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Regulahon of Transcription

* A gene's ranscription requlation is
mainly encoded in the DNA in a region
called the promoter

» Each promoter contains several short
DNA subsequences, called binding sites
(BSs) that are bound by specific
proteins called transcription factors

(TFs)
\TF/ @ —
BS

Gene

5!
‘5?? < promoter -
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Score: product of
base probabilities.

Need score
threshold for hits.
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Algorithms in Computa
Genomics at Tau

C. Linhart, Y. Halperin Genome Research 08

I. Finding Regulatory Motifs

AMADEUS =Fg=—
=
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AGET Motif discovery:

The two-step strategy
Co-regulated gene set
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Amadeus

A Motif Algorithm for Detecting Enrichment in
muUltiple Species

Supports diverse motif discovery tasks:
1. Find over-represented motifs in given sets of genes.
2. ldentify motifs with global spatial features given only
the genomic sequences.
How?
o A general pipeline architecture for enumerating motifs.

a Different statistical scoring schemes of motifs for
different motif discovery tasks.
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AGGT . :
== [V]otif search algorithm

= Pipeline of refinement phases of increased complexity

~Phases: . Preprocess- Mismatch __Mergel- o (WPl

CGCACTTTCC
T A

ACTTAGACT ATAGTACCG  <GAAxA:CCe <. aTecs
ATAGTACC A TaCa @
CCATATCCGA i ~ _Ge_ .TIcC
AATTTGAATC Cutoff = 0.005
acoeTeTen  CaTACTASC A o7C..
TCGCCATTAC o

PWM
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AGGT
Scoring over-represented motifs

Input: Target set (size 7) = co-regulated genes
Background (BG) set (size B) = entire genome

Motif enrichment scoring:

>
. b
Hyper-geometric ‘

Binned enrichment score A :
Binomial By B‘O

‘ b, 2 8 c:'F

B, B e
o %o, @
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== |\letazoan motif discovery
benchmark:

42 target sets of 26 TFs, 8 miRNAs from 29 studies
(expression, Chip-ChlP,..) in human, mouse, fly, worm.

All motifs are experimentally verified

Average target set size: 400 genes (383 Kbp)

10
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Metazoan benchmark results

B div<0.12
_ I div<0.18
B div < 0.24

0
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Program

Weeder

Amadeus
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madeus — Global spatial analysis

. Co-regulated gene set
- Gen ression Location analysis (ChIP-chip, «

Y.

Promoter

Sequences

— o M

-4 Motif(s) =
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Task |1: Global analyses

Scores for spatial features of motif occurrences

Input: Sequences (no target-set / expression data)

Motif scoring:
Localization w.r.t the TSS A / \TS,S

Strand-bias e

Chromosomal preference

W :
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Chromosomal preference in C. elegans

Input: Results:

All worm promoters Novel motif on chrom IV
(~18 OOO) Motif 1 p-value = 8.1E-63

(o]
Score: chromosomal == (TG T | TCAG

f SEDrES
p re e re n Ce Enrichment Chromosomal
Organism Strand bias
4 HG | Binned preference
C. elegans (1) 1.0 !EI.SEISS | SR e !B.lE—EB (IV) |
: Localization
Organism —
BG j Target | Target vs. BG
¢. elegans (1) l0.0357 |0.0357 1.0 L

Yolume 127, 1ssue B, 15 December 2006, Pages 1193-1207

Large-Scale Sequencing Reveals
21U-RNAs and Additional MicroRNAs
and Endogenous siRNAs in C. elegans

é J. Grnham Ruty, "C.-lll.-anun "Ghrrstopherplaycr Michael J. Axtell, ™* William Lee,? Chad Nusbaum,? 15
Hui Ge," and David P. Bartel"
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Algorithms in Computational

~ Global analysis:
Chromosomal preference in C. elegans

SUMMARY

We sequenced ~400,000 small BNAs from e 2{U-RNA ————
Caenorhabditis elegans. Another 18 microRNA
(miRMA) genes were identified, thereby extend-
ing to 112 our tally of confidently identified \aARL
miRNA genes in C. elegans. Also observed I "eareos £ FEERBHEEE L
were thousands of endogenous siRNAs gener- ' Large motif - Small motif
ated by RNA-directed BNA polymerases acting

preferentially on transcripts associated with

spermatogenesis and transposons. In addition,

a third class of nematode small RMNAs, called

21 U-RNAs, was discovered. 21U-RNAs are pre-

cisely 21 nucleotides long, begin with a uridine Y°tif 1 p-value = 8.1E-63

5'-monophosphate but are diverse in their re- [ kmers |
maining 20 nucleotides, and appear modified ! g ;A

WAABAATT T A 17 ‘*I.*"-.,T:ﬁ- o Sorcer T
" Lﬂ ’ ngm @
7 neHo &

3
Tof~20nt "S- 5

[T} qMNFerTWMhmmDFNHth@FWQO
o b b o ket v ek b ekl =

-
o

at their 3'-terminal ribose. 21U-RMNAs originate Scores

from more than 5700 genomic loci dispersed in _ Enrichment il e
two broad regions of chromosome N— primarily rgmsm HG " Binned Strand bias | o torence
between ﬂF’GtE'Lt'I*DDdi:Hg genes or within their ¢, elegans [1) i.0 |0.5055 |3.7E-7 [+ |8.1E-63 (IV) |
introns. These loci share a large upsitream motif L Localization &—
that enables accurate prediction of additional BG | Target | Target vs. BG

21 U-RNAs. The motif is conserved in othernem- S =legans (1) [0.0357 [0.0357 e |

atodes, presumably because of its importance

for producing these diverse, autonomously 16

expressed, small RNAs (dasRNAs).
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Y. Halperin, C. Linhart, I. Ulitsky NAR 10

IT. Finding Transcriptional
Programs

Allegro — o

17
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Genomics

Given expression profiles, find
the transcriptional programs
active Iin them:

the co-regulated genes,

the motifs that govern their co-
regulation


http://www.tau.ac.il/�

AGar goal: bypass the two-step approach

Gene
expression
microarrays

Expregsiatedogane set

) >
[ Simultaneous

| inference of the
" motifs and the
exp profiles of

their targets

Promoter
seqguences

nature

Motif(s)

B
O
_od
19
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AGGT
ﬂm’gm: expression model

Discretization of expression patterns
Discrete expression

e,=Up (U) >1.0 Expression pattern Pattern (DEP)
e,=Same (S) (-1.0, 1.0) G NG ML e | R | W
e;=Down (D) <-1.0 g |-23]|-08 1.5 AR D, [F S

Condition frequency matrix (CFM)

F_ U 005 01 .. 078
S 09 02 .. 014
D 005 0.7 .. 0.08

Condition weight matrix (CWM)
FW) _ {Iog( fij 2 j} ( R={r;} is the BG CFM)

]
o = Log-likelihood ratio (LLR) score 2
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Ac G | Data Cis-regulatory Gene expression
Algorithms in Computatio sequences matrix

Genomics at Tau

SGTEGCCAGRAGCGAGGGT A 3G ACGGAGG
CTTTTCC AT AT T A

SETGTCCCTECGTETEGEC A T CCTCCCCAS 4—
r CGT SCCTARAGTS, 9142

MCAoCGATTGCTCTTGAGAAC ACTETTC A TGACGGCCAT
GLCAMCGE AGC TECC TCGCAG ASTCASCLAG TEHGCAGG
WCTE SGGGTGCCCGCOTEEEGTCGOGE
STGTEC CRACGET 4G ATCACTCAMTG ATTTTTATAT #— e
STTTT AL TGO AG S TCTATTTAMGCATGT
STATTTTT AL ANTC A A0 ATCAC TTCCARLTTGTTTTTTA
TTGASATTTG AGC TCATTTECAMACCCGAG T TECE TEHGA,

| :
TG TATTC TTTATAC TG TAEATARTEE MG AASTTTTC TATC TG :
ARG TEATEC TEEG TECOCCEAG FLAGAM AAGAE GEGET e
CAG ADEECCGANG MG TC TTAGGCAGGECGCECTEEECT 2115
GATEEG ALGTETEOC TOOCE T B TETEAC ATEEAATTGET .

TTCAGAGGAMTCCACAGETCCCCACC T AMGATCCOTCANT
TETGECTTGGATCCOOCATGAE & 3CAC
TCCCTGCCTCRGCCATCCCAGCT DD RIGITCN - COGT 4 —
CCACGETCOTEGGE TETCCCACCTCE 8GCG
CTECCCTGEGGAGCANTC COAGC G GATCRC TOCGRELCA

4G ACTCOBGATGEACGAS ACAGTOETCACS TORCTC TTCG
AGCTTEAG BATAG MG HECGTOEE GEEANI CTECOECAS,
COCGHEE SGTCTCTTRGEACGOARSTTE
STITAATT ICACGT CSCORTTTCAMTAATAATTTT % —  Ceoyy
ACCTTAATE STASTTTTTTC TASTTCATTTC

TOCTTAACAG TATTTTTGGCATTAGAC ATTCTTATTG TG ANG

(TETGOTEANS GACC AMAMCCE TETEATAASGTTGTS TR TS :
TTTATG TECGANTE CCCATGARTCCTGE
LCAGACANTCATATE T IO GAT TECETTITCASTTA 4 —  Cay5
TGTTCTATTTATTTE OGO AR TG AT

Y3600

Model PWM CWM

(sequence motif) (expression profile)
Al 12 63 22 07 Up 02 08 42 45
c| 26 05 48 08 Same | -32 1.1 03 0.3
e | e8| Fll | 82 - Down | 95 32 -12 9.1
T |09 08 19 26
{m=1-150+)
{k=8-12)

Model
evaluation &
optimization

PV A
targets

All genes

Score = Enrichment p-value
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AEST Yeast osmotic shock pathwaﬁr mﬂ

~6,000 genes, 133 conditions [0'Rourke et al. '04]

TS T G
hgr aski-gbaid &l ahod
WT phs2 s=k1-shoi =5kl WT
0.12 1 o5 ns 1 s s 0.5 0.5 012 006 o1z 0.8 0.5 = I
KEL KCL sorh KCL KCL KCL KCLKE KCL KCL KCL KCL KCL KCL KCL KCL factar  P-ValUe

PAC ] Iﬂ'n Ty - ' :-_:5' o --.--:. : ' : HyTTt T TITHT ::._::::5 A4E-62
RRPE mﬁﬁﬂ'ﬂ R T I ph 14898

STRE | | P
sl 24E-34

Rap1 TTJ",G g BT I St 85824

MBF T-;EC]I ._: ' Tt FHER T i L | 1T i+ it | L PP e

51&12]..;.&.&.(:5 iy . :;:ij._ - sl ;-:::-_--'='_-_z--:: G TE14

kot Tl .|

IINUINIIAIT el 5.3E13

Allegro can discover multiple motifs with diverse expression patterns,
even if the response is in a small fraction of the conditions

Extant two-step techniques recovered only 4 of the above motifs:

o K-means/CLICK + Amadeus/Weeder: RRPE, PAC, MBF, STRE
a lclust + FIRE: RRPE, PAC, Rap1, STRE 2
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3’ UTR analysis: Human stem cells

~14,000 genes, 124 conditions (various types of
proliferating Ce||S) [Mueller et. al, Nature’08]

Biases in length / GC-content of 3’ UTRs, e.g.:
100 highly-expressed genes in... 3’ UTR: length GC

Embryoid bodies 584 47%
Undifferentiated ESCs 74 44%
ESC-derived fibroblasts 1240 39%
Fetal NSCs 1422 43%

(ESCs = embryonic stem cells, NSCs = neural stem cells)

Extant methods / Allegro with HG score: report
s only false positives 2
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““Human stem cells: results using binned score

Current MIRNA ERIEEE
e A Motif 1: p-value = 2-10-13 expression expression
knOWIedqe L === Mvlatif! targets 55
P ‘ A‘ I _E —— mir-302 expression 1ls _%
o ——— —-==—— @ 8
Most highly hsa-miR-302a UAAGUGCUUCC... | = [ 8
expressed hsa-miR-17 ~ CAAAGUGCUUA.. | : i H 15 3
MIRNAS In hsa-miR-372 AAAGUGCUGCG... | : ,E
human/mouse | hsa-miR-520e AAAGUGCUUCC. ..
ESCs
Motif 2: p-value =7-10-12 :
=105 =M!3tn‘2 targets . 4 -
Abundant & T CC T E 10 - I —h—mir-124a expression e .E
functional In — hea miR-124 UAAGGCACGCG... :9: a 3 :
neural cell hsa-miR-506 UAAGGCACCCU... | £ ss H H H H IR
lineage AV 2 E
Motif 3: p-value = 10 . I N
EXpreSSGd ‘ACC A .g —i— mir-9 axprazsion 4' 'E
e : —— — ——— | ¢ w0 8
specificallyin _ oo niro  ucuuuseuuau.. |7, ;B
neural Imeage 8 25 2
x x
active role in E 8 2 E
1 &
neurogenesis & & @ ¥ & $
\3‘{\&%- *’(él’b‘ B&_@ ° \’éi\ (\éﬁ 4\\6\\0 \%@ é\b {\6\ Q(\ad) \CF}Q—}“@‘\
N EC I I R
o & qp‘?’ < Qrf’\ éc\d-"' & A°
= @;5) < s \‘)Qb &é‘

)

24

‘iﬁ' MiRNA expression from [Laurent '0O8]
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Algor Cmptt nal

Igor Ulitsky

Yonit Halperin
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25
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AGOY
- Open questions

Better PWM inference: new scores, algs

Richer models for in vivo / in vitro data - really
nelpful or diminishing return?

How to evaluate model quality: match to
iterature”? Ranking based? In vivo? In vitro?

ntegration of motif finding & expression
Principled means to find motif pairs

26
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I Ull’rsky, A. Kr'lshnamur"rhy, R. M. Karp PLoS One 10

Using expression profiles
and protein networks to
understand cancer I

S il

\

27
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ithms in Computational
Genomics at

DNA chips / Microarrays

- Simultaneous measurement of
expression levels of all genes.

. Global view of cellular
processes.

+ > 800,000 profiles available in Byl
ArrayExpress —

2% 890009
L t
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Genomics at Tau

Protein-protein interactions

* A reqgulates/binds to B
» High throughput: abundant, noisy
* Large, readily available resource

(PPIs)

EMBL-EBI 3:* &3: ¢ CEEEEE (i e

a¥al HI T p——
Databases | Tools Research Training Industry About Us Help Site Index [N
. | Site Index
nt/Act ——TT3
Search: MIQL syntax reference & E
Search Clear Show Advanced Fields »
Home
Advanced Search
Tools Search Interactions (2892913) Browse Lists nteraction Details
Data Submission
Documentation
Contact Us IntAct Home
News v ine-
Search IntAct The Database contains:
271032012

» 292 919 binary interactions.
» 61,542 proteins.
+ 15 498 experiments.

IMEx in Nature methods

Protein interaction data
curation: the International

To perform a search in the IntAct database use
the search box in the top left comer.

Examples: + Gene name: e.g. BERCAZ2

Molecular Exchange (IMEx)

consortium.

FREIDNA T

« 2 084 controlled vocabulary terms,

» UniProtkB Ac: e.q. Q06609
» UniProtkB Id: e.qg. dmci
» Pubmed Id: e.g. 10831611

29
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Case/control studies

» A typical study: 100s

- Classification: Given a

expression profiles of
sick (case) & healthy
(control) individuals

samples >

partition of the samples l
into types, classify the
types of new samples

» Can the network help? sick healthy 2

30
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The network angle

Integrate case-control profiles with
network information

Extract dysregulated pathways specific to
the cases

Account for heterogeneity among cases
Meaningful pathway: connected

31
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Preprocessing

* For each gene, use the
distribution of values
among the controls to
decide if the gene is
dysregulated in each of
the cases

Control 1

Control 2

Control 3

Control 4

mJOloO]|m|>

A

Case l
B \
C Case 2
D Case 3

E

Case 1l

Case 2

Case 3
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Dysregulated pathway

* Input:
- Bipartite graph: genes, cases
- Edge (gene g, case c) if g is
dysregulated in c
- A network over the genes

* Dysregulated pathway (DP):
smallest connected subnetwork s.t. (@

sufficiently many 2k genes are B)_ ] Casel

dysregulated in all but few <I cases\\{g) Case 2

» Small pathway > focused disease o Case 3
explanation E)

k=2,1=1

W7 Min connected set cover problem 33
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Algorithms in Computational
Genomics at Tau
Complexity

+ Set cover problem: Given sets of elements,
find fewest sets that cover all elements

II__

o) Clique Set cover
k O Clique Set k-cover
1 >0 Clique Partial set cover
1 O Any Connected set cover (Shuai & Hu 06)

» All are NP-Hard
Dewsed approximation and heuristic algs

o

DysrEgulated Gene set
Analysis via Subnetworks
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AGE“‘“‘“
GGGGGGGGGG ‘Huntington Disease down-

regulated pathway

* Brain exp profiles of 38 patients, 32 controls
(Hodges et al 06) s B

 The most S|9n|f| cant pa ThW(]y iy o
found for k=25 (p < 0.005) %

+ Enriched with: B
- HD modifiers

Expression

2]
- HD relevant genes Dgg |

[Gria1

. > s S PRy isPooas
- Calcium signaling”e="" |
o EaH . . i P2A2 EPB41L1 '
OCRC? .“" e
Juacrc: “‘ . -
““ [F2:1 Y RYR2] it .
0 “““ \ ' POBP! | - aCLs R OUt|Ier
14 0w [AKAPS ;i

. . . UOCRH] s T e - ! - 35
% Huntingtin U m wm
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Breast cancer meta-analysis

- 6 breast cancer studies comparing poor and good

prognosis

- Van't Veer et al. Nature 2002

- Van de Vijver et al. NEJM 2002

- Wang et al. Lancet 2005

- Minn et al. Nature 2005

- Sotiriou et al. PNAS 2003

- Pawitan et al. Breast Cancer Research 2005

» Poor prognosis = metastases within 5 years
+ 1,004 patients in total
- Elements = studies

Discovered 2 significant DPs associated with poor
prognosis and one associated with good prognosis

36
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Poor prognosis network 1

- k=40,1=2,
p<0.005

* Enriched with [
cell-cycle s Yisrd |
associated e AT 7 AN e
genes wm N |
(p=2-10-26) & S oo | WfTE _
YY1 targets & I i e

BIRCS CCNAT|["

(p=2.4210°16) N =7

ijver02

‘05
Sotiriou'03
Pawitan ‘0%

Minn 05
Van't Veer'02

=
o)
0
o
=

Wan

CKs2

— - ¥ SND1 S ' \
. Enriched with 1N
. PBK| ' _JE2F XN o
genes localized S ANA v |
to the nucleus X e van
RAD51 ) o ‘RE!L2 . -
é [ ] Cell cycle genes eree A

% [ YY1 targets
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AESY Poor prognosis network 2

» Found by removing network 1 and repeating the search
(k=50; p < 0.005)

+ Also significantly enriched with cell cycle genes
* Not merely a segmentation of a single network:
- Only DP2

network is

STron IY | Cell cycle genes (from GO) g 5
enric ed WI'I'h B3 EEEE —— Up-regulaed in hESCs g
stem cell genes - Em | = i

- POP7

- DP2 enriched A | o 2
ith cytoplasmi S "/ | &,

y . 4 LDHA,

wIiTh cyToplasmiC m D . N p— . il
genes st - o

. HMMR: recent! e
recen ymm | L , = B

di d e : e
lscover‘e - Eﬁl XN ' RSivos | ' GTSE égfé

- COCAS

breast cancer m " NN P
h - PSMD2] | s ; asE . KPNAZ — o

risk factor S e s

¢ d . g PGK1

_ Lo I o T T (s | )

: N EEE i
HNRPAB [OYNLLY |
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Summary

- A method for finding subnetworks of

dysregulated genes

+ Specific to cases, but allows outliers

and exception

- Connected set cover paradigm
+ Better approximations??

39
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