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Motivating example 2
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chip-seq  Motivating example 3
data
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How to compare genomic samples ?

* Transcriptome Overlap Measure (TROM)

* Epigenome Overlap Measure (EPOM)
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Motivating example 1
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ModENCODE timecourse RNA-Seq data

D. melanogaster

(Labs: Celniker, Graveley)
modENCODE consortium, Science, 2010
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Question 1

Within each species, is there a clear mapping

between its developmental stages in terms of
gene expression?

Example: D. melanogaster stages

Adult

Female + 5d




uick answer: correlation analysis?
Pearson correlation
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uick answer: correlation analysis?
Spearman rank correlation
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Stage associated genes
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“Associated” vs. “Specific”
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Associated: Red Blue Green
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« Associated genes can be shared by a subset of samples

« # associated genes = # specific genes




Within-species stage mapping
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Stage/tissue/cell mapping within species (e.g. fly)
(explanation of p-values)
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D. melanogaster stage mapping results
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D. melanogaster stages vs. gene classes
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Top enriched GO terms

# genes
mitosis — 190
DNA repair — 89
meiosis - 68
regulation of mitosis —
phosphorylation

76
— 113 Embryo0-2h
— 113

1 33
| 49
— 29
— 28

early development

DNA recombination
oogenesis / axis specification
spindle assembly

metaphase

DNA recombination
eggshell chorion assembly
meiosis

DNA repair

intraoocyte localization
axis specification

meiosis

regulation of translation
mitosis

vitelline membrane

Female+30d

I N [ e e e e
CcccccCcCcCCcCCcCCcCCcCr-rNLCNODOQLELSTDTOOTOTDOTTDT
NTSTooodNTOOooNT I AN T [ | BNTANDNT OO~ OO
I 11 I AN NN O~~~ + + + + + 0 + + 0O
o< © I 1 11 L1 11 + NNV S ++ 00O DOF OO F
D0 O0OO0OMOANT©®MOAN o e W M W = M RO B B B B S D S )
22222220+ QA A JmmmG)(U(UQ_Q_Q_ © ©
5666 20000000 JJJEQQDDJEE E E
s>>>2>22>22>22 S S>aaa = o o £
b d/ ted EEEEITESEEE55555 Q0000 Lo
observed / expecte NETRTRTEE a3oppP L
w EEEEEEE ryrtoen
5 W oW W www
3 &) S
3 N\ NS
5 embryos larvae pupae ¥
1 4 ®®
0 &’ &
N\ ‘\?}Q

D. melanogaster stages



larvae O//& dauers

W
8hr/

young adult ) n

10hr/

C. elegans stage mapping results

DauerExitDAF2 —
DauerDAF2 —
DauerEntryDAF2 —

AdultSPE9 .
YA

LAMALE —
L4 —

L3 —

L2 —

LIN35 —

L1 —
EE_50-720 —
EE_50-690 —
EE_50-660 —
EE_50-630 —
EE_50-600 —
EE_50-570 —

Adult

L4 larva
/\ .
embryonic @
development %
several months
14 hr
Dauerlarva I I I I
L3 larva \Shr / J88gR TSI IS AELE
A/ Pred L 2d [ Igl LKOI)‘ Sllt?l')l LlOI)‘ = % %%%%
redauer (L2d) o 3538
crowding f low food / Sz
8 hr N — 2
TN L1 larva &
L2 Er;a 12 hr larvae b& dauers

TROM

Score
(_|Og10 p)
10




Question 2

* Between fly and worm, is there a clear mapping between
their developmental stages in terms of orthologous gene
expression?

Orthologs
one-to-one one-to-many many-to-one many-to-many
— — — —
Common ancester Common ancester Common ancester Common ancester

------------- Speciation -aaasheeeeSpeciation A Speciation

Duplication DuplicaXjon Duplication

modENCODE orthologs:
Wu el al (2014) bioRxiv doi: http://dx.doi.org/10.1101/005736.



Question 2

* Between fly and worm, is there a clear mapping between
their developmental stages in terms of orthologous gene
expression?

Orthologs
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Ortholog pairs




Between-species stage mapping

stage associated genes
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Between-species stage mapping
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Stage/tissue/cell mapping between fly and worm
(explanation of p-values)
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C. elegans vs.
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C. elegans vs. D.melanogaster stage mapping results
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C. elegans vs. D.melanogaster stage mapping results

D. melanogaster stages
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C. elegans vs. D.melanogaster stage mapping results

D. melanogaster stages
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Comparison of D. melanogaster and C. elegans developmental
stages, tissues, and cells by modENCODE RNA-seq data

- Li, J.J., Huang, H., Bickel, P.B., and Brenner, S.E. (2014). Genome
Research 24(7):1086-1101.
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do0i:10.1038/naturel3424

Comparative analysis of the transcriptome across
distant species
« Gerstein, M.B. et al. (2014). Nature 512(7515):445-448.
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Technical aspects of TROM

e Selection of the Z-score threshold

e Performance as classification scores



Selection of the Z-score threshold

* Objective function
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— p the number of biological samples,
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Selection of the Z-score threshold
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Performance as classification scores

Simulation
based on

D. melanogaster

RNA-seq data
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Performance as classification scores

Simulation
based on

C. elegans
RNA-seq data
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TROM vs. Pearson correlation

D. melanogaster
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TROM vs. Pearson correlation

C. elegans
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TROM vs. Spearman’s rank correlation

D. melanogaster
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TROM vs. Spearman’s rank correlation

C. elegans
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Transcriptome mapping within human

Within-human mapping using protein-coding genes
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Transcriptome mapping between species

Human-mouse mapping using protein-coding genes
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Epigenome Overlap Measure
(EPOM)



chip-seq  Motivating example 3
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Why not correlation analysis?

H3K4me1 at enhancers H3K4me1 at promoters
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Input:
region - an integer indicating location of current candidate enhancer/promoter
signal - a vector of selected mark’s signal on region in 124 epigenomes
group - a vector indicating the true tissue/cell types of the 124 epigenomes
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EpOM score !

EPOM results
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GO enrichment of associated enhancers and promoters in
ESC vs. iPSC
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neaative reaulation of steroid biosvnthetic process




GO enrichment of associated enhancers and promoters in
Blood & T-cell vs. HSC & B-cell

viral process
toll-like receptor 4 signaling pathway
toll-like receptor signaling pathway
MyD88-independent toll-like receptor signaling pathway
gene expression
cgokine—mediated signaling pathway
TRIF-dependent toll-like receptor signaling pathway
mRNA splicing, via spliceosome
protein K48-linked ubiquitination
innate immune response
arachidonic acid metabolic process
I ] I r)ositive regulation of GTPase activity
ipoxygenase pathway
signal transduction
neurotrophin TRK receptor signaling pathway
| ] positive reaulation of transcriotion from RNA polvmerase Il boromoter

Common top enriched GO terms:

vV v.v. v vY

toll-like receptor 4 signaling pathway

toll-like receptor signaling pathway

Notch signaling pathway

MyD88-independent toll-like receptor signaling pathway
cytokine-mediated signaling pathway

neurotrophin TRK receptor signaling pathway



GO enrichment of associated enhancers and promoters in

Muscle, Heart and Sm. Muscle

Common top enriched GO terms:
muscle filament sliding
sarcomere organization

adenosine to inosine editing
positive regulation of GTPase activity

vV v v v VY

muscle contraction

muscle organ development

muscle filament sliding

sarcomere organization

skeletal muscle fiber development

skeletal muscle contraction

adenosine to inosine editing

regulation of heart rate

ventricular cardiac muscle tissue morphogenesis
negative regulation of beta—amyloid formation
cardiac muscle contraction

cell adhesion

extracellular matrix organization

negative regulation of transcription, DNA-templated
angiogenesis

phospholipid metabolic process

O-alvcan processina

fibroblast growth factor receptor signaling pathway

HAC1-type intron splice site recognition and cleavage



Disease ontology enrichment analysis of associated
enhancers (promoters)

tissue/cell type

top enriched DO terms

Blood & T-cell, hypersensitivity reaction disease (celiac disease), hematopoi-

HSC & B-cell etic system disease (lymphopenia) and immune system cancer
(lymphoma and leukemia)

Epithelial gastric adenocarcinoma

Brain disease of mental health (attention deficit hyperactivity disor-
der, alchohol dependence and schizophrenia), major depressive
disorder, neurodegenerative disease (Alzheimer’'s and Parkin-
son's)

Muscle cardiovascular system disease, cardiomyopathy

Heart cardiovascular system disease, diabetes mellitus, kidney disease

Sm. Muscle coronary artery disease

Digestive hepatocellular carcinoma, pancreatic cancer, gastrointestinal

system disease (ulcerative colitis and esophageal cancer)




Paper

BMC Genomics

Home About Articles Submission Guidelines

@ y
\%

ARk PROCEEDINGS Open Access

Background .

e Epigenome overlap measure (EPOM) for

i comparing tissue/cell types based on chromatin
Discussion and

conclusions states

Availability of supporting

data

Wei Vivian Li, Zahra S. Razaee and Jingyi Jessica Li &%

Declarati
eclarations BMC Genomics 2016 17(Suppl 1):510

Additional files https://doi.org/10.1186/512864-015-2303-9 | © Li et al. 2015
Declarations Published: 11 January 2016
References

Software

https://github.com/ruochenj/EPOM_R



Acknowledgements
* Wei Vivian Li
* Ph.D. student at UCLA

e Zahra Razaee
e Former Ph.D. student

 Ruochen Jiang Razaee
 M.S. student at UCLA

Wei Vivian Li Zahra Razaee Ruochen Jiang



