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Transcriptional level control

* Differential gene transcription — the
major mechanism of selective protein
synthesis

* Governed by a large number of proteins
known as franscription factors

* Two functional classes of transcription
factors
— General transcription factors
— Specific transcription factors



General Transcription Factors

Definition: combine with RNA polymerase to form a preinitiation
complex that is competent to initiate transcription as soon as
nucleotides are available

Class II Factors

TFIIA, TFIIB, TFIID,
TFIIE, TFIIFE, TFIIH

TBP (TATA
box binding protein)




Specific transcription factors

* A single gene controlled by many regulatory
sites — bind different regulatory proteins

* A single regulatory protein may become
attached to numerous sites on the genome

* Cells respond to environmental stimuli by
synthesizing different transcription factors

— Bind to different sites on DNA



Control of Gene Expression

* Activation of Transcription

(@)

— Transcription factor

CRE TATA

PKA phosphorylates
CREB

(b)




Transcription Factors Binding Element

* GRE

S’-AGAACANnTGTTCT-3’
3’-TCTTGTnnnACAAGA-S’

— A palindrome
— Two-fold nature is important

— Pairs of GR polypeptides bind to DNA forming
dimers



Predict transcription factor binding element by
bioinformatics tools

Promoter sequence

TF1 TF2 TF3 TF4 >
BAto— L — o
TSS

*Signal Scan
http://www-bimas.cit.nih.gov/molbio/signal/

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

*TESS

http://www.cbil.upenn.edu/cgi-bin/tess/tess?RQ=SEA-FR-QueryS

*PROMO
http://alggen.lsi.upc.es/cgi-bin/promo_v3/pr0m0/promoinit.cgi?dirDB=TF8_8.3

TSS: transcriptional start site



Part 11:

Prediction of Transcription Factor
Binding Sites

How to extract promoter sequence
of gene ?

http://www.ensembl.org/index.html



Ensembl Genome Browser

Login - Register

BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mirrors _

Search. All species | for New to Ensembl?
e.g. BRCAZ2 or rat X:100000..200000 or coronary heart disease Did you know you can
Did you know...?
€2 Learn how to use Ensembl

g ? . Questions?0
with our video tutonals and walk-throughs
Browse a Genome 9 m Check out
our FAQs.

—— ; ) ) €2 Add custom tracks
he Ensembl project produces genome databases for vertebrates and other eukaryotic species, and using our new Control Panel
makes this information freely available online

Click on a link below to go to the species’ home page e? Upload and analyse your data
and save it to your Ensembl account

Popular genomes (Log in to customize this list)

€?) Search for a DNA or protein sequence

Ia _-,,1 Human using BLAST or BLAT
B A Grcha7
N.g
S e? Eetch only the data you want
a  Mouse from our public database, using the Perl API
NCBIM37

€2, Download our databases via FTP
in FASTA, MySQL and other formats

;§braﬁsh
% G €? Mine Ensembl with BioMart

and export sequences or tables in text, html, or Excel format

All genomes Still got questions? Try our EAQs or glossary
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Home

Search Ensembl

Search: Human for
PDKA| f

e.g. human gene BRCAZ2 or rat X:100000..200000 or insulin

Browse a Genome

The Ensembl project produces genome databases for vertebrates and other
eukaryotic species, and makes this information freely available online.

Click on a link below to go to the species’ home page.

Popular genomes (Log in to customize this list)

% g\ 1 Human

NCBI386

. Mouse

NCEIM237

B, Zebrafish

Login / Register | BLAST/BLAT | BioMart | Docs & FAQ

New to Ensembl?

Did you know you can:

e?
Ensembl

€2/ Add custom tracks

e?

e?

User Survey
Learn how to use

Almost 6 months have
passed since the release
of the new website
design. If you have a few
minutes to spare, we

with our video tutorials and
walk-throughs

would love to hear what

using our new Control g ¢
J you think of it:

Panel

Upload your own data ® Take the survey.

and save it to your
Ensembl account

. Search for a DNA or protein sequence

using BLAST or BLAT

i Fetch only the data you want

from our public database, using the Ensembl Perl API

. Download our databases via FTP

in FASTA, MySQL and other formats

Mine Ensembl with BioMart

and export sequences or tables in text, html, or Excel format




et

4 Genes match your query ('PDK1') imman A
= Manage your data
Description inase, isozyme 1 [Source:HGNC Symbol;Acc:8809] [Type: protein coding Ensembl/Havana merge]
Location 2:173420101-173489823:1
Variations Variation Table
Source eb7
PDPK1
Description 3-phosphoinositide dependent protein kinase-1 [Source:HGNC Symbol;Acc:8816] [Type: protein coding Ensembl/Havana merge]
Gene ID ENSG00000140992 s
Location 16:2587965-2653189:1 |
Variations Variation Table
Source eb7
CENPI
Description centromere protein | [Source:HGNC Symbol;Acc:3968] [Type: protein coding Ensembl/Havana merge]
Gene ID ENSG00000102384
Location X:100353178-100418670:1 B
Variations Variation Table
Source e67
C11orf51
Description chromosome 11 open reading frame 51 [Source:HGNC Symbol;Acc:24531] [Type: protein coding Ensembl/Havana merge] >
Q EEEE | ZREST.EH #100% ~

_
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Step 1 : copy and past ENSG ID

Login - Register

; | Downloads | Help & Documentation | Blog | Mirrors _

Human (GRCh37) v  Location: 2:173,420,101-173,489,823 eTIHIb Y|

Gene-based displays
— Gene summary

m

Gene: PDK1JENSG00000152256

— Splice variants (11) Description z : :
~ Siipoortig eNdefice ' pyruvate dehydrogenase kinase, isozyme 1 [Source:HGNC Symbol;Acc:8809]
- Sequence Location Chromosome 2- 173.420.101-173 489 823 forward strand
~ External references Transcripts = This gene has 11 transcripts | 3
~ Regulation
E- Comparative Genomics _
- Genomic alignments Show FallBd entries Show/hide columns _
B Gene Tree (image) -
‘— Gene Tree (text) Name Transcript ID Length (bp) Protein ID Length (aa) Biotype CCDS
— Gene Tree (alignment) PDK1-001 | ENST00000282077 1989 ENSP00000282077 436 Protein coding CCDS2250
] ggr’;‘l’;"%i?(f}zl PDK1.002| ENST00000410055| 2987 | ENSP00000386985 436 Protein coding CCDS2250
Hasupioyes Ul @) PDK1-003 | ENST00000392571 1515 ENSP00000376352 456 Protein coding -
[~ Phenotype PDK1-004 | ENST00000443353 842 ENSP00000399558 154 Protein coding -
i ‘fe\TeF'Ct_"'a”Ta‘LOI" PDK1-007 | ENST00000439519 558 ENSP00000388366 154 Protein coding -
L Mo inisge PDK1.008 | ENST00000416991 699 |ENSP00000339160 229 Protein coding -
— Structural Vanation PDK1-201 | ENST00000543905 1748 ENSP00000438567 360 Protein coding -
& Exgzma' Dlata _ PDK1-202 | ENST00000544863 1338 ENSP00000437502 281 Protein coding -
. Hf;fgga A PDK1-005 | ENST00000436490 571 ENSP00000406608 62 Nonsense mediated decay| -
" Gene history PDK1-006 | ENST00000431718 728 ENSP00000413629 164 Nonsense mediated decay -
3 . PDK1-009 [ ENST00000466437 599 No protein product - Retained intron =
¢  Configure this page _
© Transcript and Gene level displays (3]

€= Manage your data In Ensembl we provide displays at two levels:

I

@ EEEE | SRES Y ®100% ~



BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mirrors

o I

Login - Register

Dataset

Homo sapiens genes
(GRCh37 p7)

Filters

[None select
Attributes

Ensembl Gene ID
Ensembl Transcript ID

Dataset
[None Selected]

e ] Step

Step 2

| Homo sapiens genes (GRCh37.p7)

Step 3

@ AEEE | ZREs B

& 100%

v

m
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Login - Register i

BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mirrors _

[ ow ] oo [ v | XN RN R I

Please restrict your query using criteria below

Dataset

Homo sapiens genes REGION:

(GRCh37 p7) — St ep 1
Filters B .
Ensembl Gene ID(s) [e.g. ] Limitto genes ... with lllumina HumanWG 6 v1 probe ID(s) ~ @ Only
ENSG00000139618]: [ID-list Excluded |z| |

Attributes ™ 1D list limit Ensembl Gene ID(s) [e.g. ENSG00000139618]
Ensembl&ene ID T
: ENSG00000152256 Step 3

Step 2

[None Selected]
[[] Transcript count ==

] Gene type 3prime_overlapping_ncrma
antisense '
IG_C_gene
IG_C_pseudogene
IG_D_gene
|1G_J_gene _ -

] »
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Login - Register

BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mirrors @_

[ ow ] oo [ momu

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

Dataset
Homo sapiens genes © Features ° Homologs
(GRCh37 p7) © Structures T|Variation

Filters © Transcript Event @ |Sequences Step 1

Ensembl Gene ID(s) [e.g. .

ENSG00000139618]: [ID-list CoEn S :

specified] Sequences (max 1)

Attributes R

Ensembl Gene ID foeeme E[}/\[:]/\D“DEI ----- i

Ensembl Transcript ID

m

Flank-coding region (Gene) 5 Unspliced (Transcript) ®5 UTR
Upstream flank [2000] > Unspliced (Gene) ®3'UTR
> Flank (Transcript) © Exon sequences
Dataset Flank (Gene) © cDNA sequences
> Hlank-coding region (Transcript) © Coding sequence
[None Selected] @ Hlank-coding region (Gene) Step 2 @ Protein
tream flan W
@] Wpstream flagk 2000 S te 3 | 4
Downstream flank p
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BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mirrors

[ Now | @ count

Login - Register

X I O

' Structures Variatior? 7
Dataset 1/57945 Genes ﬂ © Transcript Event @ Sequences
OMmo sapiens genes
(GRCh37.p7) 8 SEQUENCES: o
Filters

Ensembl Gene ID(s) [e.0.
ENSG00000139618]: [ID-list
specified]

Attributes

Ensembl Gene ID

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

Dataset
[None Selected]

Sequences (max 1)

2 Unspliced (Transcript)

> Unspliced (Gene)

> Flank (Transcript)

o Flank (Gene)

> Flank-coding region (Transcript)
@ Flank-coding region (Gene)

Upstream flank
W] Upstream flank 2000

Downstream flank
[C1Downstream flank

'@ Header Information

®5' UTR

© 3 UTR

© Exon sequences
© cDNA sequences
- Coding sequence
@ Protein

 RAEEE| RRES BE

m

#100% -~
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@ o

/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mirrors

Login - Register |

o I Y

Dataset 1/57945 Genes

Homo sapiens genes
(GRCh37 p7)

Filters

Ensembl Gene ID(s) [e.0.
ENSG00000139618]: [ID-list
specified]

Attributes

Ensembl Gene ID

Ensembl Transcript 1D
Flank-coding region (Gene)
Upstream flank [2000]

Dataset
[None Selected]

Email notification to

Export all results to . .
P File v FASTA ~ [ Unique results only

View 10 ~ rows as FASTA ~ [7] Unique results only

GCAGCAAAATTGCAAACAGGGATIGAGGGAGCTGAATAATGCTGTGCATGATAARGTGAC
BAGACTITGGAGCTCAGGGAATAATCTAGAAGGAAGGAGATTAGAAAGGAGGAGGCAACC
TGAGAGGCTGGGGTAGAGCTGTGGAAATGTITCGAGGGACTATTITAAGAATGTGTAATAT
TCAACTTARAATTGITITCTICTTICCAACTTAGGTCCCGCAGAAGAAGGGTGGGAAGAR
GAAGGGGGCCATTCAGCCATCAATGAGGTGGTGACACCATCAACATTICCCAAGCACATCC
CATTGAAACGGACTTCAGGAAGTGTGCCCCTCGGGCACTCAGCAAAGATATCTGGAAATT
TGCCAAGARAGAGATGGGCACTCCAGATGCGCATACTGATACCAGGTITGACAAAGCTGT
CTGGCCAAAAGAATAATGTCCCATACGGTATCCACATGTGGTTGTCCAGAAAAACATAAT
GCGAATGAAGATTCACTGATATGTGAAAGGAARATATCACGGGCCACAAAATCACTGAGC
TAAAGGGARAATTCAAGCTGGGAACTGCTCAAGGCAAACCTGCCTCCCATTCTATTICAAA
GTCATCCCTCTGCTGAGACAGATGCATATCTGATTGCTICCTIGGGARAGGCTTATCAGA
AACTCCAAAGACTGCAACCATTIGTCTCTCACCTACTTATAACCTGGAAGCCTICCTCCC
TGCTTCAAGTIGTCCCACCTITCCGGCAGGAACCAATGTACTICTIGCATATAGATTIGAG
GTCTCCTGTCTCCCTGTATAARAACCAAGCTGTICACCCCTIGGGCACGTGTTICTCAGGAC
TTCCTGAGGCTGTGTCACGGGCACGCATCCTCAACCTIGTCAAGATARACTTITATACATT
BACTGAGACTTIGTCTCAAACTTTCGGAGTICACAARACTATGTACCCGTTACACTTICTA
BAACCAACAGTCAGTGTGGGAGAACTGCTGATACTCGAATACATCAAATAGTTATALAAC

ik L

@ AEER | =RER.EE

>ENSGO0000152256 | ENSTO0000544863 ;ENSTO0000543905 ; ENST00000466437 ; ENSTO0000416991 ;ENSTO0000439519 ;ENST0000028 ~

m

-

®100% ~
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Signal Scan

— | r— ‘ http:fithr cit nih govimolbin/signal! Google o
Y

s Ty ' L o
S LR >

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

WWW Signal Scan

Function: Find and list homologies of published signal sequences with the input DN A sequence.

The analysis is done using the SIGSCAN Version 4.05 suite of programs developed by Dr. Dan Prestridee, Information
on SIGSCAN is maintained at the Advanced Biosciences Computing Center, University of Minnesota.. This WWW Signal
Scan is based on WER version implemented by: Meena Sakharkar at Biocomputing Research and User Support
Technology Group, National University of Singapore.

IMSF*&*C_"J Signal Database source ( Use this form for [MD Signal Search )

Select signal classes to scan (at least one):

§r§Mammal ™ Bird T Amphibian ™ Prokaryote [ Virus {7TRANSEAC ondv)

[ Inocact [T Plant T Other Eularoatas C Vaaot ZTEF) Amled

http://www-bimas.cit.nih.gov/molbio/signal/




hittp:#fthe cit nih. gov/molbiofsgnalf

I EE VJI_EE:E-E v‘]

IMSFM:" ~ | Signal Database source ( Use this form for IMD Signal Search )

Select signal classes to scan (at least one):
~ Mammal| ™ Bird ™ Amphibian I Prokaryote ™ Virus (TRANSEAC only)
I Insect I Plant I Other Eukaryotes [ Yeast {(TFD onlv)

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):

TGGGACAATAGTTACCCATTGTATTCAAAAGTAATGAAAAACTAATAAAGTGCAG .-..
ATAGGALLAAATTAATTTTAGCCAG =
AAGATACATGAAACATGTCAGCAGATACACGTGTGCCAGTCTGTAAAGCAAGACT
ACTTTTTGGTTCAGCCCTATTIGTG

IGTTTGTC AT T T AC T TAT TG T IGG T TG T ICCAGAATTTAGGAAGT TACTAGT
AACTTTGCAAGGCTAGTTCAGGCAG \_\

vV Echo input sequence (generally recommended) copy & o aste

sy | Credits: WWW inplementation by Robi Hart & Rao Barasa
|
If you use this program in published research, please cite:




Luvee ~] [ ees ~] hittp :#thr
GT-1 slte
HITE2 fact
HITF2 fact
H4TF-1 fact
HATE -2 fact
HATE -2 fact
HATE -2 fact
HATE -2 fact
HNF - 1 fact
HNF -2 fact
II site
input.seq: 2000 base palrs
IRF-2 fact
LF-4l fact
LF-4l fact
LF-4l fact
LF-4l fact
MAZ fact
myogenln fact
myogenin fact
NF-1 fact
NF-1 fact
NF-1 fact
NF-1 fact
NF-1 fact
NF-1 fact

T y )

1065 { -) nnCCACCnnnn
1219 (+) CCAAT

178 {-) CCAAT

208 (+) GATTTIC

1269 (+) GGTCC

1514 {-) GGTCC

389 (+) GGTCC

751 (-) GGTCC

673 (-) ATTAAC
580 (+) GTTIGTTIT
767 (-) CTGGTCAG

453 (-) AAGTGA
1770 (-) GGGCA
334 (-) GGGCA
565 (-) GGGCA
713 (+) GGGCA

1818 (-) GGGAGGG

710 (-) TGCCCTTG
780 (-) TGCCTGG
1219 (+) CCAAT
178 (-) CCAAT
1052 (+) GCCA
1066 (-) GCCA

115 (+) GCCA
1158 (-) TCCA

cit nih govic gi-binfmolbio/signal

R03492 BioBase Login
RO0D660 BioBase Login
RO0660 BioBase Login
RO0D680 BioBase Login
RO0D631 BiloBase Login
RO0681 BioBase Login
RO0681 BioBase Login
RO0D681 BioBase Login
ROD436 BiloBase Logln
RO4324 BioBase Login
R0O3193 BioBase Login

RO0D917 BioBase Login
RO1171 BioBase Login
RO1171 BioBase Login
ROI171 BioBase Login
ROI1171 BioBase Login
RO2306 BioBase Login
RO0D0O1S BioBase Login
RO0O0D18 BioBase Login
RO1543 BioBase Login
RO1543 BioBase Login
ROI681 BioBase Login
RO168]1 BioBase Login
RO1681 BioBase Login
RO1685]1 BioBase Login

Goo

requlred
required
requlred
requl red
requlred
requlred
requlred
requlred
requlred
requl red
requlred

requlred
requlred
requlred
requlred
requlred
requlred
requilred
requlred
requlred
requlred
requilred
requl red
requl red
requlred
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TFSEARCH

Letagacaleaggeaaatlcs
gatetgcgtgeagttigatty

idgatgatbicecagegeagactlaacgactegaies

aggateac
N canZgeaagigegy

TFSEARCH: Searching Transcription Factor Binding Sites (ver 1.3)

® Notice to TFSEARCH users
® TFFACTOR (sorted by mol.weight. partial)

N0 2946009

% Help

Enter a label for the sequence:

A Q@ EREE | ZREE B #100% ~

22
http://www.cbrec.jp/research/db/TFSEARCH.html
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TESS String search

B TESS - String Search Page

Home AnGEL CRM Searches Site Searches Query Databases Other Stuff
GuideRecall SearchCombinedStringsFiltered Strings

‘Welcome

5811491 6Need help? Check our FAQ page then please send questions and comments to TessMaster@cbil upenn edu.

Please see this announcement for important information about site searches performed between early July and December 17, 2007.
What potential transcription Input

factor binding sites are there it £y10,- 1110 minimal information needed to submit ajob to TESS.
my sequence”?

own sites or PWMs.

DNA Sequence(s):

(text)

Length of time to store results of the job: week

Your email address:

(string)

End of Minimal Parameters

K

Use this form to enter your Title: my sequence {£ext)

g;\i;zqum;;;;f:it\::: . You may submit multiple sequences in this window. Each sequence can have a maximum length of 2000[bp]. The sequences must a total length less than 100000
; " bp/.

to match against your [%p]

sequence and/or enter your a

m

http://www.cbil.upenn.edu/cgi-bin/tess/tess33?RQ=SEA-FR-QueryS

23



PROMO

Go gle | -ess string search v *J Search - | More»

@! = | 1253 string search

e ZQ-O0-2-H-8-8-0-9P-8-B-@8

@ |55~ | Gmail - What's new for 'C... | €} Ensembl genome brows... | @ ALGGEN - PROMO

- B -

€

shih-Jay Lin

SR
+ &

DB v & v [>BRP) > GIEO Y

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 spedies

« SelectSpecies
« SelectFactors

« ViewMatrices
m
« MultiSearchSites

. HeIQ

Transcription factors See
information on the
transcription factors from
TRANSFAC.

i3

-

m

PROMO HOME PAGE

PROMO is a virtual laboratory for the identification of putative transcription factor binding sites (TFBS) in DNA
sequences from a species or groups of 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.

If you use the results in your research please cite:

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

Doménec Farré, Roma Roset, Mario Huerta, José E. Adsuara, Lloreng Rosell6, M.Mar Alba, Xavier Messeguer. Identification of

patterns in biological sequences att

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

mbam O

set.

Q@ BEER | RIS BE

P and MALGEN. Nucleic Acids Res, 31,13, 3651-3653, 2003.

+ 100%

-

m
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®E

REFE—ENRE BB ER 54 Epromoter & & 7T #%
CREB#H# ? i 5§ Ecore & flanking sequence -
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Predict transcription factor binding element by
bioinformatics tools

Promoter sequence

TF1 TF2 TF3 TF4 >
BAto— L — o
TSS

*Signal Scan
http://www-bimas.cit.nih.gov/molbio/signal/

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

*TESS

http://www.cbil.upenn.edu/cgi-bin/tess/tess33?RQ=SEA-FR-QueryS

*PROMO
http://alggen.lsi.upc.es/cgi-bin/promo_v3/pr0m0/promoinit.cgi?dirDB=T2F6_8.3

TSS: transcriptional start site



How to predict potential target gene of TF
TF3 in whole genome scale?

A
Gene A

NN TSS
\ N
\ \\ -
Gene B
\ \ TSS
\ \
A T
\ Gene C
\ _ TSS

\ .
~ - | >
Gene ? 27



Part 111:

Whole Genome Search of
Transcription Factor Regulated
Candidate Genes by Profile Hidden
Markov Model

NCEU Bioinformatics Center

28



Identity transcription factor binding sites

 Consensus search
* Position Specific Scoring Matrix (PSSM)

e Hidden Markov Model

29



Consensus

HT database
3582 genes

Sequence specificity:

FINDPATTERN on GCG
<(N){,1000}CACGTG

475 genes
Location:
E-box in 5" UTR
50 genes

l Evolutionary conservation:

12 genes

E-box present in an ortholog

30
Gene 292 (2002) 91-99



PSSM (TRANSFAC)

A multiple alignment based motif/domain/element

ACA|l---lATAQG
T CA|IACTIATC
ACA|IC--lAGC
AGA|l---lATC
ACC|IG--IATC
1st2nd3
A S8 0 .8
G 0 20
— [.ength of cap?
C 0 .8 .2 5 4P
T 2 0 0

Computational Methods in Molecular Biology, p45-63. Elsevier, 1998.

31



Hidden Markov Model

A multiple alignment based motitf/domain/element

ACA---ATG
TCAACTATC
ACAC--AGC
AGA---ATPC
ACCG--ATOC
C
Cmm4
Gm2
Tm2
A w5 10A i Ai.s4 A—EHUA 10A
N o o N
Tm2 L L] T T — T




OH

17b-Estradiol /(I?j

* an estrogen, principal female sex hormone,
produced in the ovary, responsible for
secondary female sex characteristics

33



Pathway of the Estrogen Receptor (ER)

Target cell

34



Estrogen Response Element (ERE)

Steroid Receptors

palindromic

— ——

GGTCANnNnnTGACC
CCAGTnnnACTGG

35



The Binding Element Searching Tool
(THE BEST)

e Users could 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



Motivation

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

alignments

Literature search

( promoter activity ~ gel shift assay ~ ChIP )

37



System modules
Hidden Markov Model based search tools: HMMER?2.2g

Promoter 1

Ensembl
DB

|
I I
I I
|
| . 'HMMER2.2g
I I
R Build <
| L
: EnsMart vlv
I ' Calibrate
I I
| ' l
: Promoter : > Search
I I

sequence

38
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info " kA

NCKU Bioinformatics Center . | 3,__ 9
B H (Home ) | it ( Introduction) | &5 IRE5 ( Service ) | HFAFHE( Rﬂsoum ) | RS (Links )IERE S ( Contact )
OFREE '.?ect.or MTI

TEMER 8 F & N\
AR JEES EERSHAE WT - NCKU BLAST

—T—— NCKIT 8NP Database

[EAR SR Repeat Masker Server

@ SYpEma
@ £ ETEER TheBEST
@ 5Tk

@ BHLL

@ EietE LA RMEIE LaIEA
@ 5T EYIEHEER

@ B E S aw

=

@ LIS LTS A

@ ZEmEE

@ EYEAERE E e

@ HEREARER

@ BAHEYIERS TR A

DIEER N

@ SN E AT E R R E S (Vector NTD)
@ JEMBOSSEBE# & 518

@ AB] P00iEREEEEH R P B e

._ME‘T*J*“_%WE”—LEF u ° 'J pyright by NC }'TEul informatics Center PI I'Z?.' FOVEmIOEt 2 2003 uJ.l Rights Reserved.
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NCEKU Bicinformatics Center

Introduction Start My Result

.| Enter a set of sequences |

inding Yeslement

a |

earching Yool

Logout

FASTA format:
=vit-ERE

CGTCAGGTCACAGTGACCTGATG

=fos-ERE

ATCCAGGTCACC ACAGCCCAGGT
=jun-ERE-1
CTGAAGCAGAGCATGACCTTGAL

Or upload a file in FASTA:

b. | I'want using my pre-aligned seq. in MSF format:
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Z9

ENSGO0000138061 TGCCATCCTTC
ENSGO0000160182 treecdaccece

= ENSG00000087510 ireacdcceaTT

N“ Il | ["j;|' e '- § ENSG00000115944 ircacdccceee
A\ D I‘II] ‘ ENSGO0000085465 ITGACTICTCATA
ENSGO0000147654 treacdrereee

ENSG00000117984 TGACHCCGCGE

: . ENSG00000164362 TGATCQTCAARA

Indlng ENSG00000135744 treacdceecce

ENSGO0000118777 treacdcTacec

Introduction Start My | enscooooo171105 TGECACAGAGA

STEP 1. Multiple Sequence Alignm

9'7
Donel
View result of multiple sequence alignment .

@ global in HMM, local in sequence

) multiple local alignments (-f)

() single global alignment (-g)

0 single local alignment (-s)
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& | http://thebest.binfo.ncku.edu.tw/thebest/usr/processfview. php Mdisplay=swos_result

NCEKU E

Introduction Start My Res|

STEP 1. Multiple Sequence Alignment
Done!

View emma result .

STEP 2. Construct and calibrate a HMM
Dane!

View hmmbuild result, hmmecalibrate result, hmmj

Sequence

ENSG00000115944
ENSG00000147654
ENSG00000087510
ENSG00000160182
ENSG00000117984
ENSG00000135744
ENSG00000085465
ENSG00000164362
ENSG00000118777
EN5G00000138061
ENSG00000171105

Domain seqg-f seqg-t
1/ 6 25
1/1 6 2o
1/1 & 25
= 17 | 6 25
i/1 6 25
171 6 25
1/1 3 25
171 & 25
1/1 6 25
1/1 6 25
173 & 25

Alignments of top-scoring domains:

ENSG00000115944:

ENSG000001

ENSG00000147654:

ENSGO00001

domain 1 of 1,

*_-»aggtcagggtgaccccga.g<—*

from 6 to 25:

[ —

(S

b bl

hrom-£f hrm-t

L o T T S S S R iy Sy oY

+ggtca ggtgaccoc+++g
6 GGGTCAAGGTGACCCCCGaG

domain 1 of 1, from 6 to 25:

*->aggtcagggtgaccccga.g<—*

+ggtcagggtgacc+c ++g
6 GGGTCAGGGTGACCTCTGgG

f—

e e [
0w W W I

[l L | r— L} - L | [ ] Lo } L

[ e o b B L L o L b

score 9.2,

25

score 7.5,

25

E

E

0.0018

0.0045

E-value

sets T bit threshold (globT) to

] Huma
8 ] Mouse

] Rat

Because this step needs some time to complete, please remember vour account:

a26pspivpv”

for

LT AR AR
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NCEKU Bioinformatics Center

Introduction Start My Result Logout

Enter your account:

[a26pspivoy”
T |

Practice account: hedpqst3oh
- 43



NCEU Bioinformatics Center

a |

inding Weslement wPearching Yool

Introduction Start My Result Logout

Select:
& Human -
-

MMMMM

BACK | NEXT

=
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Sections of Result Access

Human menu:

a.

View all GO Clustering

b.

Field searching

you can use " or -

Gene Description: \
GO Description:

.| ENSG searching

ENSG list:

.| AFFY ID searching

AFFY 1D list:

| BACK

J\

J

J \

See raw data or cluster result by gene
ontology term (level :3)

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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Gene Ontology clustering

Gene Ontology Clustering :

By GO, user annotates TF-regulated
Please Check the type : targets and has an insight in biological
[ Molecular Function |l Biological Process [] Cellular Component  function of predicted transcriptome.

fertilization Click for the details of genes in this category
0.33% [14 /4262] [genes in category [ total annotated genes]
ENSG00000104450 ENSG00000146839 ENSG00000116996 ENSG00000187191 ENSG00000111254
ENSG00000118245 ENSG00000158806 ENSG00000113552 ENSG00000104755 ENSG00000103310
ENSG00000004809 ENSG00000140545 ENSG00000149506 ENSG00000164078

reproductive organismal physiological process
0.33% [14 /1 4262] [genes i category [/ total annotated genes]
ENSGO00000102755 ENSG00000112782 ENSG00000180914 ENSG00000182752 ENSG00000084636
ENSG00000104870 ENSG00000162244 ENSG00000145708 ENSG00000083782 ENSG00000101405
ENSGO00000087460 ENSGO00000087494 ENSGO00000007866 ENSG00000189231
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NCEU LBioinformatics Center

inding Yeslement

Introduction Start My Result

earching Yool

Logout

Human menu:

a. | Wiew all

b. | Field searching

you can use " or -
Gene Description: I Stﬁf{

GO Descrigtion: |

ENSG list:

o

d. | AFFY 1D searching

AFFY 1D list:




Toinformatics Center

inding Yeslement ing

Start My Result Logout

EMSG ID

ENSGO0000153433

Gene

STARDY

Gene Description

- StAR-related lipid transfer protein 9 (StARDS) (START domain- containing protein 9) (Fragment).
[Source:Uniprot/SWISSPROT, Acc: Q9P2PE]

ENST Hit Seq. Position Orientation
EMSTOO0D0Z290607 I 0.8 I ACCTCAGAATCACCTTGCT -1297~-1279 forward
ENSTOO000290607 I -4.8 I AGGAGAAGCTGACCCTCTT -1178~-1160 reverse
AFFY ID
227108 _at
B0454_at

Hs.173871.0.51 3p at
GO Characterization

InterPro Characterization
IPREO02913 Lipid-binding START




Hypoxia induces promoter activities
of PDK1 and PDK3

(B) PDK1 PDK2
1250+ 200 D N
or
Il Hypo
E a 10004 E s 150+ Hy
22 g
Se 750 32
E 2 g .g 100
- | ©
£ E 500 %‘, £
(A) it 18 =
+24 +41 _
PDK1 M@ 0 0
i 1.
1326 8 +93 PDK1_  PDK1_ pGL3 PDK2
-114 mHRE1 mHRE2
PDK2 q HRE
-1321 14 +92
236 -219 ,
PDK3 M_
1121
PDK3 PDK4
200+ 200
PDK4 ’ﬁ@_ 1 Nor N [ Nor

-1207 +174

Il Hypo Il Hypo

TH 1501 T @ 150
core HRE RCGTG & o 2a
Q T =

mHRE RAAAG 88 100 & 9 100
2's S
5 E g E

32 s 38 s

0 0

pGL3 PDK3 WPDK3_mHRE pGL3
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Hypoxia-repressed DUSP2 expression is mediated
by predicted HRE

A

Fold over
pGL3-basic

-998

ENSG ID

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
ENST00000288943 0.9 GCCCCACGTGAGGGGCGG I -117~-100 I forward
TT T G
GCCCCA(I:(I;T(!iAI(EGGGC B HeLa HepSB C H R E D|Stal
= 50 120
q/ HRE — N H N H
17 100 +77 404 1004 -
CNormoxia E=Hypoxia @EBDFO % 30 o % 804
» >
. oo 8 i
I 5 N 204 T M
: g o
201 * als a0 Q. 204
*
I c L ] c )
L N
2 A 2
& &
. S &

WT  Mu-core Mu-flank
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EMNSG ID

ENSGO0000147 465

Gene

oTAR

Gene Description

steroidogenic acute regulatory protein, mitochondrial precursor (StAR) (StARD1). [Source: Uniprot/SWISSPROT, Acc: P49675]

ENST Score Hit Seq. Position Orientation
ENSTOO00027 6449 -3 AGACCAGCATGGCCAACAT -536~-520 reverse
AFFY ID
204548 at
34343 _at
gds07250 3p_at
GO Characterization
Component 00005739 mitochondrion
GO:00058289 lipid binding
Function G0:0015485 cholesteral hinding
GO:.0017127 cholesterol transporter activity
GO:0006700 C21-steroid hormone biosynthesis
Process =
0:0006869 lipid transport

InterPro Characterization

IPRO0Z313

Lipid-binding START

|PRO0OO7 33

oteraidogenic acute requlatory protein
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#| AAPUBMED searchstik @ #% #i #1048 CRE
(cAMP-response element binding site)
#ysequences (F @45 ‘#3 flanking
sequences * #20bp£ A ) ° BAFASTA
format #y ATHE BEST:&E4T4#r > £ 5] 10
{Blcandidate genes
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Example

[] 1:IntJ] Biochem Cell Biol. 2006;38(10):1808-20. Epub 2006 May 17.

Cyclic AMP stimulates MEG3 gene expression in cells through a cAMP-response element
(CRE) in the MEG3 proximal promoter region.

Zhao J, Zhang X, Zhou Y, Ansell PJ, Klibanski A.

Neuroendocrine Unit, Massachusetts General Hospital and Harvard Medical School, Boston, MA 02114,
USA.

MEG3 is a human maternally expressed gene that potentially acts as a non-coding RNA. Our
laboratory found that a cDNA isoform of MEG3, MEG3a, inhibits cell proliferation. MEG3 is highly
expressed in the normal human pituitary but not expressed in clinically non-functioning
pituitary tumors, suggesting that this imprinted gene may be involved in pituitary
tumorigenesis. Previously we demonstrated that hypermethylation of the MEG3 promoter
region is associated with the loss of MEG3 expression in pituitary tumors, potentially by
blocking the binding of transcription factors to their cis-elements. To further investigate the
cis- and trans-factors that are important for the regulation of MEG3, we have charactenzed
the human MEG3 promoter. A single transcription initiation site was identified by 5' RACE. Up
to 5kb of the 5'-flanking region of MEG3 gene was cloned into a reporter plasmid. Deletion

and mutation analysis_ suggest that a cAMP response element (CRE), located between -69
and -49 of the MEG3 proximal promoter region, is critical for promoter activity. Consistent with

this finding, Northern blot analysis demonstrate that elevated intracellular cAMP levels
stimulate MEG2 expression in human fibroblasts in culture. Furthermore, gel shifting, ChIP
analysis, and co-transfection experiments show that CREB directly binds to the CRE site and
stimulates MEG3 promoter activity. Therefore, MEG3 is a downstream target gene of cAMP.
Together with the anti-proliferative function of cAMP, our data suggest that MEG3 may
Interact with the cAMP-dependent signaling pathway to be involved in the control of cell
proliferation and other cAMP-related physiological functions.

PMID: 16793321 [PubMed - indexed for MEDLINE]



