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Transcriptional and post-transcriptional regulatory program
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MicroRNA
• MicroRNA (miRNA): ∼ 22 nucleotide small endogenous RNA;
• Form Watson-Crick basepair with 3′UTR of target mRNA:
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(Filipowicz et al., Nature Reviews, Genetics 9, 102-114, 2008;
Bartel, Cell, 136(2), 215-233, 2009)



N-to-N relationships between miRNA and mRNA
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MicroRNA target predictions

I. Sequence-based approach:
• Watson-Crick seed match;
• Evolutionary conservation;
• Binding free energy;
• Lots of false positives: ∼ 2:1 signal:noise, ∼ 33% specificity;
• e.g., TargetScan (Lewis et al., 2003), MiRanda (Enright et al.,

2004), PicTar (Krek et al., 2005), etc.

II. Expression-based approach:
• Correlation-based approach:

• Expression correlation miRNA and mRNA across multiple
tissue types;

• Higher accuracy than sequence-based but require lots of
expression profiling data;

• Not condition/tissue-specific;
• e.g., GenMiR++ (Huang et al., 2007), HCtarget (Su et al.,

2011), GroupMiR (Le et al., 2011)

• Transfection-based approach (Liu et al., 2010):
• Expression profiling before and after a miRNA transfection;
• Promising context-specific targets of the miRNA;
• Major confounder: off-target effects



High-throughput heterogeneous data

• The dynamic of miRNA expression is implicated in various
phenotypic changes including embryonic development and
diseases especially in cancers (Spizzo et al. (2009). SnapShot:
MicroRNAs in Cancer. Cell, 137(3), 586)

• Maturity of high-throughput technologies such microarrays,
large/small RNA-seq, ChIP-seq enable large scale profiling
across diverse cell types or conditions, for instance:

• TCGA data enable studying cancer-specific miRNA-mRNA
interaction with hundreds of expression profiles measured by
microarray/RNA-seq for each cancer type

• ENCODE data enable studying the interplay between TF and
miRNA regulation using ChIP-seq and RNA-seq

• Challenges/opportunities: High-throughput heterogeneous
data enable predicting context-specific functional miRNA
regulatory networks but present unique computational
challenges.



Outline

Background

Project 1: A probabilistic approach to explore human miRNA
targetome by integrating miRNA-overexpression data and sequence
information

Project 2: Inferring probabilistic miRNA-mRNA interaction
signatures in cancers: a role-switch approach

Project 3: Mirsynergy: detecting miRNA synergistic regulatory
network modules by overlapping neighbourhood expansion

Project 4: Regression analysis of combined gene expression
regulation in acute myeloid leukemia



Project 1: A probabilistic approach to explore
human miRNA targetome by integrating
miRNA-overexpression data and sequence
information

Publication:
Li, Y., Goldenberg, A., Wong, KC., Zhang Z. A probabilistic approach to
explore human miRNA targetome by integrating miRNA-overexpression
data and sequence information. Bioinformatics. (Oxford, England),
30(5), 621–628. (May 2013)



MicroRNA (miRNA) overexpression
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TargetScore model
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where σ(− log FC ) = 1

1+exp(log FC) , p(t|xl) is the posterior of
true target given the observed score xl , inferred by variational
Bayesian Gaussian mixture model (Ch10, PR & ML, Bishop, 2006).



MicroRNA transfection data collected from GEO
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Evaluation of target prediction methods on 35 miRNAs
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Cumulative sum of protein down-regulation
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Comparison of GO enrichments
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Oncomir-oncogene network
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Project 1 summary

• We developed a Bayesian probabilistic scoring strategy called
TargetScore using miRNA overexpression and target site
information to predict context-specific miRNA-mRNA
interactions.

• TargetScore demonstrates superior performance over the
existing methods in predicting validated miRNA targets,
protein down-regulation, and functional enrichment in
majority of the test data.

• TargetScore is implemented as a stand-alone R package and
freely available at Bioconductor website.



Project 2: Inferring probabilistic miRNA-mRNA
interaction signatures in cancers: a role-switch
approach

Publication:
Li, Y., Liang, C., Wong, KC, Jin, K., and Zhang, Z. Inferring
probabilistic miRNA-mRNA interaction signatures in cancers: a
role-switch approach. Nucleic Acids Research, 42(9), e76. (Feb, 2014)



siRNA/miRNA
 transfection

Effect on mRNA
levels

Initial
condition

AAA

AAA

AAA AAA

AAA AAA

K
n

o
c
k
d

o
w

n
C

o
m

p
e

ti
ti
o

n

RISC

Site for transfected miRNA

Site for endogenous miRNA

Transfected miRNA

Endogenous miRNA

A. miRNAs competes for RISC (Khan, et al., 2009)

miR-A

microRNA mRNA Regulation

miR-B

B. mRNA abundance “dilute”

individual miRNA effects on 

each mRNA (Arvey, et al., 2010)



Motivation:

• Correlation/regression-based methods require a large number
of samples; and the identified miRNA-mRNA interactions
(MMI) are not sample-specific

• mRNA competition is rarely considered but important; e.g.,
dilution effects (Arvey et al., 2010)

I/O of the proposed model:

• Input: paired mRNA-miRNA expression profiles of N mRNA
and M miRNA from a single sample, N ×M seed-match
matrix

• Output: inferred N ×M probabilistic miRNA-mRNA
interaction signatures (ProMISe)



A. mRNA competition

B. miRNA competition
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ProMISe model details:

Initialize x(t) = x(o)

1. p(t
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Toy example:

Joint competition

role-switch
iteration
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Identification of confidence targets from PAR-CLIP and
miRNA knockdown data in HEK293 (Hafner et al., 2010)
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Paired expression data from TCGA

Cancer mRNA miRNA normal tumor Total

BRCA 13306 710 14 317 331
COAD 13306 710 0 177 177
GBM 10344 338 10 496 506
HNSC 13306 710 0 37 37
KIRC 13306 710 0 274 274
LUSC 13306 710 0 132 132
OV 8371 542 8 565 573
READ 13306 710 0 66 66
THCA 13306 710 58 485 543
UCEC 13306 710 1 124 125



Identification of validated targets from TCGA data
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Thyroid cancer tumors exhibit distinct ProMISe signatures
(unsupervised hierarchical clustering)



Thyroid cancer tumors exhibit distinct ProMISe signatures
(supervised logistic regression with LOOCV)
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Gene set enrichment analysis (Subramanian et al., 2005)

0.1

0.2

0.3

0.4

−0.5

0.0

0.5

1.0

0 2000 4000

Enrichment profile Hits Ranking metric scores

Zero cross at 2324

Enrichment plot: AACTGGA,MIR-145

Rank in Ordered Dataset

0.1

0.2

0.3

0.4

0.5

−0.5

0.0

0.5

1.0

1.5

0 2000 4000 6000 8000

E
n

ri
ch

m
en

t 
sc

o
re

 (
E

S
)

R
an

k
ed

 l
is

t 
m

et
ri

c 
(S

ig
n

al
2

N
o

is
e)

Enrichment plot: ATAAGCT,MIR-21

Zero cross at 5158

Enrichment profile Hits Ranking metric scores

CNTFR

GATAD2B
TGFBR2

SMAD7ARHGAP24

CDC25A
SOX6

BOLL
STK40

ACBD5

RMND5A

RPS6KA3

PCDH17

WWP1

GLCCI1

UBE4A
ARID1A

STAG2
RHOB

SPRY2

KRIT1

OSR1

CCL1

YAP1

PCBP2

JAG1

PCBP1

PURB

PDCD4

YOD1

FBXO11

EHD1

PIK3R1 SPRY1

ZNF367

PBRM1

TRPM7

DNAJC16

ASPN

SCML2TIMP3

CPEB3

BRD1

PPP3CA

THRB

EPHA4

ING3

PLEKHA1

SATB1

LEMD3

XKR6

ZNF654

TGFBI

MATN2

MRPL9

MTAP

SOX2

hsa−miR−21 

RASGRP1

KCNA3

BTBD3

BAHD1

KLHDC5

EIF2C2

RAB11A

NTF3

CRIM1

TNRC6B

FUBP1

CREBL2

JPH1

FCHO2

SSFA2

CBX4

PCSK6

UBE2D3
C17orf39

C12orf12
PHF14CHD7

RECK

BNC2

MBNL1

ZNF704 PPARA

SOX5

NFIB
PER2

STAT3

PELI1

PSRC1

PITX2

TAGAP

GPR64

SKI

NF2

ZCCHC3PLAG1PAN3

RNF111
CASKIN1 FASLG ELF2

Edge colour (ProMISe signal/noise)

-1.5 1.5

Node fill (log fold-change)

-0.5 0.5

-1.5 1.5
0

5

Edge width (ProMISe signal/noise)

A. miR-21 exhibits higher activity in glioblastoma

B. miR-145 exhibits lower activity in ovarian cancer

T
u

m
o

r

N
o

rm
al

N
o

rm
al T

u
m

o
r

QKI

PSD3

YTHDF2NUAK1
ANKRD28

IVNS1ABP C15orf29
H2AFXELMO1

ARPC5

RGS7

CTNND1

ACBD3

DPYSL2
GPHN

SEMA6A

REV3L
FNDC3A

EYA3
CTNNBIP1 KLF5

RASA1

NET1
ACTG1MYO5A

RGS3CDK6

ERG

EIF4B
YTHDC1

PPP3CA

FKBP3

ADPGK
ZC3H11A
ARHGAP26

SNX27

CDC37L1
INHBB

YES1

PTP4A2

AFF2
TM9SF4SLC4A4

NEDD4L

SCAMP3

C11orf9

TGFBR2

PXN

MAF

AP3S1
ADD3

PDCD4

RBPMS

AP1G1
SCN3A

MPP5
CD47

KIAA0355
NEDD9

ACACARAB14

CABP1

DUSP6
BACH2

SOX9

EIF4A2

SPOP

FOXO1
AKAP12

MDFIC

AKAP9

RASA2

ZFP2

SMAD3

PLCL2

C14orf45

GABARAPL2

PLCE1

ACTB

ATXN2

HIC2

UBE2Z
RREB1

DACH1

ADAM19

hsa−miR−145 

ZFYVE9CCNL1

FAM108B1

ZNF423

SPATS2

CAMK1D

DLX6

CITED2

CCDC25

IRS1

FLNB

PTGFR

CLINT1

MPZL2

TAGLN2

NFE2L1

SACM1L

SRGAP3

FLI1

FXN

ERLIN1

TRIM2

ABR

SETD2

ZFYVE26

MAP4K4

PAK7

KIF1B

BCR

UXS1

AMOTL2

USP46

SEC31B

SEMA3A

NUDT4

LOX

EFNA3

DYRK1A

BAZ2A
HOXC11

FNDC3B

CBFB

C20orf20

ACVR1B

EPB41L5

ANGPT2

MAP3K3
CAPRIN1

BSN
LHFPL2

RIN2

ARHGAP24
TBPL1

NAP1L1

ABCA1

FBXO28

ACTR3

HERC4

SOX11

CDR2L

FZD7

SENP2

TNFRSF11B

DAG1

PLAGL2

SLC1A2

EIF4EBP2

ACSL4

ACVR2A

Edge colour (ProMISe signal/noise)

-0.5 0.5

Node fill (log fold-change)

-0.5 0.5

-0.5 0.5
0

5

Edge width (ProMISe signal/noise)

R
an

k
ed

 l
is

t 
m

et
ri

c 
(S

ig
n

al
2

N
o

is
e)

E
n

ri
ch

m
en

t 
sc

o
re

 (
E

S
)



Paired test on 14 or 58 matched tumor/normal in breast
cancer (BRCA) or thyroid cancer (THCA)
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Heatmaps using differential MMI and expression profiles
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Heatmaps using differential MMI and expression profiles

B. Thyroid cancer
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Network view of the 1257 filtered MMI for breast cancer
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Network view of the 3255 filtered MMI for thyroid cancer
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DNAJB14

PLEKHM3

NHLRC2

RB1CC1

BDP1

PTAR1

ATP2A2
RPS6KB1

MLXIPCBLL1
RAPGEF2

RBL1EPB41L4B

EPS15REEP1
USP30

ENPP4

ZMPSTE24
STAG2CELSR1

RXRA

KIAA0556

NEK9

USP1

UBE2G2

FUT10

L2HGDH
SEPSECS

MATR3VPS4B

CDK12

OSBP

IREB2
CAND2

RCBTB1

NCS1

NUPL1
TTC26

ZNF507

OSBPL6

C9orf41

GJA1

BCL11A

TRAF6

SOS2

EMD

FGFR1OP

LYRM2

ZNHIT6

PGM2

PRKAA2

ZNF192

KCNA6
IMPACT

ARMC1

PRPF38B

MAGT1

ATXN1L

UPF3B
SLC30A4

TAL1

STX2

KLF6

UBE2O

UBR7

C10orf26C9orf72

GIT2

GIGYF2

NFASC

ALG2UNC119B

KIAA1671

ISG20L2SEPT10

C12orf23

NARG2

TCTA

SLC10A7

MYNN

CASC4
PLDN

GNPDA2

MLL

SACM1L

G3BP2

CDC73

CPT1A

TRAF3

ZBTB6

NR3C1

MGA

SECISBP2
ATMIN

BRD1

HSPA5

DNAJC13

NOL8

TBC1D1

EYA3

NDFIP1

LIMCH1SLC33A1

SLC25A36
FNDC3ALIMS1MECP2

KLHL24SLITRK3

AFTPH

ZFP36

RBAK

LPGAT1

SASH1

MTMR10

FAM13B

DCAF16

MIA3

RANBP10
TMED5

TOB2

ADO

TMEM104
MOSPD2

TBL1XR1PNRC2CCNK
AP1S3

TAOK1SMARCA5 CXADR
ATF7

ETNK1

PKNOX1

AP3M1

TCF4

SLC7A1BBX
UBE2J1CTDSP2

ASB1

FRS2FBXO34

DUSP19MBLAC2NFATC3
TBC1D13DCP1AG2E3

CCDC64

JAKMIP1
BRWD1

STAU1CLCC1

CLDND1

YTHDC2

HAUS3

ZNF594

PBX1
USP8

ZKSCAN1

SBNO1
CAPRIN2

LBR

ZNF655

ZMYND11

TRDMT1

TRERF1

HS6ST1

ANKRD12RPS6KC1

RGMA

MKLN1

MYCBP2

ZFP62PCBP2

KLHL15

TRIM2

FAM179B

ZNF527

CDON

NDRG2

CBFA2T2ZFP82

KREMEN1

GALK2

ZNF673PLEKHJ1

GOLGA1

WDFY3

RAB11FIP2

TXNDC15

RAB3IL1

CA5B

TMEM64 RBM26PPP1R12B

FAM102A

PUM1

PARM1

AFF4

MTX3

FBXO11
PTEN

SDAD1

KIF3B

hsa−miR−506

FBXO33

ZNF618

SMAD2

CSNK1G1
RORA

TACC1

TARDBP

NAV3

ZNF280B

ATXN1

LRP6

DICER1TNRC6C
CEP350

MAP3K2ZFAND5

KIAA2018

ACSL1

hsa−miR−181c
MLLT3

MEF2A

NFAT5

CHMP1B

PAPOLA

MARCH8
ONECUT2

TNRC6B
DCUN1D4

LMAN1

TTC28
FOXO3

STRN

ATP1B1

ARID2

PRPF40A

COX15
UBR3

POLR3F

TNKS2

RNF138UBE2N

ZNF329

SRP72

PDS5B

HNRNPA2B1

C2orf42

NFRKB

FAM98A

UBR5

STXBP3

MRPS14RRAS2

SOCS6

C1orf190

RIF1

AZIN1
RNF111

PRKAB2

NCBP1EXOC5

BCL2L2

STOX2

SLC25A44

PRPF38A

OPA1

GORASP1

RBBP6

KRR1
NRBF2ASAH1 TROVE2

SIPA1L3

NFX1
TGOLN2

TMEM123

WBP4

GOSR2

CRBN

USP19

ST7L

UBIAD1

SLC24A1

MOBKL3

ZBTB44
PI4KB

GSPT1

NHLRC3 MON1B

EIF4E

IP6K1

GTPBP10

DSCR3

SEC24A

BNIP3L

C12orf51

FAM73A
USP12

GAN

SIK2

APBB2
RAB2ARAPH1

hsa−miR−15a

ZCCHC2

SURF4
hsa−miR−424

ZC3H11A

C1orf9DOCK1
SPCS3

TBC1D15

UBE2K
SUPT16H

SMYD4

FUT4PCM1 PPIL4

ZFHX3

CCDC28ARCHY1

HIGD1A

ALAD
PRKD3

SMCHD1

LYRM5

hsa−miR−27b

SERBP1

BMPR1A

SGK1CDC42SE2

ZHX3

ARHGEF9

NR2C1
NF1

RNF217
CHUK

ZDHHC15

ABCF1

ASB7
YWHAQ

ELF2

BTRC

AMOTL1
PDE12

AMMECR1L

DPH3

CDV3

PCGF5

ANKS1A

PLAGL1
SNTB2

hsa−miR−182

LDOC1L
RABL3

LATS2

VEZTBRMS1LFAM53C

DCAF10

hsa−miR−183
CHMP2B

FAM55CIRF2BP2
UNG EIF5

MTMR3

ZMIZ1

EZR

TLK1

CPNE3CELF1

ENTPD7

CCDC82TASP1

TRIM37
SDC2

YES1

ZNF793

PPP6C

SEPHS1

PTP4A2
TNS1

RAVER2

TMX1

hsa−let−7e

TRIB1

ZMYM4

PPM1A
NSD1

SYNE2

PALM2−AKAP2
SPEN
FAM175B

EPAS1

ASH1L

SYDE2

LPP

RERE

KPNA3

PIK3C2A

IPO9

NAPEPLD

hsa−miR−23b

DNAJC16

TNPO1

FAF2

NUDT21

hsa−miR−503

RASSF8

PHC3

RREB1

GNA13
TEX261

DAZAP2

ATP11C

STX17
TAB3

ARNTCCNY
NFE2L1

OTUD4
ZMYM2

hsa−miR−30dDHX57

CHD9
C5orf41

ZBTB40
C2orf69

RNF141

TMEM170B

CBX1

TRA2B

GNG12 ABL1
RNF19A

FAM168B

CCPG1

SUV420H1AFAP1L2

TSHZ1

PLEKHA1

THUMPD1
HECTD1

FRMD4B
TFDP1

YME1L1

USP48

GABARAPL1VTA1

WAC
ITSN2

MARK3

SLC25A32
RHOB

C16orf72

NUP160

PBRM1

DHTKD1 DOT1L

FBXW2

FBXL18

SLC20A2

hsa−miR−301aSETD1B

GLUD1

ADAM9

SEPT2

BCORL1

ZNF512B

DNAJB11

SMEK2
REV3L

PL−5283

PAN2

BRD3

PLEKHO2PDE7A

SETD8

DIO2

FRY

KLHL9

ANKRD17

OCRL

GPR63

USP34

DDX46

PPP1R13BNEBL

AKAP11NECAP1

SOCS5

PLEKHF2

UBE4B

PSME3
OSCP1

KDM4B

NAA40

CAPN7 CANXVPS36

FOS

PAPOLG

SHOC2
MTDH

CREB1
C6orf204

SSH2

TFRC

KRAS

FAM126B

PSKH1

NAA15
HIPK1 ANKRD52

PARP8SKITBL1X

UBN2
ANKRD13C

NEK7
NUFIP2

WASF2

DGKE

RBM12
CYLD

FRMD4A

QKI
PAFAH1B2

KDM5A

C6orf120

ARPP19

SLC7A6
SPOPLPPP1R15B

RICTOR

CTNND1

SLC39A9

USP38

BTBD7 EGLN1

RLIM
LARP4B

SYNCRIPTMED10

ZNF644

XRN1

CCNYL1
LMAN2L

ZC3H6

ERLIN2
WDR82CASC3

ETF1

MEF2D

CYCS

C7orf41

CBX5
USP42

SMAD5

SNRK

MAP7
TSHZ2

RTF1

MORF4L2

HELZ

UHMK1

FRYL

RAD17CREB3L2

RFFL

KLF13

DMXL1
QSER1

STRN3
PAQR8

EPB49STARD7

PURA

PPIP5K2

hsa−miR−29a

MAPRE1 MBNL2

SLC35A4
CD164FAM53B

FAM122A

PEX13
HERC2

OSBPL11

XPO4

VEGFA

SBF1
KIAA0174

IKBKB

SERP1

TRIM39

DCAF5

PKN2

TMEM168

NUP50

CNOT1

CUL4A

N4BP1

CMPK1

PPP1R12A

CLCN6

BTG2

PRKRIR

TBPL1

AGPAT3

SYPL1

DLG5

NCOR1

PPP2CB

MBNL3

DYNC1LI2

ZFYVE1

CTDSPL2

ARHGEF11

CMIP

C16orf52

ARHGEF10

RIMS4

HMBOX1

CDC40 CDKN1B

HNRNPU

MMGT1

ATXN7L1

USPL1

PTPN4

CPPED1

RS1

PAX6

TMEM65

RBM27

C14orf45

SYP

RIBC1

C11orf54

EP300

JAK2
MEIS1

PIAS1

ALG10B

WDR92ZFHX4

ANK3

SCML2

TAF5

TRIM41 EML5

DSEL

RPS6KL1

SYNJ1

SAR1A
ZNF281

WDR47

AHCYL2
MAP1A

CYR61

PRKD1

IRF6

RAB1A

KIAA0368

RIC8B

PUM2

SFMBT2SYVN1

VPS37BMCFD2

PPP1R10

FBXO30

BMP8B
ZNF304

ZNF641

TNFAIP8
ARHGAP26

KIAA1045

PPP1R16B

MYADM

GPRASP2TMEM164

TAF4B

RAB36

SLC12A6

hsa−miR−200c

ARHGAP5

SLTM

PLEKHA2

RPP14

MSL2

GTF2H1

FOXP2

LMLN

ZC3H7B

HK1

SPCS2DCAF11

RARB

FAT4

NRN1

TMEM167B

BCL11B

ZFPM2

TMEM185B

PEG3

SLC23A2
GPR135

APPBP2

ARID1B

DNAJC14

RSBN1L
ATXN7

RBM24
SPAG9

GRM1

AXIN2

NAA25

DPP8

ERBB4

PKDCC

RANBP2

SEC62

CPNE8

PAIP2
RNF180

RALGAPA1

ATXN7L3B

DAAM1

TMEM132B

SLC2A8

ZSWIM6

KBTBD6

NCOA1ABAT

PRKAG2

KCTD10

SFMBT1

ZNF81CBX7

ANKRD50

TSC22D2
ACBD3

PGF

LRRC40

PRELP

POFUT1
TBCK

C8orf37

PLEKHH2

ARHGEF3
METTL8ZNF518B

ARHGAP24

PITPNM2
CXCL12

HSPA8

TCF12

TRIM66

XBP1
MYO10TSC22D3 PRUNESHANK2

ZNF395
ING5

SNX29

TMEM135
USP9X

RNF170
MIER3

hsa−miR−375

MRE11A

FOXRED2

SDHC

ZDHHC23

C14orf118

PDE4B

DDX17

RLFZBTB4

HECARIMKLB

TGFBR2

LRRC8D

C6orf89 DEK

SETX
TBC1D24

GPD1L

RALGAPA2C11orf75

MPP5

ATM

ZFP36L2
VHL

DNAJC3

LRRFIP1

C11orf30

RBM47

GFPT1

AFG3L2

PRICKLE2
DIP2C

C6orf192

EML1

LMBRD2 ZNF295

RNF13ADCY9

ZNF654
NAP1L5

NIPBL RNF165

PANK3
IGF1

TGFBRAP1

ZNF181

BCL2L11
PHACTR2

ZNF236

KIAA2022

METTL10

ANAPC16
PLCXD3

AZI2
CASZ1

NMT2

ZEB2

KIAA0240

RAB3GAP2TRPS1

EXTL2MBD2

NFYB

MON2

NUS1

FAM171A1

KSR1

PHACTR4HNRNPA3

GALNTL4

PKIA

PCMTD1

PHF2
ATP9A

PJA2

TP53INP2

hsa−miR−212

ELK4

THRB

hsa−miR−222
hsa−miR−221

hsa−miR−21SEC23IP
MSRB3

NFYA

SOCS7

LMTK2

C3orf58PCDH9

TACC2

hsa−miR−141

GCLM

NUDCD1

HN1L

SMEK1

SLC46A1

MTFR1
COG3

PTPRN2 RDX

C10orf32

APPL1

SIKE1

CSRNP1

FAM8A1

PDPR

SEMA6D
RPRD1B

RAB23
PDE4DZSCAN29

PHF20L1

WDR5

TMEM50B

RORCC9orf80

TLN2 PGGT1B

HSPA13

FGF7

RBM8A

AAGAB

DNAJC24 FAM49B

hsa−miR−148b

PTGFRN

BECN1

TET3

HNRNPUL2

DVL3

ZNF207

SPIRE1

EMP2

KPNA6

ENAH PFDN6

ITGA3

COL4A1

ACVR1C
TGIF1

CSRNP2

FAM60A
CCNE2PAPPA ST5

MGRN1SH2B3

C12orf5
TANC2

NACC1

RNF139

NEURL1B

IDH2 KCNN3

GSK3BFBXW7

RAPGEF5

FBXO32 DLC1
PPFIA4

DOCK3

SYT11

MTSS1L

MEGF9

SMARCA4
FLRT3

ATP6V1A

COL5A2

MAML3

APLP2

KPNA2

ABCA1

DOK4

TP53INP1

UBE2A

GDE1

MYH10

JPH1 DCBLD2

C17orf63

WSB1

SLC39A10RNF125

STAT6
ZNF217

RHBDL2

C12orf76

TMEM188

EFNB2
MFSD6

SIX4

DNAJC2

hsa−miR−144

FAM129A

RAP2B

LMO3

HNRNPC

NANOS1

MED13

IFFO2

TFAP4

OLA1

GPR85

TSPAN3
GNPTAB

PMM2

CBX4

ECE1

CNN3
STAM

USP6NL SRC

VKORC1L1

RAB11FIP1

ZNF362

IGF2R

GRSF1

ZNF777

AGRN

DMD

MYEF2

SAMD12

RNPEPL1

DDAH1

DPP9

NCKIPSD FLOT2

hsa−miR−106b

MTA2

ARFIP1IGFBP5

VPS37A

KIAA0141

CALM2

RBM17

KIAA1217

ITGB8

SMARCD2

hsa−miR−223

CDK19

EPN2

MPRIP

C2orf68

PIK3IP1

NIPA2
hsa−miR−193b

FEZ2ITPK1

NUMA1
RAI14

LAMA4

C3orf64

MEX3CRAB35

JUB

LEPROTL1

ITFG3

SNAPIN CTTNBP2NL

C1orf212
ZNRF1

FOXK2
ARL8B

MTMR1

UBXN1DYRK1B

PPP1CB
CDC14A

H2AFY

TOX ARID4B

TSC1

WDR35 KITLG

LRRTM2
SH3KBP1 TCF7L2

DCUN1D1 ACADSBC3orf63

GRHL2

EEF1A1

RIMS3

GALNT10

ZNF516

MPP1

FOXN3

JMJD1C
CPEB4

ZCCHC11
YLPM1

KLF3

REV1

MRPL49 CDK6EML6

MICAL3
SCNN1G

KLHDC10
EIF5A2

UBR1 MAGI1

TPD52

SPSB1

ARID4A

TIMP3

EBF3

RRP15KSR2

HIC2

CCDC88ASGSM2
YTHDF3

KCTD2

OGDH
ZC3H12C GOLPH3L

PRKAA1

SH3BP4GAB1

EIF3J

SPATA2

CTCF

ZC3H13

PCNXhsa−miR−34a

NKIRAS2

ERO1L

MED8

TTC31

DDX19B

hsa−miR−214

ZDHHC5

DAG1

FOXP4

LRRC20

TMEM184B

ERGIC2

AHCYL1

ITPRIPL2

MYO1B

TWF1

ITGAV CDK16

hsa−miR−20b

IDH1
PTPRK

AGAP1
NUDCD3

RASAL1

USP4

ATG4D

CAND1

PSEN1

TPP1EPB41L1
ULK3

C5orf25

TNKS1BP1

MED17

SNX9

CASP7

KIAA1522

TMX3

DNAJB12

TMEM127

SCAPSAR1B

S1PR1

DOCK6

TRAK2

STX6

SQSTM1

IQSEC2

GNB5

ARHGAP1

TRIM8

YPEL2

PLEKHA3

TXLNA
ZNF202

NPLOC4

MSL1

FAM134A

PAIP1

NSMAF

TNFAIP1

PFKFB4

FCHO2

RPL15

TSGA14PLEKHM1

GLCE

HERC4

RNF10

hsa−let−7c

XYLT2

TBC1D12

B4GALT2

ZBTB7A

MAPK1

MOSPD1

DNMT1

FBXL19

YPEL3GPR116

STAG1UCHL5

MAFG

PSME4

SALL2

RANBP6

GOLGA7

SYN2

ZHX2

ZDHHC8

ELOF1

TBC1D22B POGK

UXS1

NLN

ZNF367

AFAP1 DCTN2

BEND3

MXRA5

BHLHE41

PLEKHG1

PRICKLE1

SLC12A2

TM9SF4

DPH5

NUDT3

IVNS1ABP

NDUFA4

NCSTN

VAMP4U2AF2
STIM2

PXN

ZDHHC9

EML4 TPM4

AKIRIN2
PPP3CA

P4HA1

WBP11

FXC1

PHF20

MFSD8

NGFRAP1

ZNF740

COIL

THOC2

C2orf44

FAM172A

UFM1

NDFIP2

C6orf115

ADPGK

LMNB2
GK5

RAD18

TMOD3

KHDRBS3

LSM14B

HNRNPF

EDC3

RAB11FIP4

C20orf20

KIF3A

CDC42EP3

IGF2BP2

PTP4A3

hsa−miR−18b

PSD3

SETD3

GSPT2

RUNX1

HIPK3

hsa−miR−187

BCL6

LRRC8B

USP20

ZNF473
HDLBP

AMOTL2
TMEM150C

ZNF24

MFAP3

PPIL1

hsa−miR−31SP3

KDSRUSP24

MLEC

FZD4

ARF4 SLC9A8
DCAF12

ZADH2SOCS4

SNX4

ATP8A1

DENND1B ZNF704

RABGAP1

YTHDC1 MOBKL1A

MLLT1

MED1

CUX1

PFN2
TRIM56

RSBN1

RHPN2
TAPT1

SBK1

SMURF1 PCGF3

MINK1

CEP164
C10orf46

NF2CLIP4

REXO1

ZBTB46

IRS2

ESRP1

EFR3A

TMEM87A
ACOX1

TMEM41B
TSPAN9

PIP4K2C

TCF3

GIT1

PLXNA2

ATXN7L3

ATXN2

MAP2K4

NEK3

CC2D1B

BCR

RPS6KA3

AGK

GGA3

FZD6

SEH1L

KIAA0247

PMM1
SMYD5

hsa−miR−195

WDTC1

RANBP3

ARMCX2
NDOR1

PAK2

USP15

LOC221710

CPD
BCL7A

PTPRM

hsa−miR−363

ITGA5

CCT6A

USF1 hsa−miR−152

GGA2

FARP1

GPCPD1

RTCD1

CNIH

MYO1E

ETV1

CAMK2D

ZNF746
MBTPS2

CRTC1

ADAMTS17

PBX3

IKZF4

FAM104A

EIF4E3

SNX27

SGK3

AMMECR1ZNF282

EZH1

PPP1R9A
MNT

PNPLA6

EIF2C4

UBFD1

TFDP2

ABL2

SPRED1

OTUD3

KBTBD2

E2F3

ERLIN1

TMCC1

USP31

KPNA1
MDFIC

RAP2C

SELT

UBE2G1
FMR1

hsa−miR−130a

TANC1

RANBP9

CAMTA2

ZBTB7B

PIP5K1C

RBM15B

hsa−miR−145

GXYLT1

hsa−let−7b

FBXO45

ALKBH1
E2F6

ZNF652

hsa−miR−33aEPC2

SOS1

LEMD3

CUL5

SEC63

NAA50
C9orf5

hsa−miR−33b

ERC1 CRKLSAP30L
SMAD4

DIXDC1

RAB8B

FAM118A
ANKRD28

MLL2
FYCO1

hsa−miR−96

ANKHD1

TM9SF3

ELL2

PDPK1

MTF1

BRWD3

AGPSCREBZFMAPK1IP1L

DPY19L3

STARD13
C1orf198

KTN1

PREPL

EDEM3

RAB6B
FAM13A

CCDC76

hsa−miR−200a

NDRG1

NUMB

FZD3

STAM2

CLASP2 CD96TSGA10 ZNF286A

HSBP1

ABLIM1

SCYL3
CPEB3

CLOCK

KCTD7

RALGPS1ZFYVE16
MKL2

ANKRD27ARID1A

ZNF498 ABHD5 PPP2R5CPRKCE

CEP97
TOPORS

CREG1

PDZD4

ZHX1

MIER1

ODZ4

GNE

LCOR

STK40

HOMER1

MAP4K5

KLHL8FOXO1

SMCR8

TRAM2ZFP30VTI1A

MTMR9

RECKVAPBOXSR1

USP3

S1PR2

hsa−miR−451

ZER1

LAMC1

TMEM33

GPN1

TRIM35

C9orf25

ACTR1A

SNX1

XPO7

C11orf68

ARHGDIA

ATG9A

SMURF2

ELMO2
SLC35B2

PVRL2

PPP2R1A

NYNRIN

MAP2K1

MED26
RHOBTB2

AGAP3

UBE2Q1
GORASP2PUF60

FCHSD2

FNTA

TMEM85
SPRYD3FBXL20

TM7SF3
CARM1

AP2A1

CAMSAP1

BFAR PLRG1
TMEM87B

BACE1
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Project 2 summary

• We described a novel probabilistic approach to infer
sample-specific probabilistic miRNA-mRNA interaction
signatures (ProMISe) in cancers using TCGA data

• ProMISe takes into account both miRNA as well as mRNA
competition to reflect the sample-specific dynamics

• Comparing with existing methods, ProMISe demonstrates
superior performance in identifying known interactions

• We identified several interesting miRNA-mRNA regulatory
relationships based on paired comparison of the ProMISe
signatures between normal and tumor samples from breast
and thyroid cancer patients

• ProMISe is implemented as a stand-alone R package and
freely available at Bioconductor website.



Project 3: Mirsynergy: detecting miRNA synergistic
regulatory network modules by overlapping
neighbourhood expansion

Publication:
Li, Y.∗, Liang, C.∗, Wong, KC., Luo, J., Zhang Z. Mirsynergy: detecting
synergistic miRNA regulatory modules by overlapping neighbourhood
expansion. Bioinformatics (Oxford, England). (May 2014)

∗joint first author



MicroRNA regulatory modules (MiRMs) are plausible

• Single miRNA have rather modest effect on mRNA
expression, but synergistic action of multiple miRNAs may
confer more potent effects (Krek et al. 2005)

• The possible combinations of 2578 mature miRNAs (miRBase
Human) may react to virtually any environmental changes

• If multiple workers (miRNAs) are engaging in overlapping
tasks, then disruption of one worker may incur lesser
detrimental effects than 1-task-1-worker (Boross et al., 2009)

• Existing methods designed to construct MiRMs usually require
fixed number of MiRMs and computationally expensive

miRNA regulatory modules

microRNA

mRNA
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Mirsynergy model details:
• Edge weights wi ,k between mRNA i and miRNA k :

xi ,t ∼ wi ,0 +
∑
k

wi ,k(zk,tci ,k) (1)

• miRNA-miRNA synergistic scores b/w miRNA j & k (j 6= k):

sj ,k =

∑N
i=1 wi ,jwi ,k

min[
∑

i wi ,j ,
∑

i wi ,k ]
(2)

• Synergy score (objective function) s(Vc) for MiRM Vc

(Nepusz et al., 2012):

s(Vc) =
w in(Vc)

w in(Vc) + wbound(Vc) + α(Vc)
(3)

• Overlap & density score:

ω(Vc ,Vc ′) =
|Vc ∩ Vc ′ |2
|Vc ||Vc ′ |

(4)

d1(Vc) =
2w in(Vc)

m(m − 1)
, d2(Vc) =

w in(Vc)

n(m + n − 1)
(5)



Performance summary of Mirsynergy, SNMNMF (Zhang et
al., 2011), and PIMiM (Le and Bar-Joseph, 2013)

Cancer Method M# miR mR GOES MiMEC Time

OV
Mirsynergy 84 4.76 7.57 15.64 -0.05 1
SNMNMF 49 4.12 81.37 7.51 0.07 24+
PIMiM† 40 4.7 67.80 NA -0.013 NA

BRCA
Mirsynergy 53 5.77 24.15 8.74 -0.08 1.5
SNMNMF 39 2.62 71.56 5.56 -0.04 24+

THCA
Mirsynergy 50 7.60 32.26 8.04 -0.08 2
SNMNMF 39 2.23 74.82 6.73 -0.04 24+

Time complexity: O(M(N + M)) (Mirsynergy); O(K (T + N + M)2)
(SNMNMF or PIMiM)



Network overview using ovarian dataset
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Comparison of internal and boundary nodes of each MiRM
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Canonical pathway enrichment comparison
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GO enrichment comparison
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CDF of expression correlation b/w miRNA and mRNA
Internal vs Boundary nodes Mirsynergy vs SNMNMF
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Survival analysis using MiRMs in ovarian cancer
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Project 3 summary

• We described a two-stage clustering deterministic model called
Mirsynergy to elucidate miRNA regulatory modules (MiRMs);

• Comparing with existing methods, the main salient features of
Mirsynergy including automatic determination of module
number while allowing sharing module memberships of both
miRNAs and mRNAs, and explicit optimization of synergy
score as a function of miRNA-mRNA and gene-gene
interaction scores.

• MiRMs detected by Mirsynergy exhibit higher functional
enrichments and more coherent expression pattern than
modules constructed by other methods.

• Mirsynergy is implemented as a stand-alone R package and
freely available at Bioconductor website.



Project 4: Regression analysis of combined gene
expression regulation in acute myeloid leukemia

Publication:
Li, Y., Liang, M., Zhang Z. Regression Analysis of Combined Gene
Expression Regulation in Acute Myeloid Leukemia. PloS Computational
Biology (in revision)



Motivation

• Recent studies from TCGA showed that most Acute Myeloid
Leukemia (AML) patients lack DNA mutations (TCGA
Research Network, 2013; New England Journal of Medicine,
368(22), 2059-2074)

• AML tumorigenesis may be explained better by aberrant
molecular signatures at the transcriptional and epigenetic
levels

• However, there is a lack of an integrative model to take full
advantage of the available rich yet heterogeneous data by
combining TCGA and ENCODE data



RACER: Regression Analysis of Combined Expression Regulation
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TF regulation and DNA methylation confer the highest
explanatory power of mRNA expression in AML
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Power analysis of miRNA target predictions

RACER vs GENMIR: p<3.64e−03

RACER vs LASSO: p<4.72e−08

RACER vs PCC: p<8.05e−09
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Power analysis of TF target predictions

RACER vs PeakScore:

p<1.44e−03
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Selected regulator activities cluster by cytogenetic risk
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Kaplan-Meier survival analysis
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AML regulatory network
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Project 4 summary

• Using recently available data from ENCODE and TCGA, we
developed a two-stage regression model called RACER to infer
the regulatory activities and their target genes in AML

• Based on model comparison, TF and DM contribute the
highest explanatory power to mRNA expression

• RACER demonstrates superior performance in identifying
known miRNA-mRNA and TF-gene interactions

• Our analysis revealed 18 AML-related regulators, including
miR-548p, whose targets are enriched for leukemia-related
genes including YY1 as well as c-Fos a potentially novel
prognostic marker in AML.



Summary

1. TargetScore: We developed a Bayesian probabilistic scoring strategy
using miRNA overexpression and target site information, which
demonstrates superior performance over the existing methods in
predicting validated miRNA targets in various human cell-lines.

2. ProMISe: We described a novel probabilistic approach to infer
sample-specific miRNA-mRNA interaction signatures in cancers
using TCGA data, taking into account both miRNA as well as
mRNA competition to reflect the sample-specific dynamics.

3. Mirsynergy: We described a two-stage clustering deterministic
model to elucidate miRNA regulatory modules with module number
systematically determined, module memberships shared among
mi/mRNAs, and explicit optimization of synergy score defined as a
function of miRNA-mRNA and gene-gene interaction scores.

4. RACER: Using recently available data from ENCODE and TCGA,
we developed a two-stage regression model to infer the regulatory
activities and their target genes in AML. Our analysis revealed 18
AML-related regulators, including miR-548p, whose targets are
enriched for leukemia-related genes including YY1 as well as c-Fos a
potentially novel prognostic marker in AML.



Ongoing and future works

1. Predicting recurrent miRNA-mRNA interactions or pan-cancer
miRNA regulatory network via joint Bayesian analysis across
diverse types of cancer

2. Learning miRNA regulatory elements using AGO-cross-linked
miRNA:mRNA ligation data

3. A general statistical model to infer differential
N6-methyladenosine or m6A modification (Wang, Y., Li, Y.,
et al., 2014)
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