Network approaches to find mitochondrial
disease genes and diabetes comorbidity
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Disease mechanism in the protein interaction network

Disrupt the interaction interface leading to loss of function effect
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Mega-Hub. An MTV veejay spreads the
word to thousands or millions of people
through one-way links.

Internet

Hub. This undergraduate has spread the word
to seven other people through two-way links.
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Biological Networks
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Chromatin & ‘
transcription 3

Amino acid
biosynthesis
& uptake

Costanzo et al. The Genetic Landscape of a Cell. Science (2010) vol. 327 (5964) pp. 425
http://www.sciencemag.org/cgi/content/full/327/5964/425
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Procedures to connect comorbidity and genetic associations

Patient ID Diagnosis 1 Diagnosis 2 Diagnosis 3 Diagnosis 10
= XX 174
- -
= 1709
¥
= YYYYY P 1709
= Co-occurrence
k:
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Malignant neoplasm of female breast Malignant neoplasm of bone and cartilage
(ICD-9-CM 174) (ICD-9-CM 170.9)
Breast cancer Chondrosarcoma {OMIM 316)
77
. el Ewing sarcoma(OMIM 311)
;‘ I Osteosarcoma (OMIM 1166)
-
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Genotype-phenotype connections

Phenotype connections are triggered by various types of molecular connections



Integrative approach to predict phenotype connections

Molecular connections

Localization Metabolic
similarity pathway

Protein-protein

Shared gene interaction

Co-expression

Data integration
v

Prediction of
phenotype connections



The human disease network

Construction of the diseasome bipartite network

Human Disease Network
(HDN)

Gharom-Me.)om disease
B
Spastic atax.'aplegia

'r spastic paraplegia syndrome

-
Amyotrophic lateral .asis Sa.f. disease

Spinal r\’. atrophy

Androgen insensitivity

Prostal@Banter_ pyinen) hypospadias

Lymphoma

Wilm s tumior
Breast cancer
Cwanan cancer

Pancreatie cancer

i Papillary serous carcinoma
Fanm.memia ;
Tegell lymphoblastic leukemia

Alaxia-telangiectasia

DISEASOME

disease phenome

Ataxia-telangiectasia

Perineal hypospadias
Androgen insensitivity

T-cell lymphablastic leukemia
Papillary serous carcinoma

Prostate cancer
Ovanian cancer

Lymphoma
Breast cancer

Pancreatic cancer

Wilms tumor

Spinal n. atrophy

Sandh‘liseasr—:
ooy
Gharcm-Ma.oth disease
Amyctmphi.ra] sclerosis

Silver spastic ps.!egia syndrome

Spastic al.)araplegia
Fanc.'lemia

disease genome

AR

AT

BRCA1

BRCA2

COH1
GARS

HEXB
LMNA
MSH2

PIK3GA

MADILY

RADSSL

VAPB

CHEK2

BSCL2

BRIPT

Disease Gene Network

(DGN)

HEXB
LAINA

BscCL2

VAPEB

GARS

ATM
BRIP1 e

BRCAT

MADILY - CHEK?
PIK3CA

COHI MSH?

| May 22, 2007 | vol. 104 | no. 21 | 8685-8690



Disease Gene Network
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Example: Diabetes in the Human disease network

TYPE OF DISEASE SCALE

@ Cancer « Conneclive issue @ Cardiovascular Endocring o Gastrointesiinal » Ear. nose. throat  « Developmental @ Multiple types  Each circle represents a
Bone ® Muscular ® Hematelogical @ Immunological  ® Mutritional @ Ophthalmological — ® Neurological Unclassified  disease or disorder and is
Skeletal ® Dermatological @ Renal @ Metabolic ® Respiratary @ Psychiatric ecaled in proportion to the

number of genes associated
with that disease.



Protein subcellular localization and Human diseases

Golgi

D@ Extracellular

@ Immunological

Allergic rhinitis
Sarcoidosis

Cytosol

OO Cancer Sepsis
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Wilms tumor / \
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Relationships between disease-associated proteins and their subcellular localizations
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HMG-CoA synthase-2 deficiency
CPT Il deficiency
Lipoid congenital adrenal hyperplasia
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Nucleus enriched diseases
Omenn syndrome
Sutherland-Haan syndrome
Parathyroid carcinoma

|

Extracellular / Plasma membrane enriched diseases

Persistent Mullerian duct syndrome
Exudative vitreoretinopathy

Renal tubular dysgenesis

1284 Diseases
]l

Lysosome enriched diseases

Fucosidosis
Cystinosis
= Ceroid lipofuscinosis

ER / Golgi enriched diseases

= Restrictive dermopathy
Mandibuloacral dysplasia with type B lipodystrophy

— Acquired long QT syndrome

Subcelular localization - disease
association score
(]

0 S Mol Sys Biol. 2011 7:494.



Correlation between disease classes and subcellular localizations

A Disease class
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The implication of subcellular localization for disease comorbidity

A Disease
C=2066 C*'=612.93 RR=3.37
Multiple myeloma —— Glomerulopathy
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Subcellular localization similarity of human diseases
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Comorbidity tendency

The implication of subcellular localization for disease comorbidity
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Subcellular localization and human diseases
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Retolgulum

Mitochondria
[

Rough
Endoplasmic
Reticulum

Construction of functional interaction networks through

T Viewrane consensus localization predictions of the human proteome.

Nucleolus

A

Localization: Plasma membrane
Disease: Basal cell carcinoma

1: GP107_Human
2: PTC1_Human

3: HHIP Human
4: SMO Human

5: PTC2_Human

B

Localization: Cytosol )
Disease: Deafness, autosomal dominant

: MYO3A_Human (Con)
: WHRN_Human
:MYO15 Human

: OMP_Human
:MYO6_Human

: MYO7A_Human

: USH1C_Human (Con)

~NOoOORWN =

Nuclear Park et .al..J. Proteome Res., 2009, 8 (7), pp 3367-3376

Localization: Nucleus
Disease: Mental retardation

1: VEX2_Human (Con)
2: ARX_Human

3: ZNF81 Human
4. JADIC Human

5. AFF2_Human (Con)
6: OPHN1_Human

7. ZNF41_Human (Con)
8: ACSL4_Human

9: TMEM9S_Human

> Protein localization information facilitates the identification of disease associated

genes



Network position reveals spatial and functional
organization of mitochondrial proteins

Initial networlk Fropagate labels
& known genes to priontize new candidates

PageRank |



Eye dlseases

Heart failure

Heart Failure
Pulmonar

Dysfunction of mitochondria is related
over 400 disease phenotypes

Liver failure /

Cirrhoss of the liver

Alzhaimer

PLoS Comput Biol 5(4): e1000374.
http://www.cellsignal.com/reference/pathway/Apoptosis_Mitochondrial.html




Extensive experiments and bioinformatics
to identify mitochondrial proteome
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Identification of
mitochondrial proteins



|dentifying spatial organization of mitochondrial proteins provide
key clues for functions

Cytoskeleton
% Apoptotic factors

. mitochondial
~_antiviral immunity

ER/Golgi
Nutrient sensing
mitochondrial
quality control
Cytoplasm/

Nucleus



Assigning network position of mitochondrial proteins
in functional interaction network
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Network position reflects spatial organization of mitochondrial proteins

Non-mitochondrial

Amino acid Oxidative Mitochondrion
degradation phosphorylation morphogenesis

ACAA1 HSD17B10




Network position reflects spatial organization of mitochondrial proteins
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Network position reflects spatial organization of mitochondrial proteins

Sub-mitochondrial

Gene Symhbol Network position  Prediction result Related Functions
compartments
NLEX1 OMM 0.83 O Antiviral signaling
TOMS6 OMM 0.88 O Preprotein translocase complex
MUL1 OMM 0.83 0] Control of mt morphology
MFF OMM 0.79 0] Mitochondrial fission
SNN OMM 0.69 0] Response to abiotic stimulus
PINK1 OMM 0.65 0] Protect against mt dysfunction
PGAMS OMM 0.63 0] Regulator of mt dynamics
UBP30 OMM 0.55 0] Maintenance of mt morphology
EXO0G v 0.81 X Endo/exonuclease
LETM1 vt 08 X Mitochondrial tubular networks and cristae
TPC MM 0.41 (0] Uptake ThPP into mitochondria
CoQ7 MM 0.32 (0] Ubiguinone hiosynthesis
CTo07 MM 0.31 (0] Putative methyltransferase
COoQ4 IMM 0.23 O Ubiguinone hiosynthesis
COXS8A MM 0.17 (0] Cytochrome c oxidase
COXS8C IMM 0.16 O Cytochrome c oxidase
SIRT4 MM 0.66 X GLUDI enzyme activity, Insulin secretion
DHES MM 0.43 O Estrogen biosynthesis
CLPP MM 0.39 O Clp protease
MIPEP MM 0.38 O Mitochondrial intermediate peptidase
MCCB MM 0.1 0] Leucine degradation
CBR4 MM 0.1 0] Biosynthesis of fatty acids
SCOT1 MM 0.05 O Ketone body catabolism
ACS2L MM 0.01 0] Maintaining normal body temperature



Network position reflects functional organization of
mitochondrial proteins

A
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Network positions are similar between same disease associated
protein pairs

A B
Associated Network # of
disease position + SO associated genes
MELAS syndrome 0.01+£0.01 5
Pyruvate dehydrogenase deficiency 0.03x0.01 i
Leber hereditary oplic neuropathy 003004 10
Leigh syndrome 0112009 2
MNADH-Co( reductase deficiency 0132047 14
Fatal il'_lfsnliemcmi;wmm;nec N0 5
MNonsyndromic genetic deafness 0331030 B
Mitochondrial DNA depletion syndrome 0.34+008 5
2 _ _ Cardiomyopathy, familial dilated 0754013 7
Functional interaction network of Autcsamal mmn; l:mlm_mﬂe_
human mitochondrial proteome Tooth disease, type 2 LR <
. ) c
Organizing proteins ® 30 4
by network position o o
3L
28 20
4
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0‘!} 0.0 - . . | B . l l
02 03 04 05 06 07 []B {]9
Network position similarity
o D - 16
Mapping disease 40 P33 e
association EO [
g
L 3B -|-
c
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SR T
@ 1 .
§ 25 - J_
o
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Network position-based Shortest
shortest path length path length

Modes are colored by
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Network position can help to find mitochondrial disease candidates

Mt. Disease gene candidates

~ 200 genes ~ 22 genes ~ 8 genes
Linkage Mitochondrial Mt. Network
interval annotation Position
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Network position can help to find mitochondrial disease candidates

: ; : Linkage Nitochondnal Mt. Network . ,
Disease (OMINM) Linkage region IRl Anfiotlich Pasition Disease candidates
Hepatic miDNA depletion D252373— D252259 186 T 2 CAD, MPV17
PSAP, RPS524, ACTAZ, CYP2GAT,
MARCHS, PPA1, IDE, ANXAT1, IFIT3,
Cardiomyopathy, familial dilated. (FDC) 10g21-10g23 313 43 18 SLC25A16, SUPV3L1, PHYHIPL,
NDSTZ2, AIFNZ2, CYP2C 19, MINPP1,
ARIDSB, LDB3
TDRDT, HSPBL2, PRKACG, RFK,
: —— VPS13A, ANXAT, CYorfa9, SECISBP2
Cardiomyopathy, familial dilated. (FDC 9g13-9922 214 22 14 ' :
yopatny, { ) qi3-39g UBQLNT, NTRKZ, NCBP1, NANS,
HNRNPK, IARS
Charcot-Marie-Tooth disease type 2 (CMT2F) Tq11-7g21 256 20 4 CYP51A1, HSPB1, ELN, GTPBP10
DIABLO, TRIAP1, COQ5, MSIT,
Charcot-Marie-Tooth disease type 2 (CMT2L) D125366-D1251611 107 17 11 RPS2P5, RAB3S5, HSPB3, POP5,
CLIP1, PEEP1, PLA2G1B
miDNA depletion syndrome (MDS) 2p13 125 18 3 HKZ2, SPR, DGUOK

Underlined genes in the disease candidates are known to be associated with

mitochondrial diseases



Integrative approaches for network medicine of human diseases

Molecular connections

Localization Metabolic
similarity pathway

Protein-protein

Shared gene interaction

Co-expression

Data integration

Prediction of
phenotype connections
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