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Part I:
Basic Concept
of Gene Regulation

Part Il:
Prediction of
Transcription Factor Binding Sites

Part lli:
Whole Genome Search of Transcription

Factor Regulated Candidate Genes by
Profile Hidden Markov Model



The Central Dogma
of Molecular Biology

DNA

l Transcription

RNA

l Translation

Protein



Transcriptional Regulation

 Differential gene transcription — the major
mechanism of selective protein synthesis

 Governed by a large number of proteins
known as transcription factors

 Two functional classes of transcription
factors
— General transcription factors
— Gene specific transcription factors




General Transcription Factors

Definition:
bind with RNA polymerase to form a pre-initiation complex
only to a weak extent

Class Il Factors

TFIID, TFIIA, TFIIB,
TFIIF, TFIIE & TFIIH

TBP (TATA box binding
protein)




Gene specific
transcription factors

* Multiple regulatory sites existed in a
gene’s promoter — bound by different
regulatory proteins
— N-to-1

* A single regulatory protein recognizes
numerous sites in the genome

— 1-to-N

« Cells respond to environmental stimuli by

synthesizing different transcription factors
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Control of Gene Expression

» Activation of Transcription
— Transcription factor

(_:_!_3!1/[:_3_3:00 binding
'Ser109, Ser111,Ser114,, .+ __ 'Serl42,.
Ser117,5er121 ~ iSer133 . Ser143
CREB QIO @ ¢ ;
N( (Q1 [ SR Q2 ( T bzZIP (] ()c
Z TN :
ATM  PKA, CaMKIl s
PKC

DNA binding domain

Nature Reviews Molecular Cell Biology 12, 141-151



Control of Gene Expression

» Activation of Transcription
— Transcription factor

PKA phosphorylates
CREB

Molecular Biology, 15t Ed, Robert F. Weaver



Transcription Factors
Binding Element

« Example: GRE
— Glucocorticoid Response Element

5’ -AGAACANNNTGTTCT-3’

3’ -TCTTGTNNNACAAGA-5’

— A palindrome
— Two-fold nature is important
— A pair of GR polypeptides binds to DNA



Predict transcription factor binding element
by bioinformatic tools

Promoter sequence

TF1 TF2 TF3 TF4

TSS
« Signal Scan

— http://Iwww-bimas.cit.nih.gov/molbio/signal/

« TFSEARCH
— http:/lIwww.cbrc.jp/research/db/TFSEARCH.html

 PROMO

— http://alggen.Isi.upc.es/cgi-
bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
TSS: transcriptional start site
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Part Il:
Prediction of
Transcription Factor Binding Sites
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First thing first !

How to extract promoter
sequence of a specific gene ?

http://www.ensembl.org
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Web-based tools used today

| ENSEMBL & BioMart

— Gene ID & sequence retrieval

* | Signal Scan
— Position-Specific Weight Matrix-based (PSWM)
— http:/lwww-bimas.cit.nih.gov/molbio/signal/
| TFSEARCH
— PSWM-based
— http://lwww.cbrc.jp/research/db/TFSEARCH.html
| PROMO

— PSWM-based

— http://alggen.lIsi.upc.es/cgi-
bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3

The BEST
— HMM-based

13
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Ensembl Genome Browser

http://lwww.ensembl.org/ DDBJ - Japan

eukaryotic genomes.

NCBI - USA

Ensembl is a joint project between EMBL - EBI and the Wellcome Trust Sanger Institute to siisdts
, e . : EMBL-EBI :
develop a software system which produces and maintains automatic annotation on selected

Login/Register

ASIA
BLAST/BLAT | BioMart | Tools | More v €}~ Search all species... Q

Search: [All species =] for

e.g. BRCA2 or rat X:100000..200000 or coronary heart disease

Browse a Genome ENCODE data Variant Effect
in Ensembl Predictor
The Ensembl project produces genome ENCODE

databases for vertebrates and other 71| . ’e" 4
eukaryotic species, and makes this W
information freely available online.

Popular genomes
Gene Find SNPs

Human Mouse expression in and other
GRCh37 GRCm38 different variants for
ticscsues myv cdene

What's New in Release 73

(September 2013)

e New search engine using Solr

e New species: Duck (Anas
platyrhynchos) and Flycatcher
(Eicedulla albicollis)

¢ Updated patches for the human
assembly (GRCh37.p12)

Full details of this release

More release news on our blog —

Latest blog posts

e 04 Sep 2013: Ensembl 73 has

hAaam re lanesnddl




ASIA

BLAST/BLAT | BioMart | Tools |

More v

Login/Register

Search: |Human
Al species

Favourite species

Mouse ,
Browseé “Zebraflsh 2 .

Alpaca

The Ense anole lizard

database armadillo

eukaﬂ@ﬂlgushbaby

informatiq C intestinalis
C.savignyi

Popular caenorhabditis elegans |
Cat
Chicken 5
Chimpanzee
Chinese softshell turtle
Cod

% ' Coelacanth ;j

Zebrafish
Z‘J'g

< | oainto customize this list

for PDK1

ENCODE data
in Ensembl

NGz

Gene
expression in
different
tissues

0\1:‘) r

92"

Wre

Retrieve gene
sequence

UL TOTOL VLT

0000 or coronary heart disease

Variant Effect
Predictor

- le. [P

Find SNPs
and other
variants for
my gene

CTIMTATACATIC

Al BalALALLL

CRTRAAAGTCTT

Compare
genes across
species

What's New in Release 73
(September 2013)

e New search engine using Solr

e New species: Duck (Anas
platyrhynchos) and Flycatcher
(Ficedulla albicollis)

e Updated paiches for the human
assembly (GRCh37.p12)

Full details of this release

More release news on our blog —

Latest blog posts

e 04 Sep 2013: Ensembl 73 has
been released!

e 26 Aug 2013: Automatic gene
annotation workshop in Cold
Spring Harbor, 29-30th October

e 21 Aug 2013: New Human
Assembly Coming 15

Go to Ensembl blog —



2. Go to BioMart

Login/Register

ASIA

BLAST/BLAT | | Tools | More v B - Search Human... Q

Human (GRCh37) v

Current selection: LR TG EL A PDK1 “

Sulslerns 61 results match PDK1 when restricted to ‘ species: Human 3¢ |

Only searching Human

ez OF:Younean. (CEnscooooo152256

Gene PDK1 (Human Gene
ENSG00000152256 § 2:173420101-173489823 1

Transcript 21 pyruvate dehydrogenase kinase, isozyme 1 [Source:HGNC Symbol:Acc:8809]
Variafion 3 Variation table « Location = Regulation « Orthologues « Gene free
- : PDK1-006 (Human Transcript)
SOTRAC N = ENST00000431718 2:173420830-173435548:1 [ ENST00000431 71 8
GeneTree 1 ource:HGNC Symbol;Acc:8809]
Locanon . cDNA seq. « Protein seq . Populanon = Protein
Protein Family 3

PDK1-005 (Human Transcript)

ENST00000436490 2:173420355-173429415:1
pyruvate dehydrogenase kinase, isozyme 1 [Source:HGNC Symbol;Acc:8809]
10 25 50 100 Location = cDNA seq. = Protein seq. « Population « Protein
PDK1-007 (Human Transcript)

ENST00000439519 2:173421293-173429801:1
pyruvate dehydrogenase kinase, isozyme 1 [Source:HGNC SymbolAcc:8809]

Location = cbl‘-JA seq. = Protein seq. . Population « Protein _ 16

Standard  Table PDK1-004 (Human Transcript)

Show all results in one page




Login/Register

ASIA

BLAST/BLAT | BioMart | Tools | More v €]\~ Search all species... Q

?
v 2

Dataset |Ensembl Geneg 73

Homo sapiens gepes
(GRCh37.p12)

Filters ‘
[None selected]
Attributes

Ensembl Gene ID
Ensembl Transcript ID

|Homo sapiens genes (GRCh37.p12) v|

Dataset
[None Selected]
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Login/Register

ASIA
BLAST/BLAT | BioMart | Tools | More v €}~ Search all species... Q

Dataset Please restrict your query using criteria below
Homo sapiens genes REGION:
(GRCh37.p12) \
Filters = GENE:
Ensembl Gene ID(s) [e.g. TRANSCRIPT EVENT:
ENS(_'.-‘:00000139618]: [ID-list GENE ONTOLOGY:
specified]
Attributes EXPRESSION:
Ensembl Gene ID MULTI SPECIES COMPARISONS:
Ensembl Transcript ID PROTEIN DOMAINS:
VARIATION:
Dataset
[None Selected]




Login/Register

ASIA
BLAST/BLAT | BioMart | Tools | Downloads | More v €}~ Search all species... Q

' Now | @ Count | B Rosuts

Dataset Please restrict your query using criteria below i
Homo sapiens genes 1ION:
(GRCh37.p11) Bg

Filters ENE:

Ensembl Gene ID(s) [e.g. Limit to genes ... \with ArrayExpress ID(s)

ENSF30000013£18]: [ID-list 2 . gmy

specified] ‘ xcluded J .

Attributes 21D list limit [Max 500 advised] [Ensembl Gene ID(s) [ v@eooooowgeml

ist limit [Max advise nsembl Gene ID(s) [e.
Ensembl Gene lE.) _E_.I_.\I.%FEQ,.Q“Q,Q"Q.;_;2..2;,_.6.
Ensembl Transcript 1D

ENSG00000152256

19



ASIA

BLAST/BLAT | BioMart | Tools

Downloads More v

Login/Register

€1 - Search all species... Q

Dataset

Homo sapiens genes
(GRCh37.p11)

Filters

Ensembl Gene ID(s) [e.g.
ENSG00000139618]: [ID-list
specified]

Attributes

Ensembl Gene ID
Ensembl Transcript ID
Flank-coding region (Gene)
Upstream flank [2000]

Dataset
[None Selected]

Please select columns to be included in the output and hit '‘Results’' when ready

Features
Structures

Transcript Event

= SEQUENCES:

Homologs
Variation

* Sequences

Sequences (max 1)

Unspliced (Transcript)
Unspliced (Gene)
Flank (Transcript)

Flank (Gene)

2

Flank-coding region (Transcri‘

| O Flank-coding region SGenezl

Upstream flank

I v Upstream flank

2000

Downstream flank
Downstream ﬂank\

Protein
3

¥

1

5' UTR

3'UTR

Exon sequences
cDNA sequences
Coding sequence

20



Login/Register

ASIA
BLAST/BLAT | BioMart | Tools | Downloads | More v €]~ Search all species... Q

@ |8 Resuns

Eel result count for the query with any filters app].iedi -]
Dataset|1 / 63253 Genes | Features Homologs
Structures Variation

Homo sapiens genes
(GRCh37.p11)

Filters = SEQUENCES:

Ensembl Gene ID(s) [e.g. Sequences (max 1)
ENSG00000139618]: [ID-list .5 .

o b B

Transcript Event ®© Sequences

Attributes

Ensembl Gene ”? Unspliced (Transcript) 5'UTR

Ensembl Transcript ID Unspliced (Gene) 3' UTR
Flank-coding region (Gene) Flank (Transcript) Exon sequences
Upstream flank [2000] Flank (Gene) cDNA sequences

21



10 min

Login/Register

ASIA
BLAST/BLAT | BioMart | Tools | Downloads | More v €}~ Search all species... Q

Dataset 1 /63253 Genes Export all results to |Fi|]e -| [FASTA:| © Unique results
Homo sapiens genes only
(GRCh37.p11) Email notification to |
Filters ] _
View 10 -| rows as [FASTA - Unique results only
Ensembl Gene ID(s) [e.g. >ENSG00000152256 | ENST00000410055; ENST00000543905; ENST00000282077 ; A
ENSG00000139618]. [ID-list | ccaccAAAATTGCAAACAGGGATTGAGGGAGCTGAATAATGCTGTGCATGATAAAGTGAC
specified] AAGACTTTGGAGCTCAGGGAATAATCTAGAAGGAAGGAGATTAGAAAGGAGGAGGCAACC

Attributes TGAGAGGCTGGGGTAGAGCTGTGGAAATGTTTGAGGGACTATTTTAAGAATGTGTAATAT

TCAACTTAAAATTGTTTTCTTCTTTCCAACTTAGGTCCCGCAGAAGAAGGGTGGGAAGAA
Ensembl Gene ID GAAGGGGGCCATTCAGCCATCAATGAGGTGGTGACACCATCAACATTCCCAAGCACATCC
Ensembl Transcript 1D CATTGAAACGGACTTCAGGAAGTGTGCCCCTCGGGCACTCAGCAAAGATATCTGGAAATT
T s e (R TGCCAAGAAAGAGATGGGCACTCCAGATGCGCATACTGATACCAGGTTTGACAAAGCTGT

CTGGCCAAAAGAATAATGTCCCATACGGTATCCACATGTGGTTGTCCAGAAAAACATAAT
Upstream flank [2000] GCGAATGAAGATTCACTGATATGTGAAAGGAAAATATCACGGGCCACAAAATCACTGAGC

22



Web-based tools used today

« Signal Scan
— Position-Specific Weight Matrix-based (PSWM)
— http:/lwww-bimas.cit.nih.gov/molbio/signal/
- TFSEARCH
— PSWM-based
— http://lwww.cbrc.jp/research/db/TFSEARCH.html
- PROMO

— PSWM-based

— http://alggen.lIsi.upc.es/cgi-
bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3

23



Signal Scan
http://www- blmas cit.nih. gov/molb|0/3|gnaI/

Blolnformancs and Molecular Analysis Section
Computational Bioscience and Engineering Lab, Division of Computational Bioscience
Center for Information Technology, National Institutes of Health




The TRANSFAC database 1s Version 2.5 dated December 1995.

¥

ITRANSFAC -I Signal Database source

Selyt signal classes to scan (at least one):
v Mammal  Bird Amphibian Prokaryote =~ Virus (TRANSFAC only)

Insect Plant ~ Other Eukaryotes Yeast (TFD only)

Display the Results:‘ * grouped by signal by sequence order  mapped to sequence

Please enter or paste a Nucleic Acid sequence to analyze (most formats accepted):
>ENSG00000152256 . COPY &

GCAGCAAAATTGCAAACAGGGATTGAGGGAGCTGAATAATGCTGTGCATGATAAL
GTGACAAGACTTTGGAGCTCAGGGAATAATCTAGAAGGAAGGAGATTAGAAAGGA ’ PAS T E
GGAGGCAACCTGAGAGGCTGGGGTAGAGCTGTGGAAATGTTTGAGGGACTATTTT

'l al Bl

AAGAATGTGTAATATTCAACTTAAAATTGTTTTCTTCTTTCCAACTTAGGTCCCG

hd

CAGAAGAAGGGTGGGAAGAAGAAGGGGGCCATTCAGCCATCAATGAGGTGGTGACT

v Echo input sequence (generally recommended)

submit | reset l Credits: WWW implementation by Robin Hart & Rao Parasa

25






Alternative View on map

I TRANSFAC -| Signal Database source

Select signal classes to scan (at least one):

Y Mammal = Bird Amphibian Prokaryote  Virus (TRANSFAC only)

Insect Plant Other Eukaryotes Yeast (TFD only)

Display the Results:  grouped by signal

by sequence orderl ° mapped to sequencel

GCAGCAAAATTGCAAACAGGGATTGAGGGAGCTGAATAATGCTGTGCATG
(+)unknown R03046

(+)a R0O4014

1

(+)a R0O4014
(-)window 4 R00388
(+)a R0O4014
(=) unknown R01594
(+)a R0O4014
(-)a R0O3684
(=)a R0O4014
(=) TBP R03159
(=) unknown R00603
(=) unknown R0O0604
(-)a R0O3684
(-=)a R0O4014
(=)Spl. ROTOZL
(+) GATA-1 R00597




TFSEARCH
http://www.cbrc.jp/research/db/TFSEARCH.html

Letagacalecaggeaaal Loa
gatctgegtgcagtttgat

“Transcr

ttgttrtg

atLicecagcgeagactila

TFSEARCH: Searching Transcription Factor Binding Sites (ver 1.3)

© Notice to TFSEARCH users
© TFFACTOR (sorted by mol.weight, partial

N 0 3 6 30 7 4 6]

@

Enter a label for the sequence:

Help

| #~

Enter your DNA sequence below (by copy & paste):
Maximum Length : 9,999 b

28




Enter a label for the sequence:

|PDK1 2K Promoter

Enter your DNA sequence below (by copy & paste):
Maximum Length : 9,999 b

>ENSG0000015225¢6

GCAGCRARATTGCRAAACAGGGATTGAGGGAGCTGAATAATGCTGTGCATGATRARAGTGAC
ARGACTTTGGAGCTCAGGGAATRAATCTAGAAGGAAGGAGATTAGAAAGGAGGAGGCAACC
TGAGAGGCTGGGGTAGAGCTGTGGARATGTTTGAGGGACTATTTTAAGAATGTGTAATAT
TCAACTTRARATTGTTTTCTTCTTTCCAACTTAGGTCCCGCAGARAGAAGGGTGGGAAGAA
GRAGGGGGCCATTCAGCCATCAATGAGGTGGTGACACCATCAACATTCCCRAAGCACATCC
CATTGRARCGGACTTCAGGRAGTGTGCCCCTCGGGCACTCAGCARAGATATCTGGARATT
TGCCRAGARAGAGATGGGCACTCCAGATGCGCATACTGATACCAGGTTTGACRRAGCTGT
CTGGCCAARRGRAATRAATGTCCCATACGGTATCCACATGTGGTTGTCCAGRRARRCATAAT
GCGAATGRAGATTCACTGATATGTGARAGGARRATATCACGGGCCACARAATCACTGAGC
TRAAGGGRRARATTCARAGCTGGGAACTGCTCRAAGGCARACCTGCCTCCCATTCTATTCRAA
GTCATCCCTCTGCTGAGACAGATGCATATCTGATTGCTTCCTTGGGAAAGGCTTATCAGA

S Val clalar W 0 Vot Fal adal W Valay 1 il tb ofads el el el Vel o Fal ch o Rk B Vadad vad ad W Vadalal th Udalal el el s

Classification: ‘

- use ALL matrices, ® Vertebrate, * Arthropod, * Plant, "~ Yeast

Threshold score (default:85.0): |

To execute the query, press this button: Exec’

To clear the form, press this button: Clear |

™

29



TFSEARCH Search Result

** TFSEARCH ver.1.3 ** (c)1985 Yutaka Akiyama (Kyoto Univ.)

This simple routine searches highly correlated sequence fragments
versus TFMATRIX transcription factor binding site profile database
by E.Wingender, R.Knueppel, P.Dietze, H.Karas (GBF-Braunschweig).

<Warning> Scoring scheme is so straightforward in this version.
score = 100.0 * ('weighted sum' - min) / (max - min)
The score does not properly reflect statistical significance!

Database: TRANSFAC MATRIX TABLE, Rel.3.3 06-01-1998
Query: PDK1 2K Promoter (2004 bases)

Taxonomy: Vertebrate

Threshold: 85.0 point

TFMATRIX entries with High-scoring:

1 ENSGGCAGCA AAATTGCARA CAGGGATTGA GGGAGCTGAA TAATGCTGTG entry score
——————— > M00101 CdxA 97.9
51 CATGATAAAG TGACAAGACT TTGGAGCTCA GGGAATAATC TAGAAGGAAG entry score
__________ > M0Q147 HSF2 92.9
_______ > M00240 Nkx-2. 90.7
e MO0O100 CdxA 88.5
—————— > M0O0101 CdxA 86.4
________ S M00050 E2F 86.2
Database: TFFACTOR Dated 1998

TRANSFAC database, binding factor information

Release 3.3, Jan 98

E.Wingender, R.Knueppel, P.Dietze, H.Karas (GBF-Braunschweiq)
2,285 entries

30



RESEARCH

. PROMO

A virtual laboratory for the study of
transcription factor binding sites in DNA
sequences.

Factor's species:
All species

Site's species:
All species

* SelectSpecies

e SelectFactors

* ViewMatrices

. I i

+ MultiSearchSites

* Help

PROMO

PROMO is a virtual laboratory for the identification of putative transcription factor binding sites EI' FBS) in DNA sequences from a species or groups o
species of interest. TFBS defined in the TRANSFAC database are used to construct specific binding site weight matrices for TFBS prediction. The

user can inspect the result of the search through a graphical interface and downloadable text files.
PROMO is using version 8.3 of TRANSFAC. ﬁ

Transcription factors See information on thg

transcription factors from TRANSFAC.

i

If you use the results in your research please cite: I RA N S FAC VB ] 3

Xavier Messeguer, Ruth Escudero, Doménec Farré, Oscar Nufiez, Javier Martinez, M.Mar Alba. PROMO: detection of known
transcription regulatory elements using species-tailored searches. Bioinformatics, 18, 2, 333-334, 2002.

Domenec Farré, Roma Roset, Mario Huerta, José E. Adsuara, Lloren¢ Rosello, M.Mar Alba, Xavier Messeguer. Identification of patterns
in biological sequences at the ALGGEN server: PROMO and MALGEN. Nucleic Acids Res, 31, 13, 3651-3653, 2003.

Search for putative sites in your sequence:
step 1.
SelectSpecies: select the species or group of species of interest.

Current factor's species or group: All species
Current site's species or group: All species

Also you can SelectFactors to restrict the prediction to a transcription factor set.

step 2.
SearchSites: input a query sequence to search for potential binding sites

or MultiSearchSites:input a set of sequences to search for binding sites that different sequences share.

Other tools:
ViewMatrices:view details on weight matrices being used.

31
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Web-based tools for practice
ENSEMBL & BioMart

— Gene ID & sequence retrieval

Signal Scan

— Position-Specific Weight Matrix-based (PSWM)
— http:/lwww-bimas.cit.nih.gov/molbio/signal/
TFSEARCH

— PSWM-based

— http://lwww.cbrc.jp/research/db/TFSEARCH.html
PROMO

— PSWM-based

— http://alggen.lIsi.upc.es/cgi-
bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3

10-15 min
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Only searching Human ¥ 7V

120 results match StAR when restricted to | species: Human ¢

STAR (Human Gene)
ENSG00000147465 8:38001167-38008783:-1
Steroidogenic acute regulatory protein [Source:HGNC Symbol;Acc:11359].

Variation table « Location « Regulation « Orthologues = Gene tree

ENSG00000147465

34



Search Promotor Sites

IIS Maximum matrix dissimilarity rate

STRING TO BE ANALYZED

>ENSG00000147465

B ARERSEC O TSGR G SRS ACAGEECC G TARAG TS SARACACTAGGSTGAR
OGRS AR GCC TG T T T T T T T T CCT TP T T T T I T T GCAACAGAGTCTCGCR
TGRS AT S CACCCT CCAAT GRAAT S S TS TCATCTCAGATCAC TSCARCCTCTACCTCS
CAAGTTCAAGCAATTCTGCCTCAGCCTCCTGAGTAGCTGGGATTACAGGTGCCTGCCACT
ATGCCTGGCTAATTTTTGTTT T TTTGTTTTTGTTTTTGTTTTGAGACGGAGTCTTGCTCT
GTCACCCAGGCTGGAGTACAGTGGCTTTATCTTGGCTCACTGCAACCTCTGCCTCCCGGG

TTCAAGTGATTATCCTGCCTCAGTCTCCTGAGTAGCTGGGATTATAGGCATACGCTACCA
CTCOCGGOTAATTTTTGTATTGTCAGTAGAGACGAGGTTTCACCATETTGETCAGGCOTGE

or
FILE TO BE ANALYZED (in FASTA format)

Browse:++ I No file selected.
Submit |

35



B c/EBPbeta [T00581]
Bl 1CF-4E [T02878]

16 NFI/CTF [T00094]
24| HNF-4alphal [T02429]
32 HNF-1A [T01211]

BBl 13R-betal [T00851]
B8 Tr1D [T00820]

56 NF-AT1[T00550]

64 AP-2beta [T02469]

72 MEF-2A [T01005]

B AR [T00040]
B8 NF-E2 [T00557]

B c-Jun [T00131]

O GR [T05076]

B NE-AT2 [T01945]
BBl c-7un [T00133]

33" SREBP-1c [T01562]
B GATA-1 [T00305]

0 c-Myb [T00137]
Bl c-Ets-2 [T00113]

B8 Ap-1[T00032]
73" HNF-3alpha [T02512]

81 Ap-1[T00029]
89% USF-1 [T00875]

B GR-alpha [T00337]

[i6N vDR [T00885]
080 TFIL1 [T00824]
26 PEA3 [T00685

34 LyF-1[T00479]
830 GATA-2 [T00308]
B0l ER-alpha [T00261]

B8 c-Ets-1 [To0111]
66 HNF-dalphal [T00372]

74 | HOXDS [T01426]
820 EBF [T05427]

Bl CAC-binding protein [T00076] °

96 POU2F2 (Oct-2.1) [T00646] fl]l RAR-beta:RXR-alpha [T05420] B8l RAR-alphal [T00719]

104 HOXD10 [T01425]
112 PU.1 [T02068]

88 HoxDo [T01755)

113 HES-1[T01649]

106 HOXDO [T01756]
114 AhR:Amt [T05394]

6 C/EBPalpha [T00108]

14 RXR-alpha [T01345]
B30 c-Jun [T00132]

SRY [T00997]
8 PR A [TO1661]
23 | HNF-4alpha2 [T0:

80N LXR-alpha:RXR-alpha [T05320] 81| VDR [T01369]

B8) ENKTF-1[T00255]
46 C/EBPalpha [T00105]

54 ETF [T00270]
628 MAZ [T00490]
[0 LEF-1 [T02905]
- PU.1 [T00702]

USF2 [T00878]
94 HNF 1A [T00368]

| CREBbeta [T02361]

RelA [T00594]

B8 HNF-3beta [TO10.
YY1 [T00915]
B8l 1RF-1[T00423]
63 | WT1[T00899]
710 TBP [T00794]
8 MyoD [T00526]

87 ATF3[T01313]
B8 :NF-1B [T01950

103 HOXDO [T01424]
i1 TCF-4 [T02918]

18 c-Fos [T00124]

70] so|

100| 110[1

130

ENSGO00000147465

- “-

r 2627

F------------------------

{CTRL + F: CREB-
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.‘ CREBbeta [T02361] | was predicted in:

Sequence TGACGGAG

1155 1162

Dissimilarity 13.45%

RE oqually 036621 ..TGCAACCACTGGGTATTTATTTA
e e TTTATTTATTTAATTTATTTATTT
ATGACGGAGTCTCACTCTGTCGCC
CAGGATGGAGTGCAGTGGCACGA...

Consensus sequence and matrix:

00200003
000300360
02103000
21000300

TRREGRIA

Hl alal >
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ONE gene regulated by multiple
transcription factors

I ERCENG Yol mnd 2

How to predict genes sjn ol
targeted by s|ng|e TF’? regulates

\mulhple genes

J

TF3

??
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Part Il
Whole Genome Search of
Specific Transcription Factor-

Regulated Candidate Genes
by Hidden Markov Model

NCEU Bioinformatics Center

inding Yeslement WJearching Yool



Identifying transcription
factor binding sites

« Consensus (string) search

» Position-Specific Scoring/Weight
Matrix (PSSM or PSWM)

 Hidden Markov Model

>StAR 2000 CRE SEQ.
.. TGCAACCACTGGGTATTTATTTA CON . TGACGTCA
TTTATTTATTTAATTTATTTATTT SITE1: o
ATGACGGAGTCTCACTCTGTCGCC PRED : TGACGGAG

SITE2: A
CAGGATGGAGTGCAGTGGCACGA...
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Consensus Search
— c-MYC as example

HT database
3582 genes (human transcript)

Sequence specificity:
FINDPATTERN on GCG

<(N){,1000}CACGTG
E-BOX
475 genes
Location:
E-box in 5' UTR
50 genes

Evolutionary conservation:
E-box present in an ortholog

12 genes

41

Gene 292 (2002) 91-99
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1ST 2ND 3RD gth
. 8

. 8

0
0
2

PSSM (TRANSFAC database)

A multiple alignment-based motif profiling

0

.2
. 8
0

0
.2
0

?

9
?
?

-==ATG
CTATG
-=AGC
-==ATC
-=-ATG

(1) Gapping is a problem
(2) Occurrence of individual base is
NOT a independent event

42
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Hidden Markov Model
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Pathway of the Estrogen Receptor (ER)

Target cell

14
17B-Estradiol y

OH

Nucleus
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Estrogen Response Element (ERE)

Steroid Receptors

GR
MR
PR
AR

glucocorticold
mineralcorticoid

i

ER

l'.ﬂtl"ﬂgl!ﬂ

palindrome

GGTCANNNTGACC

CCAGTNNNACTGG
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The Binding Element Searching Tool
(The BEST)

* Input:
— A set of seq. or multiple seq. alignment
« HMMER builds hidden Markov model

« Search a local database containing
mouse, rat and human promoter
sequences with GO annotations

46



Motivation

« Search for novel estrogen regulated
genes by known ERE based on multiple

seg. alignment

Literature search
( promoter activity assay,
gel shift assay or ChiIP)

47



System modules

Hidden Markov Model based search tools:

r-=-=-=== 1
Promoter i

Ensembl

DB

HMMER2.2g

Pattern

A

Build <

!

Calibrate

'

[

» Search

ClustalW
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http://www.binfo.ncku.edu.tw/

CATGCATGUAIGLATGUATGUATGCATGCATGLATGLATGUATGUAIGUATGUAIGUAIGUAIGUATGCATGCATGUCATGCATGLCATGLATGLATGLAIGL
CATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGE
;CATGCATGCM’GCATGCATGCAIGCATGCATGCAYGChTGCAYGCATGcATGCATGCATGCATGCATGCATGCAIGCATGCATGCATGCATGCATGCMGC

SERRH),

B H(Home) | fT( Introduction) | AKX HL{REE( Service ) | R EIH( Resources ) | ¥HBH3#E 4L (Links )| & H B =( Contact)

GUATGUATGUATGUATGU® "

NCKU Bwn_:fomrams Center

ORAERE I‘n?Cth NTI
4 TRVEKES Tk N\
NCKU BLAST
NCKU SNP Database
HERE > ATi & Repeat Masker Server
" &4y 3f) TAG Database cility) » S 7
2013/9/6{E" 17 | TheBEST Elag Tt
EHESMETE Cictacore PRIRE 4 T
 FTARRZITR o p 53R B iR
Y o\ . HESTERIE R ZA BB
SN g GBRED * miRDeep LR Dawnload Z R ¢
2013/8/22~9/2 » §¥| GeneSpring
GBRED
[E=R7E]) 4% CLC Genomics Workbench JvEEH HE 2013-08-
21) miRNA prediction

EVIERN A OAF R 2013/8/27( 2 ) B/ THIFS AR TR » b
2013/8/27(=)8:00{% E & FAHRES + 2013/8/27(7)18:00584 1A
EHEE » HHA HElEs R !
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NCEKU Bioinformatics Center

inding Yeslement

Introduction Start My Result ReadMe

earching %00l

The Binding Element Searching Tool is an online genome-wide searching tool.

Users can build up a customized hidden markov model (HMM) via HMMER program by upload or
paste a set of element sequences containing specific transcription factor binding site (in FASTA
format) and use this model to search the multi-species promoter region (human, mouse and rat)
retrieved from the EnsMart system annotated by ensembl project. Results can be further analyzed
by gene function and expression pattern via EnsMart interior linking to Gene Ontology and linkout

to AFFY database.

1,033 Visitors
T .= - “-' o - - S
X Jr <
G e

v .:R. {-0 .

el g 4 |
(-‘Cluslr\la:s" Click to see

© By NCKU Bioinformatics Center, R.O.C. Government 2004. All Rights Reserved
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Introduction Start My Resulit ReadMe

a. | Enter a set of sequences il FASTA format‘

>ENSG00000171105 il
TACACAAGTGRaacTGGCCCAGAGR
>ENSGO0000135744
TAAATAGGGCAtcgTGACCCGGCCE
>ENSGO0000147654 ~|
TTTCCGGGTCAgogTGACCTCIGGE 4

| want using my pre-aligned seq. in MSF format: R | RIREEE

© By NCKU Bioinformatics Center, R.0.C. Government 2004. All Rights Reserved.
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25

CCGATT
CCCGGG
CTCATA
FCTGGG
CCGCGG
TCAAAA
CGGCCG
CTAGCC

CAGAGA

By T« | \N® =& == =
N ‘I l [ 101N I‘ B 1 =nsc00000138061 cTGCC GGTCiGCTGCCCECCTTC
ENSG00000160182 CTGCAAGGTCACGHIGGCCRCCCCG
ENSGO0000087510 ACGCCTGGTCACCHIGACC
TH E ‘ = d' ENSG00000115944 TGCAGHGGTCAAGJHTGACC
In Ing ENSG0O0000085465 TTCTGHGGTCACTJIGACT
ENSG00000147654 TTTCCHGGTCAGGHIGACC
Introduction Start My Result 5
ENSG00000117984 AAGCT GGOQTGACC
R 1 ENSG00000164362 CATGTTYGGTCASGATGATC
View result of multiple sequence alignment ® s " ENSGO0000135744 TAAAT TCETGACC
ENSG00000118777 GTGTCHCGGCAGGJHIGACC
’ . g|gba| in HMM. local in sequence ENSG00000171105 TACAC CTGGCC
T multiple local alignments ()
T single global alignment (-g)
C single local alignment (-s) 3
BACK | NEXT

© By NCKU Bioinformatics Center, R.0O.C. Government 2004. All Rights Reserved.
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Scores for complete sequences (score includes all domains):
Sequence Description Score E-value N
ENSG00000115944 9.2 0.0015 1
ENSG00000147654 7.5 0.0038 1
N ‘ 'I | l;] i ‘- ENSG00000087510 7.1 0.0049 1
</ \ S 4 ENSG00000160182 6.5 0.0068 1
ENSG00000117984 5.6 0.011 1
ENSG00000135744 4.5 0.021 1
ENSG00000085465 3.8 0.030 1
ENSG00000164362 3.7 0.033 1
ENSG00000118777 3.6 0.034 1
Introduction Start ENSG00000138061 2.4 0.067 1
ENSG00000171105 |—0.3 0.3 1
STEP 1. Multiple Sequence Amgrmremm .
Done!

View emmaresult.

l..’

14

STEP 2. Construct and calibrate a HMIM

Done!

Y

View hmmbuild result, hmmecalibrate resul

sets T bitthreshold (globT) to 0.3

hmmsearch with original sequences result. *

L 4

N

*

) Human
a. | L Mouse
| Rat

Because this step needs some time to complete, please remember your accounl"umguUsZpo" Fr

checking yvour result later. After clicking "NEXT" buttion, it's ok to close the browser.

Your mail : |

uoiguls2po

© By NCKU Bioinformatics Center, R.O.C. Government 2004, All Rights Reserved.




NCEU Bioinformatics Center

|
10: [ Winding Rslement

Introduction Start I My Result I ReadMe

earching Yool

Enter your account:

/’\\ N

u 0 1 g u Os 2 po ] © By NCKU Bioinformatics Center . R O.C. Government 2004. All Rights Reserved
.,
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NCEU Bioinformatics Center

B
10: [AWinding Yelement Wearching Yool

Introduction Start My Result ReadMe

Select:
® Human
BACK NEXT

© By NCKU Bioinformatics Center , R.O.C. Government 2004. All Rights Reserved
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Sections of Result Access

Human menu:

a.

View all GO Clustering

b.

Field searching

you can use ™

Lor -

Gene Description:

GO Description:

.| ENSG searching

ENSG list:

| AFFY 1D searchi

ng

AFFY 1D list:

BACK

—

J

See raw data or cluster result by
Gene Ontology term

Retrieving user-known genes

1. By gene name/descriptions ex:
FGF, growth factor

2. By Gene Ontology term/Key
words ex: growth, metabolism

Retrieving subset of result by
known ENSG ID (list)

ex: ENSG00000129991

Retrieving subset of result by
known AFFYMETRIX microarray
ID (list) ex: 205742 at
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Raw data — Table view
NCEU Bioinformatics Center

inding Yeslement Pearching Yool

Introduction Start My Result ReadMe

BACK |

Sequence seqg-f seg-t hit-seqg score E-value orientaiton
ENST00000508455 ENSGO0000197530 4977 4596 GGGTCAARGCTGACCCCGARAgG 9.3 19 reverse
ENST00000512004 ENSG00000187530 4518 4537 GGGTCRAGCTGACCCCGAgG 5.3 19 reverse
ENST00000486088 ENSGO0000241656 1275 1294 AGGTCRAGGTGACCTCGGgA 8.3 33 reverse
ENST00000408417 ENSG00000221344 8 27 CGGTCACGGTGACCCCCRgG 8.2 37 reverse
ENST00000429920 ENSG00000198925 149 168 CGGTCACGGTGACCCCCRgG 8.2 37 reverse
ENST00000446716 ENSG00000198925 1375 1394 CGGTCACGGTGACCCCCAgG 8.2 37 reverse
ENST0000047533% ENSG00000198925 1865 1884 CGGTCACGGTGACCCCCRgG 8.2 37 reverse
ENST00000357972 ENSG00000147041 1417 1436 AGGTCAGGCTGACCCCARARaR 8.1 38 reverse
ENST00000456733 ENSG00000147041 1417 1436 AGGTCAGGCTGACCCCARaR 8.1 38 reverse
ENST00000433814 ENSGO0000185619 3523 3542 GGGGCAGGGTGACCCCCARgC 8.0 40 reverse
ENST00000516383 ENSG00000252192 287 316 AGGTCACTGTGACCCCRALG 8.0 40 reverse
ENST00000475730 ENSG00000215788 298 317 AGGTCAGGGTGGCCCCAARgC 7.9 44 reverse
ENST00000293725 ENSGO0000188868 1746 1765 AGGTCAGGGTGGCCCTGGgG 7.7 48 reverse
ENST000003181e8 ENSG00000188868 1714 1733 AGGTCAGGGTGGCCCTGGgG 7.7 48 reverse
ENST00000390572 ENSG00000211912 1528 1547 AGGTCAGGGTGGCCCTGGgG 7.7 48 reverse
ENSTO00000390571 ENSG0O0000211911 4045 4064 AGGTCAGGGTGGCCCTGGgG 7.7 48 reverse

ol |



Gene Ontology clustering

Gene Ontology Clustering : By GO, user annotates TF-
 Please Check the type requlated targets and has an
[ Molecular Functmn.Bmlogucal Process [ Cellular Component |nS|ght in biological funCtion Of

predicted transcriptome.

fertilization Click for the details of genes in this category
0.33% [14 f4262] [genes i category [/ total annotated genes)
ENSGO00000104450 ENSG00000146839 ENSG00000116996 ENSGO00000187191 ENSGO00000111254
ENSGO00000118245 ENSGO00000158806 ENSG00000113552 ENSG00000104755 ENSG00000103310
ENSG00000004809 ENSG00000140545 ENSG00000149506 ENSG00000164078

reproductive organismal physiological process

0.33% [14 / 4262] [genes in category / total annotated genes)
ENSGO00000102755 ENSG00000112782 ENSG00000180914 ENSG00000182752 ENSG00000084636

ENSG00000104870 ENSG00000162244 ENSG00000145708 ENSGO00000083782 ENSG00000101405
ENSG00000087460 ENSG00000087494 ENSG00000007866 ENSG00000189231
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NCEU Bioinformatics Center

|
10: A Winding Yeslement ing Yool

Introduction Start My Result ReadMe

Human menu:

a. | View all GO Clustering

b. | Field searching 7 \
you can use "" or -

Gene Description: [STAR { S tA R J
GO Deggiiption: I
d

c. | ENSG searching
ENSG list:

Qaarch ]



Introgd iQ Start

1.

My Result

ReadMe

ENSG ID

ENSG00000159433

Gene

STARDS (DKFZp6860248, DKFZp686P19131, DKFZp781J069, FLJ16106, FLJ21936, KIAA1300)

Gene Description

StAR-related lipid transfer (START) domain containing 9 [Source:HGNC Symbol;Acc:19162]

ENST [Score Hit Seq. Position | Orientation
ENST00000333475 0.8 AGTTCAGCCTGACCAACCTG |J-811~-792 reverse
ENST00000333475 29 TGGTCAGGCTGAACTCGAAC [J-806~-787 forward
ENST00000290607 08 AGTTCAGCCTGACCAACCTG [p-868~-849 reverse
ENST00000290607 29 TGGTCAGGCTGAACTCGAAC [J-863~-844 forward
AFFY ID
227108 at
3591076
3591084
GO Characterization

G0O:0005524 ATP binding
Function G0:0003777 microtubule motor activity

G0:0000166 nucleotide binding
Process G0O:0007018 microtubule-based movement

InterPro Characterization

IPRO01752

Kinesin, motor domain

IPR0O00253

Forkhead-associated (FHA) domain
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Hypoxia induces promoter activities
of PDK1 and PDK3

(B) PDK1 PDK2

1250

)
(=1
(=]

1 Nor * 1 Nor
| Il Hypo Il Hypo

]
]
g

‘,.
g

Luciferase/p-gal
normalize to pGL

Luciferase/p-gal
normalize to pGL
=)

o

(A) +24 +41

PDK1 HREI HRE2 Lumferase . |—|i

-1326 e lﬂ *‘-"3 pGL3 PDK1 PDK1_  PDK1_ pGL3 PDK2

mHRE1 mHRE2
PDK2 # HRE

-1321

PDK3 M
1121 PDK3 PDK4

g

200 200
PDK4 ,w 1 Nor * 1 Nor
-1207 +174 I Hypo I Hypo

= 6 1504 = 6 150
core HRE RCGTG oo ae
d’ R i R

mHRE RAAAG ® N 1004 § g 100
&3 &S
s E S E

32 s0d = S 32 so-

—il \

pGL3 PDK3 |PDK3_mHRI pGL3 PDK4
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Hypoxia-repressed DUSP2 expression is
mediated by predicted HRE

ENSG00000158050
Gene

DUSP2
Gene Description

Dual specificity protein phosphatase 2 (EC 3.1.3.48) (EC 3.1.3.16) (Dual specificity protein phosphatase PAC-1).
[Source:Uniprot/SWISSPROT; Acc:Q05923)

ENST Score Hit Seq. Position Orientation
ENST00000285943 0.9 GCCCCACGTGAGGGGCGG l -117~-100 I forward

vy

A Y Hela C HRE Distal

11|
MGTGAGGGGC 50
-998 -117  -100 +77 404
_ * HIF-1a

CJNormoxia E=Hypoxia @EERDFO

O
O T 30-
. B
hd L 8 M 209
ol £ o
D B 20- = 1 S 104
> @© *
o Q * 0
kogg N
O 75 104 xO
= Lg. \\e’o ;\0’0
N
WT Mu-core Mu-flank 62

J Clin Invest. 2011;121(5):1905-1916



®E

« #|H PubMED search (gt » 124 10
12l CRE (cAMP-response element)#)
sequences ( E &, 4 5 # 3 flanking
sequences * &k # 20~25bp £4 ) -
A FASTA format ;A\ The BEST & 47

At 3

10 /8 candidate genes -
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Trends Neurosci. 1990 May;13(5):184-8.

Regulation of cAMP-inducible genes by CREB.

Montminy MR, Gonzalez GA, Yamamoto KK.

Clayton Foundation Laboratories for Peptide Biology, Salk Institute, La Jolla, CA 92037

Abstract

A large number of neuropeptides and neurotransmitters stimulate neuronal cells through the second messenger cAMP. These synaptic signals often cause
profound changes in neuronal function by altering basic patterns of gene expression. Cyclic AMP, in turn, regulates a number of these genes through a
conserved cAMP response element (CRE). Recently, a nuclear CRE-binding protein, CREB, has been shown to bind to the CRE and stimulate the
transcription of cAMP-responsive genes. This article reviews recent progress towards understanding the mechanism by which cAMP modulates the activity
of CREB to stimulate gene transcription.

PMID: 1693237 [PubMed - indexed for MEDLINE]

TABLE I. The palindromic sequence, 5'-TGACGTCA-3’, that is conserved among cAMP-responsive

genes
Gene Sequence
Somatostatin® CTGGGGGCGCCTCCTTGGCTGACGTCAGAGAGAGAG (—32)
PEPCK? TGATCCAAAGGCCGGCCCCTTACGTCAGAGGCGAGC (—74)
VIP? TCCCATGGCCGTCATACTGTGACGTCTTTCAGAGCA (—60)
Parathyroid hormone GGGAGTGACGTCATCT (—65)
Proenkephalin® GGGCCTGCGTCAGC (—87)
«-Chorionic

gonadotropin AAAATTGACGTCATGG (—113)
c-fos? CCGCCCAGTGACGTAGGA (—=57)
Cytomegalovirus

enhancer CCACCCCATTGACGTCAATGGGAGTT (—124)
BLV LTR ACCAGACAGAGACGTCAGCTGCCAGA (—144)
HTLV-II LTR CCACGGCCCTGACGTCCCTCCCCCCC (—162)
Intracisternal A particle CCTCTCCCGTGACGTCATCTGGGG (—86)

# Genes known to be transcriptionally regulated by cAMP.

Boldface type indicates palindromic sequences.

Position of 3’-most nucleotide is indicated in parentheses next to each sequence.

Abbreviations: PEPCK, phosphoenolpyruvate carboxykinase; VIP, vasoactive intestinal peptide; BLV, bovine 64
leukemia virus; LTR, long terminal repeat.
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