
1

JOSE F. MORALES
KNUT M. WITTKOWSKI

The Rockefeller University Hospital
Center for Clinical and Translational Research

New York, NY 10021

A Direct Empirical Approach to 
Detecting Networks of Collaborating, 
non-Correlated Pathways

© Wittkowski KM 22009-08-25 13:35

© Wittkowski KM 72009-08-05 17:07

SMNSMNMultiMulti--AllelicAllelic Finds MS Risk LocusFinds MS Risk Locus

� ����������	 
���
�	 ������������	� �� ���

Trans crip tion

Protein
metabolism
RNA
metabolism
Signal 
trans duction
Repair , R eplic ation,
Rec ombinat ion,

Trip let s

Doublets

Both

Other

C1 4o rf10 2

TGFBRAP1

BBX

ERG IC1

DGCR 8

FAM 11 3A

E2F2
KIF2 C

ZNF31 9

RPL 36 AL

C22 orf1 8

PSD4

ADM

JFM1JFM1

FAM54 A

CDCA8

CDC2 0 M AP4 K2

C1o rf11 2

EEF1B2 JFM2JFM2

C5 orf5C5 orf5

REPIN1

MGC2747MGC2747

AKAP8AKAP8
CRY2

EG FL 4

ZNF236ZNF236
SH3BGRLSH3BGRL

EP30 0
NUP214

CCND3 FLJ16542FLJ16542

L OC9 06 24

TMEM1 13

DHX36

EIF2S3

ARHGAP18ARHGAP18

C1 9o rf2

GBF1

KTI12

MAP2K5MAP2K5

ZNF2 23
USP49

LOC4 00 5 09 FES

MRPL49MRPL49

HPS5

AKNA
ASNSD1

ZNF1 65

ZNF7 5 A

MICAL-L1
ZFYVE21C3o rf9

GJ B1

CCHCR1

CYP4X1

DPP7 CNOT7

DDX27

GOSR1

RPL37

A SXL2

GPATC4CREB1

L OC90 3 21

MGC5 2 97

C1 9o rf12

ZNF28 1

RPS18

GTL 3

GPR17 5

CCDC4 1

NSUN5

ASCC3
MLF2

TAF9TAF9

CUL 1

METTL2 A

C1orf130
PHB2 GNB1BAT5FLJ 20 62 8

BICD2

GGPS1GGPS1

KIAA1 46 8

C9 o rf7 4

CSRP1
NPFFNPFF

C1o rf1 56

PEX3

WDR5 1B

SNAP2 3SNAP2 3

ZBTB2

YIPF5YIPF5YIPF5

CRSP3
C3o rf2 8

IFRD1IFRD1

FAM 73AFAM 73AFAM73A

CEBPG

CAST

IMMT

ATXN7 L 2

ZNF91

M NAB

ALG6ALG6

SRP72

CSTF2TCSTF2T
FGFR1 OP2

CYP5 1 A1
C1 8o rf2 1

MGC2 39 09
KIAA0 42 3

ZNF2 7 3

C1o rf63

PUS7PUS7

CHCHD3

MTA1MTA1

C9 o rf8 0

HS2ST1

C1o rf10 4

CAL ML4

RNPEP

MR PL 20

CERKL

CD1 C

DKFZP5 64 O05 23

TXNDC10TXNDC10

KIAA1799KIAA1799

M BNL2MBNL2

UBB

PRKXPRKX

SERP1SERP1

L OC2 83 39 2

RAB1 0RAB10
L RP10

DPY1 9L 4

RAPGEF6
SDCCAG3 3

SHPRH
NAB1

PTGES3PTGES3
SEL T

PPP1 R1 5B HSD17B12
FTS

VCPIP1VCPIP1

PPT1
YWHAB

ALDH1 B1KIAA0 56 4RNF8
EEDUAP1

NPAT

FLJ 20 12 5

RAB3 3BRAB3 3B
AAMPAAMP

RBBP 6RBBP6

UBE2V2UBE2V2WDR36WDR36

WRB

C9 orf5C9or f5C9or f5
ZNF1 89ZNF1 89

CPSF3LCPSF3L

M OBKL1 AM OBKL1 A

RNF1 3 5

ZBTB2 4ZBTB2 4

ZNF5 80

ARHG AP1 5

C20orf30C20orf30C20orf30

PSIP1P SIP1PS IP1

PPP1 R7

RSU1

ABHD14BABHD14BABHD14B

SNW1

CHD1

PPP6 C

LUC7L2LUC7L2

FKBP3FKBP3

RPL2 4

SIRT2SIRT2SIRT2

NIN L DHB

M RPL5 0 RPLP1

UQ CRH

RPL 23

RPS3 A

RPL7AR PL7AR PL7A

RPP4 0

SNRPD2SNRPD2

L OC1 50 22 3

EIF3S1 0

BAT1
KRTAP10KRTAP10--111 1

AMMECR1AMMECR 1A MME CR 1

Trans crip tion

Protein
metabolism
RNA
metabolism
Signal 
trans duction
Repair , R eplic ation,
Rec ombinat ion,

Trip let s

Doublets

Both

Other

C1 4o rf10 2

TGFBRAP1

BBX

ERG IC1

DGCR 8

FAM 11 3A

E2F2
KIF2 C

ZNF31 9

RPL 36 AL

C22 orf1 8

PSD4

ADM

JFM1JFM1

FAM54 A

CDCA8

CDC2 0 M AP4 K2

C1o rf11 2

EEF1B2 JFM2JFM2

C5 orf5C5 orf5

REPIN1

MGC2747MGC2747

AKAP8AKAP8
CRY2

EG FL 4

ZNF236ZNF236
SH3BGRLSH3BGRL

EP30 0
NUP214

CCND3 FLJ16542FLJ16542

L OC9 06 24

TMEM1 13

DHX36

EIF2S3

ARHGAP18ARHGAP18

C1 9o rf2

GBF1

KTI12

MAP2K5MAP2K5

ZNF2 23
USP49

LOC4 00 5 09 FES

MRPL49MRPL49

HPS5

AKNA
ASNSD1

ZNF1 65

ZNF7 5 A

MICAL-L1
ZFYVE21C3o rf9

GJ B1

CCHCR1

CYP4X1

DPP7 CNOT7

DDX27

GOSR1

RPL37

A SXL2

GPATC4CREB1

L OC90 3 21

MGC5 2 97

C1 9o rf12

ZNF28 1

RPS18

GTL 3

GPR17 5

CCDC4 1

NSUN5

ASCC3
MLF2

TAF9TAF9

CUL 1

METTL2 A

C1orf130
PHB2 GNB1BAT5FLJ 20 62 8

BICD2

GGPS1GGPS1

KIAA1 46 8

C9 o rf7 4

CSRP1
NPFFNPFF

C1o rf1 56

PEX3

WDR5 1B

SNAP2 3SNAP2 3

ZBTB2

YIPF5YIPF5YIPF5

CRSP3
C3o rf2 8

IFRD1IFRD1

FAM 73AFAM 73AFAM73A

CEBPG

CAST

IMMT

ATXN7 L 2

ZNF91

M NAB

ALG6ALG6

SRP72

CSTF2TCSTF2T
FGFR1 OP2

CYP5 1 A1
C1 8o rf2 1

MGC2 39 09
KIAA0 42 3

ZNF2 7 3

C1o rf63

PUS7PUS7

CHCHD3

MTA1MTA1

C9 o rf8 0

HS2ST1

C1o rf10 4

CAL ML4

RNPEP

MR PL 20

CERKL

CD1 C

DKFZP5 64 O05 23

TXNDC10TXNDC10

KIAA1799KIAA1799

M BNL2MBNL2

UBB

PRKXPRKX

SERP1SERP1

L OC2 83 39 2

RAB1 0RAB10
L RP10

DPY1 9L 4

RAPGEF6
SDCCAG3 3

SHPRH
NAB1

PTGES3PTGES3
SEL T

PPP1 R1 5B HSD17B12
FTS

VCPIP1VCPIP1

PPT1
YWHAB

ALDH1 B1KIAA0 56 4RNF8
EEDUAP1

NPAT

FLJ 20 12 5

RAB3 3BRAB3 3B
AAMPAAMP

RBBP 6RBBP6

UBE2V2UBE2V2WDR36WDR36

WRB

C9 orf5C9or f5C9or f5
ZNF1 89ZNF1 89

CPSF3LCPSF3L

M OBKL1 AM OBKL1 A

RNF1 3 5

ZBTB2 4ZBTB2 4

ZNF5 80

ARHG AP1 5

C20orf30C20orf30C20orf30

PSIP1P SIP1PS IP1

PPP1 R7

RSU1

ABHD14BABHD14BABHD14B

SNW1

CHD1

PPP6 C

LUC7L2LUC7L2

FKBP3FKBP3

RPL2 4

SIRT2SIRT2SIRT2

NIN L DHB

M RPL5 0 RPLP1

UQ CRH

RPL 23

RPS3 A

RPL7AR PL7AR PL7A

RPP4 0

SNRPD2SNRPD2

L OC1 50 22 3

EIF3S1 0

BAT1
KRTAP10KRTAP10--111 1

AMMECR1AMMECR 1A MME CR 1

C1 4o rf10 2

TGFBRAP1

BBX

ERG IC1

DGCR 8

FAM 11 3A

E2F2
KIF2 C

ZNF31 9

RPL 36 AL

C22 orf1 8

PSD4

ADM

JFM1JFM1

FAM54 A

CDCA8

CDC2 0 M AP4 K2

C1o rf11 2

EEF1B2 JFM2JFM2

C5 orf5C5 orf5

REPIN1

MGC2747MGC2747

AKAP8AKAP8
CRY2

EG FL 4

ZNF236ZNF236
SH3BGRLSH3BGRL

EP30 0
NUP214

CCND3 FLJ16542FLJ16542

L OC9 06 24

TMEM1 13

DHX36

EIF2S3

ARHGAP18ARHGAP18

C1 9o rf2

GBF1

KTI12

MAP2K5MAP2K5

ZNF2 23
USP49

LOC4 00 5 09 FES

MRPL49MRPL49

HPS5

AKNA
ASNSD1

ZNF1 65

ZNF7 5 A

MICAL-L1
ZFYVE21C3o rf9

GJ B1

CCHCR1

CYP4X1

DPP7 CNOT7

DDX27

GOSR1

RPL37

A SXL2

GPATC4CREB1

L OC90 3 21

MGC5 2 97

C1 9o rf12

ZNF28 1

RPS18

GTL 3

GPR17 5

CCDC4 1

NSUN5

ASCC3
MLF2

TAF9TAF9

CUL 1

METTL2 A

C1orf130
PHB2 GNB1BAT5FLJ 20 62 8

BICD2

GGPS1GGPS1

KIAA1 46 8

C9 o rf7 4

CSRP1
NPFFNPFF

C1o rf1 56

PEX3

WDR5 1B

SNAP2 3SNAP2 3

ZBTB2

YIPF5YIPF5YIPF5

CRSP3
C3o rf2 8

IFRD1IFRD1

FAM 73AFAM 73AFAM73A

CEBPG

CAST

IMMT

ATXN7 L 2

ZNF91

M NAB

ALG6ALG6

SRP72

CSTF2TCSTF2T
FGFR1 OP2

CYP5 1 A1
C1 8o rf2 1

MGC2 39 09
KIAA0 42 3

ZNF2 7 3

C1o rf63

PUS7PUS7

CHCHD3

MTA1MTA1

C9 o rf8 0

HS2ST1

C1o rf10 4

CAL ML4

RNPEP

MR PL 20

CERKL

CD1 C

DKFZP5 64 O05 23

TXNDC10TXNDC10

KIAA1799KIAA1799

M BNL2MBNL2

UBB

PRKXPRKX

SERP1SERP1

L OC2 83 39 2

RAB1 0RAB10
L RP10

DPY1 9L 4

RAPGEF6
SDCCAG3 3

SHPRH
NAB1

PTGES3PTGES3
SEL T

PPP1 R1 5B HSD17B12
FTS

VCPIP1VCPIP1

PPT1
YWHAB

ALDH1 B1KIAA0 56 4RNF8
EEDUAP1

NPAT

FLJ 20 12 5

RAB3 3BRAB3 3B
AAMPAAMP

RBBP 6RBBP6

UBE2V2UBE2V2WDR36WDR36

WRB

C9 orf5C9or f5C9or f5
ZNF1 89ZNF1 89

CPSF3LCPSF3L

M OBKL1 AM OBKL1 A

RNF1 3 5

ZBTB2 4ZBTB2 4

ZNF5 80

ARHG AP1 5

C20orf30C20orf30C20orf30

PSIP1P SIP1PS IP1

PPP1 R7

RSU1

ABHD14BABHD14BABHD14B

SNW1

CHD1

PPP6 C

LUC7L2LUC7L2

FKBP3FKBP3

RPL2 4

SIRT2SIRT2SIRT2

NIN L DHB

M RPL5 0 RPLP1

UQ CRH

RPL 23

RPS3 A

RPL7AR PL7AR PL7A

RPP4 0

SNRPD2SNRPD2

L OC1 50 22 3

EIF3S1 0

BAT1
KRTAP10KRTAP10--111 1

AMMECR1AMMECR 1A MME CR 1

FANCC PathwaysFANCC Pathways
AIMS subset-1 matched controls 

AIMS subset-2 matched controls 

All controls

140 Subjects with Brain Disease vs Controls
GWAS Chr 17 Results by Subset of Controls

May play a role in the 
pro liferation and 

maintenance of stem cells in 
the central nervous system 

(By similarit y)

exp ressed in 
hematopoietic 

cells and 
invo lved in 

immune 
processes

Cortico-
tropin-

releasing
hormone 

receptor 1

Hypothetical 
protein

Breast  
carcinoma 
amplified 

sequence 3 
(GAOB1, 
MAAB)

Neuronal 
splicing 
protein

regulat ing 
membrane 

traffic in 
no n-

neuronal 
cells

Major facilitator 
superfamily

domain-
co ntaining 
protein 11

transports 
p roteins to the 
endoplasmic 
reticulum fo r 
processingAdipocyte gene co-

expressed in 
peripheral neurons

binding to 
N-type Ca2+ 

channels

10
�

Fanconi Anemia: Complex PhenotypeFanconi Anemia: Complex Phenotype

�
���

���
��	


��
���

	

��

��
�


���
�


�� �

�� �

Phenotype

Major

Height

Head

Minor

Chromosome 
Breaks

Life
Span

Hematological 
ManifestationsCancer

Congenital
Malfor mations

Multiple
(Interval)
Censored
Variables

Binary Var iablesQuanti tative Variables

Thumb

B’mark

FD
P

LD
N

FD
P

LD
N

FD
P

LD
N

FD
P

LD
N

FD
P

LD
N

FD
P

LD
N

FD
P

LD
N

FD
P

LD
N

%
C

e
lls

B
re

a
ks

%
C

e
lls

B
re

a
ks

M
o

sa
ic

P
la

te
le

t

R
ed

W
h

ite

S
o

lid

L
eu

k

BMTCellsFirs tBL DEB

© Wittkowski KM 32009-08-25 13:35

Pt Insom- Anxi- Head- Depres-
nia ety ache sion

1 3.0 2.5 1.5 3.5
2 4.0 2.5 1.0 0.5
4 1.0 4.0 3.5 1.5
6 1.0 0.5 0.5 0.5
5 2.0 14.0 8.0 5.0
9 1.5 1.0 1.0 2.0
8 8.0 12.0 6.0 6.0

Pt rChol �rLath rCamp rSito

Linear ModelLinear Model ?? Rel.Rel. ImportanceImportance ??

Partial Order of Sterol Partial Order of Sterol ProfilesProfiles

© Wittkowski KM 42009-08-25 13:35

Pt Insom- Anxi- Head- Depres-
nia ety ache sion

1 3.0 2.5 1.5 3.5
2 4.0 2.5 1.0 0.5
4 1.0 4.0 3.5 1.5
6 1.0 0.5 0.5 0.5
5 2.0 14.0 8.0 5.0
9 1.5 1.0 1.0 2.0
8 8.0 12.0 6.0 6.0

Pt rChol �rLath rCamp rSito

Partial Order of Sterol Partial Order of Sterol ProfilesProfiles

1.0 2.01.5 1.0

0.5 0.51.0 0.5

3.5 1.51.0 4.0

8.0 5.02.0 14.0

1.5 3.53.0 2.5

1.0 0.54.0 2.5

6.0 6.08.0 12.0

© Wittkowski KM 52009-08-25 13:35

Multivariate OutcomesMultivariate Outcomes

00 0

10 0

22 1

00 1

01 2

0 02

������	
���
����
������


0 01??

DNA DamageDNA Damage
SurvivalSurvival
Birth DefectsBirth Defects

sCD25sCD25
IL1bIL1b

CD68/CD2CD68/CD2

EfficacyEfficacy
CostCost

SafetySafety

EnvironmentEnvironment
SocietySociety
PatientPatientSNPSNP A A // BB // CC

© Wittkowski KM 62009-08-25 13:35

Algorithm (Deuchler, 1914):Algorithm (Deuchler, 1914):

�������

���
�����

-1 -1 -1 -1 -1 -1
-1 -1 -1 0 0 0
-1 -1 0 0 0 0
-1 0 0 0 0 0
-1 0 0 0 0 1
0 0 0 0 1 1
0 0 1 1 1 1

0

0
0

0

1
0

0

0
1

1

0
0

0

2
0

0

1
2

00 0
0 01

00 1
10 0

0 02
01 2
22 1

2

2
1

0
1
1
1
1
1
1

u scores are 
computed as
#(lower profiles)#(lower profiles) ��
#(higher profiles)#(higher profiles).

00 0

10 0

22 1

00 1

01 2

0 02

������	
���
����
������


0 01
-6
-2
-1
0
1
3
5

�
����
�

� ��������� ��	
�����	 
	�	���� ��

u( ------ )
= 11� 33 = �2
0 01



2

© Wittkowski KM 72009-08-25 13:35

Images of Brain FunctionImages of Brain Function

������

������

�� AreasAreas

� �� ��� �� ��

�� Transmittors/ReceptorsTransmittors/Receptors
�� FunctionFunction

© Wittkowski KM 82009-08-25 13:35

Transcription

Protein
metabolism
RNA
metabolism
Signal 
transduction
Repair, Replication,
Recombination,

Triplets

Doublets

Both

Other

C14orf102

TGFBRAP1

BBX

ERGIC1

DGCR8

FAM113A

E2F2
KIF2C

ZNF319

RPL36AL

C22orf18

PSD4

ADM

JFM1JFM1

FAM54A

CDCA8

CDC20 MAP4K2

C1orf112

EEF1B2 JFM2JFM2

C5orf5C5orf5

REPIN1

MGC2747MGC2747

AKAP8AKAP8
CRY2

EGFL4

ZNF236ZNF236
SH3BGRLSH3BGRL

EP300
NUP214

CCND3 FLJ16542FLJ16542

LOC90624

TMEM113

DHX36

EIF2S3

ARHGAP18ARHGAP18

C19orf2

GBF1

KTI12

MAP2K5MAP2K5

ZNF223
USP49

LOC400509 FES

MRPL49MRPL49

HPS5

AKNA
ASNSD1

ZNF165

ZNF75A

MICAL-L1
ZFYVE21C3orf9

GJB1

CCHCR1

CYP4X1

DPP7 CNOT7

DDX27

GOSR1

RPL37

ASXL2

GPATC4CREB1

LOC90321

MGC5297

C19orf12

ZNF281

RPS18

GTL3

GPR175

CCDC41

NSUN5

ASCC3
MLF2

TAF9TAF9

CUL1

METTL2A

C1orf130
PHB2 GNB1BAT5FLJ20628

BICD2

GGPS1GGPS1

KIAA1468

C9orf74

CSRP1
NPFFNPFF

C1orf156

PEX3

WDR51B

SNAP23SNAP23

ZBTB2

YIPF5YIPF5YIPF5

CRSP3
C3orf28

IFRD1IFRD1

FAM73AFAM73AFAM73A

CEBPG

CAST

IMMT

ATXN7L2

ZNF91

MNAB

ALG6ALG6

SRP72

CSTF2TCSTF2T
FGFR1OP2

CYP51A1
C18orf21

MGC23909

KIAA0423

ZNF273

C1orf63

PUS7PUS7

CHCHD3

MTA1MTA1

C9orf80

HS2ST1

C1orf 104

CALML4

RNPEP

MRPL20

CERKL

CD1C

DKFZP564O0523

TXNDC10TXNDC10

KIAA1799KIAA1799

MBNL2MBNL2

UBB

PRKXPRKX

SERP1SERP1

LOC283392

RAB10RAB10
LRP10

DPY19L4

RAPGEF6
SDCCAG33

SHPRH
NAB1

PTGES3PTGES3
SELT

PPP1R15B HSD17B12
FTS

VCPIP1VCPIP1

PPT1
YWHAB

ALDH1B1KIAA0564RNF8
EEDUAP1

NPAT

FLJ20125

RAB33BRAB33B
AAMPAAMP

RBBP6RBBP6

UBE2V2UBE2V2WDR36WDR36

WRB

C9orf5C9orf5C9orf5
ZNF189ZNF189

CPSF3LCPSF3L

MOBKL1AMOBKL1A

RNF135

ZBTB24ZBTB24

ZNF580

ARHGAP15

C20orf30C20orf30C20orf30

PSIP1PSIP1PSIP1

PPP1R7

RSU1

ABHD14BABHD14BABHD14B

SNW1

CHD1

PPP6C

LUC7L2LUC7L2

FKBP3FKBP3

RPL24

SIRT2SIRT2SIRT2

NIN LDHB

MRPL50 RPLP1

UQCRH

RPL23

RPS3A

RPL7ARPL7ARPL7A

RPP40

SNRPD2SNRPD2

LOC150223

EIF3S10

BAT1
KRTAP10KRTAP10--1111

AMMECR1AMMECR1AMMECR1

Transcription

Protein
metabolism
RNA
metabolism
Signal 
transduction
Repair, Replication,
Recombination,

Triplets

Doublets

Both

Other

C14orf102

TGFBRAP1

BBX

ERGIC1

DGCR8

FAM113A

E2F2
KIF2C

ZNF319

RPL36AL

C22orf18

PSD4

ADM

JFM1JFM1

FAM54A

CDCA8

CDC20 MAP4K2

C1orf112

EEF1B2 JFM2JFM2

C5orf5C5orf5

REPIN1

MGC2747MGC2747

AKAP8AKAP8
CRY2

EGFL4

ZNF236ZNF236
SH3BGRLSH3BGRL

EP300
NUP214

CCND3 FLJ16542FLJ16542

LOC90624

TMEM113

DHX36

EIF2S3

ARHGAP18ARHGAP18

C19orf2

GBF1

KTI12

MAP2K5MAP2K5

ZNF223
USP49

LOC400509 FES

MRPL49MRPL49

HPS5

AKNA
ASNSD1

ZNF165

ZNF75A

MICAL-L1
ZFYVE21C3orf9

GJB1

CCHCR1

CYP4X1

DPP7 CNOT7

DDX27

GOSR1

RPL37

ASXL2

GPATC4CREB1

LOC90321

MGC5297

C19orf12

ZNF281

RPS18

GTL3

GPR175

CCDC41

NSUN5

ASCC3
MLF2

TAF9TAF9

CUL1

METTL2A

C1orf130
PHB2 GNB1BAT5FLJ20628

BICD2

GGPS1GGPS1

KIAA1468

C9orf74

CSRP1
NPFFNPFF

C1orf156

PEX3

WDR51B

SNAP23SNAP23

ZBTB2

YIPF5YIPF5YIPF5

CRSP3
C3orf28

IFRD1IFRD1

FAM73AFAM73AFAM73A

CEBPG

CAST

IMMT

ATXN7L2

ZNF91

MNAB

ALG6ALG6

SRP72

CSTF2TCSTF2T
FGFR1OP2

CYP51A1
C18orf21

MGC23909

KIAA0423

ZNF273

C1orf63

PUS7PUS7

CHCHD3

MTA1MTA1

C9orf80

HS2ST1

C1orf 104

CALML4

RNPEP

MRPL20

CERKL

CD1C

DKFZP564O0523

TXNDC10TXNDC10

KIAA1799KIAA1799

MBNL2MBNL2

UBB

PRKXPRKX

SERP1SERP1

LOC283392

RAB10RAB10
LRP10

DPY19L4

RAPGEF6
SDCCAG33

SHPRH
NAB1

PTGES3PTGES3
SELT

PPP1R15B HSD17B12
FTS

VCPIP1VCPIP1

PPT1
YWHAB

ALDH1B1KIAA0564RNF8
EEDUAP1

NPAT

FLJ20125

RAB33BRAB33B
AAMPAAMP

RBBP6RBBP6

UBE2V2UBE2V2WDR36WDR36

WRB

C9orf5C9orf5C9orf5
ZNF189ZNF189

CPSF3LCPSF3L

MOBKL1AMOBKL1A

RNF135

ZBTB24ZBTB24

ZNF580

ARHGAP15

C20orf30C20orf30C20orf30

PSIP1PSIP1PSIP1

PPP1R7

RSU1

ABHD14BABHD14BABHD14B

SNW1

CHD1

PPP6C

LUC7L2LUC7L2

FKBP3FKBP3

RPL24

SIRT2SIRT2SIRT2

NIN LDHB

MRPL50 RPLP1

UQCRH

RPL23

RPS3A

RPL7ARPL7ARPL7A

RPP40

SNRPD2SNRPD2

LOC150223

EIF3S10

BAT1
KRTAP10KRTAP10--1111

AMMECR1AMMECR1AMMECR1

C14orf102

TGFBRAP1

BBX

ERGIC1

DGCR8

FAM113A

E2F2
KIF2C

ZNF319

RPL36AL

C22orf18

PSD4

ADM

JFM1JFM1

FAM54A

CDCA8

CDC20 MAP4K2

C1orf112

EEF1B2 JFM2JFM2

C5orf5C5orf5

REPIN1

MGC2747MGC2747

AKAP8AKAP8
CRY2

EGFL4

ZNF236ZNF236
SH3BGRLSH3BGRL

EP300
NUP214

CCND3 FLJ16542FLJ16542

LOC90624

TMEM113

DHX36

EIF2S3

ARHGAP18ARHGAP18

C19orf2

GBF1

KTI12

MAP2K5MAP2K5

ZNF223
USP49

LOC400509 FES

MRPL49MRPL49

HPS5

AKNA
ASNSD1

ZNF165

ZNF75A

MICAL-L1
ZFYVE21C3orf9

GJB1

CCHCR1

CYP4X1

DPP7 CNOT7

DDX27

GOSR1

RPL37

ASXL2

GPATC4CREB1

LOC90321

MGC5297

C19orf12

ZNF281

RPS18

GTL3

GPR175

CCDC41

NSUN5

ASCC3
MLF2

TAF9TAF9

CUL1

METTL2A

C1orf130
PHB2 GNB1BAT5FLJ20628

BICD2

GGPS1GGPS1

KIAA1468

C9orf74

CSRP1
NPFFNPFF

C1orf156

PEX3

WDR51B

SNAP23SNAP23

ZBTB2

YIPF5YIPF5YIPF5

CRSP3
C3orf28

IFRD1IFRD1

FAM73AFAM73AFAM73A

CEBPG

CAST

IMMT

ATXN7L2

ZNF91

MNAB

ALG6ALG6

SRP72

CSTF2TCSTF2T
FGFR1OP2

CYP51A1
C18orf21

MGC23909

KIAA0423

ZNF273

C1orf63

PUS7PUS7

CHCHD3

MTA1MTA1

C9orf80

HS2ST1

C1orf 104

CALML4

RNPEP

MRPL20

CERKL

CD1C

DKFZP564O0523

TXNDC10TXNDC10

KIAA1799KIAA1799

MBNL2MBNL2

UBB

PRKXPRKX

SERP1SERP1

LOC283392

RAB10RAB10
LRP10

DPY19L4

RAPGEF6
SDCCAG33

SHPRH
NAB1

PTGES3PTGES3
SELT

PPP1R15B HSD17B12
FTS

VCPIP1VCPIP1

PPT1
YWHAB

ALDH1B1KIAA0564RNF8
EEDUAP1

NPAT

FLJ20125

RAB33BRAB33B
AAMPAAMP

RBBP6RBBP6

UBE2V2UBE2V2WDR36WDR36

WRB

C9orf5C9orf5C9orf5
ZNF189ZNF189

CPSF3LCPSF3L

MOBKL1AMOBKL1A

RNF135

ZBTB24ZBTB24

ZNF580

ARHGAP15

C20orf30C20orf30C20orf30

PSIP1PSIP1PSIP1

PPP1R7

RSU1

ABHD14BABHD14BABHD14B

SNW1

CHD1

PPP6C

LUC7L2LUC7L2

FKBP3FKBP3

RPL24

SIRT2SIRT2SIRT2

NIN LDHB

MRPL50 RPLP1

UQCRH

RPL23

RPS3A

RPL7ARPL7ARPL7A

RPP40

SNRPD2SNRPD2

LOC150223

EIF3S10

BAT1
KRTAP10KRTAP10--1111

AMMECR1AMMECR1AMMECR1

© Wittkowski KM 92009-08-25 13:35

0.00095 d3 enk ppt
0.00095 d2 d3 ppt
0.00105 d3 dyn enk

...
0.00965 d1 d2 d3

CollaborationCollaboration
NAC d1 d2 d3 dyn enk ppt

cor d1 0.921 0.549 0.316 0.781 0.666
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ConclusionsConclusions

�� Networks Networks 
of collaborating genes 
(“load-sharing”, alternative pathways), rather than

�� ClustersClusters
of coregulated genes (correlation), 
e.g., the cluster in the center of the most significant 
gene-gene-gene interaction.

U statistics for multi-
variate data can add 
novel insights by  
providing empirical
evidence for 
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CollaborationCollaboration vs vs CoregulationCoregulation
CPU d1 d2 d3 dyn enk ppt

cor d1 0.898 0.838 0.854 0.845
d2 0.874 0.892 0.886
d3 -0.100 -0.207
dyn -0.133 0.953 0.902
enk -0.161 0.951
ppt -0.247

p d1 0.064 0.014 0.123 0.028
d2 0.008 0.043 0.010
d3 0.025 -0.014 0.121 0.350
dyn 0.106 -0.023 0.728
enk 0.172 0.233 0.355
ppt 0.030 0.022 0.028 0.028

0.01409 d2 dyn ppt
0.01456 d1 d2 ppt
0.01574 d1 d2 d3
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