of three types of imtemal repeats found in the plasma... 2mes o Geto
ngwm 143165 no 108
111980, Ig. Immunogicbuin 1a37e3 NA TeoT
2300063, FN3, Fiaronectin type 3 domain: One of Bree types of imtermal repeats found in the plasma. . 28945 no 8e07
115253 NA 3e127
1400085, PG, Fidronecta type 3 domain; Ore of three types of intermal repeats found in the piasma. 140406 NA 200t
] pfam00047. ig. Immunogictuin 109116 yes tets

¥ Marchler Baver A ct al. (2009), "CDD: specific fancsional annstation wisk she Conserved Domain Dessbase ", Nucleic Acids Res 37(DI205-10.
¥ Marchler Baser A, Beyant SH (2005), "CD-Search: proceis domin axssestions on the fly.", Nacleic Acids Res 32(W)327-331.
Help | Disclaimer | We
NCSI | NLM | NIH
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8n0n

MCB: Comserved Dx

« -

= e P ki, GO S 2 OO M. Ot

Query seq.

B QE@@HEE@ remre

I-ll.i-hni-s

Neogenin_C superfamily

Search for simlar domain archiectures | @ | Refine searca | @

st of domain hits 2
Description

Fest immunogiotuin (1gi-iike domain in necgenin and similar protsins
CDL-n.ss B:&nn:\siz ma-a

segsic &

segsic &

7
Hici11980, Ig. Na 220
2245 no 8e-13
< 28945 o te12
Hca00063. FN3, Fibronecta type 3 domain; One of three types of intermal repeats found in the plasma._. 20345 o 311
aa, of three types. plascma 28545 o seto
Hed00095. I3, Immunogiobulin domain 143185 o 1698
4111950, I, Imemunogiobulin domain N L
Hcd00063, N3, Fbronectis type 3 domain; One of three types of intermal repeats found in the plasma. 28345 87
k Neogenin_C, 115253 N 3e127
Hci00085, NG, Fbronectin tvoe 3 domainc One of three tvpes of intemal reoests found in e dlasma. . 140205 na =0t

Clalsl
ale

NCBI (OO «205722

¢ - cooge

e

Neogenin: one ety many fancions. b £ Socen Cal 8ol 207, BS S-S
Nengenin, an avian caf surface oropse g serriral meurr
the P o mmmnmm : o 50 . e 205 220
Molecuiar craraceration of murman negenin, 2 pretein, 2nd the magping of & gene DEQ1) 1=
chomosomal postion 15622 *me».vn:g.m

The imenagictin . Stuctursl dassicEion, seguence Samems and mmon cre. L b B0l 19 Sp X0
2agaeD

The imeragictuin s.perfamily: 20 nSght on &S temder, Shecies, and funcionsl dersty. £ Ml Sl 19984
S

Exciution of antigen binding receptors. Aan R Fvmunl 1S5 17408567

€805722 is part of 2 hierarchy o reiat
Use the graphical representation 1o navigate this
©d05722 is 2 member of the superfamily d12560.

Sub-family Hierarchy

©0d05722 Sequence Cluster

Deraied View = teracsve Disgiay wit (e ) B
- Tt r

P HSEE  Tel Mectia-1 like

Aligned Rows: [(AiTmws =

Downiced Cn3D

Downicac CDTree
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ann NCB: CD0 c285722
[ <[> J[2.]= 5 ) remm 2o i min o rSicaare o ccsre o < o
305722 5 2 member of the superfamily d11560
©d05722 Sequence Cluster Sub-family Hierarchy

 Demaled View s irseracive Disgiay with CDTeee ) (3

@A aaaaa

M cccoene

a

sier-Sauver A et al. (2009), "CDD: Speciic fancoional amiotation with the Conserved Domain Database.”, Nudleic Acids Res. 37(D)205-10

Discisimer | Privacy statement | Accessiany

PSI-BLAST

* Position-Specific Iterated BLAST search

» Easy-to-use version of a profile-based search
* Perform BLAST search against protein database
 Use results to calculate a position-specific scoring matrix
* PSSM replaces query for next round of searches
* May be iterated until no new significant alignments are found
» Convergence - all related sequences deemed found
* Divergence — query is too broad, make cutoffs more stringent

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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» NCBYBLAST Home

BLAST finds regions of similarity between biclogical sequences. mem.

Immwmwmnmrwwru gjl

BLAST Assembled Genomes
Choose 2 species genome 10 search, or list all genomic BLAST databases.
o Human © Onza satia o Gallus galls
o Mouse o Scs tawrus © Pan troglodytes
o Rat © Dasio rerio o Microbes
o Arabidopsis thakiana © Droscohils melanogaster o Apis mellifers
Basic BLAST
Choose 2 SLAST program to nun.

blagg Searcha 2 wsinga

side query
Algorthms: blastn, megeblast, disconSiguous megablast

ctsin blass  SSSrCh protein atatese using 2 protein query

| http:/iwwwancbi .nlm.nih gov/IBLAST

Algoriyns: biastp, psi-biast, phi-blast
blasts Search protein catabese using 2 transiated nuclectide query
thiastn Search transiated nuciectide datzbass using 2 protein query

thiastx Search transiated nuclectide catabase using 2 transiated nuciectide Query

Specialized BLAST
Choose 2 type of speciaized search (o database name in parentheses. )

Make speciic primers with Primer-SLAST

Search trace archives

Find conserved domains in your sequence (o3s)

Find sequences with similr conserved domain architecture (cdart)
Search ssquences that have gene expression profiles (GE0)

Screen sequence for vector contamination (vecsorsen)
Aign two (or more) ssquences using SUAST (bizseq)
Search protein o nuciectide targets in PubChem BioAssay
Seaech SPA transcriot Shearies

!
I
|

ano Protis BUAST: search protein databases ssing 2 protein quesy.
<> |5 = s e s e g 57 = | DEF AL TS~onli K S 0C~bizshome € I Q- G

» NCBY BLAST/ blastp suite

_ Biash | blasp diasix Distn  Destx
BLASTP 3mgmams seasch peotein Catabases ssing 2 protein query. mom._

Enter accession number, gi, or FASTA sequence &4 Coar Query subrange
>NP_002119.1 high-mobility group box 1 Homo sapiens] —
MK QT IPDASWNS

KXLCEMWNNTAADOKQP ' XPOAAKS
EEDEEDEEDEEFEEDEEDEDEEEDDDDE

{ Choose File ) o e seiecied o
NP_D02173 1 high-mobiity group box 1 [Homo__
Erter 2 cescrigtve e for your SUAST seach
_ Align two or more sequences &

Choose Search Set

= + (Swissprot prosen sequencesiswissarod_:) &

Opseeal UlBsciude X
Erter organis™ common mame, bromial, or tex i Ory 20 1o taxz will be shown. 3

Exclude [ Modeis powixP) | Environmental sampie sequences

Ozicral

Estrez Quary

o Erar o Etez ooy b imtseeh

Program Selection

Agorithm O blastp (proses i BLAST)
© PSLBLAST (Posiion-Speciic lterated BLAST)
(O Prit-SLAST (Patiem #t inificted BLAST)
Croose 3 BUAST sgorees

@ Search catzbase Swissprot protein (swi ) using PSE-BLAST (| 5 Bersted BLAST)
' Show reseits in 2 new window

Note: Parameter vaiues that differ from the defacit are highlighted in yellow and marked with + sign

18
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Swiss-Prot

protein sequence
* Distinguishing Features
* Non-redundancy
Integration with other databases (db_xref)

¢Cc Comment lines
FT  Feature table
Distinct accession series
[OPQ] 12345

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

* Goal: Provide a single reference sequence for each

* Ongoing curation by EBI staff and external experts
Expert annotation includes editing/updates of

Protein BUAST. search protein Satabases wsing 2 provein Guey

al> 2] v iast oo sienam gonrBastcy < J[a-

O PSS T (PLRaT Spete eSS SRS 1]
(O PHI-SLAST (Patier Hit inifiated BLAST)
Croose 2 BUAST sgorees

{ BLAST ) Search database Swissprot protein seques ) using PSE-BLAST (| 5 Berated BLAST)
W S s 2 e wincmw

fifer from the defacit are highlighted in yeliow and marked with + sign

I e et et iy iy @ Default = 500
Short queries. W Actoratcaty acus: paramsters for stort ot secusnced

SeamE am e Default = 10
Word size G39e

Scoring Parameters

Matrix SLOSUMEZ %) @

Gao Costs (Exstence 11 Bqemsion 1 3] &

Composzonal Condtional Score masrix adjest e

adjustments

Filters and Masking

Filter

+ ¥ Low compiexity regors

Mask | Mask for lookup table orly &
[ Mask lower case letters &

PSWPHI BLAST
Upicad PSSM

Choose File | no Sile ssiecied w

2,001 w Default = 0.005

Search database Swissprot protein sequences(swissprot) using PSI-BLAST (Position-Specific Berated BLAST)
e
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» NCBY BLAST/ biastp suitel Formatting Resss - NS1SYX3)81N
Edtanc Besubmit  Sove Search Strsiegies > FormatSng ogfions > Download

PSI biast Iteration 1
NP_002119.1 high-mobility group box 1 [Homo_.
Query ID Ki|53285 Catabase Name swssot
Description NP_002113.1 high-mobiity group box 1 [Homo sagiens) Description Nor-reduncant SwissSrot sequances

Molecsle type amiro 200 Program SLASTP 2222+ > Onation

Query Leagth 215

Other reports: D Search Summary [Taxonomy reports) [Distance tree of resuits] [Multile alignment] "€
¥ Graphic S

¥ Show Cosserved Domains
Putative conserved domains hawe been detectad, click
= = = e = = s

""""!.,_....,........ ren A DR inees rite AWM AL & revy
Specific hits
Superfanilies HMGbox superfamily superfamily |

Distribution of 132 Biast Hits on the Query Sequence &
Mouse-ower 10 show defline and scones, Cick D show alignmens

Color key for alignment scores

Ontwm
[ 80 1 200

» NCBY BLAST/ biastp suitel Formatting Resss - NS1SYX3)81N
Edtanc Besubmit  Sove Search Strsiegies > FormatSng ogfions > Download
PSI biast Rteration 1

NP_002119.1 high-mobility group box 1 [Homo..

Query ID Ki|53285 Datadase Name swssorot
Description NP_002115.1 high-mobiity group box 1 [Home sagiens) Description Nos-reduncant Swissrot sequences
Molecsie type 2miro 200 Program SLASTP 2222+ >Cation
Oter reports: >Search Sumemary [T2xonomy reports) [Distance tree of results] [Multicie aignment] "&~
» Graphic Summary
¥ Descriptions
New iow e =son
@ _ aignment was chacked on e previous teraion

Run PSi-Siast iteraion 2 with max 1000

Sequesces with  E-value BETTER thaa threshold

Score B
Seqouesces producing significant alignments: (Bits) Value
@ se-2s @
Lo | 3e-25 @
o o : se-2s @
L | SecName: Full=Sigh mcbility group prote. 1e-s3 @
w o Full=Putative high mob: . 3e-20 @
e M Full=Sich mobility group pro... te-7s @
e o 2 . 3e-cs @
e . se-£3
e o . 9e-£7
e M Reclame: Full-Sigh mobility group prote... 2e-¢5 @
L | _MOUSE  RecSame: Full=High mobility group pro. le-€5
L | SecName: Full=Sigh mcbility group prm le-€4
w M Full=High mob. Te-€3
o o Full=Nuclear 2e-3s @
] Full=High mob B G |
e M Full=Sigh mob. te-34 <
e Full=High mobility group pro... 1e-s3 @ 2
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ano ACE: Blast %P 0021191 high-mobiity graup Box 1 Homo._

;
W\
i

=trix:
Full=Non-Ristose protein 10
Pull=EMG bo: iming prot.
Full=FACT complex subunit Ss.
Full=SWI/S¥F-related matrix.
Full=SWI/SN¥P-related matrix.
"ﬂl“ﬁlsh mobility group pro..
CE RecXame: Full=Proteiz polybromo-1
Full=High mobility group pro...
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Overview

* Week 2

 Similarity vs. Homology
Global vs. Local Alignments
Scoring Matrices
BLAST
* BLAT

e Week 3
* Profiles, Patterns, Motifs, and Domains
* Structures: VAST, Cn3D, and de novo Prediction
* Multiple Sequence Alignment

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Predicting Tertiary Structure

* Sequence specifies conformation, but
conformation does not specify sequence

* Structure is conserved to a much greater extent than
sequence

» Similarities between proteins may not necessarily be
detected through “traditional” methods

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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VAST Structure Comparison

Step 1: Construct vectors for secondary structure elements

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

VAST Structure Comparison
Step 2: Optimally align structure element vectors
12 3 4
1234 | \’ //
Protein 1 Protein 2
12 3,4 12 3 2 3 1
1234 1234 1234 1234
Alignment 1 Alignment 2 Alignment 3 Alignment 4

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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VAST Shortcomings

* Not the best method for determining structural
similarities

* Reducing a structure to a series of vectors necessarily
results in a loss of information
(less confidence in prediction)

* Regardless of the “simplicity” of the method, provides a
simple and fast first answer to the question of structural
similarity

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Istremeral Reseonch

Cn3D Viewer
Rendering: Tubes

Coloring: Ildentity

Red — matches
Blue — mismatches

24



NHGRI Current Topics in Genome Analysis
Week 3: Biological Sequence Analysis I1

January 26, 2010

anno Saronai Cester for Bomechnoiogy Infarmaten

20> 2| = v w2 vk i gon

Retrieve 2l sequences for an organism or tmxon
Find 2 homolog Yor 2 gene i another organisn
Homology Find genes assocated wih 2 phenctype o Ssease

1o NCES: News s avaiatie

NCSI News - Acgust 2009

National Center for Biotechnology Information Search [ Structare 3) el 20V | Search |
Wi
‘Resources
e elcome to NCBI Paputar
= The Nasoral Carter for Sotechnology Information acvances scence and health by PubMec
= i rovGng actess 1 DoOeSCH 1€ grrome o—Zon Publed C
More sout e NCS | Mission | Organization | Reseaxch | RSS Bookshet
DNA G ANA S..T
Gere
Prtsns Nclectde
e R PubMed Central - i
Conservec Domans
Genes & Expresson
Free Full Text. Over 1.500.000 artides Secire
Geromes from ower 450 journaki. Uinked to PubMed PubCrens
and fully searchable.
Maos & Marcers
NCBI News
Domains & Suctses w123 s
Genetics & Medcre November and Ocicber News: -
Featurect New Discovery-
Taonomy How To... oriented Puthled anc NCS! Homepage. T
Data & Sclwars Ottain e i =t of an arice NCS1 News - Secteiber 2009 =

Tre August 2008 ssue of Fe
PR Design PCH prmers anc check fem for specicly Tt e e

Find e rcion of 2 gene o gere pradict |
vezen Deterire. ey e pmmemen ot Vore.

Seeal
Claksl =2-38084 Structre Resat

Lal> Jl2]= v | remm 2o i i o stes s actre Mema 2N

modified: 200907/14. MMDB ID: 58084

Periplasmic Binding Protein Structure And Function. Refined X-Ray Structures Of The
LeucineiSOLEUCINEVALINE-Sinding Protein And Its Complex With Leucine [Peripiasmic Binding

, Lisrstire, Domains

Qanm

Stuchre Group | Ertrez Help | Wee 10 e Help Desic
MNDS | CDO | Cr3D | VAST | WAST Searce | Researce | FTP See

NCSI | NLM | N | H5S | Privacy Smtement | Fsedom of information Act | Discisimer

Sraase

»Seerore

25



NHGRI Current Topics in Genome Analysis
Week 3: Biological Sequence Analysis I1

January 26, 2010

ks ‘Struchure Sememary, 2UN. 58084
<> 2= w3 rewm 2o i gon rSeshre Mo, e o3 el = 58084 < ja-
-
Structure Summary !
Description: Periplasmic Binding Protein Structure And Function :
Refined X-Ray Structures Of The :
LeucineISOLEUCINEVALINE-Binding Protein An i
With Leucire. }
d may indude macromo i
chains, o d igands, as available. Mouse :
over each icon for more !
- - - - :
Periplasaic_Binding Protein Tupe_1 superfamily :
N |
T - Sacer A Triessen P4 Z -
 Mosieic Acids Res 2067 Jan ssow
ks st Neighbor Summary
2> J 2= w3 rewm s gon TSrscrr s RSN SO ISI5 28 < ja-
e
Related Structures !
VAST reizied stuches for MMDB 58084, 2LIV sequence A !
Overview: There are Wwo main secions 1 this page. The first section consists of e alignment view conrois, he fist controls, and he !
advanced seiated stuchre search contois. The second section is the VAST refated stuchre istdselt & :
I of [(Aikses 3) with [G3® Bl Em—_ﬂuﬂ.‘aﬂl |
!
using [Hypeten 3] for [Seleced +) VAST related structures :
s (e %) subset, sorted by [Va= Evalos n [T 3= i
8

Advanced related structure search = @

Nove e mouse over e 722 alignment IooPents in the grashics beiow and Cick, you will cbtsin 3 stuchre-based sequance
asigrment.

Total related structures: 8640; 1 - 60 of 1283 from

Chicko: Check Al Uncheck AN

Periplasmic_B: _| Superfamily

O se =
O mme k=3
~ ®m=e - =
O wmesc I . —— i
O m:ese SIS WED UE MR NS SE——
O mme - - —— N S BN S S 2
O use AEEEEESSSSSS— W S B S 2
O msse - E— E— - — —

O mese D e —————
O s - SN NS ST NN W S —
D xoe = - =
= GESSSSS S S 1 NN W SIS

26



NHGRI Current Topics in Genome Analysis January 26, 2010
Week 3: Biological Sequence Analysis Il

8nn 2LV neighbors - Cn3D 4.1

Cn3D Viewer
Rendering: Tubes

Coloring: Ildentity

Red — matches
Blue — mismatches
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Secondary Structure Coloring Charge
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Further Reading

m===_ = | Current Protocols in Bioinformatics
= Unit 1.3
Entrez and Cn3D

Current Protocols in Bioinformatics
Unit 5.1

An Introduction to Modeling Protein
Structure from Sequence

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Overview
« Week 2

Similarity vs. Homology
Global vs. Local Alignments
Scoring Matrices

BLAST

* BLAT

e Week 3
* Profiles, Patterns, Motifs, and Domains
* Structures: VAST, Cn3D, and de novo Prediction
* Multiple Sequence Alignment

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Why do multiple sequence alignments?

* Identify conserved regions, patterns, and domains
* Experimental design
* Predicting structure and function
* ldentifying new members of protein families
* Perform phylogenetic analysis
* Generate position-specific scoring matrices for
subsequent searches (“many-against-one” or “one
against many”)
* Bolster confidence in secondary structure predictions

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Considerations

* Absolute sequence similarity
Create the alignment by lining up as many common characters as
possible

» Conservation
Take into account residues that can substitute for one another and
not adversely affect the function of the protein

* Structural similarity
Knowledge of the secondary or tertiary structure of the proteins
being aligned can be used to fine-tune the alignment

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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General Guidelines

* As with most analyses, concentrate on the protein level
rather than on the nucleotide level

* More informative
* Less prone to inaccurate alignment (“20 vs., 4”)

* Can “translate back™ to nucleotide sequences after doing the
alignment

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

General Guidelines

» Use a reasonable number of sequences to avoid
technical difficulties

* Global alignment method: compute time increases
exponentially as sequences are added to the set

* Most alignment algorithms are ineffective on huge data sets
(and may yield inaccurate alignments)

* Phylogenetic studies resulting from inordinately large data sets
are almost impossible

* Good starting point: 10-15 sequences
 Ballpark upper limit: 50 sequences

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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General Guidelines

* Selecting sequences for alignment

* Sequences should be of about the same length

* Use closely-related sequences to determine “required” amino
acids

* Use more divergent sequences to study evolutionary
relationships

* Good starting point: use sequences that are 30-70% similar to
most of the other sequences in the data set

* The most informative alignments result when the sequences in
the data set are not “too similar”, but also not “too different”

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

General Guidelines

* lterative process

* Perform alignment on small set of sequences

* Examine the quality of the alignment

* If alignment good, can add new sequences to data set, then
realign
If alignment not good, remove any sequences that result in the
inclusion of long gaps, then realign

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Interpretation

* Absolutely-conserved positions are required for proper
structure and function

* Relatively well-conserved positions are able to tolerate
limited amounts of change and not adversely affect the
structure or function of the protein

* Non-conserved positions may “mutate freely,” and these
mutations can possibly give rise to proteins with new
functions

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Interpretation

* Gap-free blocks probably correspond to regions of
secondary structure

* Gap-rich blocks probably correspond to unstructured or
loop regions

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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ClustalW2

* Automatic multiple alignment of nucleotide or amino
acid sequences

* Implementations
* Client versions
command-line text menu system, all platforms

* Web-based version
http:/lwww ebi .ac uk/clustalw2

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Progressive Alignment

* Align two sequences at a time

* Gradually build up the multiple sequence alignment by
merging larger and larger sub-alignments, clustering on
the basis of similarity

» Uses protein scoring matrices and gap penalties to
calculate alignments having the best score

* Major advantages of method
* Very fast
* Alignments generally of high quality

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Progressive Alignment

>sequence A
VHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLST
>sequence B
VQLSGEEKAAVLALWDKVNEEEVGGEALGRLLVVYPWTQRFFDSFGDSLN
>sequence C
VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSH
>sequence D
VLSAADKTNVKAAWSKVGGHAGEYGAEALERMFLGFPTTKTYFPHFDLSH

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Progressive Alignment

1. Calculate a similarity score (percent identity) between every
pair of sequences to drive the alignment

For N sequences, this requires the calculation of
[N X (N - 1)]/2 pairwise alignments

Sequences  Alignments

4 6
10 45
25 300
50 1,225

100 4,950

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Progressive Alignment

>sequence A
VHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLST
>sequence B
VQLSGEEKAAVLALWDKVNEEEVGGEALGRLLVVYPWTQRFFDSFGDSLN
>sequence C
VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSH
>sequence D
VLSAADKTNVKAAWSKVGGHAGEYGAEALERMFLGFPTTKTYFPHFDLSH

$ID A B (o D
A 100

B 80 100

c 44 40 100

D 40 40 92 100

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Progressive Alignment

* Align A with B = alignment AB (fixed)
* Align C with D = alignment CD (fixed)

* Represent alignments AB and CD as single sequences

A

B

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Progressive Alignment

* Align “sequence” AB with “sequence” CD

* Continue following the branching order of the tree, from the
tips to the root, merging each new pair of “sequences™

A

B

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Progressive Alignment: Advantages

* Do “easier” alignments between highly-related
sequences first

* Use information regarding conservation at each position
to help with more difficult alignments between more
distantly-related sequences later on in process

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Progressive Alignment: Disadvantages

* If initial alignments are made on distantly related
sequences, there may be errors in the initial alignments

* Once an alignment is “fixed”, it is not reconsidered, so
any errors in the early alignments may propagate
through subsequent alignments

* New version of ClustalW2 does provide a “remove first”
iteration scheme to attempt to improve alignments

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

ClustalW2 Output

* Pairwise scores

* Multiple sequence alignment (.aln)

* Alternative formats available:

GCG
Phylip
PIR
GDE

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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ClustalW2 Output

¢ Cladogram
* Tree assumed to be an estimate of a phylogeny
* Branches are of equal length

* Cladograms show common ancestry, but do not provide an
indication of the amount of “evolutionary time” separating
taxa

* Phylogram
* Tree that is assumed to be an estimate of phylogeny

* Branch lengths proportional to the amount of inferred
evolutionary change

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Clustal W2 Conservation Patterns

» Conservation patterns in multiple sequence alignments
usually follow the following rules:

[WYF) Aromatics

[KRH]) Basic side chains (+)
[DE]) Acidic side chains (<)
[GP]) Ends of helices

[HS]) Catalytic sites

[C] Cysteine cross-bridges

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Clustal W2 Conservation Patterns

* Interpretation is empirical — there is no parallel to the
E-values seen in BLAST searches to assess
“significance”

*  entirely conserved column
(want in at least 10% of positions)

“conserved”
(according to color table)

. “semi-conserved”

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

ClustalW Colors

AVFPMILW RED Small (small+ hydrophobic (incl.aromatic -Y))
DE BLUE Acidic

RK MAGENTA Basic-H

STYHCNGQ GREEN Hydroxyl + sulfhydryl + amine + G

Others Grey Unusual aminofimino acids etc

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Jalview

* Java applet available within ClustalW2 results
* Used to manually edit ClustalW2 alignments
* Color residues based on various properties

* Pairwise alignment of selected sequences

* Consensus sequence calculations

* Removal of redundant sequences

* Calculation of phylogenetic trees

* Color PostScript output

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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ann
e St St W Fomt o Come S

—

Conservation

Quality

Consensus

FOS_RAT/1-380 MMFSGENA S
[FOS_MOUSE/1-380 I- S FNA S
FOS CHICK/1-357 FA E ?
FOS8 MOUSE/1-338 -MFE A -Gt AE Q- -
FOSE HUMAN/1-338 - MF -G PSAE Q- -

Conservation _ l !_ J_l - Ll__ ?- l.-*j--_ *Wv L |
Quayll M wll | wm B N B (i s pilall N |
Consensus

i

EMP S
EHI’

Conservation of total alignment (indication of percent identity)
Alignment quality, based on BLOSUMG62 scores

Based on percent identity

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

ann
e St St W Fomt o Come S

FOS_RAT/1-380
[FOS_MOUSE/1-380 G NA
FOS_CHICK/1-367 Y QG

FOSE MOUSE/1-338
FOSE HUMAN/1-338 -

QARPGI
QAEPG

e
————

Colour > Percentage Identity

Conservation _ l !_ J_l - Ll__ ?- l.-*j--_ *Wv L |
Quayll M wll | wm B N B (i s pilall N |
Consensus

EASS G I.SY GSI’VNT SVSSAN I S
EASS G LSY H PA IGS PVNT DF SVSSANE! S
GENEAPS LTY SPVNS DF VSSAN S
DS -G S ESQ- - L SV PPTAAAS GEMPGS T
DS -G SAESQ- - PPTAAAS c GEMPGS T

Agreement Background Color

81 - 100% Dark blue

61 - 80% Medium blue
41 - 60% Light blue
<40% White

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

44



NHGRI Current Topics in Genome Analysis
Week 3: Biological Sequence Analysis I1

January 26, 2010

Calculate > Pairwise Alignments

FOS_CHICK

ann
| o S e Fomat ot ot s
10 20 30 10 ) 50 60 70
FOS RAT. SGENA EASS G LSYNHSPA S SPVNTQDF SVSSANE! S
L i SGENA EASS G LSYNHSPA S SPVNT@DF SVSSANEI S
YQGEAGENEAPS G LTYNPSPA 3 SPVNSQDF VSSAN S
MOUSE 1-333 |-MFQARPGDNDS -G - SAESQ--NLSS PPTAAASQE-CAGEGEMPGS T
HUMAN/ -MEQAEPGDNDS -G - SAESQ--MLESV PPTAAASQE-CAGHEGEMPGS T
800 nment
Score = 13380 N -
Length of alignment = 385 5
S FOS_CHICK : 1 — 367 (Sequence length = 367)
Conservation _ l !_ | S$Z:§: FOS_MOUSE : 1 — 380 {seque::: 1:::;:1: = 380) W | | . l

Quatiyll 0l wll |

Ll e L L L DT ]

FOS_MOUSE

o et
+

FOS_CHICK

R N e e e R e ey A
FOS_MOUSE

L
FOS_CHICK

LELCEUELEEUEEEEE R LT T T

FOS_MOUSE

FOS_CHICK

R e N e ey A e L e A

FOS_MOUSE

FOS_CHICK

R e s e sy

FOS_MOUSE

FOS_CHICK

e L T T LT LT

FOS_MOUSE

FOS_CHICK SSDSLSSPTLLAL
LT

FOS_MOUSE SSDSLSSPTLLAL

View in alignment editor

NATIONAL HUMAN GENOME

INSTITUTE

ann

Calculate - Calculate Tree > Neighbour Joining Using BLOSUM62

[ o S v o i Cam v

20
G
G
G
-SBSAE
-SIBSAE

Conservation _ .L !_ J_l

Quatityll | | File view

[FOS_RAT/1-380
[FOS_MOUSE/1-380
[FOS_CHICK/1-367
[FOS& MOUSE/1-338
[FOSE HUMAN/1-338

10 ,

PA S, SPVNT
PA S SPVNT
PA S, SPVNS
S PPTAAAS
SV PPTAAAS

Iis .M Um0

Average distance tree using BLOSUM62

H
H
P
L
L

60
SVSSANE!
SVSSANEI

VSSAN

GEGEMPGS
GEGEMPGS

il

n l ! FOSB_MOUSE
Consensus
+
(]

fscomnce « 1 7058 mOuSE Reseue: Os 3
FOSB_HUMAN
FOS_RAT
FOS_MOUSE
FOS_CHICK

NATIONAL HUMAN GENOME RESEAR

B INSTITUTE

45



NHGRI Current Topics in Genome Analysis
Week 3: Biological Sequence Analysis I1

January 26, 2010

Further Reading
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Current Protocols in Bioinformatics
Unit 2.3
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Unit 3.8
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