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Introduction

footprintDB is a web server for assigning putative cis DNA motifs to input transcription factors (TFs)
and conversely for predicting which TFs that might recognize input DNA motifs.

footprintDB consists in a core of curated and annotated DNA binding data. These data have been
obtained from literature and public repositories and it is stored in a database. Among these data are the
protein sequences of the TFs, their DNA binding sites (DBSs) and their Position-Specific Scoring
Matrices (PSSM) that summarize the binding preferences, together with their Pfam protein domains,
literature references and the set of annotated DNA binding protein interface residues. The main
footprintDB features are described in detail in the following sections.

1. footprintDB is a repository of databases

footprintDB is a meta-database of TFs attached to their experimentally determined DNA binding
preferences. Therefore it does not incorporate other databases which contain only TF sequences or sites.
As of Mar 2022, footprintDB contains 7169 unique DNA-binding proteins (mostlyTFs) and 7763
PSSMs) (1) extracted from the literature and other repositories, including structure-based 3D-
footprints, which are also used to annotate interface residues by homology (Contreras-Moreira 2010).
Please check https://floresta.eead.csic.es/footprintdb/index.php?databases to see the current contents of
footprintDB, including links to the original sources and the relevant citations:

Database Version |TFs |Motifs|Sites Description Authors Data
Open-access database of Fornes O, Castro-Mondragon JA,
curated, non-redundant Khan A, van der Lee R, Zhang X,
transcription factor (TF)-binding |Richmond PA, Modi BP, Correard S,
nepap 1 profiles stored as position Gheorghe M, Baranasic D, e
JASPAR 2020 2078] 3152 124414 frequency matrices (PFMs) and TF|Santana-Garcia W, Tan G, Cheneby g Motifs
flexible models (TFFMs) for TFs | ], Ballester B, Parcy F, Sandelin A, DNA Binding Sites
across multiple species in six Lenhard B, Wasserman WW, JNA BInding sites
taxonomic groups Mathelier A
Subset of directly determined Tranerrintinn factare
cisBp 2 1.02 1878| 1892 0 DNA motifs within the CIS-BP  |Weirauch MT, Yang A, Albu M et al. anscription ractors
Database. DNA Binding Motifs
Database of DNA-binding protein Transcription factors
e structures that is updated weekly ;
y Footnrine 3 . . - i i
3D-footprint 20210203 |1868| 1557 | 2059 with Protein Data Bank Contreras-Moreira,B. DNA Binding Motifs
complexes
DNA Binding Sites
Yin Y, Morgunova E, Jolma A,
Kaasinen E, Sahu B, Khund-Sayeed
SELEX motifs of human TFs S, Das PK, Kivioja T, Dave K, .
HT-SELEX2 4 May2017 | 533 ] 1761 ] bound to methylated and Zhong F, Nitta KR, Taipale M,
unmethylated ligands Popov A, Ginno PA, Domcke S, Yan g Motifs
), Schubeler D, Vinson C and
Taipale )
Repository of experimental data Hume MA. B LA anscription Tactors
1iPROBE 5 20160601 | 697 | 1042 [ 4503 | from universal protein binding nume A, Barrera HA DNA Binding Motifs
VERUBE : ! Gisselbrecht SS, Bulyk ML JINA BInding Motits
microarray (PBM) experiments
DNA Binding Sites
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RegulonDB 16 7.5 82 82 |1862 transcriptional regulatory
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DNA Binding Sites

Motif models reported in 51 ] .
rintion factors
primary references in the form of Down TA, Bergman CM, Su | Transcription factor
DrosophilaTF 17 11 60 | 62 | 886 | position PWMs for 56 Drosophila  Derg T DNA Binding Motifs
. Hubbard T)
melanogaster transcription
factors DNA Binding Sites

Transcription factors

Selected plant motifs and sites Contreras-Moreira B, Sebastian A, DNA Binding Motifs

EADA 18 -11-
EEADannot 2021-11-23| 34 | 46 19 manually curated at EEAD-CSIC

DNA Binding Sites

Table 1: Databases included in footprintDB database and number of Tfs, PWMs and sites retrieved
from each one.

TF sequences in footprintDB have their DNA-binding interfaces residues annotated by means of
BLASTP alignments to protein complexes annotated 1in the 3D-footprint library
(http://floresta.eead.csic.es/3dfootprint/download/list_interface2dna.txt). Aligned interface positions
from one or more protein-DNA complexes are thus transferred to entries in the database as explained in

the Figure:
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http://floresta.eead.csic.es/3dfootprint/download/list_interface2dna.txt

Figure 1: Annotation of interface residues applying the geometrical rules of 3D-footprint. (A) Interface
of PDB entry 9ANT, which corresponds to Homebox protein Antennapedia in complex with a cis
element. First, inter-atomic distances are calculated among heavy atoms of both amino acid side
chains and nitrogen bases. Second, a matrix of interface contacts is compiled. Third, interface residues
are marked as upper-case letters in the sequence. (B) Histogram of predicted interfaces in footprintDB,
transferred from 3D-footprint entries through BLASTP alignments.

2. footprintDB is a search engine

footprintDB search engine is designed primarily to receive two types of queries:
1. INPUT: a DNA motif or site
OUTPUT: a list of DNA-binding proteins (mainly TFs) known to bind a similar DNA motif
2. INPUT: a protein sequence of a putative DNA-binding protein
OUTPUT: a list of possibly recognized DNA motifs

DNA to protein

DNA-binding
protein

DNA consensus
motif or site

Protein to DNA

Figure 2: Working schema of footprintDB search engine



Website navigation

1. Website sections

Updates:

2371172021 Updated motif & FASTA dow s [see )
23/11/2021 Updated EEA . which conttains selected plant motifs and sites manually curated at EEAD-CSIC
19/11/2021 Updated server, HTTPS enabled
03/02/2021 Updated 3dfootprint & interfaces
02/12/2020 Curated matifs vF B D

1, . =1 used in
21/10/2020 Command-ine clhent at GitH

The data are reqularty curated from public dat and the lterature; interfaces are inferred from the collection of protein-DNA complexes at 31

total wnique metazoa plants
9472 $713 114
13798 776

35164

footprintDE predicts:
1. Transcription factors which bind a specific DNA site or motif
2. DNA motifs or likely to be recognized by a specific DNA-binding protein

DNA to protein

Read Tutorial

From top to bottom and from left to right:
* Main menu: Home, Database listing, Search formulary, Downloads and Credits sections.
. : Authentication form and Registration form link.
* Help menu: link to Documentation Section.

. : links to recommended pages.

Content: displays the content of the Sections.

Footer: Shows license and contact info.



2. Navigation

Left menus must be used to navigate across the website.
The 'Main menu' is composed by the following sections:
*  Home: Access to home page with general information.
* Databases: Information about the databases included in footprintDB.
* Search: Access to search formulary.
* Downloads: Access to flat files for bulk download.

*  Credits: Information about footprintDB creators, citing, data sources and other resources.

The is composed by an authentication form and a couple of links to:
* Register: Access to a registration form for new users.

* Recover Account Info: registered users can recover their account data.

The 'User menu' is only visible for authenticated users and is composed by the following
sections:

* Stored results: Access to a historical record of searches performed by the user.

* Insert database: Insertion of user data collections.

* Manage databases: Manage user data inserted previously.

* Modify account: A form to modify user account data.

* Delete account: An option to remove an account.

* Log out

The 'Help menu' provides links to extensive footprintDB documentation, including:
*  This manual

* A step-by-step protocol: https://digital.csic.es/handle/10261/136262



https://digital.csic.es/handle/10261/136262

3. Registration

Click on the link 'Register' in the 'Sign In' menu on the left or go directly to
http://floresta.eead.csic.es/footprintdb/index.php?user_register . Fill in the registration form, required
fields are marked with asterisk, and push the 'Register' button to submit the data. You will see the
following message if registration was successful: “User successfully registered, you will shortly receive
an email with your account information” .

4.LogIn

Enter 'User' and 'Password' in the 'Sign In' menu on the left and push the 'Submit' button. If successful, a
message will be shown, your user name will be shown in red in the top of the left menus and the 'User
Menu' will be now visible:

Logged in as
'brunocontreras’

Home
atabases
Search
Keywords
Sequences
Downloads
Credits

Stored results
Insert database

Manage databases

5. Stored results

Registered users can access to a list of stored searches. Log in and click on the 'Stored results' link in the
'User menu' on the left side. A list of the performed searches will be shown.

Recent search results can be accessed by clicking on the 'view results' link. Old searches are deleted
from the server; if you want to repeat one of these searches, click on the 'reuse search' link and the
search formulary will be filled with the data of the old search.


http://floresta.eead.csic.es/footprintdb/index.php?user_register

6. Log out

Click on the Log out' option in the 'User menu' on the left side. You will see the following message:
“You have successfully logged out, thank you or using footprintDB” and 'User Menu' will hide (unless
automatic cache is activated in your browser; in this case the menu will be visible until any other item is
clicked).

7. Recover account info

Click on the 'Recover account info' link in the 'Log In' menu on the left side. Enter your email address
and push the 'Recover' button. If any account is associated to that address, you will receive your account
data by email and a new auto-generated password.

8. Modify account info

Log in and click on the 'Modify account' link in the 'User menu' on the left side. Modify your data in
the formulary, required fields are marked with asterisk, and push the 'Modify' button to submit the data.
You will see the following message if registration was successful: “User account successfully modified,
you will shortly receive an email with your new account information.” and you will receive an email to
remember your account data.

9. Delete account

Log in and click on the Delete account' link in the 'User menu' on the left side. Please confirm that you
want to delete the account by pushing the 'Delete' button.



Searching

1. Search keywords

If you have a footprintDB account, log in first into the website to store your searches and reuse them.

Click in the ‘Search Keywords’ option of the ‘Main menu’ or go directly to the url:
http://floresta.eead.csic.es/footprintdb/index.php?search entries

Home
Databases
Search
Keywords
Sequences
Downloads
Credits

The search form looks like this:

Entry type: @® an O Transcription Factors () DNA Binding Matits () DNA Binding Sites
Search term: ‘W
s
| myeloblastosis (Description) W |
Organisms: all
Homo sapiens I

Mus musculus
Arabidopsis thaliana
Rattus norvegicus

Original Databases: | g |

JASPAR 2020

CISBP 1.02
3D-footprint 20210203
HT-5ELEX2 May2017

Pfam domains: all |

PF13894 - C2ZH2-type zinc finger
PFO0096 - Zinc finger, C2H2 type
PF13465 - Zinc-finger double domain
PF13912 - C2H2-type zinc finger



http://floresta.eead.csic.es/footprintdb/index.php?search_entries

The search form has the following fields and options:

Entry type: To restrict search to “Transcription Factors’, ‘DNA Binding Motifs’ or ‘DNA Binding
Sites’

Search term: Text to search, it can be any descriptive word, a transcription factor protein or gene name,
UniProt or PDB identifier, original source accession name or DNA site sequence.

Organisms: Select any organism(s) to restrict the search. Multiple species can be selected pushing the
Control key on your keyboard. (Use with caution, as many TFs are not associated to an specific
organism).

Orignal databases: Select databases or sources to restrict the search. Multiple databases can be
selected pushing the Control key.

Pfam domains: Select protein Pfam domains to restrict the search. Multiple domains can be selected
pushing the Control key.

To start the search please click the ‘Demo’ button and then the ‘Search’button:

Entry type: @ an O Transcription Factors () DNA Binding Matits () DNA Binding Sites
Search term: myeloblastosis
s
| myeloblastosis (Description) v |
Organisms: All
Homo sapiens I

Mus musculus
Arabidopsis thaliana
Rattus norvegicus

JASPAR 2020

CISBP 1.02
3D-footprint 20210203
HT-5ELEX2 May2017

Original Databases: | g |

Pfam domains: All |

PF13894 - C2ZH2-type zinc finger
PFO0096 - Zinc finger, C2H2 type
PF13465 - Zinc-finger double domain
PF13912 - C2ZH2-type zinc finger

The former search will look for the word ‘myeloblastosis’ in the database, obtaining multiple results
that we can expand clicking on ‘Show results’:

10



Database search results:

2 Transcription Factors:

Show results

4 DNA Binding Motifs:

Show results

DNA Binding Sites:

Sorry, there are no results.

A full list of the results will be shown, with a short summary of them and the option to access them
individually or download them:

footprintDB

Home Database search results:
Databases
Search inti .
Keywords 2 Transcription Factors:
Sequences
Downloads Show results
Credits.
[EFIE 4 DNA Binding Motifs:
Passwo,d: Show results
| submit |  Register o
Recover & Infor . N F— Binding
(Recover Account Info) Accessions Names Consensus Organisms Binding TFs Sites
g&‘t‘;‘fj‘;tam" UP000BLA 1 (UNIPROBE | A-myb, Amyb, MGC123416, Myb-related protein A, | ttgawAACCGTTAwwhw | Mus musculus UP00081A  (Myb-ike  DNA-binding
web service 20160601) Mybl1, myeloblastosis oncogene-like 1, domain, Myb-like DNA-binding domain) AAACCGTC
UP00092A_3 (UniPROBE UP00092A  (Myb-like DNA-binding
_ 20160601) domain, Myb-like DNA-binding domain}
;Gmpl”tit“gﬁalm UPD0OOB1A 2 (UniPROBE || A-myb, Amyb, MGC123416, Myb-related protein A, | bsaCCAACTGcCgwk Mus musculus UP00081A  (Myb-like DNA-binding
gr::fpu‘? iology 20160601) Mybl1, myeloblastosis ancogene-like 1, domain, Myb-like DN_Arb\ndmg dorn.am) AAACCGTC
3Dfootprint UP00092A 4 (UniPROBE UPOOQSZA (Mybfllke ‘ DNArbm‘dmg
#1/perlibioinfo Blog 20160601) domain, Myb-like DNA-binding demain)
UPD0D092A 1 (UniPROBE || AI5S50390, c-myb, M16449, MGC18531, Myb, Myb | wtkdmAACCGTTAwwht |[ Mus musculus UP00092A  (Myb-like DNA-binding
20160601) proto-oncogene protein, myeloblastosis oncogene domain, Myb-like DNA-binding domain) AAACCGTC
UP00022A_2  (UniPROBE || AI550390, c-myb, M16449, MGC18531, Myb, Myb | bgaccAACTGCCrysy Mus musculus UP00092A  (Myb-like DNA-binding
20160601) proto-oncogene protein, myeloblastosis oncogene domain, Myb-like DNA-binding domain} AAACCGTC

DNA Binding Sites:

If we click in the Accession of any of the results we are shown the individual data for it:

11



[ Menu |
Home DNA Binding Motif

Databases

Search " .
Keywords Accessions: UP00081A 2 (UniPROBE 20160601), UP00092A 4 (UniPROBE 20160601)
Sequences

Downloads

Credits Names: A-myb, Amyb, MGC123416, Myb-related protein A, Mybll, myeloblastesis oncogene-like 1, AI5S50390, c-myb, M16449, MGC18531, Myb, Myb proto-oncogene protein,

myeloblastosis oncogene

m Organisms: Mus musculus
Password: Libraries: UniPROBE 20160601 1

| submit |  Register 1 Hume MA, Barrera LA, Gisselbrecht SS, Bulyk ML. UniPROBE, update 2015: new tools and content for the online database of protein-binding microarray data on protein-DNA interactions. Nucleic
Acids Res : (2015). [Pubmed]

(Recover Account Info)

[heip " R— "
Documentation
protocols Consensus: b=aCCAACTGcCawk
web service

Eraa—

Computational &
structural Biology C A C G Q
gow _CC JAVEL O,

3Dfootprint
#1/perl/bioinfo Blog

PSSM: PO A c G T
01 0.21 0.27 0.26 0.26 b
02 0.15 0.33 0.34 0.18 s
03 0.44 0.21 0.18 0.17 a
04 0.06 0.77 0.05 0.13 C
a5 0.06 0.77 0.01 0.16 c
06 0.98 0.01 [ 0.01 A
07 0.98 0.02 0 0 A
08 0.01 0.98 0.01 0.01 (o}
a9 0.03 0.14 0.05 0.79 T
10 0.01 0.01 0.98 0.01 G
11 0.1% 0.57 0.04 0.21 <
12 0.11 0.81 0.02 0.07 c
13 0.24 0.10 0.56 0.10 g
14 0.28 0.21 0.10 0.40 w
15 0.15 0.19 0.41 0.25 k

Type: Heterodimer

Binding TFs: UP00081A (Myb-like DNA-binding domain, Myb-like DNA-binding domain)
UPD0092A (Myb-like DNA-binding domain, Myb-like DNA-binding domain)



2. Search DNA motifs

a. Find transcription factors that bind DNA motifs similar to the query

If you have a footprintDB account, log in first into the website to store your searches and reuse them.

Click on the ‘Start to Search’ button in the Home page, click in the ‘Search sequences’ option of the
‘Main menu’ or go directly to the url: http://floresta.eead.csic.es/footprintdb/index.php?search

Databases
Search

The search form has the following fields and options:

Search name: Name a title for the search.

Email: Please type your email if you desire to receive the results by email.

Input type: Please choose ‘DNA sites or motifs’.

Limit number of results per query: Enter the number of desired results per query to speed up.
Order results by: Allows to order results by DNA or TF similarity or by E-value.

Color results using twilight thresholds: Only available for DNA search, mark in green color results
that pass the thresholds defined in our previous article and in red if not (Sebastian and Contreras-
Moreira 2013).

Query data or file: Enter your DNA sites or motifs in the text area or upload them from a file. The
only valid formats are: FASTA and TRANSFAC. You can also use sample data pushing the ‘Demo’
button.

>bZIP910 (JASPAR CORE) DE bZIP transcription factor
PO A C G T

ATGACGT

01 0 0 18 0 G
CTGACGT 02 14 0 4 0 A
ATGACGT 03 0 O o0 18 T

04 0 0 18 0 G
CTGACGT 05 18 0 0 0 A
GTGACGT 06 0 18 0 0 C
GTGACGT 07 0 0 18 0 G

08 0 0 0 18 T

13
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Table 2: Examples of FASTA (left) and TRANSFAC (right) formats for DNA input .

Search name:

Email:

Input type:

Limit number of results per query:
Order results by:

Color results using twilight thresholds:
Query data or file:

Organisms:

Original Databases:

Pfam domains:

Search for homologues in a selected pro

Search

@ DA sites or motifs (O Proteins (that bind DNA)
[100 |

| E-value v |
4|
EXZF | 52iP9 10° DNA Binding Motif in FASTA Format v

| Examinar... | No se ha seleccionado ningdn archivo.

All I
Homo sapiens

Mus musculus

Arabidopsis thaliana

Rattus norvegicus

All I
JASPAR 2020

CISBP 1.02

3D-foolprint 20210203
HT-SELEX2 May2017

All

PF13894 - C2H2-type zinc finger I
PF0Q096 - Zinc finger, C2H2 type

PF13465 - Zinc-finger double domain

PF13912 - C2H2-type zinc finger

teome

D

Organisms: Select any organism(s) to restrict the search. Multiple species can be selected pushing the

Control key on your
organism).

keyboard. (Use with caution, as many TFs are not associated to an specific

Databases: Select databases or sources to restrict the search. Multiple databases can be selected
pushing the Control key.

Pfam domains: Select protein Pfam domains to restrict the search. Multiple domains can be selected
pushing the Control key.

Please not that when search type ‘DNA sites or motifs’ is selected, the option to automatically ‘Search
for homologues in a selected proteome’ is shown, which will be explained in the next section.

To start the search please click on the ‘Demo’ button and then on ‘Search’ :

14



Search name: | pema

Email: [

Input type: ® DMA sites or motifs O Proteins {that bind DNA)
Limit number of results per query: |100 |

order results by: | Evalue v

Color results using twilight thresholds:

Query data or file:

=bZIP918 (JASPAR CORE)

ATGACGT
ATGACGT
ATGACGT
ATGACGT
ATGACGT
ATGACGT
ATGACGT
ATGACGT
ATGACGT
ATGACGT

EX= | bziP210' DNA Binding MotiF in FASTA Format

A

v

| Examinar... | No se ha seleccienado ningiin archivo.

Organisms: All

Homo sapiens

Mus musculus
Arabidopsis thaliana
Rattus norvegicus

Original Databases: All

JASPAR 2020 I
CISBP 1.02

3D-foolprint 20210203
HT-SELEX2 May2017

Pfam domains: All

PF13894 - C2H2-type zinc finger
PF00036 - Zinc finger, C2H2 type
PF13465 - Zinc-finger double domain
PF13912 - C2H2-type zinc finger

Search for homologues in a selected proteome

Search

D

In the former search we take as query a DNA motif in FASTA format (a list of DNA binding sites, all of
them with the same length). We want to search at most 10 TFs with similar DNA motifs without
filtering organisms neither domains in all available databases. We obtain the following results (only the

first 3 are shown):

Query: bZIP910_(JASPAR_CORE) mTGACGT

footprintDB template Sl footprinDB Binding Interface Pfam
P! P e-value Consensus protems sequences domains

MAQ0096.1: bZIP910 JASPAR 2020 Antirrhinum majus | 1.0e-12 7.00/7 ACGTCAk Show Show Show
ACCTCAK proteins interfaces domains

MA1068.1: TGA2 JASPAR 2020 Arabidopsis 1.7e-11 6.97 /7 ACGTCAk - Show Show Show
thaliana ACCTCAKC proteins interfaces domains

M0270_1.02: OBF5 / T023874_1.02 CISBP 1.02 Arabidopsis 1.5e-10 6.76 /7 -ACGTCAk Show Show Show
thaliana KACCTCAY proteins interfaces domains

We notice that the first result is the query itself (because Demo query is from JASPAR database,
included in footprintDB) and the others are similar DNA motifs present in footprintDB. We can click on

the links ‘Show proteins’

, ‘Show interfaces’ and ‘Show domains’ to retrieve information about proteins
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that bind the similar DNA domain retrieved in the search (when there are annotated TFs for the DNA
motifs, second result has not related TF).

Predicted DNA binding residues for each protein are shown coloured in the interface sequence. Left-
clicking on the ‘footprintDB template’ accession name or on the DNA aligned sequence will display the
corresponding footprintDB DNA motif information.

DNA Binding Motif

Accessions:
Names:
Organisms:

Libraries:

Notes:
Length:
Consensus:

Weblogo:

PSSM:

Binding TFs:

Binding
Sites:

Publications:

MA0096.1 (JASPAR 2020)
bZIP910
Antirrhinum majus

JASPAR 2020 1
1 0 Fornes, JA Castro-Mondragon, A Khan, R van der Lee, X Zhang, PA Richmond, BP Madi, S Correard, M Gheorghe, D Baranasic, W Santana-Garcia, G Tan, | Ceneby, B Ballester, F Parcy, A Sandelin,
B Lenhard, WW Wasserman, A Mathelier. JASPAR 2020: update of the open-access database of transcription factor binding profiles. Nucleic Acids Res 48(D1):D87-D92 (2020} [Pubmed]

SELEX
7
mTGACGT

[ - |
PO A e G T
01 15 15 5 0 m
02 0 0 0 35 T
03 0 o 35 0 [e3
04 35 0 0 0 A
05 0 a5 0 0 c
06 0 o 35 0 [e3
07 0 0 0 35 T

022676 (bZIP transcription facter, Basic region leucine zipper)
/ MA0096.1.10 / MAD096.1.12 / MAQ096.1.14 / MA0096.1.3 / MA0096.1.5 / MA0096.1.8
MA0096.1.4 / MADO96.1.6 / MADD96.1.7 f MACD96.1.9

9
MA0096.1.20

Martinez-Garcia ). F, Moyano E., Alcocer M. |. C., Martin C. Two bZIP proteins from Antirrhinum flowers preferentially bind a hybrid C-box/G-box motif and help to define a new sub-family of bZIP
transcription factors.. Plant J. 13:489-505 (1998). [Pubmed]

In the same way, left-clicking on the TF accession name in ‘Binding proteins’ or ‘Interface sequences’
columns will show the full information page for the TF:
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Query: bZIP910_(JASPAR_CORE) mTGACGT

3 1 STAMP | Motif footprinDB Binding Pfam
footprintDB template Source organisms i | S | Emeee e Interface sequences domains
MAO096.1: bZIP910 JASPAR 2020 Antirrhinum 1.0e-12 7.00/7 ACGTCAk Show proteins Show interfaces Show

majus - domains
EEEEn 022676: 022676:
022676_ANTMA | _  (15) erkrkRklsNReSARrSRmrkq
qi38)...
MAL068.1: TGA2 JASPAR 2020 Arabidopsis 1.7e-11 | 6.97/7 ACCTCAk - Show proteins Show interfaces Show
thaliana y domains
ECRIEEES P43273: P43273:
AHBP-1b, ... (a5)gktlrRlaQNReAATkSR1rkk
AtbZIP20, bZIP
Ay a(s7}...
transcription .
factor 20, (130)nelrsAlnAHAgDselri (147) ...
HBP-1b (152) vinahyEE1FRTksNaaKNdvfhl (
homolog, 174) ...
TGA2_ARATH,
Transcription
factor TGA2
M0270_1.02: OBF5/ CISBP 1.02 Arabidopsis 1.5e-10 | 6.76 /7 -ACGTCAk Show proteins Show interfaces Show
T023874_1.02 thaliana domains
EBCRIER Y T023874 1.02: T023874 1.02:
OBF5, ...(a5)gktlrRlaQNReAArkSR1lrkk
T023874.1.02; |

footprintDB

Home Transcription Factor
Databases
Search
Keywords Accessions: bZIP910 (Athamap 20091028), T028334_1.02 (CISBP 1.02), 022676 (JASPAR 2020)
Sequences
g?:::\”:‘?ads Names: bZIP910, 022676 ANTMA, T028334_1.02;
m organisms: Antirrhinum majus
wser: brunocontreras | Libraries: Athamap 20091028 1, CISBP 1.02 2, JASPAR 2020 3
Password: [smemes | 1 BAwlow L, Engelmann S, Schindler M, Hehl R. AthaMap, integrating transcriptional and post-transcriptional data. Nucleic acids research 37:D983-6 (2009). [Pubmed]
[submit | Register 2 Weirauch MT, Yang A, Albu M, Cote AG, gro-Montero A, Drewe P, i HS, Lambert SA, Mann |, Cook K, Zheng H, Goity A, van Bakel H, Lozano JC, Galli M, Lewsey MG, Huang E,
(Recover Account Infa) Mukherjee T, Chen X, Reece-Hoyes JS, Govindarajan S, Shaulsky G, et al. Determination and inference of eukaryotic transcription factor sequence specificity. Cell. 2014 Sep 11;158(6):1431-43.
doi: 10.1016/j.cell. 2014.08.009. [Pubmed]
[Hetp ] 3 0 Fomes, JA Castro-Mondragon, A khan, R van der Lee, X Zhang, PA Richmond, BP Modi, S Correard, M Gheorghe, D Baranasic, W Santana-Garcia, G Tan, ] Ceneby, B Ballester, F Parcy, A
5 . sandelin, B Lenhard, WW Wasserman, A Mathelier. JASPAR 2020: update of the open-access database of transcription factor binding profiles. Nucleic Acids Res 48(D1):D87-D92 (2020) [Pubmed]
ocumentation
protocols ;
web service Notes: family:bziP
O Lenoth: 133

Computational &
structural Biology
group

3Dfootprint
#!/perl/bicinfo Blog

Pfam Domains:

Sequence:
(in bold interface residues)

Interface
Residues:

3D-footprint
Homologues:

Binding Motifs:

Binding Sites:

13-61 Basic region leucine zipper
17-75 bZIP transcription factor

1 MASQQRSTSPGIDDDERKRKRKLSNRESARRSRMRKQQRLDELIAQESQMOEDNKKLRDT 60
61 INGATQLYLNFASDNNVLRAQLAELTDRLHSLNSVLQIASEVSGLVLDIPDIPDALLEPW 120
121 QLPCPIQADIFQC

25, 26, 28, 29, 32, 33

1dh3_C, 2dgc_A, 5t01 B

bZIP910(1) GATGACGTEGCm
bZIP910(2) GgrTGCTGACGT
M2679_1.02 GATGACGTGGCm
MA0096.1 mTGACGT

MA0096.1.1 / MA0096.1.10 / MA0096.1.12 / MA0096.1.14 | MA0096.1.3 / MA0096.1.5 / MA0D096.1.8
MA0096.1.11
MA0096.1.13 / MAD096.1.2 / MAD096.1.4 / MA0096.1.6 / MAQ096.1.7 / MAQ096.1.9

Other data shown are: the source database, organisms, Pfam domains, the set of interface residues
which are the key residues mediating specific DNA recognition-, STAMP E-value and DNA motif
similarity score (sum of the Pearson correlation coefficients of the aligned DNA motif positions).
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b. Find in a selected proteome homologous transcription factors that bind
DNA motifs similar to the query

Please follow the steps explained in the former section ‘Find transcription factors that bind DNA motifs
similar to the query’ until you see the search formulary. The menu ‘Search for homologues in a selected
proteome’ will be available at the bottom of the page. Click on the title ‘Search for homologues in a
selected proteome’ to expand the homologue search options:

B search for homologues in a selected proteome

You can choose one of the available proteomes: | Do not search For homologues (default) ~

Or upload your own protein FASTA file:

Name of the organism or the proteome set: | |

Proteome file: | Examinar... | No se ha seleccionado ningtn archivo.

BLAST E-value threshold: [0.01 | Allowed formats: 0.001, 1E-3

Now you might select a species to search for homologues in its proteome or either upload a custom file
with a proteome file in FASTA format and choose a BLAST E-value threshold for the Blastp search
against the proteome (Default 0.01).

Search parameters are the same of the previous example, but in this case we choose to include among
the results the subset of ‘Arabidopsis thaliana - TAIR 9’ proteins which are presumably homologous to
each of the reported DNA-binding proteins. Indeed we obtain the same previous results but in a slightly
different order, with proteins with a higher number of homologues shown first (only the first 3 are
discussed for brevity):

bZIP910_(JASPAR_CORE) mTGACGT

foot tDB t late STAMP Motif footprinDB PWM / | Binding Interface Pfam
ootprin emplate e-value S|mllanty Consensus prntems sequences domains

MA0096.1: bZIP910 JASPAR 2020 Antirrhinum majus 1.0e-12 7.00/7 ACGTCAk Show interfaces Show
tems domains
Show Arabidopsis thallana - TAIRS ACGTCAk
homologues (30)
MA1068.1: TGA2 JASPAR 2020 Arabidopsis thaliana 1.7e-11 6.97 /7 ACGTCAk - Show Show interfaces Show
roteins domains
Show Arabidopsis thallana - TAIRS ACCTCRLC =
homologues (26)
M0270_1.02: OBF5 / CISBP 1.02 Arabidopsis thaliana 1.5e-10 6.76/7 -ACGTCAk Show Show interfaces Show
T023874_1.02 KACGTCAY proteins domains
Show Arabidopsis thaliana - TAIRS
homologues (26)

Each row now contains a TF that recognizes a motif similar to the query, and the motif alignment is
also shown, as explained in the previous section. However, the provided red link ‘Show Arabidopsis
thaliana — TAIR9 homologues’ allows us to display a list of proteins, just beneath the name of each
matched footprintDB name:
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Home TUULPI YD 1E3UILD 1UI UeEinu
Databases
Search

Keywords

pecuences bZIP910_(JASPAR_CORE) mTGACGT
Credits

STAMP footprinDB  PWM /
ErT— eSS _m consensts
User. [ brunccontreras |

Binding Interface Pfam
proteins sequences domains

B MAQ096.1: bZIP910 ASPAR 2020 Antirrhinum majus 1.0e-12 7.00/7 G Show Show interfaces Show
Password Il ACGT
— - proteins domains
| Submit | Register Show Arabidopsis thaliana - TAIR9 ACGTCAk
(Recover Account Info) T aller T B0
Arabidopsis thaliana - TAIRS protein | footprintDB Blast erface
protocor " (gsns finterises Simisdty ree—— e
protocols
web service Protein: AT3G62420 (scquence) -
Interface. T026334_1.02 /| 7e4s 6/6 1-146 — krklsNResArr8Rmrkag | bZIPS10_(JASPAR CORE} (MA1407.1)
krmisNReSArrSRurkak 022878
Computational &
Structural Biology bZIPO10
grofup Protein: ATLG75390 (sequence) T026334_1.02
3Dfootprint 022676 4e.25 6/6 39-173 o krkleNReSArrSRmrkag .
#1fperl/bioinfo Blog Interface: 3017 6/6 39-105 Cmmn) crilsNRegArTERmrkgg | D200 L0 UASPAR CORE) (MA1407.1)
krkgsNReSATTSRmTkak
Protein: AT2G18160 (scquence)
Interface: 1e-23 6/6 29-123 krk1sNReSArTERmrkan bZIPI10 | R_CORE) (MA1407.1)
krmlsNReSArrSRmrkak
Protein: AT4G34590 (sequence)
Interface: le21 6/6 25-108 Comm—r—) xrk1SNReSATTSRmrkgg | bZIPI10_(JASPAR CORE} (MA1407.1)
krmlsNReSATTsRmkkak
Protein: ATIG68880 (scquence)
bZIP910 !
Interface. T028334_1.02 /| 2e12 6/6 38-111 CHmD) krklsNResArreRmrkag | bZIPO10_(JASPAR_CORE} (MA1335.1/ M0210)
rrkvaNReSATTSRmIkgr 022676
Protein: AT3G30530 (sequence) .
bZIP910 /
Interface: T028334 1.02 /| 2e12 6/6 79-169 C—mm— krkleNRe8Arr8Rmrkag R_CORE} (MA1407.1)
rrmisNReSArrSRurkar o678
Protein: AT5G49450 (sequence)
Interface: ese 9e.12 6/6 1-134 m— rrk1SNReBArTERMrkaq
krklsNReSArrsSRIKKgK -

Homologous proteins will be shown under each TF. Each new row contains data of one protein; left-
clicking on the protein name will open a new window with protein sequence in FASTA format. Left-
clicking on the 'Blast E-value', 'Interface similarity' or "Template alignment' columns will show the Blast
alignment with the corresponding footprintDB protein sequence with coloured protein domains (Pfam
version 24.0) highlighting in red the identical interface residues and in blue the rest of the interface. The
last column 'Related results' shows other footprintDB TF results which are presumably homologous to
the same Arabidopsis thaliana protein.

Query: AT3662420.1 - Template: bZIP910 / T028334 1.02 / 022676 | DZIP910 / 022676 ANTMA / T028334 1.02;.(Interface residues in blue, identical in red)
Lenght - 145, E-value - 7e-46, Tdentities - 76, Positives - 103, Gaps - O

Query (1-146): MGSLQMQT YATVTDERKRKRMI: GDLINEVTLLKNDNAK]TEQVDEASKKYIEMESKMMVLMDASELTDRLRSLNSVLEMVEEISGDﬂLDIPEIPESHONWQMPCPMOPIRASADMFDC
M S Q TSP D+D ERKRKR +SNRESARRSRMRKQ++L +LI + + ++ DN K+ + ++ A++ Y+ S NNVLRAQ +ELTDRL SLNSVL++ E+SG LDIP+IP+++ PWQ+PCP+Q
Template (1-133):  MASQQRSTSPGIDDD-------- ERKRKRKL DELI/ RDTINGATQLYL! RAQLAELTDRLHSLNSVLQIASEVSGLYLDIPDIPDALLEPWQLPCPIQ- - - - - ADIFOC

I Pro7716 (Basic region leucine zipper)

Il rrFoo170 (bZIP transcription factor)
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3. Search protein sequences

a. Find transcription factors with similar sequences

Click on the ‘Search Sequences’ button in the Home page, click in the ‘Search’ option of the ‘Main
menu’ or go directly to the url: http://floresta.eead.csic.es/footprintdb/index.php?search

After clicking on ‘Proteins (that bind DNA)’ you’ll see a search form with fields and options as
explained in the previous Section. In this case there is only a noticeable difference with respect to the
input format of the sequence to search.

Query data or file: Enter your DNA sites or motifs in the text area or upload them from a file. The only
valid format is FASTA . You can use sample data pushing the ‘Demo’ button.

Search name: |Demo
Email: I
Input type: O DNA sites or motifs ® Prateins (that bind DNA)

Limit number of results per query: [100
Order results by: | E-value - v
Query data or file: |>bz1Po10 (JASPAR CORE)

|MASQORSTSPGIDDDERKRKRKLSNRESARRSRMRKOQORLDELIAQESQMOQEDNKKLRDTINGATOLY
| LNFASDNNVLRAQLAELTDRLHSLNSVLOQIASEVSGLYLDIPDIPDALLEPWOLPCPIQADIFQC

m 'bZIP210' Protein Sequence in FASTA format v
Examinar... | No se ha seleccionado ningin archivo.

Organisms: | an
Homo sapiens I
Mus musculus
Arabidopsis thaliana
| Raktus norvegicus
original Databases: all '
JASPAR 2020 |
CISBP 1.02
3D-footprint 20210203
HT-SELEX2 May2017
Pfam domains: All
PF13894 - C2H2-type zinc finger I
PF00096 - Zinc finger, C2H2 type
PF13465 - Zinc-finger double domain
PF13912 - C2H2-type zinc finger

Search for homologues in a selected proteome

In this search we query a protein sequence in FASTA format. In particular, we wish to search no more
than 10 TFs with similar sequence and their associated DNA binding motifs without filtering organisms
nor domains in all available databases. We obtain the following results (only the first 3 are shown):
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http://floresta.eead.csic.es/footprintdb/index.php?search

Home footprintDB results for Demo

Databases
search
Keywords
Sequences
Downloads
credits
sequence: ! ORLDELIAQESQMOEDNKKLRDTINGATOLYLNFASDNNY LAELTDRLHSLNSVLOIASEVSGLVLDIPDIPDALLEPROLPCP IO
User \ brunocontreras | footprintDB Blast Interface
P template e == Interface sequence footprinDB PWM / Consensus damams
_‘5”"'"'” Re@“‘” bZIP910 / Athamap Antirrhinum | 7e-94 25, 26, 28, (2Q)krklSNResArrsmrqu(ga) bZIP910(1): *¥13-61:
(Recover Account Infe] T028334_1.02/ 20091028 majus 29,32, 33 : ATGACGTGGCm PFO7716
T | 02675 bZIP910 | CISBP 1.02 (Basic
/022676 ANTMA | JASPAR 2020 bZIP910(2): region
Documentation /T028334 1.02; leucine
protocels gl‘T CTGACGT zipper)
web service Show Arabidopsis
Thaliana - TAIRS M2679_1.02:
. fomologues (30} ATGACGTGGCm
Computational & MA0096.1: MTGACGT
Structural Biology
group
3Dfoatprint
#1fperljbioinfo Blog bZIP911 / Athamap Antirrhinum | 8e-64 9/9 23,26, 27, . (18) erkrkRkgSNReSARrSRmrkq | bZIPS11(1): ¥17-67:
T028335_1.02/ 20091028 majus 28,30,3L, | oo ITGACGTGGCC PFO7716
022677:bZIPI11 | CISBP 1.02 32,34, 35 (Basic
] 022677_ANTMA | JASPAR 2020 bZIPO11(2): region
/T028335_1.02; leucine
ITGACGTGTAC e

Show Arabidopsis
thaliana - TAIR9 M2681_1.02:

homologues (34) ITGACGTGGCC

MA0D97.1:
ITGACGTGkmC

Q9LZP8 /T11942: | JASPAR 2020 Arabidopsis le-46 10/10 25,29, 32, ...(z0)tvtdeRkrkRmiSNReSArrSR : *22-72:
AtbZIP53 / bZIP AthalianaCistrome | thaliana 33, 34, 36, : . dwwGmMTGACGT:! Ca PFO7716
transcription vd_May2016 37,40, 41, | "rkakalgdlinevtllkndnakiteq (Basic
factor 53 / 84 vdeaskkyiemesknNvlraqg(ss)... MAL341.1 / MO196: region
BZPS53_ARATH / leucine
AT3G62420 / dwwGmTGACCT Ca zipper)
bZIP53 / T11942; -

Show Arabidopsis dwwGmTGACGTGKCa

thaliana - TAIRS
homologues (41)

As earlier, we can notice that the first result is the query itself (query is from JASPAR collection and is
present in footprintDB) and the other results are transcription factors with similar interface sequences
(results are ordered by Blastp E-value) and they have annotated also similar DNA motifs.

Each row contains a TF with similar sequence to the query. Predicted DNA binding residues are shown
coloured in the interface sequence and all the DNA motifs annotated for that TF are shown. Left-
clicking on the Blast E-value or the interface similarity score will show the alignment of the
footprintDB TF sequence with the query. Left-clicking on the ‘footprintDB template’ TF accession
name will display the full information about the TF:
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Transcription Factor

Accessions: bZIP910 (Athamap 20091028), T028334_1.02 (CISBP 1.02), 022676 (JASPAR 2020)
Names: bZIP910, 022676_ANTMA, T028334_1.02;

Organisms: Antirrhinum majus

Libraries: Athamap 20091028 1, CISBP 1.02 2, JASPAR 2020 3

1 gA%low L, Engelmann S, Schindler M, Hehl R, AthaMap, integrating transcriptional and post-transcriptional data. Mucleic acids research 37:D983-6 (2000). [Pubmed]

2 Wweirauch MT, Yang A, Albu M, Cote AG, Montenegro-Montero A, Drewe P, Najafabadi HS, Lambert SA, Mann |, Cook K, Zheng H, Goity A, van Bakel H, Lozano JC, Galli M, Lewsey MG, Huang E,
Mukherjee T, Chen X, Reece-Hoyes |5, Govindarajan S, Shaulsky G, et al. Determination and inference of eukaryotic transcription factor sequence specificity. Cell. 2014 Sep 11;158(6):1431-43
doi: 10.1016/j.cell.2014.08.009. [Pubmed]

3 0 Fomes, JA Castro-Mondragon, A Khan, R van der Lee, X Zhang, PA Richmond, BP Modi, S Correard, M Gheorghe, D Baranasic, W Santana-Garcia, G Tan, | Ceneby, B Ballester, F Parcy, A
Sandelin, B Lenhard, WW Wasserman, A Mathelier. JASPAR 2020: update of the open-access database of transcription factor binding profiles. Nucleic Acids Res 48(D1):D87-D92 (2020) [Pubmed]

Notes: family:bZIP

Length: 133

Computational &
Structural Biology

Pfam Domains:

Sequence: 1M GIDDDERKRKRKLSNRESARRSRMRKQQRLDELIAQESQMQEDNKKLRDT 60

)
{im bold Interface residues) 61 INGATQL? SDNNVLRAQLAELTDRLHSLNSVLQIASEVSGLVLDIPDIPDALLEPW 120
121 QLPCPIQADIFQC
Interface 25,26, 28, 29, 32, 33
Residues:
3D-footprint 1dh3_C, 2dgc_A, 5t01 B

Homologues:

Binding Motifs: bZIP910(1) GATGACGTGGCm
GgrTGCTGACGT
2 GATGACGTGGCm
1 mTGACGT

Binding Sites: 1.1 /MA0096.1.10 / MAD096.1.12 / MA0096.1.14 / MA0096.1.3 / MAD096.1.5 / MADD96.1.8

96.1.2 / MA0096.1.4 / MA0D096.1.6 / MAD096.1.7 /| MAD096.1.9

Similarly, left-clicking on DNA binding motif ‘footprintDB PWM / Consensus’ accession name will
show the DNA binding motif information.

Other data shown are: the source organism(s), Pfam domains, the set of interface residues -which are
the key residues mediating specific DNA recognition-, Blastp E-value and interface similarity score.

b. Find in a selected proteome homologous transcription factors that bind
TF sequences similar to the query

Please follow the steps explained in the former section ‘Find transcription factors with similar
sequences’ until you see the search formulary. The menu ‘Search for homologues in a selected
proteome’ will be available at the bottom of the page. Then follow the same procedure explained in the
previous section. Homologous protein sequences from the selected genome will be shown and they can
be accessed as previously explained.
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