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Session 1: Overview of GRNs (Feb 23)
a. Computational Approaches
b. Cis-Element Identification
c. Comparative Genomics
d. Regulatory region variations
e. p53 case study

Session 2: Database Session (Feb 24)
a. Genome Browsers
b. Promoter Analysis, TFBS Search
c. Co-regulated gene analysis



Some Basic Questions....

What is Gene Expression?

It is the ability of a gene to produce a biologically active
protein.

What is a Promoter?

Combination of short sequence elements to which RNA
polymerase binds in order to Initiate transcription.

What is an Enhancer?

Set of short sequence elements which Stimulate transcription.
Function independent of position or orientation.

What is a Silencer/Repressor?

Set of short sequence elements which Suppress transcription.



Different levels of gene regulation
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Points to Remember....

+ Cis-regulators are on the same
chromosome as the gene.

« Trans-regulators are transcription factors
that act on many different genes, on
different chromosomes.

« Transcription factors are proteins with
DNA-binding domains, which bind to
specific DNA sequences.

« Transcription factors usually do not work
alone.




Points to Remember....

»Elementary Units of Transcriptional Regulatory

Regions are Transcription Factor Binding Sites (TFBSs)

or cis-elements.
«»Control Regions

d Promoters
0 Enhancers
1O Silencers
1 Insulators

+»Regulatory output of control region depends on

specific combination of its elements + order and

orientation.
+»@Genes are controlled by several control regions

located upstream or downstream.




In summary....

*** TFBSs or cis-elements are the fundamental units of gene
regulation.

* TFBSs are small nucleotide fragments (usually < 30 bp).

* Regulatory proteins, namely the Transcription Factors
(TFs), bind in a sequence-specific manner to TFBSs to
activate or suppress gene transcription (gene expression).

« Regulatory regions can occur anywhere including the
coding regions and they can be several thousand base
pairs away from the target gene.

« TFBSs are a critical component in gene regulation and that

identification of TFBSs is a central problem for

understanding gene regulation in molecular biology and
genetics.
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Computational Approaches



TFBS Discovery — Computational Search....

Two Problems:
1.Searching for additional members of a
known DNA binding motif (site search
problem) or finding novel target genes of
a TF or TFs and
2.Discovering novel DNA binding motifs in
collections of functionally related

sequences (sequence motif discovery
problem)



TFBS Discovery — Computational Search....

*** Several methods available to search for binding
sites — ranging from pattern search (e.g. scanning
the genome for all occurrences of a specific short
sequence or a known TFBS) to using PWMs.

** Several algorithms available for sequence motif
discovery. Hypothesis: a set of sequences share a
binding motif for functional reasons.

** Recent advances in sequencing have led to the
introduction of comparative genomics
approaches to DNA binding motif discovery —
Phylogenetic Footprinting



TFBS Discovery — Pattern Search - 1

-~ TFBS-1:

Seed or Probe CGCCATATAAGGAGCAGGAA
- TFBS-2:

~ TGGAGTGGCCC

Sequence

— >ATG4C range=chrl:63021391-63022390

Ta rget S e q uence: Cctcccaaaatgctgggattacaggcgtcagccgecgcgcec

tggccaaaaatttccacgttataaaaagcatcttcggaccg
tccttactgctttaggtgacttttctttteccttettttttt

S p eC | fl C p rom Ote I'S tttttttttccccacaaagectegctctaaagtgatetgtg

| ttgtgagaatataggagaaatggagtttggtttccc

O r e n O m e_Wi d e >MAP1LC3C range=chrl1:240229009-240230008
{; gtatggggaacccccacccacccacacacacacacacacat

ctagtgtcaaaagtgatctgtgttgtgagaatataggagaa

SCan atggagtttggtttcccctatgtatgaccagagacccagtt
tcttaactctaaaagcaagatcttggg

¥

Parameters: Specify mismatches, context...
Too many false positives!



>TFBS-1
CGCCATATAAGGAGCAGGAA
>TFBS-2
CGCCTTATATGGAGTGGCCC
>TFBS-3
GACCAAATAAGGCAAGGTGG
>TFBS-4
TACCAAATAAGGGCAGGCTG
>TFBS-5
AGCCATATGTGGACAGATGG
>TFBS-6
CGCCTTCTTTGGGCAGCGCG
>TFBS-7
ACCCAAATATGGCGACGGCC
>TFBS-8
GTCCTTATATGGACTCATCT
>TFBS-9
ATCCTTTTATGGCCCTGTCC
>TFBS-10
ACCCAAATATGGAAATATTG
>TFBS-11
GCCCATATTTGGCGATCTTC
>TFBS-12
GCCCATATTTGGCGATCTTC
>TFBS-13
ATCCCTATTTGGCCATCCCT
>TFBS-14
CTCCCTATTTGGCCATCCCC
>TFBS-15
TTCCTTACATGGTCTGGGGG
>TFBS-16
TTCCATACATGGGCTAAGGG
>TFBS-17
GTCCATATTAGGACATCTGC
>TFBS-18
GTCCATATTAGGACATCTGC
>TFBS-19
GTCCATATATGGGCAGCGAC
>TFBS-20
TCCCATATATGGCCATGTAC

TFBS Discovery — Pattern Search - 2

Z<IOoOWmuLsRZI<ICHooo>r

Description

Adenine

Cytosine

Guanine

Thymine

Uracil

Purine (A or G)
Pyrimidine (C, T, or U)
CorA

T U orG

T, U, orA

CorG

C, T, U, or G(notA)

A, T, U, or G(notC)

A, T, U, or C(not G)

A, C, or G (not T, not U)
Any base (A, C, G, T, or U)




TFBS Discovery — Pattern Search - 2

>TFBS-1
CGCCATATAAGGAGCAGGAA
>TFBS-2
CGCCTTATATGGAGTGGCCC
>TFBS-3
GACCAAATAAGGCAAGGTGG
>TFBS-4
TACCAAATAAGGGCAGGCTG
>TFBS-5
AGCCATATGTGGACAGATGG
>TFBS-6
CGCCTTCTTTGGGCAGCGCG
>TFBS-7
ACCCAAATATGGCGACGGCC
>TFBS-8

GTCCTTATATGGACTCATCTl

>TFBS-9
ATCCTTTTATGGCCCTGTCC
>TFBS-10
ACCCAAATATGGAAATATTG
>TFBS-11
GCCCATATTTGGCGATCTTC
>TFBS-12
GCCCATATTTGGCGATCTTC
>TFBS-13
ATCCCTATTTGGCCATCCCT
>TFBS-14
CTCCCTATTTGGCCATCCCC
>TFBS-15
TTCCTTACATGGTCTGGGGG
>TFBS-16
TTCCATACATGGGCTAAGGG
>TFBS-17
GTCCATATTAGGACATCTGC
>TFBS-18
GTCCATATTAGGACATCTGC
>TFBS-19
GTCCATATATGGGCAGCGAC
>TFBS2203/2012
TCCCATATATGGCCATGTAC

Alignment

Use an IUPAC consensus

CGCCATATAAGGAGCAGGAA
CGCCTTATATGGAGTGGCCC
TTCCTTACATGGTCTGGGGE
TTCCATACATGGGCTAAGGG
GTCCTTATATGGACTCATCT
TACCAAATAAGGGCAGGCTG
GACCAAATAAGGCAAGGTGG
CGCCTTCTTTGGGCAGCGCG
AGCCATATGTGGACAGATGG
ACCCAAATATGGAAATATTG
ATCCCTATTTGGCCATCCCT
CTCCCTATTTGGCCATCCCC
GTCCATATATGGGCAGCGAC
ACCCAAATATGGCGACGGCC
ATCCTTTTATGGCCCTGTCC
GTCCATATTAGGACATCTGC
GTCCATATTAGGACATCTGC
GCCCATATTTGGCGATCTTC
GCCCATATTTGGCGATCTTC
TCCCATATATGGCCATGTAC

instead of a single specific
pattern

NNCCATatwtGGncaksknsn

 False positives

* Need to frame
specific additional
rules (e.g. at which
positions mismatches
are allowed?)
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TFBS Discovery — Position Weight Matrix (PWM)

e TFBS are often modeled by position weight matrices (or
position specific scoring matrices), which is a probabilistic
model that characterizes the DNA binding preferences of a TF.

e Since a PWM is built from a collection of alighed DNA binding
sites that are likely to be bound by a common TF, they offer a
sensitive way to represent the specificity of transcription
factor/DNA interfaces.

1 23 4 5 6 7 8 9 1011121314151617 18 19 20
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False positives: On average, for every 1000 bp, 80-100 TFBS!
What is functional and what is not?
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GRNs — Comparative Genomics: Motivation

Comparative Analysis of Homologous Sequences: After >900 Myrs of divergence essential
functional elements remain conserved! E.g. PAX6: Human Vs Puffer fish (Fugu rubripes)

Mouse Pax6 |-

Fugu_Pax6

Jua Pax6b En |

Jua Pax6b En 2

Xeno_Pax6_Pr >
| A

|
176k .. LRk

| | | | | | | |
160k 162K 164K 166k 168k 170k 172K 174K




meaammmmmmmm Placental mamimal s mm

46 Species

HE Primates

&

—

L

£

L

ol

i

_[

ol

i

Human
Chimp
Gorilla
Orangutan
Rhesus
Eahoon
Marmoset
Tarsier
kMouse lemur
Bushhabhy
Tree shrew
Mouse

Rat
Kangaroo rat
Guinea Pig
Squirrel
Rabbit
Pika
Alpaca
Dolphin
Cow

Horse

Cat

Dogq
Microbat
Megabat
Hedgehog
Shrew
Elephant
Rock hyrax
Tenrec
Armadillo
Sloth
Wallabhy
Opossum
Platypus
Chicken
Zebra finch
Lizard
Atropicalis
Tetraodon
Fugu
atickleback
Medaka

—— Zebrafish

Lamprey

>Quairl Pax6 neuroretina-specific gene
enhancer region
GGTACCTTTTTCCCAGCAGATAGAGCTACATCTGTTGGGT
[TGTAATGTAATTTGTAATTACTGCCCTTCATGTGGTCCA
ATGCCTTGAACCATCTTTAATTAAAAGCATAATTAAGGGA
AGATCTAAAGGAAGACAATTACCAGATGGTCTTTTTTTT
[TTTTTTTTAGAAGCGGTTCGTTGCTCGGAGGGCGCAGCC
CGGTCCGCTTCGGACTCGGCTTAAGGGCCGGAGGGGTCGE
AGAGGGAGGGGGGGGGGGGTCCGAGCCAGGGCTCGEGE

Align to human genome

159/277 bp align with human
genome at 95.0% sequence
similarity!



Human: chr11:31,847,964-31,848,122
159 bp: Highly conserved in almost all of the species

S le S8 bases| |

|
chirii: | Sige455a| Sige4560| Sige457a| Sige455a| G1gea459a| SicedE0a| Gige461 8| Giged528| S1ge4650] S1gad4640| SiSe465a| SiSe465a| SigedE7a| S15e4650| G1ged4590|
—— = AARAAAAAGACCATCTGG TRATTGTCTTTCTT TAGATCT TCCC TTAAT TATGCTTTTAATTAAACGATGGT TCAAGGCAC CGGACCACATGAAGGGCAGTAATTACARATTACATTACAARAC CCGACAGAC GTAGCAGGATCTGCTE GG AAAAAGE TACE

rour Zedquence frrom B1a3T Zesrch

rinretiha—gpeciFic
EefZeq Gepne=s
EefIed Gene=s
Vertebrate MUltiz Alignment & Conservation (44 Species)

b= Flacental Mammal Basewise Conserwation bd Fhy 1oF

Mammal Cons

—d. 5

MUltiz Alignments of 44 YWertebrates

Human AAARAARAAAGACCATCT GG TAATTGTCT TTC TT TAGA TG T TCECC TTAART TATGCT TT TAATTAAAGATGGT TCAAGGCAC CGGACCACATGAAGGGCAGTAATTACAAARTTACATTACAAACCCGACAGAC GTAGCAGGATCTGC TG GG AARAAGG TACE
chimp =AARAARAARAGACCATCT GG TAARTTGTCTTTC TT TAGATC T TC G TTAAT TATGCT TT TAATTAARAGATGGT TCAAGGCAC CG GACCACATGAAGGG CAGTAATTACAAARTTACATTACAARACCCGACAGAT GTAGCAGGATCTGC TGGGAARARAAGG TACE
Goril11a AARAAAARAGACCAT T GG TAARTTGTCT TTC TTTAGATC T TG CE TTAAT TATG T TT TAARTTAAAGATG GT TCAAGGCAC CG GACCACATGAAGGGCAGTAATTACAAARTTACATTACAARACCCGACAGAT GTAGCAGGATCTGC TG GG AAAAARAGG TACE
Orangutan AGAARARAARAGACCATCT GG TAATTGTCT TTETTTAGATC T TCCC TTAAT TATG T TTTAATTAARAGATGGT TCAARGGCACCGGACCACATGAAGGGCAGTAATTACAARATTACATTAC AN MM MMM HM MM MM MHEM MMM ME SN EE SN AN AN
Fhesys —-ARAARAARAGACCAT CT GG TAATTGTCT TTETTTAGATCTTCCETTAAT TATGCTTT TAATTAAARGATGGT TCAAGGCAC CGGACCACATGAAGGGCAGTAATTACAAARTTACATTACAARAC CCGACAGAT GTAGCAGGATCTGC TG GG AAARAAGG TACE
Marmoset ARARARAARAGACCAT CT GG TAATTGTCT TTETT TAGATCT TCCC TTAAT TATGCT TTTAATTAAAGATGGT TCAARGGCAC CGGACCACATGAAGGGCAGTAARTTACAAARTTACATTACAARACCCGACAGAT GTAGCAGGATCTGC TG GG AARAAGG TACE
Tar=siar
Mouse_lemur —ARAARAARAGACCAT CT GG TAARTTGTCT TECC TT TAGATCT TCCETTAAT TATGCTTT TAARTTAAARGATGGT TCAAGGCAC CGGACCACATGAAGGGCAGTARTTACAAARTTACATTACAAARC CCGACAGAT GTAGCAGGATCTGC TG GG AARARAAGG TACE
Bushbakby =AARAAAAARGACCAT CT GG TAATTGTCT TTCTT TAGATCT TCCC TTAAT TATGET TT TAARTTAAARGATG GT TCAAGGCACCGGACCACATGAAGGGCAGTAATTACAAATTACATTACAAAC CCGACAGAT GTAGCAGGATCTGC TG GGAAARAARGGTACT
Tree_shrew =AARAARAARAGACCATCT GG TAATTGTCT TTCTT TAGATCT TCCCTTAAT TATGCTTTTAARTTAARAGATG GT TCAAGGCAC CGGACCACATGAAGGGCAGTAARTTACAAARTTACATTACAAARC CCGACAGAT GTAGC GGGATCTGC TG GG AARARAAGG TACE
Mouse TAARAARAAARGACCATCT GG TAATTGTCET TTC TTTAGATCTTCCC TTAAT TATGCT TT TAARTTAAAGATG GT TCAAGGCACCG GACCACATGARAAGGG CAGTAATTACAARATTACATTACAARAC CCGACAGAT GTAGC GCGATCTGE TG GG AAARAAGG TAGE
Rat TARAARAARAGACCATCT GG TAATTGTCT TTETT TAGATCT TCCC TTAAT TATGCT TTTAATTAAAGAT G GT TCAARGGCAC CGGACCACATGAAGGGCAGTAARTTACAAARTTACATTACAARAC CCGACAGAT GTAGC GCGATCTGCAGGGAAARAAGG TAGE
Kangaroo_t~at|=AAARAAAAGACCATCTGGTAATTGTCTTTHHHHH MM HHHHH MM HHHHH MM HHHHHHHHH N HE NS HE N SN HEE S ESEESEE SN A EEE NSNS ES A ES AN EEE AN AN A NEE AN A NS EEN AN NE A
Guinea_F+i2 =AARAARAARAGACCATCT GG TAATTGTCT TTC TT TAGATCT TCCCTTAAT TATG CTTTTAARTTAARARGATG GT TCACGGCAC CGGACCACATGAAGGGCAGTAARTTACAAARTTACATTACAAARCCCCACAGAT GCAGCZCGCTCTGC TG GG -AARAAGGTA-C
Souirkel TARAARAAARGACC AT CT GG TAATTGTCT TTCTTTAGATCT TC G TTAAT TATGET TT TAARTTAAARGATG GT TEAARGGCACCGGACCACATGAAGGGCAGTAATTACAAATTACATTACAAAC CCGACAGAT GTAGC GG GATCTGC TG GGAAARAARGG TACE
FRabb+it AARAARARAGACCAT CT GG TTATTGTCT TTETTTAGATCTTC CE TTAAT TATGCT TT TAATTAAARGAT G GT TCAAGGCAC CGGACCACATGAAGGGCAGTAARTTACAAARTTACATTACAARAC CCGACAGAT GTAGC GG GATCTGC TG GG CAARAAGG TACK
Fika AARAARAARARGACCATCT GG TTATTGTCTTTCTT TAGATCET TCCC TTAAT TATGET TT TAATTAAARGAT G GT TCAAGGCAC CG GACCACATGAAGGG CAGTAATTACAAARTTACATTACAARAC CCGACAGAT GTAGC GG GATCTAC TG GG EAARAAGG TACC
Alpaca ARAAARAARAGACCAT CT GG TAATTGTCT TTCTTTAGATET TC CCTTAAT TATGCTTTAART TTAARAGATG T TCAARGGCAC TG GACCACATGAAGGG CATTAATTACAARATTACATTACARAC CCGACAGAT GTAGC GG GATCTGCTGGEAAARAAGGE TACE
Dolphin========= === == == === == === =SS === == =SS =S= S-S =SS = === =SS == =SSE =SS =S =SS SSS =SS SSSSESSSS S S=ESSS S SSSS SSSESSSE =SS =SS SSS=S =SS S SS=SE =SS == S==SE==S======== GEGGATCTGT GG GAGAAARAGG TACC
cowl -AARAARAARAGACCAT CT GG TAATTGTCT TTE T T TAGATCT TCCC TTAAT TATGCT TTTAATTAAAGAT G GT TCAAGGCAC CGGACCACATGAAGGGCAGTAATTACAAARTTACATTACAAAC CCGACAGAT GTAGC GG GATCT GG TG GG AAARAAGG TACK
Horse —-AARAARAARAGACCATCT GG TAARTTGTET TTC TTTAGATC T TCCC TTAAT TATGCT TT TAARTTAAARGAT G GT TECAARGGCAC CG GACCACATGAAGGG CAGTAARTTACAARARTTACATTACAARARC CCGACAGAT GTAGC GAGG TCTGE TG GGAAARARAGG TACC
cat AAARAARAARAGACCAT CT GG TAATTGTC T TTE T T TAGATCT TC CC TTAAT TATGCT TT TAARTTAARAGATGGT TCAARGGCAC CGGACCACATGAAGGGCAGTAARTTACAARTTACATTACAARAC CCGACAGAT GTAGCAGGATCTGC TG GG AARAAGG TACK
Do TAAAARARAGACCAT CT GG TAATTGTCT TTCE TT TAGATCT TCCE TTAART TATGCT TT TAATTAARAGATGGT TCAAGGCAC CGGACCACATGAAGGGCAGTARTTACAAARTTACATTACAARARC CCGACAGAT GTAGC GGGATCTGC TG GG AARAARAGG TACC
Microbat TAGA————— —— CCTCG GG TAG TG G GTTT T TTTATA-CTCTCAGTGAT T-TGCTTT TAAATARAAR ARG G]: =Ed=fFd==FEd=fd=3d=kEd=%f=|=d=kd=%=FE3=f+td=3F=Ed=fd=3 =k d=%f=|=3=Fd=F=F3=ttd=3F=Fd=%=|=3=Fd==E3=Ed THCL
Megabat AAAAAAAAGACCATCT GG TARTTGTCTTTCTTTAGATCT TCCCTTAAT TATGCT TTTAATTAAAGATGGT TCAAGGECACCGGACCACATEGAAGGECAGTAATTACAAATTACATTACAAAC CCGACAGAT GTAGCCEGATCT GCTGEGAAAAAAGTACE
Hedoehoo TAGAAAGAGACCATCTGETAATTGTCTTTCTTTAGATCT TCCCTTAAT TATGCT TTTAARTTAAAGATGGT TCAAGGCAC CGGACCACATGAAGGECAGTARTTACAAATTACATTACAAACCCGACAGAT GTAGC CGGATET GCTGGGEAAAAAGE TACE
Shrew TAARAAAAGACCATCTGETAATTGTCTTTCTTTAGATCT TCCCTTAAT TATGCT TTTAATTAAAGATG GT TCARGGCAC CGGACCACATGAAGGGCAGTAATTACARATTACATTACARACCCGACAGAT GTAGE COGATCT GCTEGEAAAAAGE TACT
Elephant ARAAAAAAGACCATCTGETAATTGTCTTTCTTTAGATCTTCCCTTAAT TATGCT TTTAATTAAAGATGGT TCARGGCAC CGGACCACATGEAAGGGCAGTAATTACARATTACATTACARACCCGACAGAT GTAGC CGGATCT GCTEGEAARAAAGE TACT
Rock_hurax ARAAAARAGACCATCT GETAATTGTCTTTCTTTAGATCTTCCCTTAAT TATGCT TTTAATTAAAGATGGT TCAAGGCACCGGACCACATGAAGGECAGTAATTACAAATT ACATTACAAAC CCGACAGAT GTAGC CGGATCT GC TG GEAAAAAGG TACE
Tenrec HAAAAAAGACCAT TTEETAATTGTCTTCCTTTAGATCTTCCCATAAT TATGCTGTTAATTAAAGACGGT TCARGGCACCGGACCACATGAAGGGCAGTAATTACAAATTACATTACAAACCCGACAGATGTAGC CGGATCTGCTGEGAAATAGS TACE
Armadi 1 1o/MHHH MMM MMM EH MM AEHEEESHEEE A EEEE NS EEEAENEEEESEEEE S EE NS EEEEEAEAEEEEEEEEE NS AN HEEESEEEESEEE AN EE NS EEESEEEE S EAEE A EE NS EEEEE AN EEEENEENEESEE NN EEE NS EE NS EEENEEE NS EESEEAEEEEEA
sloth|/MHHMHM MM MHH MMM HH MM HENEHAA S EA S EE AR EEEEEEEEEEEE SN HEE NS EEESEEEE S EE NSNS EE NS EESEE A A NEE AN AN EEEESEEEEEEE NS EENENEE S EE S EE NSNS EE NS A S A A A SESEE AN NEAESENEAEE AN AN RN
opossum ARARAARAARAGACCAT CTGG TAATTGTCT TTC TT TAGATCTTCCC TTAART TATGCT TT TAARTTAAAGATGGT TCAARGGCAT CGGACCACATGAAGGGCAGTAATTACAARATTACATTACAAARC CCGACAGAT GTAGC TGGATCTGC TG GG AAARAARAGTACE
Flatupus ARGAARAARAGACCATCT GG TAARTTGTC T TCC TT TAGATC T T TG TTAART TATGCT TT TAATTAARAGATG GT TCAAGGC AT CG GACCACATGAAGGG CAGTAATTACAARARTTACATTACAARACCCGACAGAT GTAGC TGGATCTGC TG GG AGAAARAG TACE
Chicken =AARAAAARAGACCATCTGG TAATTGTCT TCC TTTAGATC T TCCE TTAAT TACG T TT TAARTTAARAGATG GT TCAAGGC AT TGGACCACATGAAGGGCAGTAATTACAAATTACATTACAARACCCAACAGATGTAGC TC TATCTGC TG GG AARAAAGG TACE
Zebra_finch AARAARAARAGACCATCT GG TAARTTGTC T TCC TTTAGA TC T TCCC TTAAT TATGCT TT TAARTTAAAGATGGT TCAAGGCAT TGGACCACATGAAGGGCAGTAARTTACAAARTTACATTACAARARC CCARACAGAT GTAGC TC TATCTGC TG GG AAARAAGG TACE
Lizar-d =AARAAAARAGACCATCT GG TAATTGTCT TTEC TT TAGATCET TCCE TTAAT TATGCT TT TAARTTAAAGATGGT TCAAGGC AT TGGACCACATGAAGGGCAGTAATTACAARATTACATTACAAART TCAACAGATGTAGA TG TATCTGC TG SGAAGGAAGCARAG
s_tropicalis ~AGACACAGACCATCTGCTAATTGTCC TC T TTCACATCTCC G ——AART GATGCT TT TAATTAAAGATAGT TG AAGGCAT GG GACCC CATGAAGGGCAGTAATTACAAARTTACACGACAARAC CCAACAGAT GTAGA TG TATGTGC TGGGAARCCC TG —-AGE

Tetraodon ======AAAGCCCATCTGGTAATAGC GO TG GO GAGACGTCC G TTAAT CAAGGT TT TAATTAAAGACGGT TGAGGGC CA TG GAGAACATGAAGGC CAGTAATTAAGAC TAACATT GG -ACCCTAACAGAT GCAGE |
Fuo ======AAACCCATCTGGTAARTAGCCT TGCCC GAGACCTCC CC TTAAT CAARGG T TTTAARTTAAAGACG GT TGAG GG CA TG GAGARCATGAAGGCCAGTAARTTAAGAC TAARCATT GG -ACCCTARACAGAT GCAAC ====TGCGTTGGCGCAARAGA AR CE
Etickleback ======AAACCCATCTGGTAARTAGTCT TG CCGAGACCTCC CCCTAAT CAAGGT TTTAARTTAAAGACG GT TGAG GG CA TGGAGAARCATGAAGGC CAGTAARTTAAGAC TAARCATT GG -ACCCTARACAGAT GCAAC ====TGCGTTGATGCAGAAAARCE
Medaka ======AAACCCATCTGGTAATAGC T TGCCCAAGACGT CC G CTAAT CAAGGT TT TAATTAAAGACGGT TGAGGGCG CACGGAGAACATGAAGGC CAGTAATTAAGAARTAACATT GG ~ACCCTAACAGAT GCAAG |
Zekraf ish ==ACAGAARRACCATCTGTTTACG TTGCTGE G- ——-ACTGACETTTAAARTATGCTTTTAATTAAGGACGGG TTAARAGCE TG GAGACCTCATGAT GGG TAATAATTACAARATTACACGAR -ARTCCGACAGAT GTGAC====TTCGTCTGT GGG GAGAGACA
Lampred

Timple HUCleotide Polumorphisms (dbSMP Build 1383
SHPE (158 | I "
Eepeat ing Elements by EepeatMasker

EepeatMasker
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37/46 Species

Alignment block 4 of 6 in window, 31804609 - 31804674, 66 bps
Human ttcaaggcaccggaccacatgaa—gggcagtaattacaaattacatta—-caaacccgacagacgtagc
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Zebrafish g.t..a..tgga....t..... L i P cg.ca—-..t........ t..ga

RS R ...C.a
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Human: chrl1:31,838,708-31,849,878
Pax6 upstream region with several blocks of HCNRs
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Phylogenetic Footprinting: is a technique used to identify TFBSs within a non-coding
region through comparative genomics of distantly-related (human Vs mouse or chicken)
species. When this technique is used with a closely-related species (human Vs chimp),

this is called Phylogenetic Shadowing.
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Ultra Conserved Region (UCRs

e There are 481 segments longer than 200 base pairs that are
absolutely conserved (100% identity with no insertions or
deletions) between orthologous regions of the human, rat,
and mouse genomes. Almost all of these UCRs are also
conserved in the chicken and dog genomes, with an average
of 95-99% identity, respectively. Several of these are
significantly conserved in fish too.

 These ultra conserved elements of the human genome are
most often located either overlapping exons in genes
involved in RNA processing or in introns or nearby genes
involved in the regulation of transcription and development.

e [nterestingly, these regions have little variation (20-fold
fewer SNPs).

Bejerano et al., 2004. Science 304(5675): 1321-5



Cycle of Events in Identifying Potential Regulatory Regions

MRNA & ESTs

_______ Match against Genome

m‘m\m
\.

m‘m\\\ .

Seq 1: Human/Mouse Genomic

-

Seq 2: Ortholog Genomic
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>Seq 1 Genomic >Seq 2 Genomic

AGAGAAAATTGCTAGAGC
TCAGGAGTTTGAGACCAG
CCTGGGCAATAGAGTAAG
ACTTTGTCTCTATCAAAAA

GACTGAGGGCTTGTGAAA
CAGCAAGAACCTGTCTCA
AAAAACAGTGGGCAGGGA

Local Alignment Number 5
GGGGATTAATGAATAGGCA

Similarity Score: 3074
Match Percentage: 51 %
Number of Matches: 96

GCTACGTTCTGGGACTGG
AGGGACTCGAGGTGGCTA
GAAAGCAAGAGGTACTGG
GAGACAAGGCTGCAGACA
TTTCTTTTTTTITTTITTITTIT
TTTGAGACAGAGTC

TTTAAAAATTAACTGGGCT
TGGCGGTGTGCACCTGT
GGTCCAGCTACTCAGGAG
GCTGAGGTGGGAGGATT
GCTTGAGCCCAAGAGGTT
GAGGCTGCAGTAAGCCGT

Number of Mismatches: 39
Total Length of Gaps: 52
Begins at (8281,8874) and
Ends at (8416,9059)

TF Binding Sites Seq 1 <-->Seq2 Sim% No. of Nt TF Binding Sites
8281-8300 <--> 8874-8893 70% (20 nt)

8301-8310 <--> 8902-8911 90% (10 nt)

8311-8324 <--> 8923-8936 57% (14 nt) VEETSE/ETS1 B 8880-8894

VSETSF/ETS1 B 8333 - 8347

8325-8376 <--> 8947-8998 62% (52 nt) V$STAT/STATL 01 8881-8901

VS$STAT/STATL 01 8335 - 8355 8378-8386 <--> 8999-9007 67% (9 nt)

VIETSF/PU1 B 8882-8897

VSETSF/PUL B 8335 - 8350 8387-8416 <--> 9030-9059 90% (30 nt)

VIETSE/NRF2 01 8892-8902

VIETSF/GABP_B 8336 - 8347

VICLOXCDPCR3 01 8908-8922

VSETSE/NRF2 01 8338 - 8347

VIGATA/GATA_C 8916-8928

V$CLOX/CDPCR3 01 8363 - 8377

VIFKHD/FREAC2 01 8923-8938

VSEVII/EVI1 01 8373 - 8388

Seql <-->Seg 2 Sim% Nt Hits
8301-8310 <--> 8902-8911 90% (10 nt) 3
8311-8324 <--> 8923-8936 57% (14 nt) 2

8325-8376 <--> 8947-8998 62% (52 nt) 3
8378-8386 <--> 8999-9007 67% (9 nt) O
8387-8416 <--> 9030-9059 90% (30 nt) 4




Sequence Conservation — Reduction in search space

Gene Genomic Sequences Total Sequence Sum of % Sequence to

length (bp) Conserved be searched

Human Mouse (a) Regions (bp)  for shared TF

(bp) (bp) (b) binding sites.

(b/a)

ADA 36741 29807 66548 16668 25
APEX 22527 21963 44490 5982 13
XRCC1 37785 37349 /75134 11260 15
ERCC2 54336 32595 36931 14257 16
CD4 39512 43508 33020 18828 23
PAX6 378625 400000 /78625 187432 24
ATM 162429 116461 268890 58828 21
MYO7A 106974 /5825 182799 50247 27




Sequence Conservation — Filtering the TFBSs

Gene Number of TF | Total number of TF binding sites = % Reduction based on
binding sites in TF binding in common # shared cis-
genomic sites of the within blastz elements within
sequences two aligned regions blastz-alighed
Human Mouse sequences (a) (b) sequence blocks
(100 - b/a%)
ADA 2225 1740 3965 798 80
APEX 1850 1721 3571 458 87
XRCC1 2276 2209 4485 469 90
ERCC2 1806 1051 2857 299 90
CD4 2609 2609 5218 910 83
PAX6 29398 27321 56719 12444 78
ATM 12653 8753 21406 4093 81
MYO7A 7492 5146 12638 3116 75




GenomeTrafac: http://genometrafac.cchmc.org
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Jegga et al.,, 2002

Genome Research
12 (9): 1408-1417



GenomeTrafac: http://genometrafac.cchmc.org

MIEN122A Human microENA 122a hsa-nur-122a

VENEX32.01

VIPULD1

Vi CDPCR3.01
VIHINF4.01

VISEF.03
VINBRE.D1
V$VDR RXR.01

V$ZBPE9.01
ViCLOX.01
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V$PBEX HOXA9.01

ViCUT2.01

VEGATAD]

ViSO0X5.01
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VIMZF1.01
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GenomeTrafac: http://genometrafac.cchmc.org

N Shared Cis-elements
(Genomatix Mamix Family Library Version 5.0 (January 20035))
(For details and annotatons of TEFBS-FPWNMs, please register at Genomatix)

heMIBN122A mehunllla

Famalyv/ M atrix Description

Begin | End Sequence Begin | End Sequence

Homeodomeain
protemn MEXE 2
(BAPX1, NEXZE,

Bagpipe homolog)

VENEXNH/ VEINE32.01 4353 (5007 COCCCACTCAGUAGA - [ 5301 |5515 CTGACTTAGTGEACT +

Pu.1l (Pul2d)
Etz-like transcription
factor 1dentified m
Iymphotd B-cells

VEETSE/ VEPTU1.01 5001|5017 CAGCAGAGTAATGGEACT +| 5326|5544 COTCTOTICCCCCACAS -

Cut-like
VECLOX/ VECDPCR3I .01 hotmeodotnatn S020 |5058 CCAATCTTGCTGAGTGTGT - | 5545 15561 TCOGATAATTTAATGTGACT -
protetn

Hepatic nuclear

VEHNF4/ VEHNF4 .01
factor 4

5037|5057 GUITTEACCAAAGEIGETECTG [+ 5283 |5303 GITTGACCAAAGEIGACTCTG |+

=BT PESH OLSIVE
tactor

VESRFF VESRFE.03 5038 |5056 TTIGACCA A AT ST - [ 23%% |5417 GEATCCCATAAAGGFAGAG -

Hepatic nuclear

VEHNF4/ VEHNFE4.01
factor 4

5061 (5061 TAGTGGUCTAAGGTCOGETIGOCC [+ 5307 (5327 TAGIGGACTAAGGTCATGCOCC |+

Monomers of the nur
subfarmily of miclear
receptors (nur77,
1, nor-1)

VEIRORAVSINBRE.OL 5065|5083 (i CCTAAGETCETECCCTC +| 5255 |5475 (AU TGEACCTTCGETT -

WDEEZSE Vitatmun
VERNEF VEVDE REYE.01L D receptor B3R S071 (5095 (AT DG T oo TOOC T OO ACT G - | 5317 (25341 | AGETCA TGO TOTOT OO ACA | -
heteroduner site

Zine finger

VEZBPF VEZEBP32.01 transcription facter | 5077 |208% | TGCCCTCCCTCCCCCACTGAATC (| 5245 (5267 | GOGGCATGEGGEGAGCTEEACCT |-
AN

2R IO T.OX .01 Clox 5089 |5107 | e gg @ A OTAAATOEAT ARATE +| 53534 (5352 COCCCACAATCGATAATTT ﬁ




Regulomorph (Regulatory Polymorphisms)

CTNND2 catenin (cadherin-associated protein), delta 2) 1225 AA, 4746 bp mRNA
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P53 Networks



Some well known and not so well

known facts about p53

One of the most widely studied protein
Tumor suppressor in humans and other mammals

Loss or mutation: Strongly associated with an increased
susceptibility to cancer (>560% of human cancers)

pD53-null mice develop normally - No major functions in
normal physiology(?)

Other functions of p53 are being uncovered

— Regulating longevity and ageing

— Glycolytic pathways - endurance and overall fitness

— Apoptotic responses during ischaemic & other types of stress
— Anglogenesis

— Reproduction

— Development



Different levels of gene regulation

Transcriptional
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Downstream effects

* Changesinthe downstream target genes
or microRNAs of p53 that prevent p53
binding (polymorphic p53 binding sites)

* Changesinthe downstream target gene
3'"UTRs that prevent or make them :
susceptibleto p53-induced miRNA actionsc

MRNA/miRNA
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Functional evolution of the p53 requlatory network
through Its target response elements

Anil G. legga*t, Alberto Inga®, Daniel Menendez®, Bruce 1. Aronow*!, and Michael A. Resnick®T

*Divizion of Biomedical Informatics, Cincinnati Children’s Hospital WMedical Genter, Cincinnati, OH 4522%203% tDepartment of Pediatrics, University of

Cincinnati College of Medicine, Cincinnati, OH 45267; *Molecular Mutagenesis Unit, National Institute for Cancer Research, 16132 Genoa, Italy;
and #Laboratory Molecular Genetics, Mational Institute of Environmental Health Sciences, Mational Institutes of Health, Research Triang e Park, MC 27709

Edited by Eviatar Mewo, University of Haifa, Haifa, lsrael. and approved Decembar 5, 2007 (reczived for review May 12, 207

Transcriptional network evolution is central to the development of  tive functional consequences of diverged EEs on promoter

Goal: To address the evolution of the p53 master regulatory network
Question: To what extent functional variation tracks with sequence
variation?

How: Analysis of 47 previously validated human and mouse p53 target
REs - Combination of sequence inspection, RE rules, and direct
determination of pb3-mediated transactivation capacity in yeast and
mouse cells.

Results: Functional differences were often not predicted from
consensus sequence evaluations. Of the established human p53 REs
analyzed, 91% had sequence conservation in at least one nonprimate
species compared with 67.5% for functional conservation.
Surprisingly, there was almost no conservation of functional REs for
genes involved in DNA metabolism or repair between humans and

rodents, suggesting important differences in pb3 stress responses
and-cancer development.



Sequence ID

CELL CYCLE/PROLIFERATION (9 REs)
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RE sequence features and functional score*

consensus p53 RE

I I1

L |

I1I

IV

R1R2R3C Wi WoG4Y1Y2Y 3 Nio-13) RaRsRsCoW3 WG, Y4 YsY e

M|5rr:|E.|tch Spacer (N) WWwW SCORE
position length sequences
AT High
0 AA, TT, TA Moderate
RE matches consensus [ 19 AT Slight
" AALTT, TA Poor
=2 any Foar
] AT Moderate
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Evolutionary tree
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Variation in TFBSs can alter transcriptional control
1.Human FLT1 promoter: Genetic variation (C — T)
2. The infrequent FLT1-T variant results in the

Inclusion of this gene into the network coordinated

by the p53

FLT-1 promoter:

_h._..__

pPS3RE FLT1-C: GGACAEGCTCccctgGGACcTGagC

_’.-.‘_........ .
PS3RE FLT1-T: GGACA;‘IGCTCccctgGGAC cTGagC

FLT1: fms-related tyrosine kinase 1 (vascular endothelial growth factor/vascular
permeability factor receptor) Menendez et al., 2006 PNAS 103(5): 1406-1411




Microregulation of the master
regulatory network
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pb3 transactivates miR-34a

1.

Bommer, G. T. et al. p53-mediated
activation of miRNA34 candidate tumor-
suppressor genes. Curr. Biol. 17, 1298-1307
(2007).

Chang, T. C. et al. Transactivation of miR-
34a by p53 broadly influences gene
expression and promotes apoptosis. Mol.
Cell 26, 745-752 (2007).

He, L. et al. A microRNA component of the
p53 tumour suppressor network. Nature
447, 1130-1134 (2007).

Raver-Shapira, N. et al. Transcriptional
activation of miR-34a contributes to p53-
mediated apoptosis. Mol. Cell 26, 731-743
(2007).

Tarasov, V. et al. Differential regulation of
microRNAs by p53 revealed by massively
parallel sequencing: miR-34ais a p53
target that induces apoptosis and G1-
arrest. Cell Cycle 6, 1586-1593 (2007).
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Hypothesis: Multiple miRNAs are involved in p53 tumor suppressor network to

provide the pb3 with greater flexibility in rapidly responding to different
growth condition changes perhaps by having unique miRNAs mediate the
regulation of the key mRNA targets.

Nutrient deprwu'l'lun

Ribosomal stress- \
DNA damage

""""""""""""""""""""""""""""" fﬁll?NA

Cell cycle arrest % : Genomic stability

DNA repair

..............................................................................
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Dissecting microregulation of a master regulatory network
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P53 ol 4
.miR-34a SURIEE IR
&miR-192
@ miR-145

@®®p53 target genes N

®p53-miR targets that are not p53 targets
®miR-34a enriched p53 target genes

A network representation of
a. p53-target genes
b. 3 known p53-target microRNAs
c. Targets of 3 p53-miRs
d. p53interactome
The size of the nodes is proportional to *
the degree (i.e. no. of edges).
Below is the Venn representation

mir-192 mir-34a

poS3-Target
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Tomorrow’s Session
Feb 24, 2012

e Genome Browsers

—Downloading promoters
e |dentifying putative TFBS in a sequence
e |dentifying putative regulatory regions

 Analyzing coexpressed genes for shared
regulatory mechanisms
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