Pfam Hands On IMPACT Workshop

Pfam Domain Databases

Pfam is a database of protein families and domains. Currently, there are over
10,000 entries in Pfam that match to 75% of all sequences in UniProt /
GenPept. Pfam can be accessed from the following locations:

http://pfam.sanger.ac.uk and http://janelia.sanger.ac.uk.

In the following worked example you will be guided through a Pfam entry.

STEP 1 — Open the Pfam homepage at either of the two sites.

¢ wellcome trust
9 Sanger HOME | SEARCH | BROWSE | FTP | HELP am

Institute keyword search
Pfam 23.0 (July 2008, 10340 families)

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

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

JUMP TO |emev any accession or ID

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

Or view the help pages for more information

l STEP 2 — Click on view a Pfam Family and entry ‘RBD’ in the textfield. '
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Summary bar provides a

quick synopsis on the entry

STEP 3 — Click on
organisation’

HOME | SEARCH | BROWSE | FTP | HELP ﬁm

‘domain

.
-_— iiE » = -
20 architectures 167 sequences 1 Interaction 33 specles 6 structures

Domain organisation
Alignments Raf-like Ras-binding domain
Trees
Curation & models
Species Interpro entry IPR003116% /
Interactions This is the Ras-binding domain found in proteins related to Ras. It is found in association with the PE-bind and pkinase
domains.
Structures
Clan
Jump to... ¥ This family is a member of clan Ubiquitin (CLO072), which contains the following 19 members:
APG12 CIDE-N DUF1315 DUF933 [Examole structurs
DWNN FERM N MAP1 LC3 PB1 PDB entry 1wfy: SOLUTION STRUCTURE
OF THE RAS-BINDING DOMAIN OF MOUSE
s bt Uex Upfo1zs
i ubiguitin R Ve
UPF0185 Urm1 YukD Ctwy T3 (view
Clans are Gene Ontology
” t f Biological process signal transduction (GO:0007165) /
CO eC Ions 0 Molecular function receptor signaling protein activity (GO:0005057)

The summary page
contains a brief
_ description of the
External database links .
EEEE o7 domain and
PANDIT: PF02196 7 database CrOSS

SCOP: 1rrbe?

related Pfam Internal database links
EntrleS Similarity to PfamA

using PRC: PFO0788 PF09469

SMART: RBD®
SYSTERS: RBD& \refe rences
Comments or questions on the site? Send a mall to pfam-help@sanger.ac.uk

The Wellcome Trust
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OO0 Pfam: Family: RBD (PF02196)
<4 b ¢ + | #ahttp://pfam.sanger.ac.uk/family?acc=PF02196 OLEY ~(Q- Go

[©®  omMHome | Catalogue of SomaticM.. | © Pfam: Family: RBD (PF02... | © The Wellcome Trust San... e ]

i

m foct

STEP 4 — Click on
‘Alignments’

B
HOME | SEARCH | BROWSE | FTP | HELP ﬁm

keyword search

2196) - 28 & = %

i
20 architectures 167 sequences 1 Interaction 33 specles 6 structures

Domain organisation

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

Alignments

Trees There are 67 with the ing architecture: RBD, C1_1, Pkinase Cl ICk to reveal a”
RAF1 CHICK [ gallus gallus (chicken)] raf proto-oncogene serine/threonine-protein kinase (ec 2.7.11.1) (raf-1) (c-raf) (!

Curation & models protein kinase) (c-mil) (647 residues) Seq uences Wlth that

Species @ — Pehinss — H H H
Interactions Show aequences with this architecture. L doma ! n Orga n Isatlon
Structures There are 11 es with the wing architecture: RBD, C1_1

0Q8CAD1 MOUSE [ mus musculus (mouse)] adult male hypothalamus cdna, riken full-length enriched library,clone:a230089m10 product:raf-related
Jump to i oncogene, full insert sequence(ras-binding protein da-raf) (8 days embryo whole body cdna, rikenfull-length enriched library, clone:5730420c13 product:raf-
P i relatedoncogene, full insert sequence) (186 residues)

= o o
O 8=

RGS14 HUMAN [ homo sapiens (human)] regulator of g-protein signaling 14 (rgs14) (594 residues)

— - OD1— are Pfam domains.

Show all sequences with this architecture.

Show all sequences with this architecture.
There are 10 sequences with the following architecture: RGS, RBD x 2, GoLoco /S

Q9UB06 DROME [ drosophila melanogaster (fruit fly)] regulator of g-protein signalling loco c1 (829 residues)

Show all sequences with this architecture. q uallty ‘potentlal,

There are 6 sequences with the following architecture: PDZ, PID, RGS, RBD x 2, GoLoco
RGS12 HUMAN [ homo sapiens (human)] regulator of g-protein signaling 12 (rgs12) (1447 residues)

101 407 B kdoma'ns'

olid, coloured regions

There are 8 sequences with the following architecture: RGS, RBD Strl ped reg IOﬂS represent
@) — Pfam-Bs, which are low

~

)

The RBD iS fou nd ophila melanogaster (fruit fly)] protein still life, isoform sif type 1 (2072 residues)
aSSOCiated With many with this architecture.

1 1 juences with the following architecture: PH, RBD, PDZ, RhoGEF, PH
d Iffe rent domalns’ many pbmo sapiens (human)] t-lymphoma invasion and m;tastas’ws-indu’cmg prote\;\ 1 (tiam-1protein) (1591 residues)

ces with this architecture.
\uences with the following architecture: PH, RBD, RhoGEF, PH

il _

of which are involved in e 7 ——) ) v LG
H H with this architecture.
Slg nalllng Juences with the following architecture: RBD
drosophila melanogaster (fruit fly)] gh08607p (534 residues)
‘ Show all sequences with this architecture. A
c There are 4 sequences with the following architecture: RGS, RBD x 2 X

New HMM logo Tab

Profile HMMs are difficult difficult to understand. To help understand them a
little better, there has been the introduction of the HMM logo tab. This is a
graphical representation of the HMM, where the height of the letter denotes
the likelihood of that amino acid. Thus, the key residues that define the family

can easily be identified.
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] o) & >

19 171 1 34 species 7 structures

Family: RBD (PF02196)

Summary HMM logo
Domain organisation
HMM logos is one way of visualising profile HMMs. Logos provide a quick overview of the properties of an HMM in a graphical form. You can see a more detailed
Alignments description of HMM logos and find out how you can interpret them herec?. More...
HMM logo
Trees 4

Curation & models
Species
Interactions

Structures 3

Jump to... ©

enter D/acc (&)

Contribution
"

Now back on track.....

wellcome trust
Sanger HOME SEARCH | BROWSE FTP | HELP nm

| |
nstitute [epword search | @)

Family: RBD (PF02196) - 12 o

»
SuvE
20 architectures 167 sequences 1 Interaction 33 specles 6 structures

Domain organisation
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

Alignments for the family, or you can look at a plain text version of the sequence in a variety of umg/w
View options <« | STEP5-Select
Full (167)

Curation & models = =
Alignment: O Seed (11) O)

:dest_ Viewer: | Pfam viewer 3 ) ‘Pfam Vlewer’
) —— | andthe‘full

Structures
alignment

Formatting options
Jump to... ©

STEP 6 — Click on G (ot )

‘Species’

Alignment: () Seed (11) O Full (167)
[enteriD/ace | @y —
m Format: _ Selex :
Order: (®) Tree O Alphabetical e
Sequence: (*) Inserts lower case O All upper case Get the allgn ment
————————

Download/view: (=) Download O View in Va riety Of formats

Y
Generate )

Download options

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 gzipe?-compressed, Stockholm-format file containing the full or seed alignment for this family.

Alignment: () Seed (11) O Full (167)
(Download ) \
N\ \
Comments or questions O™NQg site? S\d a mall to pfam-help@sanger.ac.uk
The e Trust

Each Pfam entry contains two alignments. The seed alignment contains
a set of representative sequences that are used to build a profile HMM.

The full alignment contains all examples of the domains.




Pfam Hands On IMPACT Workshop

oo Pfam: Pfam alignment viewer
[4 wellcome trust .
N
sanger
institute )

Pfam full alignment for PF02196

Currently showing rows 1 to 30 of 167 rows in this alignment. Show 30 rows of alignment @
Q6T9C3/992-1062 D MTH S-RDERLEKR
04 DSSIBES~-RDERIEKR

ccllbB o@o oo

Click to view
Protein sequence
entry

Change this number to fill
the screen, if you want to

043566/302-372
8773/300-371
492/303-374
ALLIW8/378-448
008774/962-1032
Q4SWIS/676=746
0506M0/297-367
0147X0/360-430
Q8K2R4/303-374
QSBKB9/300-371
014924/962-1032
Q6ZWA4/82-153
Q6TIC2/992-1062
Q4S7U1/1135-1205
DB8WX95/360-430
A2R496/314-384
0506M1/149-220
QI1M175/28-99
Q8CGE9/962~1032
Q9D677/304-374

The Pfam viewer loads
parts of the alignment at a
time, which is then
coloured according the
conservation of the whole
alignment

-
N
(9]
B
o
(o)}
=
*j\
-~
*
"4

There are 6 pages in this alignmen

HClose window

[« wellcome trust
\) sanger HOME | SEARCH | BROWSE | FTP | HELP ﬂm
]

institute [keyword search |@E&D)
Family: RBD (PF02196) = & 2.

<21
20 architectures 167 sequences 1 Interaction 33 specles 6 structures
Summary Species distribution

Domain organisation

The tree shows the occurrence of this dom Tree controls Hide

Expand/Collapse

Alignments B ully expand tree

S Eukaryota| 33 the tree Fully collapse tree

Curation & models L2 Expand to depth (4_7%) (Go

[Bpecies | S S - ety

Interactions Hide highlighting of species in seed

Select nod o
ures o elect nodes

g . . Key: species, sequences, domains
] raniata -

sfmp to... § using check Downlosd tres

S ®-Arthropoda Save a text representation
forerioriee g & Platyneiminthes boxes

Selected sequences
(ur all

Cestoda

graphically

as an alignment

STEP 7 - Finally,
click on ‘Structures’

Use the panel on the right
to view select nodes of the
tree as sequence graphics,
as an alignment or as text

o sequence accessions
o sequences in FASTA format
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[« wellcome trust
Blsanger
institute

Family: RBD (PF02196)

Summary

Domain organisation
Alignments

Trees

Curation & models
Species

Interactions

Structures

Jump to...

HOME | SEARCH | BROWSE | FTP | HELP

Pfam

-~

= »

— iavE
= HH
20 architectures 167 sequences

1 Interaction 33 specles 6 structures
For those sequences which have a structure in the Protein DataBankr?, we use the mapping between UniProtc?, PDB and Pfam coordinate systems from the
MSDGER group, to allow us to map Pfam domains onto UniProt three-dimensional structures. The table below shows the structures on which the RBD domain has
been found.
" PDB
" UniProt PDB T PDB n
UniProt entry T D c!;:m GG oo View
ARAF_HUMAN 19 -91 lwxm A 8 -80 Jmol AstexViewer SPICEi? . .
lcly B 56 - 131 Jmol AstexViewer SPICE i RDB dOI I Ialns Wlth a knOWn
RAF1 HUMAN 56 - 131 lgua B 56 - 131 Jmol AstexViewer SPICE? t t Oft t t
12 56 - 13¢gff Jmol AstexViewer SPICE® structure. en a structure
RAF1 RAT 56 - 131 irrb 56 - Jmol AstexViewer SPICEr? b | d n.] | H | H n.]
366 - 374  1wf A Jmol AstexViewer SPICEf? Can e SO Ve u tlp e tl es'
RGS14 MOUSE
376 -446  1wfy A Jmol AstexViewer SPICE

STEP 8 — Select
‘Jmol’ to view the
structure

Bound ligands

ons on the site? Send a mall to pfam-help@sanger.ac.uk
The Wellcome Trust

Pfam: Jmol

PDB entry 1gua

This structure
demonstrates the
residues that are

important for binding
between RAS and RBD.

/STEP 9 - Right click
on the structure and
open up the
console. Left click
on the structure to
reveal position.
Modify how the
structure is
represented using
Jmol

In

PDB UniProt _
- Pfam family Col
Chain Start End ID Start End
A 5 167 RAPIA HUMAN 5 167 Ras (Pro0o71) [N
B 56 131 RAFl HuMAN 56 131 ReD (pro2196) [

EClose window
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Worked Example - Searching your sequence against Pfam to identify
domains. In the following example, we will analyse the sequence P14056

(http://www.uniprot.org/uniprot/P14056.fasta)

STEP 1 — Select Search from the menu at

the top of any Pfam Page.

wellcome trust

Pfam

keyword search |(C)

er HOME | SEARCH | BROWSE | FTP | HELP

The gathering
threshold is defined
by the Pfam
curators. A score at
or above this
threshold is
trustworthy, but
using E-value
based cut-offs
means that
borderline hits are
more likely to be
included.

-
£
0 architectures 0 sequences o

Sequence search

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

Sequence

STEP 2 — Paste \
< your sequence in
the textfield .
Check the

Cut-off () Gathering threshold

%) Use E-value

E-value

Search strategy I: Global & local (merged) s

‘Search for
PfamBs’ checkbox
and click submit

Search for PfamBs ¥

) P ]

—

Comments or questions oy

"The module appendix contains details of how

to get the sequence used in this example
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wellcome trust

HOME SEARCH | BROWSE | FTP | HELP

STEP 3 — Click on
show to reveal the
alignment between
the sequence and

Pfam entry

Graphical representation
of trustworthy hits.
Predicted active sites are
shown as lollipops.
PfamBs are striped
regions.

s page.

sequence and 9 Pfam-B matches. The graphic below shows the arrangement of matches on your sequence:

O P e —

H

it you submitted.

domains on a new sequence.

Entry m Bits Alignment Predicted active
type mmm score mode sites
Is

RBD Raf-like Ras-binding domain Domain 19 91 1 77 131.4 2.9e-36
c11 Phorbol esters/diacylglycerol binding domain (C1 Dol 99 147 1 55 61.5 2.6e-16 =
= domain)
Pkinase Protein kinase domain Domain 308 565 1 287 264.2 3e-76 Is D427, D445 @

Pfam-B Matches
Show or hide all alignments.

List of
PfamB
matches

ide alignment
Pfam-B 12109 148 292 739 9.1e-73 { show ]

Pfam-B 181853 163 233 109 7.1e-05 @
Pfam-B 33438 163 280 129 5.1e-07 @

Result from step 3 — revealed alignment.

#HMM *~>ktirvhLPnnqrsvvVevRpGmtvrDaLakalkkRGLnpsacvvrrsgdpgegekkpLdldtdissLpgPeElvvEnl<-*
#MATCH t++v+HLPNHQrHvVHVRHGMAV+HD+LKalK+RGLO+++CUV+H I ++4 tgtktttttdt+it+Lig eEL+VE+L
#SEQ GTVEVYLPNKQRTVVTVRDGMSVYDSLDKALKVRGLNQDCCVVYRLI -~~KGRKTVTAWDTAIAPLDG-EELIVEVL 91

What does this mean? The top row represent the HMM and the most
probably sequence to be emitted from it (you can think of it as a consensus
sequence). The upper case letters are the important match states, the lower
case letters represent insert states. The next line is the match between your
query sequence and the HMM. Letter indicate a good match, where as ‘+’
indicate similar matches. Then you have your query sequences (or at least
part of it) that matches this HMM, aligned to it. These strings sequence can

be punctuated with ‘- charactes denoting that your sequence is missing
residues compared to what is expected in the HMM (delete states) or ‘.’ that
indicate that your sequence has extra residues in it compared to what is

expected (insert states).

Multiple Searches
If you have a lot of sequences to search against Pfam, rather than searching
them one after the other, if you generate a fasta file containing these

sequences in them, you can upload this fasta file and have the results



Pfam Hands On IMPACT Workshop

emailed to you. The fasta file is limited to 500 sequences at a time, but there

is nothing stopping you submitting multiple files.

aws\\mmplmsl P‘ : r 1

Sanger HOME | SEARCH | BROWSE | FTP | HELP
keyword search  ((C)

institute
Search Pfam - il S = )
0 architectures 0 sequences 0 Interactions 0 specles 0 structures

Sequence Batch sequence search

Functional similarity
Upload a FASTA-format file containing multiple protein to be searched for matching Pfam families. Results of the search will be returned to you at the email address

Batch search that you specify. Please check the notes below for the restrictions on uploaded sequence files. More...

Keyword Sequences file (Browse... )

(e
Domain architecture Search strategy S mi |a r sea rCh
DNA sequence Cut-off () Gathering threshold H H
options to single

Taxonomy @ Use E-value
Jump to... & . ;;j:j sequence searches.
e

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




Pfam Hands On IMPACT Workshop

Exploring Individual Proteins Using Pfam

In the next section the use of Pfam for exploring individual proteins will be
demonstrated. To use this part of the site, you must know either a UniProt
accession (e.g. P00789) or identifier (PAPA1_CARPA). Although you can use
NCBI genPept gi numbers or some metagenomics sequence accession, not

all of the tools work for these alternative accessions.

STEP 1 - Go back to the Pfam home page and enter the accession PO0789

into either the ‘jump to’ box or the ‘view a sequence’ page, then click ‘go’

This should produce a page that looks something like this:

wellcome trust
Sanger HOME | SEARCH | BROWSE | FTP | HELP nm

institute keyword search  (5)
Protein: CANX_CHICK (P00789) = it g = =
1 architecture 1 sequence 0 interactions 1 species 0 structures

Summary

Features

Setxnce

Summary of sequence
information, including
description, organism
and length.

CANX_CHICK

This is the summary of UniProt entry CANX CHICKc? (P00789¢F).

Description: Calpain-1 catalytic subunit (EC 3.4.22.52) (Calpain-1 large subunit)(Calcium-acfivaty

Source organism: Gallus gallus (Chicken) (NCBI taxonomy ID 9031)c?
View Pfam proteome data

Length: 705 amino acids

Junip to... ©
— Please note: 1S€, W ke a o This snapshot of UniPght forms

Pfam domains

This image shows the arrangement of the Pfam domains that we found on this sequence. Clicking on a domain will take you to the page describing that Pfam entry. The
table below gives the domain boundaries for each of the domains. Note that some domains may be obscured by other, overlapping domains. This is noted in the table where
applicable.

— 11— \( Representation of Pfam
STEP 2 — Click on domains and active site

Comments or uesions on the st Send » mal o pfam-help@sanger.ac.ak residues.
the features tab omments or quest OHSTD:':va:ll:lr::aTrouDsa!m elp@sanger.ac.ul

Step 2 will take you to a similar graphical view of the protein, however, there

will be some additional graphics shown below.

10
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wellcome trust
Sanger HOME | SEARCH | BROWSE | FTP | HELP ﬁm
74

institute keyword search  (50)

Protein: CANX_CHICK (P00789) & = %

- e
1 architecture 1 sequence 0 interactions 1 species 0 structures

Summary

Sequence annotations

ows a graphical representation of this sequence, with Pfam domains shown in the standard Pfam format. Under the Pfam domain image we show various tracks,
res on this sequence that we found in other databases. You can choose which databases to include using the drop-down panel under the image. More...

STEP 3 — Click
on the show link
to reveal many

more sources of
information

econds for this image to be generated and loaded.

Vertical ruler tracks
position

jence (1) Show

Phobius =
superfamily

‘superfamily feature (click for details)
[Jfesidue number: 536 EF-nand(ACC:SSFATAT3): 521 - 704

Show sources update panel.

Mouse over the
graphics to reveal
more information

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

All of the data under the Pfam domain image is retrieved via DAS (distributed
annotation system). There is no data duplication, so when the sources
update, the information in displayed in this page is kept up to date. As new
sources of protein annotations become available the list of sources they will
be included in the sources listing. This feature allows users to tailor the view
to the sorts of information we are interested in. For example, if we are
interested in protein interactions, we can try and see if any protein interactions

are known for this sequence by switching on protein interactions sources.

() netphos (source)c? [JOMA (source)c?
() PDBsum_DNAbinding (source)c? @ PDBsum_ligands (source)c?
() PDBsum_protprot (source)i? @ Pfam (source)c?

B D SR B I SR |

STEP 4 — Click on the PDBsum_ligands check box to see if there are any
residues known to interaction with a small molecule ligand. Then scroll to the

bottom of the page and click on update. Feel free to add other sources in.

11
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Protein: CANX_CHICK (P00789) = i A = &

—_— 1
1 architecture 1 sequence 0 interactions 1 species 0 structures

Summary Sequence annotations
Features

1 This section shows a graphical representation of this sequence, with Pfam domains shown in the standard Pfam format. Under the Pfam domain image we show various

tracks, illustrating features on this sequence that we found in other databases. You can choose which databases to include using the drop-down panel under the image.
More...

Sequence

Note: it can take a few seconds for this image to be generated and loaded

UniProt Protein Sequence (1) Show

P00789
Jump to... ¥

enter ID/acc I_____
g B L R ...:...c:.

Pfam

Pfam t t?
Pfam

o RIS SIS G0 O G S & eehe s
PDBsum_ligands

e Wren e s ee e

PDBsum_ligands

PDBsum_ligands fMfmret M ¢

Additional ligand interacting
residues highlighted, in this
case corresponding to

peptidase inhibitors.

Phobius
superfamily

Residue number: 232

Show sources update panel.

Pfam Clans

Pfam clans are groups of related families that have arisen from a single
common evolutionary ancestor. A variety of tools are used for finding related

families: structural similarity, sequence similarity, functionally similarity and
profile-profile comparison tools.

wellcome trust
Sanger HOME | SEARCH | BROWSE | FTP | HELP Qm
institute

keyword search  ((50)
Clan: Ubiquitin (CL0O072) = (i = f~

= i &
433 architectures 14438 sequences 35 Interactions 1505 species 226 structures

Summary

Domain organisation
i e Ubiquitin superfamily @09
Relationships

This family includes proteins that share the ubiquitin fold. It currently unites four SCOP superfamilies.

Species This clan contains 21 families and the total number of domains in the clan is 14438.

Interactions

Members
Structures This clan contains the following 21 member families:
: APG12 CIDE-N DUF1017 DUF1315 DWAN
Jump to... © FERM N MAPL LC3 PBL PI3K_rbd RA
— RBD sies 168 This ubiauitin

eneriorace @) . o
uBx U1 UPF0125 Urm1 YehF-GTpase C PROTEIN Y0KDOF BAGILLUS SUSTILIS
YukD

External database links

CATH: 3.10.20.90¢F
SCOP: 542367

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

So why are they useful? Clans can provided functional insights for domains
with otherwise unknown function. For example, the DUFs (domains of

unknown function) in the ubiquitin clan are like to function as small binding

12
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domains. It also allows the identification of more distantly related structural
homologs. The alignments are at the extreme edge of what can be achieved
with current sequence analysis tool, but again can provide clues to key
residues with the families. One can also look to see if domains are commonly
combined with members of the same clan of if they are specific. There are
two points of caution:

i) Do not over interpret the transfer of knowledge

i) The are not currently scaling well on the website, hence the lack of

screen shots

13



