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Schedule

Data, preprocessing, grouping (14:15-14:30)
Hands-on part | (14:30-14:40)

Grouping analysis (14:40-14:55)

Hands-on part Il (14:55-15:10)

Enrichment analysis (15:10-15:20)
Hands-on part Il (15:20-15:30)

ChlIP-seq and GSEA (15:30-15:45)

Hands-on part IV (15:45-16:00)



e EXPANDER — an integrative package for
analysis of gene expression and NGS
data

e Built-in support for 18 organisms:

human, mouse, rat, chicken, fly, zebrafish, C.elegans, yeast (s.
cereviciae and s. pombe), arabidopsis, tomato, listeria,
leishmania, E. coli (two strains), aspargillus, rice. And
v.vinifera (grape)

e Demonstration on human CAL51 cell line
experiments™:

e  RNA-Seq data, which contains expression profiles
measured in several time points after IR-induction.

e P53 ChIP-Seq data after 2 hours of IR-induction.

*Data from Rashi-Elkeles, Warnatz and Elkon et al, 2014, Science Signaling, DOI: 10.1126/scisignal.2005032



EXPANDER status

829 citations since 2003

63 citations since 2017
18,062 downloads since 2003
914 since 2017



What can it do?

J Low level analysis

e Data adjustments (missing values, merging, divide by
base, log)

* Normalization
* Probes & condition filtering

J High level analysis

» Group detection (supervised clustering, differential
expression, clustering, bi-clustering, network based
grouping).

* Ascribing biological meaning to patterns via
enrichment analysis



Links to public annotation databases

Input data
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EXPANDER - Data

J Expression matrix (probe-row; condition-column)
* One-channel data (e.g., Affymetrix)
* Dual-channel data, in which data is log R/G (e.g. cDNA microarrays)
e ‘cel files
* RNA-Seq counts OR absolute/relative intensities data

ChIP-Seq data: in BED or GFF3 formats

JID conversion file: maps probes to genes

(JGene groups data: defines gene groups

dGene ranks data: defines gene ranking for GSEA
 Network information (e.g. PPl network) - .sif format




First steps with the data — load, define,
preprocess

»n «

Load dialog box , “Data menu”, “Preprocessing menu”

Data definitions
= Defining condition subsets
= Data type & scale (log)
= Define genes of interest

Data Adjustments
= Missing value estimation (KNN or arbitrary)
* Flooring

= Condition reordering

Merging conditions

Merging probes by gene IDs

Assigning genes to ChlP-Seq peaks

Divide by base

Log data (base 2)



Data preprocessing

* Normalization= removal of systematic biases
— Quantile = equalizes distributions

— Lowess (locally weighted scatter plot smoothing) = a non
linear regression to a base array

= Visualizations to inspect normalization:
— box plots
— Scatter plots (simple and M vs. A)

M=log,(A1/A2)
A = 0.5*log,(A1*A2)




Data preprocessing

 Probe filtering

Focus downstream analysis on the set of “responding
genes”

= Fold-Change

= \ariation

= Statistical tests: T-test, SAM (Significance Analysis of
gflicrcgarrays), edgeR and deseq2 (RNAseq count
ata

= It is possible to define “"VIP genes”.

1 Standardization : Mean=0, STD=1 (visualization)
 Condition filtering
1 Order of operations




Hands-on (1-2)







Supervised Grouping

 Differential expression:
a) Under normality assumption: t-test, SAM
b) No normality assumption (RNA Seq data):
Wilcoxon rank sum test , Negative binomial
(edgeR/DESeq?2)

d Similarity group (correlation to a selected
probe/gene)

J Rule based grouping (define a pattern)



Unsupervised grouping - cluster Analysis

Partition into distinct groups, each with a
particular expression pattern

= Co-expression — co-function

" CO-expression — co-regulation

Partition the genes attempts to maximize:
» Homogeneity within clusters
» Separation between clusters



Cluster Analysis within Expander

Implemented algorithms:
CLICK, K-means, SOM, Hierarchical

Visualization:

Mean expression patterns

Heat-maps

Chromosomal positions

Network sub-graph (Cytoscape integration)
PCA
Clustered heat map



Biclustering

Clustering seeks global partition
according to similarity across ALL
conditions >> becomes too restrictive on

large datasets.

= Relevant knowledge can be revealed
by identifying genes with common
pattern across a subset of the
conditions

= Novel algorithmic approach is
needed: Biclustering




Biclustering Il

* Bicluster = subset of genes with similar behavior
under a subset of conditions

Computationally challenging: has to consider many
combinations

Biclustering methods in EXPANDER:

ISA (Iterative Signature Algorithm) - ihmels et.al Nat Genet
2002

SAMBA = Statistical Algorithmic Method for Bicluster
Analysis ( A. Tanay, R. Sharan, R. Shamir RECOMB 02)



Drawbacks/ limitations:

. Useful only for over 20 conditions
. Parameters

. How to asses the quality of Bi-clusters
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Biclustering Visualization
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Hands-on (3-4)




Functional
enrichment

enrichment




Functional enrichment analysis - Ascribing
functional meaning to gene groups

Gene Ontology (GO) annotations for all
supported organisms

TANGO: Apply statistical tests that seek over-
represented GO functional categories in the

groups




Functional Enrichment - Visualization

'E wpander5 - Default Session

File Data Preprocessing Grouping Group Analysis Visualizations Options Help

===

Background Set Selection: all genes
Threshold p-‘alue: 0.01

Wax Size of Class to consider: 3000
Annotation sub-types: Process, Function
Mumber of iterations: 1000

Mumber of enriched sets: 4

-

~| | Diagrams | Enrichment Table
multicellular organismal development - G001 rg—r |
positive regulation of cellular process - GOo:00 Set Enriched with #genes Raw p-value Corrected p-Val..| Frequency in s...
immune response - GOOO0GRI55 Cluster_1 immune response - GO:0006S55 13 3.509E-12 0.0010 9.02
protein dimerization activity - GO:0046983 Cluster_1 response to external stimulus - GO:0009604 12 1.798E-10 0.0010 8.33
cellular developmental process - GO:0048869 Cluster_1 defense response - GO0006952 11 1.825E-9 0.o010 TE3
structural constituent of cytoskeletan - GO:000 Cluster_1 taxis - GO:0042330 i 1.67E-7 0.0020 416
defense response - GO:0006352 Cluster_1 chemokine activity - G0:0008009 4 1.471E-6 0.0050 277
nucleal_'part- GO:0044428 Cluster_3 nuclear part- GO:0044428 15 7.072E-7 0.0040 12149
:ﬁllii“so”(%F’DE;DE'SUEFSTENS' process - GO:004 Cluster_3  |regulation of cellular process - Go:0050794 28 1.083E-6 0.0040 2276
) : ) _ Cluster_3 nucleus - GOo0006634 24 3.038E-6 0.0080 19.41
respanee to Elﬂﬁma'rsé'_mlu'“,s -leo_uuuga%so Cluster 4 |regulation of cellular process - GOL0050734 40 1.472E-11 0.0010 ETRE)
negative requiation ot Dinngical process - Cluster_4__|regulation of progression through cell cycle - GO:0000074 |13 1.879E-8 0.0010 1111
chemaokine activity - GO:0008008 - - -
regulation of progression through cell cyle - 0 Clugter_4 multicellular organismal development - GO:00072748 28 7T.47EE-9 0.oo10 23.93
rasponse 1o stress - GOO00GI50 Clugter_4 transcription factor activity - GO:0003700 18 5.693E-9 0.oo10 148.38
regulation of cellular process - GO:O0S0794 Clugter_4 anatuml_cal structure development- GO:0048856 26 1.032E-8 0.oo10 22.22
i GO uster apoptosis - GO . - . .
anatornical structure development - GO:004 35 Cluster_4 t GO:000631S 15 1.831E-8 0.0010 12.82
tawis - GO-0042330 Cluster_4 pasitive regulation of cellular process - GO:0048522 16 2.187E-8 0.oo010 13.67
cytoplasmic part- GO:N044444 Cluster_4 cellular developmental process - GO:0048869 26 3.548E-8 0.oozo 22.22
ytop p
actin eytoskeleton - GO:001 5629 Cluster_4 negative regulation of hiological process - GO:0048519 16 4 0E-7 0.0020 1367
myeloid cell differentiation - GO:0030094 Cluster_4 regulation of developmental process - GO:00507593 9 TITIE-Y 0.0040 769
cantractile fiher part- GO:00444449 Cluster_4 response to stress - GO:0006950 14 8.002E-7 0.0040 11.96
musele contraction - GO:0006936 Clugter_4  |nucleus - Goo0005634 28 B.377E-7 0.0040 2383
cytoskeletal part- GO:0044430 Cluster_4  [protein dimerization activity - GO:0046583 ] 1.308E-6 0.0040 f.83
transcription factor activity - GO:0003700 Cluster_4  |myeloid cell diffierentiation - GO:0030099 5 1.504E-6 0.0080 517
apoptosis - GO:0006915 Cluster 5 |muscle contraction - GO:0006936 11 B.27T1E-20 0.0010 26.19
actin cytoskeleton - GOo00156249 10 1.116E-13 0.0010 238
contractile fiber part- Go:0044449 T 6.BEZE-12 0.0010 16.66
cytoskeletal part- GO:0044430 10 1.587E-9 0.0010 238
structural constituent of eytoskeleton - GO:0005200 3 2.B53E-9 0.oo10 14.28
cytoplasmic part- GO:0044444 17 2.612E-8 0.oozo 40.47
Analysis Info:
Analyzed Gene Groups: CLICK 1.1

Can be saves as a
tabular .txt file

LData Sheet 1 LCLICK 1.1 L CLICK 1.1 GO Enrich.1 |l CLICK 1.1 GO Enrich.2

Currently working on: Data Sheet 1




Pathway analysis

Searches for biological pathways that are over-
represented in gene groups

KEGG: Kyoto Encyclopedia of Genes and
Genomes (mainly metabolic),all 18 orgs

WikiPathways — various biological
pathways(~20 species, 1765 pathways) — open
resource

Statistical hyper-geometric (HG) cumulative
distribution score + multiple testing correction



= = C # |[) www.genomejp/kegg-bin/show_pathway?hsa04060+6347+6387+3625+3624+2919+3575+51330+3589+3554+3569

ch Cytokine-cytokine receptor interaction - Home sapiens (human)

[ Pathway menu | Organism menu | Pathway entry | Downlead KGML | Show description | User data mapping ]
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Promoter

Signals
(PRIMA/




Inferring regulatory mechanisms from gene
expression data

Assumption:

co-expression = transcriptional co-regulation = common
cis-regulatory promoter elements

 Computational identification of cis-regulatory
elements over-represention

* PRIMA - PRomoter Integration in Microarray Analysis
(Elkon, et. Al, Genome Research, 2003)

« AMADEUS — novel motif enrichment analysis



PRIMA - general description

Input:
— Target set (e.g. co-expressed genes)
— Background set (e.g. all genes on the chip)

Analysis: Detects TFs with high target set
prevalence

TF binding site models — TRANSFAC DB

Default: From -1000 bp to 200 bp relative the
TSS



Promoter Analysis - Visualization

W !

| . . . . ! ¥| Select All
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2653 (BHLHEZ) CAGGGGEGCT GCGCAACCGEGT GCCCGCCCECCCECABGTT BT GCCCAGGAGCGOAGCT CCT GEGAGE G
2776 (JUNE) GGGTTTTAGGATGEGEEACAGAGAAT ACABAT GACT AAGAGTTACCAT coacooaaacaccactea | ¥ [ mMooso7EGR]
2270 (IERZ) T MHMMHHMMNHHNNHHNH NN NN NN NN
1952 (EGR1] CCTGCCCAGGCGGGECCCAGLCGLT CCCOBTTCBCTCT CACGGT ceeT 6ac6Toee (| ¥ [ MOO716[ZFS]
10221 (TRIE1) GGECCCTGGCT CAGGAAGCTCTTTCT GLGABT CACCGLGAABGGECGGCCCEGGAGCCT GRAGAAGCT A
2164 (HR4A1) TBOGOTOGEAT GAATOCCAAGCEAT GEABECABEECECEcacAnaAcT canacoccasacceTorcord | ¥ [l moosesETF
7071 (KLF10Y AGGCAGEACGCETT CCAGAGGTCTTGGT COAGGHGT GGGGEGT GAGIGT GGGGET CTACCTTT GAAACAGET
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1068 (ERHAZ) TBCCACAGTTGLT CTTCCT BOACT GOT CAAAT GOTBATT GOCCAACARECAGECETEEETaacTooon | ¥ [] MOD186[Sp1]
2077 (ERF) TCAGATCT GCBCT BT GATTTCCT GTTTCCCAGBAGCCT CAGGETT CATCCTT CCCTCECGGCT GAGGL A
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1844 (DUSPE TGCTAGCCCT GGACTTTGCT GCCCGGLGGGGLT GOACAGGGAGGCCTAGGAT GOGGGAGECCAGTT LT vl [ mo1104MmOvO-B)
602 (BCLE) GCAGCACCGGCCT COG CTGGCCTGGTGTCCGTGTCTCTTGCTATCTCTETTTET CT . .
1959 (EGRZ) GGTGTGT GAAGAGE BGTT 6TABCGoAAGT BeAGCEANNNNNNNNNNNNENANN | Y] [l MO0720[CAC-binding_pratein]
1960 (EGRI) TCATTCTTTCCTCTT CACCACGAARACCGBCACAT CCT COACCCCATATGBAT GGGGCTCTTGTCTTT B
o021 (S0CE) BCECCOTTCT COBCCACCTTTCOAGET CLBOABACAGOCATTOOCGCAGATELETEECoToCeTATT | ¥ [0 MODS03EZF]
1748 (DL CTATTAGCAAT AAT ACCT TTAAGTTTAT GTAGCTTCTCTTT GAAGCAACAAGGAAAACCCGTTT CAAT
4616 (GADD458) MMMMMNMNNHMNEMNHE NN M MNN NN M N H NN NN N NN NN NN GCC CACCOC G GAGT GAGAAAT A
150094 (5 MF1LE) TAGGCTCGAT CCAGAAT CT AACT CCCAAAT GBGT CCT CAGGCTT AAAAAAT ACCTT CGCCCACAGBCCT
2397 (101) TAGCT AGACCAGBTTTGTCGTCT CCAT GGCGACCGCCCGEGCGGCGCCAGECT GACAGT CCGT CCBGGT
5202 (FIM1) CCGGCCCTTT GACACACAT CCCTT COCAGAMAT CAGBATT COCTGGTGCTTTTGCATTT CT AAAAT G
3400 (I04) CATTAATGOCCT AAATT AAGTT ACAGGT AT GAATTTTACAT AAAACAGAT T AATATTATAT GT CAT AA

677 (ZF PEL1Y
25076 (TIPARF
45 (NABZ)
721740 (Chorf 145)
R0 (5515117
72135 (IMJDE)
11007 (CCOCESE)
51339 (DACTT)
6615 (SHAIT)
73579 (CLCF1)
0176 (SPSB1Y
SEETZ (C11orf17)
54577 (ZLCHEE)
20950 (SERTADT)
54520 (BCOR)
24019 (PRP1R15E)
HE116 (PIME)
145479 (PHF 23
81274 (KLF3)
114789 (5LCTAA25)

GEAACAAACCCTTGGTCGGCGGGGECGGT AAACAACT COGGAGCGAGCGEGCTAGGCCAGTCGCAGL
TAACAAAGGCTTAGAAT CAT AATGTCTATGATTATTACCTCTTAGCTCCTAGTTTTACT GACTT CCAT
GGTCCCTAATAGACGGCCCCAGGAAGGGTATCGTCTTTGT CACACARAAATTCCCAGGLCAGGGCCT CAT
TACACAGGAAACATATGCGTTCATTTA TAT AAAAMACAT CAT GLAMAAG
CGCTCCCCAGCCACCCGOCTGLGT GAA GCGCACGGCCTA CICCGD
CCCTGGGEGGCAGTGT CAT CAGCAGCCACAGAAGCTTGCGGAACATTGCAT CATGEAGACTGEEGGEET A
NHHHMNNHNNNHNNHNNNHNNENNNNEN NN N NN NN N NN NN NN NN NN NN NN
NHHHNNHNNNHNNHNNNHNNENNNNNN NN NNENNNHENET T GT AAACGCAGACT AAGT AAT AAT
HHHHMHHMNHNHHNHHNNHHNNHH NN NN NN NN NN NN NN NNT GGAAGCT GCT
ACCCCCAGGTATCCTGCCCAGCAAAT CCCAACCCAGGLCCT GEGGGAAGGAGGLOGGAGCCCTCACCGET
TATTCTGAGTT CAAACAAAGCT AAACCAAACTGATTTTCAGCACCGT AAAAT GAGAGACAT CARACTT
AGAGCTGCGETGAGGGATTAT GAGAGACCCTACAACTTCT CAGGCGECCCCTOGCCCCGGGGGCCAGEA
CHHMNHNMNNHHNNHNNNHNNNNNNNNNNENNENN NN NN NNNNNNNGCGGCAT GGAGGGGCC
NHHHNNHNNHHNNHNNNHNNEHHNNHN NN N NN NN N NN NN NN NHH NN NN
CGCCCAGGACGTGCGCCCGGGTCGGGCGTGCGEAGECAACTCGGECCCGAGCT NHMNNNNNNHNNHNNN
NHHHNNHNNHHNNHNNNHNNNHNNHN NN N NN NN N NN NN NN NN NN NN NN
AGGGGAGGCT GOAAGCTCCGAGGLAAGT GT GTGTGCGCGCTGACGGTCACACCAGACCGCCCGGGGAT
TACTTACCTTTTTCCCCCACTTTCGAATATT AAAAATGTTCCCGT CAGACCGLCTTTTGGTCACCGLA
CTGEGCAAATGCCGCTTTTTAGCTCCAGCGGCAGGCCTGGCCCGT GEGAGTTTTGCCCCAGGGGTCT O
ACAGGGGAT AGGCCAGGCTTGCTCGAGGCCAAGCACT AGGCCTTTGET AACCCCCCTEGET ACGLAAA

G651 CAXUD NHHHNNHNNHHNNHNNNHNNEHHNNHN NN N NN NN NN NN NN NN NN NN
01748 (Cldarfdi) AAT CATAT CCCCTCECCTCCTCTTCTECCT GAGAAAGT GAGGGAT GCACCTGETTCT CAGGT
132264 (CPEBZ) CCCGGCC TCCTCTTCCTCCCCGTTCCTGGLGEAT CAGCAGACCATGCAGGAT GAGCT G
Sdade EGGGEGGGTGAAEE%E%E% EE%E GOAAGGCTCCAACCCGCCCAATCTGAGCCCGAGGLCTGLT GAG
284023 TGGGGCCATCAC CAGGCCTCCGGAAGGAAAGGATTCCCAGCATTCCT AAAGCCA



Amadeus

" A Motif Algorithm for Detecting Enrichment in multiple
Species

 Supports diverse motif discovery tasks:

1. Finding over-represented motifs in one or more given
sets of genes.
2. ldentifying motifs with global spatial features given only
the genomic sequences.
* Possible Gene-sets:
1. Identified gene sets clusters vs. all genes promoters.

2. ChIP-Seq peaks sequences using Expander built-in FASTA
seguences generation.



AMADEUS on ChiIP-Seq peaks
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Hands-on (4-7)
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Gene Sets Enrichment analysis

Goal: Determine whether an a priori defined set of genes shows
concordance with a biological pattern (e.g. differences between two
phenotypes)

Gene set sources:
v" MSigDB (Broad molecular signature database)
v KEGG
v' Wiki pathways
Gene rank sources
v' Phenotype labels
v Imported
v’ Selected condition
Significance estimated with permutations

FDR correction for multiple comparisons



Gene Sets Enrichment visualization

Enrichment Plot: Notch Signaling Pathway
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ChIP-Seq enrichment analysis

Searches for over-representation of genes closest to
ChlIP-Seq data peaks

Uses hyper geometric test
Multiple testing correction (Bonferroni)

Enrichment results visualization (same as other
group analysis results)



ChiIP-Seq visualization

Peaks to genomic region distributions
Closest gene to peak chromosome visualization
Peaks enrichment in genomic regions

Peaks annotation table including closest gene and
genomic region (e.g., S5SUTR, Exon etc)
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Peaks Distribution
o
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Peak D Chromosome P, Gene D Gene Symbal Transcript ID Strand Distfrom T33 Seq Type Intensity

1 chri-118625...  |388581 FAM13zA ucoriadl.z - -4255 Upstream ofthe .. |00
2 chri: 1388z, . 153488 CALMLs uceoiaih.a + -7138 pstream ofthe .. |o.0
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Integration between different technologies

- ) > g R
GE data . ChIP-Seq peaks
(Microarray/RNA- < > data
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* ChlIP-Seq vs. GE analysis:

GSEA — ChIP-Seq target genes as a single set
ChIP-Seq enrichment of GE’s clusters
ChlIP-Seq target genes distribution in GE

Expander enrichment tools (e.g., TANGO, PRIMA)
— select ChIP-Seq target genes as a single cluster



GSEA — ChIP-Seq vs. GE

|Gene Set.| SetSize |Setgene...|Top hits g.[Enrichme..| Pwvalue | g-value

Chip-5e... 371 319 lo.73 0.0010 0.0010

2

&

| Enrichment Plot | Leading Edge Set Table |

@

Analysis Info:

study name: GEData11

Comments:

Ranks basis: predefined condition series
Rank calculated by:  GE test-base ratio

Rank power (p): 1

Gene sets file: null

Permutations: 1000

GE Datal1l | Gene Set Enrichment Analysis11 | Chip-5eq Datal
Currently working on: GEData11
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Enrichment Plot: Chip-Seq Data 1
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Rank distribution — ChIP-Seq vs. GE

xpander’ - Default Session
File Data Preprocessing Supervised Grouping Unsupervised Grouping Enrichment Analysis ChIP-5eq Analysis Visualization Options Help

. sl Response of ChIP-5eqtarget genes vs. background genes
Visualization Info: -
ChIP-seq data: Chip-Seq Data 1 : 180
Test condition: C.R.4h.a.logRo Lk
Number of target genes: 319
Number of background genes: 12138 140
Wilcoxon P-Value: 0.0000 : s
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L GEData11 L Gene Set Enrichment Analysis 1.1 ﬂ ChiP-5eq vs. GE Analysis 1.2 l Chip-5Seq Data 1

Currently working on: GE Data11




Raw data processing || Tabulartest Deep sequencing
% | RMA fila, data
S o J, l /
5 e R SR Mapping of
o S - Expression data loaded <——— probes 1o gene
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Filtering
Expression data preprocessed
Network

- ~—— [ Clustering | |
PCA ‘ Hierarcrrical CLICK £ Biclustering = Network-based
 clustering SOM SAMBA grouping

MATISSE, DEGAS

Identifying groups of

K-means

- =) User-defined

Gene_.groupsobtalhed & g8ne groups <—| ChiP-5eqdata

Precompile

d support
for >10

User-defined
annotations

( Functional ';' Ptomoter""v 3’UTR | Genomic Signaling Pathway General
analysis analysis = analysis  location ’ pathways analysis enrichment
L TANGO PRIMA FAME \analysis I\ SPIKE J‘(\KEGG,‘Mki)}‘ analysis

regulatory networks

Gene Set
~ Enrichment
“Analysis (GSEA)

Uncovering functions and

Significant enrichments reported




Hands-on (8-10)
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