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Overview

* Week 2

Similarity vs. Homology
Global vs. Local Alignments
Scoring Matrices

BLAST

* BLAT

* Week 4
* Profiles, Patterns, Motifs, and Domains
* Structures: VAST, Cn3D, and de nove Prediction
* Multiple Sequence Alignment

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research

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

Division of Intramural Research
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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

Division of Intramural Research

Profile Construction

APHIIVATPG
GCEIVIATPG

GVEICIATPG . > 3 LRy 9
GVDILIGTTG Which residues are seen at each position!

RPHIIVATPG » What is the frequency of observed residues?
KPHIIIATPG s Which positions are conserved?

KVQLIIATPG
Rpglw ATPG » Where can gaps be introduced?
APHIIVGTPG
APHIIVGTPG
GCHVVIATPG
NQDIVVATTG

Position-Specific Scoring Table

Cons A B [ D E F G H I K L M N P Q R s T v w Y Z
17 18 0 19 14 -22 31 0 -9 12 -15 -5 15 10 9 6 18 14 1 -15 -22 11
- r - r r > 23 2 -2 12 11 17 -31 -8 1
5 24 -12 29 25 -20 8 32 -9 9 -10 -9 22 7 30 10 0 4 -8 -20 -7 27
-1 -12 6 -13 -11 33 -12 -13 63 -11 40 29 -15 -9 -14 -15 -6 7 50 -17 8 -11
3 -11 1 -1 -9 22 -3 -11 46 -9 37 30 -13 -3 -9 -13 -6 6 50 -19 2 -8

5 -9 9 -9 -9 19 -1 -13 57 -9 35 26 -13 -2 -11 -13 -4 9 58 -29 0 -9
54 15 12 20 17 -24 44 -6 -4 -1 -11 -5 12 19 9 -13 21 19 9 -39 -20 10
40 20 20 20 20 -30 40 -10 20 20 -10 0 20 30 -10 -10 30 150 20 -60 -30 10
89 17 17 24 22 9 -50 -48 12
® 150 -20 -30 -10 -50 -30 40 30 20 -30 60 40 20 -100 -70 30

QUHEPIIHDTOO
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Patterns
Phe not Val three
or Tyr Cys or Ala His

L | |

[FY]=-X-C=-%X(2)-{VA}-%x-H(3)

I |

any any two any
amino amino amino
acid acids acid
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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

Division of Intramural Research
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Pfam
e Pfam A

(“seed alignment”)

* Pfam B

family is identified

* Based on curated multiple alignments

* 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

* Automatically generated from database searches
* Deemed “lower quality”, but can be useful when no Pfam A

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research

Sequences Used

in Examples

http:/l/research.nhgri.nih.gov/
teaching/seq_analysis.shtml

800

Current Topics in Genome Analysis 2012 (=}

Qz) @@@(&m; esermonngovruschmgrseaaranmm o0 JOAL coooe Q)

Current Topics in Genome Analysis 2012

Weaks 2 and 4: Sclogical Sequence Ansiysle
‘and Nucleotide Sequences for Analysis

BuasTe

>Query sequence

PANSTPNSNGTNASISPGSARSSSHSHQGYSPKGSRRVSACSDRSLEAAAADVAGGSPPRAASVSSLIGG
ASSGEQHQSQLOHDLVAHKMLRNILOGKKELMQLDQELRTANOQ0000LOEKEQLHSKLNNNNNNIAAT
SHSSR

0% L
oK’ HD

0080000000000 EQQEGORRKEEQQGQIONI0QILIOLOQ

TPATQSAAANFOAPKTPQGHNPVAAAAL YNSHTGPF CLPPDOQQOOOTACOQ(
QNEALSLVVTPKKKRHKVIDTRITPRTVSRILAQDGYVPPTGGPPSTPQOOQS
LHESKVFSPYSPEFNPHAAAGD

VLKSEITTSLSALVDT: xv'rnrvnw(n.rumnsvfmnmxnuusmLbkkspl winpncy
105AQ0000SS00TX
Gons

AVMDAQDRQSECHSADMQFDGHAPT 1S FYKONQLKTEHQESLMAKHCESLTPLASSTLIPMALRKAKLMF
PWVRYPSSAVLKMYPPDIKFNKNNTAQLVKWF SNFREFYY IQMEXYARQAVTEGIKTPDDLLIAGDSELY

Qe

BLAST 2 Sequences

>up_o08872.1 sox-10. 51
EEQDLSEVELSPVGSEEPRCLSPGEAPSLOPDGGGCGSGLRASPGPGRLGKY KKZQQDGEADDOKPEY

TR AVSOVLSCY DU LY PHPVAVNGAS S KD HVKRNNAHVRAOAARRKLADOY DAL ANAELSKELG

0 MGE(
NG WISKPPGVALPTVSPRGY

>NP_003131.1 sex determining region Y [Homo sapiens]

Bt
>CB312815 NICHD Rr_Pitl Rattus norvegicus cDNA clone
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800 Plam: Home page
—T 1
oram u .
A Com http://pfam.sanger.ac.uk |
wellcome trust
N sanger HOME | SEARCH | BROWSE | FTP | HELP | ABOUT am
Pl institute [keyword search | (&)
Pfam 26.0 (November 2011, 13672 families)
The Pfam database is a large collection of protein families, each by multiple
and hidden Markov models (HMMs). Less...
Proteins are generally of one or more regions, termed Different

combinations of domains give rise to the diverse range of proteins found in nature. The identification of domains
that occur within proteins can therefore provide insights into their function.

There are two components to Pfam: Pfam-A and Pfam-B. Pfam-A entries are high quality, manually curated
families. Although these Pfam-A entries cover a large proportion of the in the yi

database, in order to give a more comprehensive coverage of known proteins we also generate a supplement using
the ADDA database. These automatically generated entries are called Pfam-B. Although of lower quality, Pfam-B
families can be useful for identifying functionally conserved regions when no Pfam-A entries are found.

Pfam also generates higher-level groupings of related families, known as clans. A clan is a collection of Pfam-A
entries which are related by similarity of sequence, structure or profile-HMM.

QUICK LINKS YOU CAN FIND DATA IN PFAM IN VARIOUS WAYS...
SEQUENCE SEARCH

VIEW A PFAM FAMILY

Analyze your protein sequence for Pfam matches

View Pfam family annotation and alignments

VIEW A CLAN  See groups of related families
VIEW A SEQUENCE Look at the domain organisation of a protein sequence
VIEW A STRUCTURE Find the domains on a PDB structure

KEYWORD SEARCH  Query Pfam by keywords

[ Go 1 Exampie J

Enter any type of accession or ID to jump to the page for a Pfam family or clan,
UniProt sequence, PDB structure, etc.

JUMP TO

Or view the help pages for more information

Recent Pfam blog posts EHide this 1

What are these new families with 2, 3, 4 7 (posted 19 January 2012)

800 Plam: Home page
~ Ptam: Home page
Qe otam sanoerac.uk ) o
wellcome trust
N sanger HOME | SEARCH | BROWSE | FTP | HELP | ABOUT am
Pl institute keyword search @
Pfam 26.0 (November 2011, 13672 families)
The Pfam database is a large collection of protein families, each by multiple
and hidden Markov models (HMMs). Less...
Proteins are generally of one or more regions, termed Different

combinations of domains give rise to the diverse range of proteins found in nature. The identification of domains
that occur within proteins can therefore provide insights into their function.

There are two components to Pfam: Pfam-A and Pfam-B. Pfam-A entries are high quality, manually curated
families. Although these Pfam-A entries cover a large proportion of the in the yi

database, in order to give a more comprehensive coverage of known proteins we also generate a supplement using
the ADDA database. These automatically generated entries are called Pfam-B. Although of lower quality, Pfam-B
families can be useful for identifying functionally conserved regions when no Pfam-A entries are found.

Pfam also generates higher-level groupings of related families, known as clans. A clan is a collection of Pfam-A
entries which are related by similarity of sequence, structure or profile-HMM.

QUICK LINKS
SEQUENCE SEARCH
VIEW A PFAM FAMILY
VIEW A CLAN

VIEW A SEQUENCE
VIEW A STRUCTURE
KEYWORD SEARCH

ANALYZE YOUR PROTEIN SEQUENCE FOR PFAM MATCHES

Paste your protein sequence here to find matching Pfam families.

This search will use and an E-value of 1.0. You can set your own search parameters and
perform a range of other searches here.

JUMP TO

Recent Pfam blog® posts ®Hide this
What are these new families with 2, 3, 4 endings? (posted 19 January 2012)

Some users have been contacting us about the new families that are appeared in Pfam release 26.0. As pointed :

February 1, 2012
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out by one of aur users: Pfam v26 includes in addition to DDF Tan 1. the following new families:
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800 Pfam: Search Pfam
O =l
@E“.. fam.Sanger.ac.uk/search tabviewntaby c (8- Google
0 architectures 0 sequences 0 interactions. 0 species

—

Batch search

Find Pfam families within your sequence of interest. Paste your protein sequence into the box below, to have it searched for matching Pfam families. Less...

Keyword

Sequence validation

Functional similarity
We check all sequences before running a search. In order to avoid problems with the validation of your sequence, you should use only plain, unformatted text.

Domain architecture | Here are some of the validation checks that we apply to sequences:

DNA sequence * sequence length must be less than 10,000 residues

* the sequence must be a protein sequence; nucleotide sequences will not be accepted

* only residue symbols allowed in the sequence (letters or "*"); sequences containing other characters will not be accepted.
Note that "-" was previously accepted as a valid sequence character, but is not allowed in the latest version of HMMER.

 FASTA-header lines are accepted but will be removed

Taxonomy

If you have problems getting your sequence to upload, please check that it passes all of these tests. Note that although we do allow FASTA-style header lines on
a sequence, some characters in header lines can still cause the sequence to be rejected. If in doubt, please remove header lines before pasting in your sequence.

You can see an example of a sequence that will successfully pass all of the validation tests by clicking the Example button below the search form.
Search options

The default threshold for the HMM search is an E-value of 1.0, but you can also use the gathering threshold for each HMM, or you can specify your own E-value
setting. Note that the E-value that you give must be positive and < 10.0.

By default the search will only look for Pfam-A families on your sequence but, by checking the box below, you can also search for Pfam-B hits. Note that the
Pfam-B search is now performed using HMMER, using automatically generated HMMs. We generate HMMs for only the 20,000 largest Pfam-B families.

Sequence | >Query_sequence
MAFSQYISLAPELLLATAIFCLV] IGI TLGKNPHL
SLTKL QIRI VVVLSGLNTIKQALVK( YSFTLI
AQDALKSFST. ISKFQK

PVNQV IGAMCFGKNF VENV FPVLRYLPNPA
LKRFKNFNDNFVLSLOKTVQEHYQDFNKNSIQDITGALFKHSENYKDNGGLIPQEKIVNIVN
DI TTAIFWSILLLVT IHEELDTVIGRDRQPRLSDRPQLPYLEAFILE
IYRYTSFVPFTIPHSTTRDTSLNGFHIPKECCIFINQWQVNEDEKQWKDPFVFRPERFLTND
NTAIDKTLSEKVMLFGLGKRRCIGEI LFLAILLHQL! YGLT
MKPRTCEHVQAWPRFSK

Cut-off () Gathering threshold
@ Use E-value

Search for PfamBs | Note that we search only the 20,000 largest Pfam-8 families

.

800
~

Pfam: Sequence search results

@E“:- fam.sanger.acok/searchisequence @ QT

¢ wellcome trust
\\ sanger HOME | SEARCH | BROWSE | FTP | HELP | ABOUT p‘am
/‘ institute ’mm
q search r I
Show the detailed description of this results page.
We found 3 Pfam-A matches to your search a i and 2 ) 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 a new sequence.

Significant Pfam-A Matches
Show or hide all alignments.

5 [ o Envelope Alignment Bit Predicted Show/hide

escriptio type | ™ [“gare | end | start | Ena | From ] e e || S

p450  Cytochrome P450 Domain 41 505 41 500 1 457 3442  8.1e-103 [[show )
Pfam-A

Show or hide all alignments.

Famil Deseription Entry | . | Envelope [Alignment | HMM | g \ue | Predicted | show/nhide

amily escriptio type | " [Siare[Ena] start [End [ From | 7o | score | =2/ | active sites | aiignment

COG7  Golgi complex component 7 (COG7) Family CL0294 189 308 247 296 317 366 11.0 0.065 [[show )
SecB_exocyst Sec8 exocyst complex component specific domain Domain CL0295 246 286 249 277 42 70 133 0.042 [ snow

Comments or questions on the site? Send a mail to pfam-help@sanger.ac.uk
The Wellcome Trust

February 1, 2012
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®00 Pram: Sequence search results

~
(@) ][m stsm sangeracksesrchseauence

Sequence search results
Hide the detailed description of this results page.

DILICE]

Below are the details of the matches that were found. We separate Pfam-A matches into two tables, containing the significant and insignificant matches. A significant match is one where the bits
score is greater than or equal to the gathering threshhold for the Pfam domain. Hits which do not start and end at the end points of the matching HMM are highlighted.

The Pfam graphic below shows only the significant matches to your sequence. Clicking on any of the domains in the image will take you to a page of information about that domain. Note that some
Pfam-B domains may be obscured by overlapping Pfam-A domains, which are given higher priority when building the graphic.

Pfam does not allow any amino-acid to match more than one Pfam-A family, unless the overlapping families are part of the same clan. In cases where two members of the same clan match the same
region of a sequence, only one match is show, that with the lowest E-value.

A small proportion of sequences within the enzymatic Pfam families have had their active sites experimentally determined. Using a strict set of rules, chosen to reduce the rate of false positives, we

transfer experimentally determined active site residue data from a 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 paperc?.

For Pfam-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 Pfam-B sequences. You can show individual alignments by clicking on the "Show" button in each row of the result table, or you can show all alignments using the links above 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 which can be i asa
#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 a '*' 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
0%

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 after 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 a new sequence.

Significant Pfam-A Matches
Show or hide all alignments.

Family Description

Cytochrome P450 Domain /a
A Ppgptplplvgnllglgrkeell ) ceeeeenglil
#MATCH  Ppgp 1pt+gt+l 1g +++h ¥g gs+pvvvlsg + grpd  ++  +tgktt £+ +w  Rr+ 41 sf +  lee v teat 1+ kitk e + +iti+ +
#2p 97755555 . . .588999988875556 9998867779
#SEQ

Insignificant Pfam-A Matches
Show or hide all alignments.

Entry Envelope | Alignment HMM Bit | o e | Predicted | Show/hide
type Start | End | Start | End | From | To | Score active sites nment
Family  CLO294 189 308 247 296 317 366 11.0 0.065 m

Domain ClL0O295 246 286 249 277 42 70 133  0.042

®00 Pram: Famlly: p4s0 (PFO0067)

~
(@) 2]~ stsm sangecac.oktamiy Pr00067.17

DILICE|

wellcome trust
AN sanger HOME SEARCH | BROWSE | FTP | HELP | ABOUT Qm
4

institute [keyword search )

Family: p450 (PF00067) i = o

196 architectures 27802 sequences | 2 interactions 2305 species 362 structures

E 24 Summary: Cytochrome P450

Domain organisation

Pfam includes annotations and additional family information from a range of different sources. These sources can be accessed via the tabs below.

e | [ s

HMM logo This tab holds the annotation information that is stored in the Pfam database. As we move to using Wikipedia as our main source of annotation, the contents of
T this tab will be gradually replaced by the Wikipedia tab.

Cytochrome P450

Clan

Curation & mod

Species) Cytochrome P450s are haem-thiolate proteins [6] involved in the oxidative degradation of various compounds. They are

i particularly well known for their role in the degradation of environmental toxins and mutagens. They can be divided into 4
classes, according to the method by which electrons from NAD(P)H are delivered to the catalytic site. Sequence

Structures conservation is relatively low within the family - there are only 3 absolutely conserved residues - but their general
topography and structural fold are highly conserved. The conserved core is composed of a coil termed the ‘meander’, a

v four-helix bundle, helices J and K, and two sets of beta-sheets. These constitute the haem-binding loop (with an
Jump to... absolutely conserved cysteine that serves as the 5th ligand for the haem iron), the proton-transfer groove and the

absolutely conserved EXXR motif in helix K. While prokaryotic P450s are soluble proteins, most eukaryotic P450s are
enteriD/acc (&) th

wil their general function is to catalyse regiospecific and stereospecific
oxidation of at i 6).

Literature references

:1065-1080.: A three-  [Example structure

1. Graham-Lorence S, Amarneh B, White RE, Peterson JA, Simpson ER; , Protein Sci 199!
renen 2

model of P450. PUBMED; 7549871 PDB entry 3P6N: Crystal Structure of
Cytochrome PaSOcam crystallized in the
2. Degtyarenko KN, Archakov Al; , FEBS Lett 1993;332:1-8.: Molecular evolution of P450 superfamily and presence of a tethered substrate analog
P450-containing moncoxygenase systems, PUBMED:8405421 (7 prosrests g —
View a different structure: | 3P6N 1]
3. Nelson DR, Kamataki T, Waxman DJ, Guengerich FP, Estabrook RW, Feyereisen R, Gonzalez FJ, Coon M), Gunsalus
IC, Gotoh O, et al; , DNA Cell Biol 1993;12:1-51.: The P450 superfamily: update on new sequences, gene
mapping, accession numbers, early trivial names of enzymes, and nomenclature. PUBMED: 7678494
4. Guengerich FP; , J Biol Chem 1991;266:10019-10022.: Reactions and significance of cytochrome P-450 enzymes.
PUBMED: 2037557
5. Nebert DW, Gonzalez FJ; , Annu Rev Biochem 1987;56:945-993.: P450 genes: structure, evolution, and
regulation. PUBMED: 33041507 "
6. Werck-Reichhart D, Feyereisen R; , Genome Biol 2000;1 : oy P450: a success story. y
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800
e Plam: Family: p4s0 (PFO0067)

4)>

e pfam sanger.ac.uk/fam

Iy/PF00067.17#tab

& (8- coogie

Summary

Clan

Alignments

HMM logo

Trees

Curation & model
Species
Interactions

Structures

Jump to... ¥
enteriD/acc (&)

wellcome trust

lsanger

Family: p450 (PF00067) - $:2!

HOME | SEARCH | BROWSE | ABOUT

Pfam
[keyword search ()
..

Below is a listing of the unique domain organisations or architectures in which this domain is found. More...

FTP | HELP |

196 architectures 27802 sequences 2 interactions 2305 ‘species

There are 23743 with the p4aso
[Mus musculus (Mouse)] Cytochrome P450, family 1, subfamily b, polypeptide 1 (543 residues)
™ 450 ?
&

Show all sequences with this architecture.

There are 1605 with the p4a50 x 2

C5YP15 SORBI [Sorghum bicolor (Sorghum) (Sorghum vulgare)] Putative uncharacterized protein Sb08g016200 (449 residues)

Show all sequences with this architecture.

There are 216 with the _1, FAD_binding_1, NAD_binding_1

P450,
B5GY49 STRCL [Streptomyces clavuligerus ATCC 27064] g

Show all sequences with this architecture.

There are 68 with the An_j paso
E9DIB6_COCPS [Coccidioides posadasii (strain RMSCC 757 / Silveira) (Valley fever fungus)] Fatty acid oxygenase (1114 residues)
1 hd

P450 reductase (1070 residues)

450
Show all sequences with this architecture.

There are 51 with the p450, FAD_binding_6, NAD_binding_1, Fer2
DOIW16_COMT2 [Comamonas testosteroni (strain CNB-2)] Ferredoxin (783 residues)
450 - Fer2
Show all sequences with this architecture.
There are 45 with the p4a50 x 3

BSH3R3_STRCL [Streptomyces clavuligerus ATCC 27064] NocL EC=1.14.-.- (411 residues)
~— 1p450  p4s0. . p4a50
Show all sequences with this architecture.

There are 30 with the An x 2, p450 &
EQEUZ2 METAR [Metarhizium robertsii (strain ARSEF 23) (Metarhizium anisopliae)] Prostaglandin G/H synthase 2/cyclooxygenase 2, pgh2/cox2, putative (1157 "

800
e Pram: Family: p450 (PF00067)
)2 [ ofam sangerac.ukfam .

PFO0067.17 #tabviewstab3

Summary
Domain organisation

Clan

wellcome trust
Klsanger
institute

Family: p450 (PF00067)

CrTT—

Pfam

HOME | SEARCH | BROWSE | FTP | HELP | ABOUT
keyword search  (5)
a8 &' = P

fidd > ]
196 architectures 27802 sequences 2 interactions 2305 species 362 structures
J

There are various ways to view or download the sequence alignments that we store. You can use a sequence viewer to look at either the seed or full alignment
for the family, or you can look at a plain text version of the sequence in a variety of different formats. More...

View

HMM logo

Trees

Curation & model
Species
Interactions
Structures

Jump to... ¥
enteriD/acc (L)

© Seed (50) O Full (27802)
Alignment: O NCBI (30640) O Metagenomics (2723)

Formatting options

Alignment: @ Seed (50) O Full (27802)

Format: | Selex B
Order: © Tree O Alphabetical
Sequence: @ Inserts lower case O Al upper case

Gaps: | Gaps as "" or "-* (mlxed)B
Download/view: @ Download
(Generate)

Download options

O view

Very large alignments can often cause problems for the formatting tool above. If you find that downloading or viewing a large alignment is problematic, you can
also download a gzip ti-compressed, Stockholm-format file containing the seed or full alignment for this family.
You can also download a FASTA format file

q the full-length for all

in the full alignment.

The main seed and full alignments are generated using sequences from the UniProt sequence database. However, we also generate alignments using sequences
from the NCBI sequence database and the "metaseq" metagenomics dataset.

You can view alignments from these two additional datasets using the form above, or you can download of NCBI or as
gzip@-compressed files.
Pramaiignerents! © Seed (50) O Full (27802) ]
O NCBI (30640) o) (2723)

February 1, 2012

Andy Baxevanis, Ph.D.
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Pfam: Jalview: seed alignment for PF00067

Fla €68 Sulct Vw Fomal Coour Caciate Hep

ceamt_cncx/s3-4s8
i anse-sis
502

oL RAT 31488

562P5ss . shPIRGSARDIth. . ppRRLE . RPRRBCEY. . GslasIARGS pSAVIItShChIociLhcps thssc.t. shhtp. . hhpspGIRRSSS. s cWaphRehhhs)

Comsenatica

2410-0037552211200----000122-21142322--5154335152-20465421121721753211-00210-1000210---012211645230-~

Qualy

Consensus

PPGPTAPLPL+GNLLQLGRSRFGKDT LHSYFTKLOKKY--GP 1 FTLYLGP-KP+VV LGP EAVKEVLeoKGEEFSCRGOEP+ FoTLrsPFRGKGIVFANGYGERWSQURRFLTP S

e=——=—— e
Sequence 22 0: CP6ALMUSOO. Residue: LEU (135)

[You can also start Jalview via Java Web Startc?
Both versions of Jalview will enable you to view the sequence alignment interactively, but the Web Start application offers slightly more functionality.

(Close window

8060

e Plam: Family: p450 (PFO0067)

Pfam: Family: p450 (PFO0067)

)| me ptam sangerac.ukfamily/7F00067.17

/ wellcome trust
sanger HOME | SEARCH | BROWSE | FTP | HELP | ABOUT

institute

) coooe RIOIED

Pfam

keyword search @

Family: p450 (PF00067)

=
196 architectures 27802 sequences 2 interactions 2305 species 362 structures

E Summary: Cytochrome P450

Domain organisation
Pfam includes annotations and additional family information from a range of different sources. These sources can be accessed via the tabs below.
Clan
P450  Pfam Interpro
HMM logo tab holds the annotation information that is stored in the Pfam database. As we move to using Wikipedia as our main source of annotation, the contents of
Trees this tab will be gradually replaced by the Wikipedia tab.

Curation & mod

Cytochrome P450
Species y N "
Cytochrome P450s are haem-thiolate proteins [6] involved in the oxidative degradation of various compounds. They are

well known for their role in the degradation of environmental toxins and mutagens. They can be divided into 4
classes, according to the method by which electrons from NAD(P)H are delivered to the catalytic site. Sequence
conservation is relatively low within the family - there are only 3 absolutely conserved residues - but their general
topography and structural fold are highly conserved. The conserved core is composed of a coil termed the 'meander’, a
four-helix bundle, helices J and K, and two sets of beta-sheets. These constitute the haem-binding loop (with an
absolutely conserved cysteine that serves as the 5th ligand for the haem iron), the proton-transfer groove and the
absolutely conserved EXXR motif in helix K. While prokaryotic P450s are soluble proteins, most eukaryotic P450s are

with their general function is to catalyse regiospecific and stereospecific
oxidation of at 6).

Structures

Jump to... ¥

enterib/acc (D)

Literature references
:1065-1080.: A three-

1. Graham Lorence S, Amarneh B, White RE, Peterson JA, Simpson ER; , Protein Sci 199!
model of P450. PUBMED; 7549871

stal Structure of

Cytochrome P450cam crystallized in the
presence of a tethered substrate analog
tems, P! 184054217 |AdaC1-C8-Dans

View a different structure: | 3P6N %]

L

Degtyarenko KN, Archakov Al; , FEBS Lett 1993;332:1-8.: Molecular evolution of P450 superfamily and
ining sys!

Ld

Nelson DR, Kamataki T, Waxman D), Guengerich FP, Estabrook RW, Feyereisen R, Gonzalez FJ, Coon M), Gunsalus
IC, Gotoh O, et al; , DNA Cell Biol 1993;12:1-51.: The P450 superfamily: update on new sequences, gene
mapping, accession numbers, early trivial names of enzymes, and nomenclature. PUBMED: 7678494 &

N

. Guengerich FP,

J Biol Chem 1991;266:10019-10022.: Reactions and significance of cytochrome P-450 enzymes.
()

n

. Nebert DW, Gonzalez FJ; , Annu Rev Biochem 1987;56:945-993.: P450 genes: structure, evolution, and
regulation. PUBMED:3304150¢% I

o

. Werck-Reichhart D, Feyereisen R; , Genome Biol 2000;1 1 G P450: a success story.
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S rees this tab will be gradually replaced by the Wikipedia tab.
Curation & model Cytochrome P450
Species

Cytochrome P450s are haem-thiolate proteins [6] involved in the oxidative degradation of various compounds. They are
well known for their role in the degradation of environmental toxins and mutagens. They can be divided into 4
classes, according to the method by which electrons from NAD(P)H are delivered to the catalytic site. Sequence

is relatively low within the family - there are only 3 absolutely conserved residues - but their general
topography and structural fold are highly conserved. The conserved core is composed of a coil termed the ‘meander’, a
four-helix bundle, helices J and K, and two sets of beta-sheets. These constitute the haem-binding loop (with an

Jump to... ¥ absolutely conserved cysteine that serves as the Sth ligand for the haem iron), the proton-transfer groove and the
absolutely conserved EXXR motif in helix K. While prokaryotic P450s are soluble proteins, most eukaryotic P450s are

enter ib/ace () with their general enzy function is to catalyse regiospecific and stereospecific
oxidation of vated at (6.

Literature references

1. Graham-Lorence S, Amarneh B, White RE, Peterson JA, Simpson ER; , Protein Sci 1995;4:1065-1080.: A three- [Example structure
del of P450. PUBMED: 7549871 % DB entry 3P6N: Crystal Structure of
Cytochrome Pas0cam crystalized in the
2. Degtyarenko KN, Archakov Al; , FEBS Lett 1993;332:1-8.: Molecular evolution of P450 superfamily and presence of a tethered substrate analog
P450-containing monooxygenase systems. PUBMED:8405421 (7 “":‘f:“"““ re: (G T0)
3. Nelson DR, Kamataki T, Waxman DJ, Guengerich FP, Estabrook RW, Feyereisen R, Gonzalez FJ, Coon M), Gunsalus
IC, Gotoh O, et al; , DNA Cell Biol 1993;12:1-51.: The P450 superfamily: update on new sequences, gene
mapping, accession numbers, early trivial names of enzymes, and nomenclature. PUBMED: 7678494 (7
4. Guengerich FP; , J Biol Chem 1991;266:10019-10022.: Reactions and significance of cytochrome P-450 enzymes.
PUBMED: 2037557 %
5. Nebert DW, Gonzalez FJ; , Annu Rev Biochem 1987;56:945-993.: P450 genes: structure, evolution, and
regulation. PUBMED: 330415007
6.

Werck-Reichhart D, ‘F;yerelsen R; , Genome Biol 2000;1:REVIEWS3003.: Cytochromes P450: a success story.
PUBMED: 11178272

External database links

HOMSTRAD: p450¢7
PANDIT: PFQ0067 7

PRO0465¢F
PROSITE: PDOC00081¢F
Pseudofam: PF00067 %
SCOP: 2cpp?
SYSTERS: pas0c?

Comments or questions on the site? Send a mail to pfam-help@sanger.ac.uk |
The Wellcome Trust

800
m expasy.org/coi-bin/ prosie prosite-search-37PDOCO0DS1 ) coooe RIDICE
| =4 "WEXPAS! Home | Contact
[ LA e PROSITE
Due to maintenance work, this ExPASy service will be unavailable from Sunday January 29th, 2012 to Wednesday February 1st, 2012.
Home ite ProRule Dx D Links Funding

p— =%y PROSITE documentation PDOC00081

C P450 h iron ligand

Description:

Cytochrome P450's [1,2,3,E1] are a group of enzymes involved in the oxidative metabolism of a high number of natural compounds (such as steroids, fatty acids, prostaglandins, 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 Bacillus 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 is involved in binding the heme iron in the fifth coordination site. From a region around this residue, we developed a ten residue
signature specific to P450's.

Note:

The term ‘cytochrome' P450, while commonly used, is incorrect as P450 are not ele fer proteins; the iate name is P450 'heme- thiolate proteins'.

Expert(s) to contact by email
Last update:
December 2004 / Pattern and text revised.

Technical section:

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

CYTOCHROME _P450, PS00086; Cytochrome P450 cysteine heme-iron ligand signature (PATTERN)
Erir [CF‘:I”]'G['::SN"SE”;WLGD] {F}-[RKHPT]-{P}-C-[LIVMFAP]-[GAD]
Sequences known to belong to this class detected by the pattern: ALL, except for P450 11B10 from mouse, which has Lys in the first position of the pattern
Other sequence(s) detected in Swiss-Prot: 9.
* Retrieve an alignment of Swiss-Prot true positive hits:
Clustal format, color, condensed view / Clustal format, color / Clustal format, plain text / Fasta format
+ Retrieve the sequence logo from the alignment
+ Taxonomic tree view of all Swiss-Prot/ TrEMBL entries matching PS00086
* Retrieve a list of all Swiss-Prot/TrEMBL entries matching PS00086
+ Scan Swiss-Prot/TrEMBL entries against PS00086
- view ligand binding statistics
Matching PDB structures: 1AKD 1BU7 1BVY 1C8J ... [ALL]

References:
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wellcome trust
sanger HOME | SEARCH | BROWSE | FTP | HELP |

Pfam

ABOUT
institute keyword search  (5)
Family: p450 (PF00067) sia0e & = -

Siavd
196 architectures 27802 sequences 2 interactions 2305 species 362 structures
J

M Summary: Cytochrome P450

Domain organisation

Pfam includes annotations and additional family information from a range of different sources. These sources can be accessed via the tabs below.

Clan
C P450 Pfam
CLLIEDD This tab holds annotation information from the Interproc? database.
Trees
Curation & model InterPro entry IPR001128
Species Cytochrome P450 enzymes are a ily of i that are found in all kingdoms of life, and which show extraordinary
P diversity in their reaction chemistry. In mammals, these proteins are found primarily in microsomes of hepatocytes and other cell types, where they oxidise

steroids, fatty acids and xenobiotics, and are important for the detoxification and clearance of various compounds, as well as for hormone synthesis and
synthesis and vitamin D metabolism. In plants, these proteins are important for the biosynthesis of several compounds such as
hormones defenswe compounds and fatty acids. In bacteria, they are important for several metabolic processes, such as the biosynthesis of antibiotic
erythraea erythraeus).

Jump to... ¥

Cytochrome P450 enzymes use haem to oxidise their substrates, using protons derived from NADH or NADPH to split the oxygen so a single atom can be added
to a substrate. They also require electrons, which they receive from a variety of redox partners. In certain cases, cytochrome P450 can be fused to its redox
partner to produce a bi-functional protein, such as with P450BM-3 from Bacillus megaterium [PUBMED:17023115(¥), which has haem and flavin domains.

Organisms produce many different cytochrome P450 enzymes (at least 58 in humans), which together with alternative splicing can provide a wide array of
eenzymes with different substrate and tissue specificities. Individual cytochrome P450 proteins follow the nomenclature: CYP, followed by a number (family), then
a letter (subfamily), and another number (protein); e.g. CYP3A4 is the fourth protein in family 3, subfamily A. In general, family members should share >40%
identity, while subfamily members should share >55% identity.

Cytochrome P450 proteins can also be grouped by two different schemes. One scheme was based on a split: class I (pr and
class II (eukaryotic microsomes). The other scheme was based on the number of components in the system: class B (3-components) and class
(z components). These classes merge to a certain degree. Most pmkaryozes and mitochondria (and fungal CYPSS) have 3- -component systems (class I/class B) -
Iphur protein and P450. Most eukaryoti hav systems

(class 1/class E) - NADPH:P450 redunase (FAD and FMN- conlaxmng flavoprotein) and P450. There are exceptions to this scheme, such 25 1-component systems
that resemble class E enzymes [P ', PUBMED: 15128046 (%, PUBMED:8637843(7). The class E enzymes can be further subdivided into five
sequence clusters, groups I-V, each of which may contain more than one cytochrome P450 family (eg, CYP1 and CYP2 are both found in group I). The

into B- and E-classes, and further divergence into stable clusters within the E-class, appears to be very ancient,

occurring before the appearance of eukaryotes.
More information about these proteins can be found at Protein of the Month: Cytochrome P450 [PUBMED: t7].

Gene Ontology H

PRO01128 Cytochrome PAS0

GRS (Fiid) e Foedvack
Research Training Industry About Us Help siteindex W &
€8I > Databases > InterPro
Search ¢, InterPro: S)
Jumpto: InterProScan Databases Documentation FTPsite Help & Advanced search
IPR001128 Cytochrome P450
Protein matches &
Detailed: sorted by AC, sorted by name,  of known structure proteins with splice variants
UniProtKB Table: For all matching proteins, of known structure
32036 proteins | Architectures
Accession List
 Matches in BioMart
Accession &) [IPR001128 Cyt_P450
Type & |Family
Database 1D Name Proteins.
Gene3D G3DSA:1.10.630.10 Cyt_P450 31749
Pfam PF00067 p4as0 30868
Signatures | paiNts  pRO0IBS Paso 20865

Cytochrome_P450 31431

in BioMart

Y Parent-Child Relationships (Subfamilies)

R002397 Cytochrome P450, B-class

R002399 Cytochwme P450, mitochondrial

R002401 C P450, E-class, group |

R002402 Cytochrome P450, E-class, group Il
P450, E-class, group IV

P450, site

[S/o|

Child entries are more specific than the parent
A match to the child entry implies a match to the parent
Signatures for the parent and child entries must overlap

3

PRO17972 Oy
| GO Term annotation &

Process|G0.0055114 oxldanon-mduchun process

G electron carrier activity
GO 0016705 oxidoreductase activity, acting on paired donors, with incorporation or reduction of molecular oxygen
GO:0020037 heme binding

 Entry Details in BioMart

Cytochrome P450 enzymes of h: that are found in all kingdoms of life, and which show extraordinary diversity in their veacuon
chemistry. In mammals, these prolsms are found primarily in microsomes of hepatocytes and other cell types, where they oxidise steroids, fatty acids and xenobiotics, and ar A
important for the detoxification and clearance of various compounds, as well as for hormone synthesis and breakdown, lesterol synthesis. and vitamin D melsbollsm In plams. i
th: sai imnastant for the b is ot L hac hoy dafons i In hart
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800 IPRO01128 Cytochrome P450
2

Abstract &

(D[ o isconincrrospivprozns & (- coor IO
InterPro annotation
[ Entry Details in BioMart
Cytochrome P450 enzymes are a ily of h that are found in all kingdoms of life, and which show extraordinary diversity in their reaction

chemistry. In mammals, these proteins are found primarily ln ‘microsomes of hepatocytes and other cell types, where they oxidise steroids, fatty acids and xenobiotics, and are
important for the detoxification and clearance of various compounds, as well as for hormone synthesis and breakdown, cholesterol synthesis and vitamin D malabollsm In piam.s.
these pmlems are important for the msymmms of several compounds such as hormones, defensive compounds and fatty acids. In bacteria, they are important

metabolic processes, such as the of antibiotic erythraea

Cytochrome P450 enzymes use haem to oxidise their substrates, using protons derived from NADH or NADPH to split the oxygen so a single atom can be added to a substrate.
They also require electrons, which they receive from a variety of redox partners. In certain cases, cytochrome P450 can be fused to its redox partner to produce a bi-functional
protein, such as with P450BM-3 from Bacillus megaterium [1], which has haem and flavin domains.

Organisms produce many different cytochrome P450 enzymes (at least 58 in humans), which together with alternative splicing can provide a wide array of enzymes with different
substrate and tissue specificities. Individual cytochrome P450 proteins follow the nomenclature: CYP, followed by a number (family), then a letter (subfamily), and another number
(protein); e.g. CYP3A4 is the fourth protein in family 3, subfamily A. In general, family members should share >40% identity, while subfamily members should share >55% identity.

Cytochrome P450 proteins can also be grouped by two different schemes. One schemd

lic mi . The other scheme based on th ber of its.
e e e v a oo oS e e) Center Tree root
reductase), an iron-sulphur protein and P450. Most eukaryotic microsomes have 2-com .
flavoprotein) and P450. There are exceptions to this scheme, such as 1-componentsyd [pper Circ, le S Tree node S

subdivided into five sequence duslels. groups |- V ‘each of which may contain more thaj
P450 to B- and E-classes, and further divel

of the . .
ihe appearance of sukaryoiss. Outer circles Representative
More information about these proteins can be found at Protein of the Month: Cytochron model Organisms

PDB - click here
Structural links € SCOF: a.104.1.1
\TH: 1.10.630.10 . ., H
PDaemvu There is no szgmﬁcance to the
ngg??z%caﬁoocoooat indivi
Database links & 10RO procos? placement of individual nodes
COMe: PRX000236 .
on the circles -
[ Taxonomic coverage &
21 Saccharomyces cerevisiae nclassified 18
809 Fungi irus 8
76 Caenorhabditis elegans ".. Archaea 49
267 Nematoda acteria 6935
9446 Metazoa yanobacteria 175
140 Fruit Fly ynechocystis PCC 6803 2
3857 Arthropoda: Oryza sativa (Rice) 1283
4928 Chordata: Arabidopsis thaliana 495
260 Mouse reen Plants 6912
424 Human Plastid Group 7226
25026 Eukaryota: Other Eukaryotes 233

IPR001128

rlapping InterPr ries &

Numbers of overlapping proteins Average numbers of overlapping amino acids

() (2 i

800 IPRO01128 Cytochrome P450
2
25

nterpro/DisplaylproEntry?

DILICE]

Example proteins &
(009158 Cytochrome P450 3A25

o 7/////»//////3/)///}

017624 Putative cytochrome P450 cyp-13B1

W

046051 Probable cytochrome P450 4d14

m

P05108 Cholesterol side-chain cleavage enzyme, mitochondrial

P10614 Lanosterol 14-alpha demethylase

More proteins
Example Proteins Key
|[interPro entry and code]
IPRO17972 Cytochrome P450, conserved site a
IPRO01128  [Cytochrome P450 a
IPR002403  |Cytochrome P450, E-class, group IV =
IPR002402  [Cytochrome P450, E-class, group Il a
IPR002401 | Cytochrome P50, E-class, group | a
cy P450, E-class, CYP3A a
|SWISS-MODEL P
PDB Chain <
ModBase Z i
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Further Reading

s Current Protocols in Bioinformatics
= Unit 2.5

Identifying Protein Domains with the
——-_ - | Pfam Database

R Current Protocols in Bioinformatics

: : Unit 2.7

The InterPro Database and Tools for
Protein Domain Analysis

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research

Conserved Domain Database (CDD)

* Identify conserved domains in a protein sequence

* “Secondary database”

¢ Pfam A (not Pfam B)

* Simple Modular Architecture Research Tool (SMART)
COG (orthologous prokaryotic protein families)
KOG (eukaryotic equivalent of COG)
PRK (“protein clusters” of related protein RefSeq entries)
TIGRFAM

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research
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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

n of Intramural Resear

]

ann
2 Conserved Domains Database (. | &
(2% s =

i gov, Structur:

http://lwww.nebi.nlm.nih.gov/Structure/cdd/cdd shtml

NCBI > Structure Home > Conserved Domains

Conserved
Domains

> NCBI

Conserved Domains PubChem [ BioSystems

[ e

Structure Home 3D Macromolecular Structures

Search | Conserved Domains &) for

| HOME | SEARCH | GUIDE |

RESOURCES| SEARCH HO! FTP PUBLICATIONS DISCOVER

Conserved Domains and Protein Classification

Resources Highlights

CDD is a protein annotation resource that consists of a collection of well-annotated What is a conserved domain?

multiple sequence alignment models for ancient domains and full-length proteins.
These are available as position-specific score matrices (PSSMs) for fast identification
of conserved domains in protein sequences via RPS-BLAST. CDD content includes
NCBI-curated domains, which use 3D-structure information to explicitly to define
domain boundaries and provide insights into sequence/structure/function
relationships, as well as domain models imported from a number of external source
databases (Pfam, SMART, COG, PRK, TIGRFAM).

Search HowTo Help News FTP Publications,

Conserved Domain
Database (CDD)

cD-Search CD-Search is NCBI's interface to searching the Conserved Domain Database with
protein query sequences. It uses RPS-BLAST, a variant of PSI-BLAST, to quickly scan
a set of pre-calculated position-specific scoring matrices (PSSMs) with a protein
query. The results of CD-Search are presented as an annotation of protein domains
on the user query sequence (illustrated example), and can be visualized as domain
multiple sequence alignments with embedded user queries. High confidence
associations between a query sequence and conserved domains are shown as
specific hits.

3-D structures and

Batch CD-Search conserved core motifs:

-Search | Help |FTP Publications

Search Database | CDD v3.03 - 42251 PSSMs

~1 DCC [Homo sapiens E)

T ]
MENSLRCVWVPKLAFVLFGASLLSAHLQVTGFQIKAFTALRFLSE
PSDAVTMRGGNVLLDCSAESDRGVPVIKWKKDGIHLALGMDERKQ
OLSNGSLLIONIL PDEGLYOCEASLGDSGSII!

Conserved features
(binding and catalytic sites)
CDART:
Domain Architectures

Conserved Domain Architecture Retrieval Tool (CDART) performs similarity searches
of the Entrez Protein database based on domain architecture, defined as the
sequential order of conserved domains in protein queries. CDART finds protein
similarities across significant evolutionary distances using sensitive domain profiles
rather than direct sequence similarity. Proteins similar to the query are grouped and
scored by architecture. You can search CDART directly with a query protein
sequence, or, if a sequence of interest is already in the Entrez Protein database,
simply retrieve the record, open its "Links" menu, and select "Domain Relatives" to
CDART recult le) Bel o d Al
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'NCBI Conserved Domain Search

Conserved
Domains

L G RNEl|  NewSearch | Structure Home | 3D Macromolecular Structures | Conserved Domains Pubchem BioSystems
C dd 2 . View full result @
onserved domains on [lclseqsig_7fe9106e8610fc67f93c9e7e01b15£65]
NP_005206.1 DCC [Homo sapiens]
Graphical summary show options » *
250 s 7% 1000 1250 1447
Query seq.
Interdomin contacts Interdommin contacts A
okine receptor motif B Cytohine receptor mobif 4
Interdomain contacts A AA Interdomain contacts
Whokine recepton matil Cytohine receptor mobif 4

Interdomain contacts A
Cybokine receptor motif A

e e e B e BEEE s
= E=nE=

Hulti-donains

Search for similar domain architectures | @ _Refine search | @

List of domain hits d
+ Description Pssmid Multi-dom E-value
- [+ 1_t i ), First i in (Ig)-like domain in neogenin and similar proteins; Ig1_Neogenin: first immunoglobulin (Ig)-like domair 143199 no 6.07e-49
[Hig super family(cl11960], domain; Ig: (Ig) domain found in the Ig superfamily. The Ig superfamily is a ... 209398 no 8.31e-35
[+FN3[cd00063], Fibronectin type 3 domain; One of three types of internal repeats found in the plasma ... 28945 no 1.65e-15
[+JFN3[cd00063), Fibronectin type 3 domai e of three types of internal repeats found in the plasma ... 28945 no 3.39%-15
HFN:!(edoOOSS] Fibronectin type 3 domai e of three types of internal repeats found in the plasma ... 28945 no 1.29e-13
in domain in (Ig) domain found in the Ig superfamily. The Ig superfamily is a ... 143165 no 5.72e-11
[#IFN3[cd00063), Fibronectin type 3 domai e of three types of internal repeats found in the plasma ... 28945 no 5.79e-11
[+Ig super family[ci11960), lin domain; Ig: it lin (Ig) domain found in the Ig superfamily. The Ig superfamily isa ... 209398 no 1.17e-08
[HIFN3[cd00063], Fibronectin type 3 domain; One of three types of internal repeats found in the plasma ... 28945 no 1.70e-08
[+INeogenin_C super family[cl05875), Neogenin C-terminus; This family represents the C-terminus of eukaryotic neogenin precursor proteins, which .. 191562 no 2.20e-119
[+IFN3 super family[cl00065], Fibronectin type 3 domain; One of three types of internal repeats found in the plasma ... 206813 no 6.226-06
I-set[pfam07678), Immunoglobulin I-set domain; 191810  yes 9.51e-21
[HI-set{pfam07679), Immunoglobulin I-set domain; 191810  yes 7.88e-16
[#lI-set[pfam07679], Immunoglobulin I-set domain; 191810 yes 2.47e-15
References:
B Marchler-Bauer A et al. (2011), "COD: a Conserved Domain Database for the functional annotation of proteins.", Nucleic Acids Res.39(D)225-9.
B Marchler-Bauer A et al. (2009), "CDD: specific functional annotation with the Conserved Domain Database.", Nucleic Acids Res.37(D)205-10. .
11 Marchler-Bauer A, Bryant SH (2004), “CD-Search: protein domain annotations on the fly.”, Nucleic Acids Res.32(W)327-331. B

'NCBI Conserved Domain Search

22 www.ncbi.nim.nih.gov/Structure/cdd/wipsb.cgl @ (38 Coogle q)
Conserved
Domains

L G RNEl|  NewSearch | Structure Home | 3D Macromolecular Structures | Conserved Domains Pubchem BioSystems

Conserved domains on [icljseqsig_7fe9106e8610fc6793c9¢7¢01b15f65] I TR
NP_005206.1 DCC [Homo sapiens]
Graphical summary show options » ”
T I k0 e D i
Query seq.,
etorain comtacts e torein Sontocte A
Aokine receptor mtif A Cubohine receptor motit A
Imtandonein comtoctih__ Ak Intardonain contocts
ahine recsrtd T cotanine vacurien votit R

Interdomain contacts A
Cybokine receptor motif A

e e e B e BEE s
= E=nE=

Hulti-donains

Search for similar domain architectures | @ _Refine search | @

List of domain hits .
+ Pssmid Multi-dom  E-value

first immunoglobulin (Ig)-like domain in neog s. Neogenin is a cell surface
protein which is expressed in the developmg nervous system of vertebrate embryos in the growing nerve cells. It is also expressed in other embryonic tissues, and may play a general

role in developmental processes such as cell migration, cell-cell recognition, and tissue growth regulation. Included in this group is the tumor suppressor protein DCC, which is deleted
in colorectal carcinoma . DCC and neogenin each have four Ig-like domains followed by six fibronectin type IIl domains, a transmembrane domain, and an intracellular domain.

Cd Length: 95 Bit Score: 167.27 E-value: 6.07e-49

10 20 30 40 50 60 70 80
T T P P P T Py prppr oy |
segsig_7fe9106e8610£fc67£93c9e7e01b15£65 41 RFLSEPSDAN 'TKWKKDGIHLAL N VVYnM"n RHHK: 120
Cdd:cd05722 1 WFLSEPSDI' ~PPKI] PNGSLL PDEGFYQCVAQ 79
90
segsig_7fe9106e8610fc67£93c9e7e01b15£65 121 LGDSGSIISRTAKVAV 136
Cdd:cd05722 80 NDSLGSIVSRTARLTV 95
[#ig super family[ci11960], in domain; Ig: i in (Ig) domain found in the Ig superfamily. The Ig superfamily is a ... 209398 no 8.31e-35
[HFN3[cd00063), Fibronectin type 3 domain; One of three types of intemal repeats found in the plasma .. 28945 no 1.65e-15 N
HFNJ[mooos:a] Fibronectin type 3 domai e of three types of internal repeats found in the plasma ... 28945 no 3.39e-15 v
o hina 3 demain: O of theaa tnas of intacal s fouind in the ol 28045 120013
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800 'NCBI CDD cd05722
2 nemcoocdosrz2
)2 www.ncbi.nim.nih.gov/Structure/cdd/cadsrv.cgiTascbin= B&maxain=10&seltype=24uid= 143199 [ w- Google.
P Conserved
> NCBI Domains
HGNE | SEARCH | STTE WaP Entrez [ €bD I Structure I Protein I Help
cd05722: Ig1_Neogenin
First immunoglobulin (Ig)-like domain in neogenin and similar proteins
1g1_Neogenin: first immunoglobulin (Ig)-like domain in neogenin and related proteins. Neogenin is a cell surface protein which is expressed in the
developing nervous system of vertebrate embryos in the growing nerve cells. It is also expressed in other embryonic tissues, and may play a general role in
developmental processes such as cell migration, cell-cell recognition, and tissue growth regulation. Included in this group is the tumor suppressor protein
DCC, which is deleted in colorectal carcinoma . DCC and neogenin each have four Ig-like domains followed by six fibronectin type III domains, a
transmembrane domain, and an intracellular domain
((PubMed References ] [ Boo Refersnces 7 |
Source: cd00096 Neogenin: one receptor, man functions. Int. J. Biochem. Cell Biol. 2007; 3%(5):874-878
Taxonomy: Euteleostomi iy an avi . A o aton, & o
PubMed: 6 links ‘suppressor J. Cell Biol. 1994 Dec; 127(6):2009-2020
Book: 2 links Molecular characterization of human neogenin, a DCC: i, and the mapping of it 01) to
Protein: Representatives chromosomal position 1522.3-23. Genomics 1997 May 1; 41(3):414421
Specific Protein p jon, 960 . J. Mol, Bol, 1994 Sep
Related Protein 30; 242(4):309-320
Related Structure ‘The immunogiobuiin superfamily: an insight on its tissular; spedes, and functional diversity. J. Mol Evol, 1958
Architectures Apr; 46(4):389-400
Superfamily: cl11960 Evolution of antigen binding receptors. Annu. Rev. Immunol, 1999; 17:109-147
BioSystems: 349 links
©d05722 is part of a hierarchy of related CD models.
Use the graphical representation to navigate this hierarchy.
PSSM-I €d05722 is a member of the cl11960.
View PSS
Aligned: 7 rows I
Theashold Bit Scores 142.617 cd05722 Sequence Cluster Sub-family Hierarchy
Threshold Setting Detailed View ® Interactive Display with CDTree | (2)
Create:
Updated: 9-Mar-2011 I 'S
sesarrsss
1ersessen
Interactive View camaass
Aligned Rows: [All 7 rows 18] _E{“' 19
toranise H@cd05727  Tg2_Contactin-2-like
Download Cn3D HOcd05728  Igd_Contactin-2-Like L
cd05729  Tg2_FGFR_Like Y
cd05856 _Tg2 FGFRLI-Like
800 'NCBI CDD cd05722
2 nemcoocdosrz2
QURI© . i . goviSirciure cadcaosrca! @D
Threshold Setting Gi: 148277558 Detailed View @ Interactive Display with CDTree | (2 1
Creates 27-Sep-2007
Updated: 9-rzott — f
sarrsss
o
1ersessen
Interactive View PRy
s
Download Cn3D
@ cdos856
Interactive Display L@ cdoses? m
Display: | cd05722 Branch#) HO) cdos730
cd05731  Tg3_L1-CAM_Lik
Download CDTree 405876 © 1—: ':-m ©
cd05732  Tg5_NCAM-1_Like
cd05869  Tg5_NCAH-1
cd05670  Tg5_NCAN-2
cd05733  TgbL1-CAM_Like e
FAMRATA  Tal MefOM il
Sequence Alignment

Reformat | Format: | Compact Hypertext '] Row Displ All 7 rows 18] Color Bits: (2.0 bit 1] Type Selection: | top listed sequences )

gi 62204258 35 A.([5].VLLNCSVES. [3].AKI LSL. (8] . LADGSLLISSVVHSK. [1]. Qcv 111
gi 110645196 YFLTEPVDIVT. [5] .AVLNCSAYA. [ 3] .PKIL LNL. [ 8] . LPDGSLLITSVVHSK. [ 1] .NKPDEGFYQCV 124
gi 113675978 28 FFIKEPHDVTA.(5).VVLDCQAHG.[3)].IGIRWLKNGVTITE. (6 ].LSNGSLLISEVESRK DKSDEGFYQCL 101
gi 148277558 30 SFTLEPSDIIA.(5].LMLECQVEG.[3).ISTQWRRSGALVQE. [6].FTNGSLLITEFQKIK.[2].GSSDEGDYECI 105
gi 1169233 41 RFLSEPSDAVT. [5].VLLDCSAES. 4] .PVIKWKKDGIHLAL. [8].LSNGSLLIQNILHSR. [1].EKPDEGLYQCE 118
gi 10720134 20 YFLVEPMDILS.(5).V: .[3].PKI NL. 8] .LPDGSLLINSVVHSK. [ 1] .NKPDEGYYQCV 96
gi 147903889 41 WFLSEPSDAVT.(5].VVLNCSAQS.[4)].PIIKWKKDGVYLNL. [8].LPSGSFLIQNVVHSR.[1]. QCE 118

s
s

gi 62204258 112 ATI.[3].GTIISRTARLNV 129
gi 110645196 125 ATV.[3].GSIVSRTARLSV 142
gi 113675978 102 AQN.([2].GSILSQRARLTI 118
gi 148277558 106 AQN.([2].GLVVSRKARVQA 122
gi 1169233 119 ASL.[3).GSIISRTAKVAV 136
gi 10720134 97 ATV.[3).GSIVSRTAKLTV 114
gi 147903889 119 ASL.[3].GTIVSRTAKVLV 136

Citing CDD
W Marchler-Bauer A et al. (2011), "CDD: a Conserved Domain Database for the functional annotation of proteins.”, Nucleic Acids Res.39(D)225-9.

| Disclaimer | Privacy statement | Accessibility |
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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

Division of Intramural Research

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

Division of Intramural Research
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| http:/lwww.ncbi.nlm.nih.gov/IBLAST

» NCBVBLAST Home
BLAST finds regions of similarity between biological sequences. more...
T+ article in BMC Bloinft
Aligning Multiple Protein Sequences? Try the COBALT Multiple Alignment Tool. Go)J e —
applcatons, describes improvements for
long sequences as well as other new
BLAST Assembled Genomes
Choose a species genome to search, or list all genomic BLAST databases.
[E) More BLAST news...
o Human o Oryza sativa o Gallus gallus
o Mouse o Bos taurus o Pan trogle les
o Rat o Danio rerio o Microbes
o Arabidopsis thaliana o Drosophila melanogaster o Apis mellifera Tip of the Day
[2) More tips...
Basic BLAST
Choose a BLAST program to run.
blast | Searcha database usi query
Algorithms: blastn, megablast, discontiguous megablast
Search protein database using a protein query
protein blast
roteln bla Algorithms: blastp, psi-blast, phi-blast
blastx | Search protein database using a translated nucleotide query
thlastn | Search translated nucleotide database using a protein query
thlastx | Search translated database using a query
Specialized BLAST
Choose a type of specialized search (or database name in parentheses.)
o Make specific primers with Primer-BLAST
o Search trace archives
o Find conserved domains in your sequence (cds)
© Find sequences with similar conserved domain architecture (cdart)
o Search sequences that have gene expression profiles (GEO)
o Search immunoglobulins (IgBLAST)
o Search for SNPs (snp)
o Screen sequence for vector contamination (vecscreen)
o Align two (or more) sequences using BLAST (bl2seq) "
o Search protein or nucleotide targets in PubChem BioAssay i
0 Search SRA transcriot libraries

Protein BLAST: search protein Gatabases using a protein query.

() 5 oss i gov/ s coPROGAAW - DsipSBLAST_PROGRANS=blastpAPAGE Y PEBasiSerchaSHOW DEFAULTS ~onBUNK LOC

ssthome

c J(*3- coogle

My NCBI

» NCBI/ BLAST/ blastp suite Standard Protein BLAST
blastn | blastp | blastx | tblastn | tbl: |
BLASTP h pr ing a pr Resetpage Bookmark
Enter Query Sequence =g
Enter gi(s), or FASTA 9 Clear Query subrange &)/
>NP_002119.1 high-mobility group box 1 [Homo sapiens]
From
T 1

EBE‘I;DDDB w

Or, upload file (Browse) ©

Job Title

_ Align two or more sequences )

NP_002119.1 high-mobilty group box 1 [Homo...
Enter a descriptive ttle for your BLAST search &)

Choose Search Set

R + [ Swissprot protein sequences(swissprot) '] &

Organism

Optional O Exclude ¥
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. &)

Exclude ) Models (XM/XP) C L sample

Optional

Entrez Query

Optional
Enter an Entrez query to limit search &

Program Selection
Algorithm O blastp (protein-protein BLAST)

(#)Algorithm parameters

© PSI-BLAST (Position-Specific Iterated BLAST)
O PHI-BLAST (Pattern Hit Initiated BLAST)
Choose a BLAST algorithm &)

Search database Swissprot protein sequences(swissprot) using PSI-BLAST (Position-Specific Iterated BLAST)
' Show results in a new window

Note: Parameter values that differ from the default are highlighted in yellow and marked with ¢ sign "

19

February 1, 2012

Andy Baxevanis, Ph.D.



NHGRI Current Topics in Genome Analysis 2012
Week 4: Biological Sequence Analysis 11

Swiss-Prot

* Goal: Provide a single reference sequence for each
protein sequence
* Distinguishing Features
* Non-redundancy
* Ongoing curation by EBI staff and external experts

» Expert annotation includes editing/updates of
KW  Keyword lines
cc  Comment lines
FT  Feature table

* Distinct accession series
[OPQ] 12345

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research

®00 Protein BLAST: search protein databases using a protein query.

c (8- Coogi Q) (] (B3]

o BLAST wics  a

~  Home RecentResults Saved Strategies Help I
» NCBI/ BLAST/ blastp suite Standard Protein BLAST

blastn | blastp | blastx | tblastn | tblastx |

BLASTP rams search in databases using a protein query. more... Resetpage Bookmark
Enter Query Sequence progr protel ing a pr query.

Enter gi(s), or FASTA 9 Clear Query subrange &)/
>NP_002119.1 high-mobility group box 1 [Homo sapiens]

From
o1 To
EEEDDDDE
Or, upload file (Browse...) &
Job Title NP_002119.1 high-mobility group box 1 [Homo...

Enter a descriptive titie for your BLAST search &)

__ Align two or more sequences &)

Choose Search Set

R + [ Swissprot protein sequences(swisspro) £] &
e—————————————————————

Organism

Optional U Exclude .+

Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. &)

Exclude () Models (XM/XP) [ L sample

Optional

Entrez Query

Optional

Enter an Entrez query to limit search &

Program Selection
Algorithm O blastp (protein-protein BLAST)
© PSI-BLAST (Position-Specific Iterated BLAST)
O PHI-BLAST (Pattern Hit Initiated BLAST)
Choose a BLAST algorithm &)

Search database Swissprot protein using PSI-BLAST (Position-Specific Iterated BLAST)

L Show results in a new window

(#)Algorithm parameters Note: Parameter values that differ from the default are highlighted in yellow and marked with ¢ sign
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» NCBI/ BLAST/ blastp suite/ Formatting Results - HYJMDEFEO1R

Editand Resubmit Save Search Strategies > Formatting options > Download
PSI blast Iteration 1

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

Query ID Ic|86486
Description NP_002119.1 high-mobility group box 1 [Homo sapiens]
Molecule type amino acid
Query Length 215

Database Name ~swissprot
Description Non-redundant SwissProt sequences
Program BLASTP 2.2.26+ © Citation

Other reports: > Search Summary [Taxonomy reports] [Distance tree of results] [Multiple alignment]
(© Graphic Summary
(=) Show Conserved Domains

Putative conserved domains have been detected, click on the image below for detailed results.
1 25 50 s 10 125 150 175

QUEFY 203 inding wite AMMMALA & AAA A DM binding site AMMMA A AAA

Specific hits
HMG-box superfamily

Superfanilies HMG
Distribution of 137 Blast Hits on the Query Sequence &
Mouse over to see the defline, click to show alignments

x superfamily

Color key for alignment scores

80-200 00
ey ]

) 1 | [ 1 |

1 40 80 120 160 200

800 Protein BLAST: search protein databases using a protein query.
. Protein BLAST: search proteind... | 4 | =
Q)% s g s OGN~ EBLAST PROGRANS= s pPACE TYPE =B SHOW DEFAULTS-or N L ¢ (- DIE-B)
Algorithm parameters Note: Parameter values that differ from the default are highlighted in yellow and marked with ¢ sign
General Parameters
Max target . -~ f —
sequences (1000 ) Default = 500
Select the maximum number of aligned sequences to display €
Short queries o ically adjust for short input %)
Bl o Default = 10
Word size
Maxmatchesina g o
query range g
Scoring Parameters
Matrix BLOSUM62 %] &
Gap Costs Existence: 11 Extension: 1 3] &
Conditional score matrix e al
adjustments |
Filters and Masking I
Filter + ™ Low complexity regions & i
I
Mask Mask for lookup table only & |
() Mask lower case letters & I
PSI/PHI BLAST I
ploadBsSH (Browse...) & |
Optional ) @ i
PSI-BLAST — |
ESLELAS! 0001 @ Default = 0.005 ;
Pseudocount o Q |
9 I
I
* I
m: Search database Swissprot protein using PSI-BLAST (Position-Specific Iterated BLAST) |
w  Show results in a new window |
4l
Y
—— — =] TP
800 'NCBI Blast:NP_002119.1 high-mobility group box 1 [Homo...
& % J = NeBi BlastnP_002119.1 high-m... % | & | =
(Q2][= b pih.gov/Blast. c (- ¢ Q) (a](B-]
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'NCBI BlastNP_002119.1 high-maobility 9roup box 1 [Homo...

» NCBI/ BLAST/ blastp suite/ Formatting Results - HYJMDEFEO1R
Edit and Resubmit Save Search Strategies > Formatting options

& Download

Query ID cl|86486

amino acid
215

(#)Graphic Summary
(=) Descriptions

NEW

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

PSI blast Iteration 1

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

Database Name swissprot
Description Non-redundant SwissProt sequences

Program BLASTP 2.2.26+ b Citation

Other reports: & Search Summary [Taxonomy reports] [Distance tree of results] [Multiple alignment]

Legend for links to other resources: [ uniGene I3 G0 (8 Gene B structure [T Map Viewer Bl Pubchem BioAssay
- alignment score below the threshold on the previous iteration

@  -alignment was checked on the previous iteration
Run PS|-Blast iteration 2 with max 1000

Go

My NCBI
[Sign In)

@ with E-value BETTER than
Accession Description H E= Al X | Links
Mew  @poos03  RecName: Full=High mobility group protein B1; AltName: Full=High m 310 310 78% 2e107  100% [
new  #pi01033 RecName: Full=High mobility group protein B1; AltName: Full=High m 310 310 78% 2e-107 0% [
new  Wpsazso2  RecName: Full=High mobility group protein B1; AltName: Full=Amphc 310 310 78% 2e-107 IS G M|
new  @pi2es23  RecName: Full=High mobility group protein B1; AltName: Full=High m 308 308 78% 1e-106 so% [
new  Mgorexon  RecName: Full=Putative high mobility group protein B1-like 1; AltNam 297 297 78% 2e-102 95% m
new  Mosugve.s RecName: Full=Putative high mobility group protein 1-like 10; Short= 290 290 78% 1e-99 95% [x]
new  @posssa2  RecName: Full=High mobility group protein B2; AltName: Full=High m 257 257 78% 1e-86 85% E
Mew  @pozzas2  RecName: Full=High mobility group-T protein; Short=HMG-T; AltName 257 257 77% 1e-86 83% E
new  #pzese32  RecName: Full=High mobility group protein B2; AltName: Full=High m 252 252 78% 9e-85 L G M|
New  @pspops2  RecName: Full=High mobility group protein B2; AltName: Full=High m 251 251 78% 3e-84 EC N G M|
new  @pagss1s  RecName: Full=High mobility group protein B2; AltName: Full=High m 249 249 78% 3e-83 86% [G]
New #1771z High mobility group protein B2; AltName: Ful 245 245 75% 6e-82 7% [
New  #Fpozise High mobility group protein B1; AltName: Ful 239 239 62% 4e-80 100% 3
) " il nin 3. [~
800 'NCBI BlastNP_002119.1 high-mobility group box 1 [Homo...
2 = wigh-m... % ||
(Q)2J[Z bistocs.nimningovsiasica & )38~ coos'e PIEICB]
New  Wozo3re2 RecName: Full=FACT complex subunit Ssrp1; AltName: Full=Facilitate 47.0 47.0 18% 5e-05 51% [G] )
new  @pags231  RecName: Full=Mobility group protein 1B 43.9 439 18% 6e-05 49%
new  #ooscsz1  RecName: Full=High mobility group B protein 9; AltName: Full=Nucle« 5.8 45.8 34% 8e-05 EXTN G M| al
new  Woo3a3s; RecName: Full=Non-histone protein 10; AltName: Full=High mobility « 45.1 45.1 26% 8e-05 38% E
New  #paos22 RecName: Full=Mobility group protein 1A 435 435 18% 1e-04 46%
new  @oorowz.1  RecName: Full=SWI/SNF-related matrix-associated actin-dependent ri  45.4 a5.4 28% 1e-04 BUNE G M|
new  Moswiwo. RecName: Full=HMG box-containing protein 4; AltName: Full=High mi 454 45.4 19% 1e-04 45% |G}
New  #o3zee:  RecName: Full=SWI/SNF-related matrix-associated actin-dependent ri  4s.1 5.1 28% le-04 B9 G M|
New  #oozioss RecName: Full=SWI/SNF-related matrix-associated actin-dependent ri  4s.1 5.1 28% 1e-04 37% [G]
new  Mosops.  RecName: Full=High mobility group protein 20A; AltName: Full=HMG  4s.1 45.1 34% 2e-04 31% [G]
new  Wosaisey  RecName: Full=HMG box-containing protein 4; AltName: Full=High mi 5.1 45.1 19% 2e-04 45% |G]
New  @oosiaaz RecName: Full=FACT complex subunit Ssrpl; AltName: Full=Chorion-' 45.1 45.1 32% 2e-04 EZ9 G M|
New  @ogo9art < F in poly 1 451 451 32% 2e-04 36% |G}
new  Wosazesy  RecName: Full=High mobility group protein 20A; AltName: Full=HMG 443 44.3 34% 3e-04 31% E
New  @o9izwii RecName: Full=Transcription factor A, mitochondrial; Short=mtTFA; F 435 435 63% 4e-04 29% m
New  Mospias.s  RecName: Full=Transcription factor A, mitochondrial; Short=mtTFA; F 431 43.1 64% Se-04 29% |G]
new  #oszkra  RecName: Full=High mobility group protein 20A; AltName: Full=HMG 435 435 34% 6e-04 31% B
New  Mooiers.s  RecName: Full=FACT complex subunit SSRP1; AltName: Full=Facilitate 435 435 30% 6e-04 35% |G]
new  @oousyz;  RecName: Full=HMG box-containing protein C28F2.11 431 431 36% 7e-04 44% [G]

(©Alignments

[ select Al Get selected

Run PSI-Blast iteration 2 with max (1000

Change cutoffs to show hits “below the line”

>Usp|P09429.3|HMGB1 HUMAN

Go

uences Distance tree of results Multiple alignment

mobility group protein 1; Short=HMG-1
sp|Q6YKA4 .3 | HMGB1 CANFA
mobility group protein 1; Short=HMG-1
sp|Q4RB44.3| HMGB1 MACFA

sp|BOCM99.1
mobility

mobility group protein 1; Short=HMG-1

sp|QOBIEG.3|HMGB1 HORSE
mobility group protein 1; Short=HMG-1
| EMGB1_CALJA
p protein 1; Short=HMG-1
sp|B1MTB0.1|EMGB1 CALMO RecName: Full=High mobility group protein Bl; AltName: Full=High
mobility group protein 1; Short=HMG-1

Full=High mobility group protein Bl; AltName: Full=High

RecName: Full=High mobility group protein Bl; AltName: Full=High

Full=High mobility group protein Bl; AltName: Full=High
RecName: Full=High mobility group protein Bl; AltName: Full=High

RecName: Full=High mobility group protein Bl; AltName: Full=High
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Home  RecentResults  Saved Strategies  Help

» NCBU BLAST/ blastp suite/ Formatting Results - HYKG96V9013
Editand Resubmit Save Search Strategies > Formatting options > Download

PSI blast Iteration 9

Database Name ~swissprot
Description Non-redundant SwissProt sequences
Program BLASTP 2.2.26+ © Citation

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

Query ID [cl|86486
Description NP_002119.1 high-mobility group box 1 [Homo sapiens]
Molecule type amino acid
Query Length 215

800 'NCBI Blast:NP_002119.1 high-mobility group box 1 (Homo...

& %) = New Blasen_002119.1 high-m... % | & | -

(QJ[Z st o i nvgovmsscs c )88 coos Q) [#)(0]

< BLAST® My NCBI 4
-

[Sign In] [Register]|

| © No new sequences were found above the 0.001 threshold |

Other reports: B Search Summary [Taxonomy reports] [Distance tree of results] [Multiple alignment]

(=) Graphic Summary

Distribution of 178 Blast Hits on the Query Sequence &
Mouse over to see the defline, click to show alignments

Color key for alignment scores

<40 40-50 80-200 >=200

G ey —
I I I [} | [}
1 40 80 120 160 200

1 137
© 178

Overview

* Week 2

Similarity vs. Homology
Global vs. Local Alignments
Scoring Matrices

BLAST

* BLAT

* Week 4
* Profiles, Patterns, Motifs, and Domains

* Structures: VAST, Cn3D, and de novo Prediction
* Multiple Sequence Alignment

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research
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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

Division of Intramural Research

VAST Structure Comparison

Step 1: Construct vectors for secondary structure elements

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research
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VAST Structure Comparison

Step 2: Optimally align structure element vectors

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
y Division of Intramural Research

Cn3D Viewer
2LIV vs. 2LBP

Rendering: Tubes

Coloring: Identity

Red matches
Blue mismatches
Yellow highlighted

ann 2LV neighbors - Sequence/Alignment Viewer
% 8 ¥ CDTROAVAVANKVUNDGTRY v SIa T

L | ]
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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, VAST
provides a simple and fast first answer to the question of
structural similarity

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research

2 o I
{
http://www.nebi.nlm.nih
3 NCBI  Rewcarces () How' ) p. neot.nim.nin.gov
< =
SNCBI [ ) D
National Center for
Biotechnology Information
NCBI Home
S — Welcome to NCBI Popular Resources
Site Map (A-2)
The National Center for Biotechnology Information advances science and health by BLAST
All Resources providing access to biomedical and genomic information. Bookshelf
N L Gene
Chemicals & Bioassays About the NCBI | Mission | Organization | Research | RSS Feeds .
enome
Data & Software Nudeotide
LT Get Started oum
- Tools: Analyze data using NCBI software Protein
B e Downloads: Get NCBI data or software Pubche
Genes & Expression How-To's: Learn how to accomplish specific tasks at NCBI e
‘Submissions: Submit data to GenBank or other NCBI databases PubMed
Genetics & Medicine PubMed Central
Genomes & Maps SNP
Homalogy NCBI YouTube channe
Literature NCBI News
s Learn how to get the most out of NCBI NCBI Discovery Workshop: A Practical Hands-On
tools and databases with video tutorials Course i
Sequence Analysis on the NCBI YouTube Channel. February 21-22, 2012 @ the NIH: Space is still
available in the 2-day Discovery Workshop covering
Taxonomy
w1t 2 3 4 5 8 7
Training & Tutorials New NCBI Newsletter »
Variation Information on the new Genome Site, a new 165
BLAST database, updates to Sequin, changes in
More...
e
<
GETTNGRTARTED RESOURCES POPULAR FEATURED NCBI INFORM#FI@No the Help Desk *
et o v
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800 Structure OF The Hmg Box Motif In The B-Domain Of Hmg1[Dna-B... - Structure - NCBI
2 Structure Of The Hmg Box Motf.. | 4 | =
ONE nih.gov c (- Q) [#](0-
'4 NCBI  Resources MyNCBI Signin Jj
|
Structure B I
(S 12) 1w [aur |
Save search Limits Advanced Help | |
l
Display Settings: (V] Send to: (V) |
Related information & |
Structure Of The Hmg Box Motif In The B-Domain Of Hmg1[Dna-Binding] ST N
Taxonomy: Rattus norvegicus . I
Proteins: 1 modified: 2009/07/14 Similar Structures I
MMDB ID: 56352 PDB ID: 1HMF Literature i
ViewinCn3D  PubMed Protein ~Conserved Domains PubMed 1
Full text in PMC 1
I
Sequences 1
Protein |
Related Proteins }
|
Domains i
Conserved Domains |
Conserved Domain Family 4
Conserved Domain Superfamily
Other links
Taxonomy
Search details &
1HMF[All Fields]
Search
See more..
Recent activity ~ B
Tumos Cl
8ano MMDB Protein Structure Summary, 1HMF, 56352
2 MO8 protein Structure Summa... -
()2 J[= wwwn b gOv/Structure/mmd c (- ¢
Structure Summary
MMDB 708 or MMDB 1D
Structure Home |30 Macromolecular Struckures Conserved Domains | Pubcherm BioSystems | Felp

Structure Of The Hmg Box Motif In The B-Domain Of Hmg1

Citatiol
Structure of the hmg box motif in the b-domain of hmg1.
Weir HM, Kraulis PJ, Hill CS, Raine AR, Laue ED, Thomas JO

Embo J. (1993) 12 p.1311

Interactions

Molecular Graphic

QO Protein

Molecules and interactions @
Label

Molecule

Count
Protein and interactions

HIGH MOBILITY GROUP PROTEIN FRAGMENT-B
o 1 e e

Show annotation ¥

? View or Save 3D Structure ?

MMDB ID: 56352 = PDBID: 1HMF @
PDB Deposition Date: 1994/3/7 (@
Updated in MMDB: 07/2009 v @
Experimental Method: Solution NMR @
Source Organism: Rattus norvegicus
2

| Similar Structures: VAST ) [ |
Inferred Interactions: ( 1BIS ) @

File Format: (Cn3D ]
Display As: | 3D structure 18]
Data Set: [ Single 3D structuri#)

View structure

Download Cn3D

NOTICE
In order to view this biological
unit properly, please upgrade to
Cn3D 4.3.

Interactions

no interactions recorded

* Click molecule labels to explore molecular sequence information.
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Structure Taxonomy

VAST related structures for. MMDB 56352, 1HMF sequence A.
Overview: There are two main sections to this page. The first section consists of the alignment view controls, the list controls, and the
advanced related structure search controls. The second section is the VAST related structure list itself. ¥

I View 3D Alignment | of (AllAtoms %) with (cn3D %) (Display %) (2 Download Cn3D! I

‘View Sequence Algnment ] using [ Hypertext 1) for [ Selected %) VAST related structures
subset, sorted by [ Vast E-valve %] in 1]

List | [ All sequences

Advanced related structure search < (2

Move the mouse over the red alignment footprints in the graphics below and click, you wil obtain a structure-based sequence
alignment.

Total related 59; 34 from the Medium subset displayed.

Click to: Check Al Uncheck All

' 1 3 “© “ n

e 0 I L 3 L L =

Super Fanilies
ST 7
O eezxaa &

262K 0.2 L
O eear A &
O 2mep2 &
O ozvara &
O 2sia &

1430 A 67
CoamEn &
O e 6t
O amne »
O 2wmend %
L 2eRJA 58
ST %

MMDB Protein Structure Summary, 1HMF, 56352
(R2[Z v s govisrscre imc mmatne<omaa=3635 c J(A- cooge Q)[#)(0])
<
= NCBI Structure Summary
ctocnnology iormaton MMDB PDB or MMDB ID
Sirciure Home | 3D Macromolecular Structures | Conserved Domains | Pubchem T BioSystems. T Felp
: : @
Structure Of The Hmg Box Motif In The B-Domain Of Hmg1 MMDB ID: 56352 || PDB ID: 1HMF
PDB Deposition Date: 1994/3/7 @
Updated in MMDB: 07/2009 v @
Citation: () s
. N Experimental Method: Solution NMR @
Structure of the hmg box motif in the b-domain of hmg1. So o ism: Ratt .
Weir HM, Kraulis PJ, Hill CS, Raine AR, Laue ED, Thomas JO urce Organiam: & s norvegicus
Embo J. (1993) 12 p.1311 Similar Structures: (__VAST ) (@
Inferred Interactions: ( 18IS )@
Interactions Molecular Graphic View or Save 3D Structure
File Format: (Cn3D. ]
Display As: [ 3D structure 1%
X
VAST related structures have been calculated separately for individual protein chains and 3D
domains present in this structure. To see the related structure list for each choose a chain or 3D
domain from the table below.
Molecule Domain Type Alignment Range
Al Entire Chain 1-77
QO Protein
Molecules and interactions @
Label | Count Molecule Interactions
Protein and interactions
HIGH MOBILITY GROUP PROTEIN FRAGMENT-B
[q} 1 no interactions recorded
Show annotation ¥ r
* Click molecule labels to explore molecular sequence information. ¥
800 Vast Neighbor Summary
2 vastNeighbor Summary [ -
@“e W cbi.nim. i QOV/SLructure/vast/vastsrv.coTsidm239428 & (8- coogie Q) [#](D-)
&
3 NC VAST Similar Structures N/AA
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"®@0 06 1HMF - Cn3D 4.1 @006 1HMF - Cn3D 4.1

Worms RENDERING Space Fill
Secondary Structure COLORING Charge

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research

Further Reading

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

Division of Intramural Research
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Overview

* Week 2

Similarity vs. Homology
Global vs. Local Alignments
Scoring Matrices

BLAST

* BLAT

* Week 4
* Profiles, Patterns, Motifs, and Domains
* Structures: VAST, Cn3D, and de nove Prediction
* Multiple Sequence Alignment

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research

Why do multiple sequence alignments?

* Identify conserved regions, patterns, and domains
* Experimental design
* Predicting structure and function
* ldentifying new members of protein families

* Provide basis for:
* Predicting secondary structure
* Performing phylogenetic analyses

* Generating position-specific scoring matrices for use with
sensitive sequence search methods

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research
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Overarching 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

Division of Intramural Research

General Guidelines

* 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

Division of Intramural Research
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e N
Find sequences to align through database searches
L satisfying a reasonable E-value cutoff )
s R A
Run the multiple sequence alignment program
. — J
s hd A
Inspect and assess the quality of the alignment
. — J
s = A
Remove sequences that seriously disrupt the alignment, then realign
. — J
( I
Add back remaining sequences, based on key residues in the alignment
. — J
s hd A
Interpret the alignment

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research

Selecting the Sequences

* 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

Division of Intramural Research
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Selecting the Sequences

* Sequences should be of about the same length

* Trim sequences down, so as to only use regions that
have been deemed similar by either:
* Pairwise search methods (e.g., BLAST)
* Profile-based search methods (e.g., PSI-BLAST)

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research

Selecting the Sequences

* 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 dissimilar”

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research
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Inspection: An Iterative Process

Perform alignment on small set of sequences

Examine the quality of the alignment, looking for:
* Conservation of residues across alignment

Conservation of physicochemical properties

Relatively neat block-type structure

* Excessive numbers of gaps

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
isi

Division of Intramural Research

Inspection: An Iterative Process

» Use visualization tools to identify “key residues” and
“problem regions” (e.g., JalView)

* Cross-check against “expertly created” multiple
sequence alignments available online

* Use any available information from solved X-ray or
NMR structures to nail down structurally important
regions and to assess where gaps can (or cannot) be
tolerated

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
ivisi

Division of Intramural Research
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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

Division of Intramural Research

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

Division of Intramural Research
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ClustalW2

* Allows for automatic multiple alignment of nucleotide
or amino acid sequences

* Can align data sets quickly and easily
» Uses scoring matrices as a series

* Can bias the location of gaps, based on known structural
information

* Works with Jalview, Java applet for viewing and
manipulating results

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
isi

Division of Intramural Research

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
* Generally fast
* Alignments generally of high quality

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
ivisi

Division of Intramural Research
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Progressive Alignment

>sequence A
VHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLST
>sequence B
VQLSGEEKAAVLALWDKVNEEEVGGEALGRLLVVYPWTQRFFDSFGDSLN
>sequence C
VLSPADKTNVRAAWGRVGAHAGEYGAEALERMFLSFPTTRTYFPHFDLSH
>sequence D
VLSAADRTNVRAAWSKVGGHAGEYGAEALERMFLGFPTTRTYFPHRFDLSH

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research

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

Division of Intramural Research
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Progressive Alignment

>sequence A
VHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLST
>sequence B
VQLSGEEKRAAVLALWDKVNEEEVGGEALGRLLVVYPWTQRFFDSFGDSLN
>sequence C
VLSPADKTNVRKAAWGKVGARAGEYGAEALERMFLSFPTTKTYFPHFDLSH
>sequence D
VLSAADKTNVRAAWSKVGGHAGEYGAEALERMFLGFPTTKTYFPHFDLSH

3ID A B c D
A 100
B 80 100
c 44 40 100
D 40 40 92 100

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research

Progressive Alignment

2. Derive a dendrogram (guide tree) based on the pairwise
comparisons (.dnd file)

Can infer from tree that A and B share greater similarity with
each other than with C or D

A

B

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research
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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

Division of Intramural Research

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

Division of Intramural Research
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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
isi

Division of Intramural Research

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
ivisi

Division of Intramural Research
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ClustalW2 Output

* Pairwise scores

* Multiple sequence alignment, in ClustalW alignment
format

Alternative formats available:

GCG
PHYLIP
NEXUS
NBRFIPIR
GDE
FASTA

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research

ClustalW2 Output

* Cladogram
* Tree that is 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 a phylogeny
* Branches are not of equal length

* Branch lengths proportional to the amount of inferred
evolutionary change

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research
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[WYF)
[KRH)
[DE]

[GP]
[HS]
[C]

ClustalW2 Conservation Patterns

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

Aromatics
Basic side chains (+)
Acidic side chains (=)

Ends of helices
Catalytic sites
Cysteine cross-bridges

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research

*

ClustalW2 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”
(strongly similar properties)

“semi-conserved”
(weakly similar properties)

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
isi

Division of Intramural Research
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o o

‘Align Sequences ug

| Help
- FAQ

» Clustal website

- Jalview

|« Programmatic Access
* Download

I+ Related Applications
Pairwise Sequence
Alignment

Multiple Sequence
Alignment

Phylogeny

Clustal related literature 'y

Search for Clustal related
lterature in Mediine...
more

http:/lwww.ebi.ac.uk/clustalw

About Us Help

ClustalWz is a general purpose multiple sequence alignment program for DNA or proteins.
New version! Clustal Omega is now available for protein sequences - give it a try!
Use this tool

STEP 1 - Enter your input sequences

Enter or paste a set of [ Protein %) sequences in any supported format:

>FOSB_MOUSE Protein fosB o
MFQAFPGDYDSGSRCSSSPSAESQYLSSVDSFGSPPTAAASQECAGLGEMPGSFVPTVTA

T TSODLOWLVQPTLISSMAGSQGQP ASQPPAVDPYDMPGTSYSTPGLSAYSTGCASGS

GGPSTSTTTSGPVSARP/ PRRPREETLTPEEEEKRRVRRERNKLAAAKCRNRRRELT
DRL QAETDQLEEEKAELESEIAELQKEKERLEFVLVAHKPCCKIPYEECPCPCPI.AE RD e
LPGSTSAKEDGFGWLLPPPPPPPLPFQSSRDAPPNLTASLFTHSEVQVLGDPFPVVSPSY v

TSSFVLTCPEVSAFAGAQRTSGSEQPSDPLNSPSLLAL
Or, upload a file: [ Choose File ) no file selected

STEP 2 - Set your Pairwise Alignment Options

Alignment Type: @ siow (O Fast

The default settings will fulfil the needs of most users and, for that reason, are not visible.
More options... || (Click hers, if you want to view or change the default settings.)

STEP 3 - Set your Multiple Sequence Alignment Options

The default settings will fulfil the needs of most users and, for that reason, are not visible.
(Click here, if you want to view or change the default settings.)

STEP 4 - Submit your job
(I Be notified by email (Tick this box if you want to be notified by email when the results are available)

If you plan to use these services during a course please contact us.

Please read the FAQ before seeking help from our support staff.

sitelndex B &

800

(L]0 v biacuxioos msascusame]

» Clustal website

- Jaview

« Programmatic Access
|* Download

I+ Related Applications
Pairwise Sequence
Alignment

Multiple Sequence
Alignment

Phylogeny

Clustal related literature 'y

Search for Clustal related
lterature in Mediine...
more

‘Align Sequences using ClustaW2 | EBI
¢ (@~ cooge )
ClustalW2 is a general purpose multiple sequence alignment program for DNA or proteins.
New version! Clustal Omega is now available for protein sequences - give it a try!
Use this tool
STEP 1 - Enter your input sequences T
Enter or paste a set of sequences in any supported format: |
>FOSB_MOUSE Protein fosB 0 |
MFQAFPGDYDSGSRCSSSPSAESQYLSSVDSF GSPPTAAASQECAGLGEMPGSFVPTVTA |
ITTSQDLQWLVQPTLISSMAQ,SQCQPLASQPPAVDPVDMPCTSVSTPCLSAVSTGCASGS |
GGPSTSTTTSGPVSARPARARPRRPREETLTPEEEEKRRVRRERNKLAAAKCRNRRRELT |
DRLQAETDQLEEEKAELESEIAELQKEKERLEFVLVAHKPGCKIPYEEGPGPGPLAEVRD 'S |
LPGSTSAKEDGFGWLLPPPPPPPLPFQSSRDAPPNLTASLFTHSEVQVLGDPFPVVSPSY v |
TSSFVLTCPEVSAFAGAQRTSGSEQPSDPLNSPSLLAL |
|
Or, upload a file: ( Choose File ) no file selected ;
|
STEP 2 - Set your Pairwise Alignment Options ;
ignment Type: @) Siow () Fast ;
|
Slow Pairwise Alignment Options PAM :
o " . |
Protein Weight Matrix GAP OPEN GAP EXTENSION BLOSUM |
I BLOSUM +)| 10 #)(o1 5 |
Gonnet (default) I
|
STEP 3 - Set your Multiple Sequence Alignment Options 2. |
DNA Identity I
Protein Weight Matrix GAP OPEN GAP EXTENSION ~ GAP DISTANCES ~ NO END GAPS I
BLOSUM 3)(10 3)(0.20 s #)(no !
ITERATION NUMITER CLUSTERING Tree Each step |
[alignment 3)(10 g [ ?) €t Aligniment Final step f
jons. ; |
B Default Iterations 1 I
FORMAT ORDER |
Aln w/numbers +)( aligned 4)
STEP 4 - Submit your job
(_Be notified by email (Tick this box if you ail when the results are available)
|
|
|
|
If you plan to use these sénj aourse please contact us.
Please read the FAQ before seeking help from our support staff.
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ClustalW2 Results.

(<[> ][] /services/web toolresul al

1 RTINS Fird oo Feodack

pg&tool =clustalw2éshowColors=true ¢ Q- Google

Databases Tools Research Training Industry About Us Help teindex W &
s Help
I FAQ
- saview
|» Related Appications. Download Alignment File = Hide Colors
m;ﬁm,ﬁe““e"m CLUSTAL 2.1 multiple sequence alignment
Phylogeny
FOS_RAT 60
FOS_MOUSE 60
FOS_CHICK 60
Fos3_ House 54
Foss_ua si
FOS_RAT 99
FOS_MOUSE 99
FOS_CHICK 98
Fos3,_ HousE 114
Fosa_ua 14
FOS_RAT 156
FOS_MOUSE 156
FOS_CHICK 155
FosB_nouse 176
174
FOS_RAT 216
FOS_MOUSE 216
FOS_CHICK 215
FOSB_MOUSE 234
IR vttt resisaarapr v brsros ol 234
FOS_RAT 276
FOS_MOUSE 276
FOS_CHICK n
FOSB_MOUSE 288
FOSB_HUMAN 288
AVFPMILW RED Small (small+ hydrophobic (incl.aromatic -Y))
DE BLUE Acidic
RK MAGENTA Basic - H
STYHCNGQ GREEN Hydroxy! + sulfhydryl + amine + G
Others Grey Unusual amino/imino acids etc n
ann ClustalW2 Results.
(<[> ][] /services/web toolresul &job 120126 -pgatool=clustalwz&analysis - & JQ- Google

1 RTINS Fird oo Feodack

Databases  Tools Research  Training Industry About Us Help o index 1 &

| Help h
 FAQ ClustalW2 Results
- Janview Alignments | Result Summary|
Guide Tree
|+ Related Appiications Download Guide Tree File
Muttiple Sequence
Alignment :
Phylogeny (
FOSB_MOUSE:0.01874,
FOSB_HUMAN:0.02268)
:0.40771,
FOS_CHICK:0.12188)
:0.10757,

FOS_RAT:0.01789,
FOS_MOUSE:0.01369)

Cladogram
‘Show as Phylogram Tree = Show Distances

‘Submission Details | Submit Another Job

FOSB_MOUSE

1

L FOSB_HUMAN

FOS_CHICK

FOS_RAT

FOS_MOUSE

Right-click on the above tree to see display options.

Fems of Use  EBI Funding = Contact EBI.

E8lis the European Molecular Bioogy Laboratory.
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ClustalW2 Results.

Tools/services/web/

CONTETI Fid oo oo

pg&tool~clustalwzganalysis=tree

Databases  Tools

- Help
- FaQ
- Jaview

|+ Related Appiications

Multiple Sequence
Algnment

Phylogeny

Research  Training Industry About Us

FOSB_HUMAN:0.02268)

:0.40771,
FOS_CHICK:0.12188)

FOS_RAT:0.01789,
FOS_MOUSE:0.01369)

Phylogram
‘Show as Cladogram Tree | Show Distances.

Help Site index 1 &

‘Submission Details | Submit Another Job

FOS_CHICK
FOS_RAT
FOS_MOUSE

Right-click on the above tree 1o see display options.

Fems of Use ~ EBI Fundig * Contact EB1 joinformatics Institute 2012. €8 is

Databases Research Training Industry About Us Help
Todls > Multple Sequence A
| Help : -
* FAQ
 Janiew Guide Tree || Submission Details |~ Submit Another Job
[* Related Appications Input Sequences JalView
Multiple Sequence input
Alignment Tool Ouput (Start Jalview )
Phylogen, g-outpt
iogeny Alignment in CLUSTAL format
Guide Tree
Scores Table
View Output File
1 FOSB_MOUSE 338 2 FOSB_HUMAN 338 95.0
1 FOSB_MOUSE 338 3 FOS_CHICK 367 450
1 FOSB_MOUSE 338 4 FOS_RAT 380 440
1 FOSB_MOUSE 338 5 FOS_MOUSE 380 440
2 FOSB_HUMAN 338 3 FOS_CHICK 367 4“0
2 FOSB_HUMAN 338 4 FOSRAT 380 440
2 FOSB_HUMAN 338 5 FOS_MOUSE 380 450
3 FOS_CHICK 367 4 FOSRAT 380 750
3 FOS_CHICK 367 5 FOS_MOUSE 380 75.0
4 FOSRAT 380 5 FOS_MOUSE 380 %0
ems of Use  EBI Funding = Contact EB! ioir Institute 2012. EBI is the European Molecular Biology Laboratory.

TR
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Jalview

Java applet available within ClustalW2 results
Used to manually edit Clustal W2 alignments
Color residues based on various properties

Pairwise alignment of selected sequences
Consensus sequence calculations
Removal of redundant sequences
Calculation of phylogenetic trees

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research

Default view

8nn 120120126-220313-0739-39168566-pg/aln-clustalw.

FOS_MOUSE/1-380 M|
FOS_CHICK/1-367 MI

Conservation__ L. ML 0 Flim mull W  Bu'l _ 0 N § DS Be Bl

6 6 657 7 ----85 2 7 7-78877875_75 467

Quali(yl N me ,,lj !_,-.-_ ,-1._D-l‘_ l

Consensus
MMFQGF+GDYEA+SSRCSSASPAGDSLSYY+SPADSFSSMGSPVN+QDFCADL+VSSANFVPTVTAISTSPDLQWL

Jsequence position 1 M 50%

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

Consensus Based on percent identity

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research
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Colour > Percentage Identity

1800

Fio £t Senct Viw Format

Cacuste Heb

FOS_RAT/1-380
FOS_MOUSE/1-380
FOS_CHICK/1-367
FOSB_MOUSE/1-338
FOSB_HUMAN/1-338

PG

Conservation -
- 6 86 657 7 ----85

Dl "Him Ve .

8 2 78
Quality @ | I_
Consensus

Jsequence 5 1D: FOSB_HUMAN Residue: PHE (2)

120120126-220313-0739-39168566-

40 .

MGSPVNTQDF
IMGSPVNTQDF
MGSPVNSQDF

P-PTAAASQE
P-PTAAASQE

375

7-78877

iy 0. N AT

75

MMFQGF+GDYEA+SSRCSSASPAGDSLSYY+SPADSFSSMGSPVN+QDFCADL+VSSANFVPTVTAISTSPDLQWL

3467 7

Agreement

81 - 100%
61 - 80%
41 - 60%
<40%

Dark blue
Medium blue
Light blue
‘White

Background Color
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