NetworF Beology end
Evolution o# Human Geretic Diseases

Sanguk Kim




Outline

*Introduction ob Networkt Biology end Medicine

‘Networt- Distence ¢ Locelizetion => Disease Comorbidizy Nature Mol Sys Biol. 2011
Humen diseense evolution Nature Scientific Reports 2012
Mitockondrial protein networ¥ Nature Scientific Reports
2013

‘Networt Clustering -> Cancer PLOS Comp. Biol. 2011

‘Networt Rewiring and Evolution -> Gene essentiality chenges Nature Scientific Reports 2012
Nevronal Disease PLOS Genetics 2012

1.  Spatial and functional organization of mitochondrial protein network. Nature Scientific Reports 2013 3:1403.

Network rewiring is an important mechanism of gene essentiality change. Nature Scientific Reports 2012 2:900.

3. Rewiring of PDZ domain-ligand interaction network contributed to eukaryotic evolution. PLoS Genetics. 2012
8(2):21002510.

4.  Evolutionary history of human disease genes reveals phenotypic connections and comorbidity among genetic diseases.
Nature Scientific Reports 2012 2:757.

5.  Amultifunctional core-shell nanoparticle for dendritic cell-based cancer immunotherapy Nature Nanotechnology 2011
6(10):675-682.

6. Network clustering revealed the systemic alterations of mitochondrial protein expression” PLoS Comp. Biol. 2011
7(6):€1002093.

7. Protein localization as a principal feature of the etiology and comorbidity of genetic diseases Nature Mol Sys Biol. 2011
7:494.

N



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.

Biological

signaling network

© i - -C-T-G
g i
- (n-11H,0 D = deoxy ~G-A-
APHIDICOLIN > - deoxy
PYROPHOS. 9 o ribose) Hlet
hnmsz HN/"\CH‘CHH‘ ~NH bos tor
ion-repair PRI ,L | DNA DOUI
0% N7 N fe—————3.4
58) HOH
Dpp_p 2P Do
Fp—D—P—D—P— P, Iy
c ORg A
Iamage, incision g ‘ﬁ "r \P\
DNA-damage, e.g. by U’ /
0.9, T-Dimer DNA-damage. e.g. by UV P \p\ ﬁ ]
LN
J C I N
INTP PP N Dept
nd nPPi
Ao cion Cucutaria .
DNA-POLYMERASE TIONA ten CHROM
seH e (Nota 59)
n
" ) INTEGRASE INTEGRATION
)DNA Retroviruses Intagra- |\ COMPLEX
HIV) 7] INTEGRASE ) integration
feg ©) D1 g
RNA otherprateins O (Note60) g, (S g
L) ReveRse
TRANSCRIPTASE
p16 n NUCLEOSOI
. -
integr:
EO- HISTONES DN
E) |

DNA-Viruses
Reverae (e.g. SV 40)

TRANSCRIPTASE % %

\/

L E
ﬂ transcription, translation, trans




3
foe vty 0,
BRI

~

Endosome &
vucuo,o sorting Cell polarity &
) morphogenesis

. tRNA
modification

Amino acid
biosynthesis
& uptake S . T ] )
AL 2 7 /i -- == Cell wall biosynthesis
' & integrity

Pratein folding &
glycosyiation

'protoln degradation

ER/Golgi

Disease pleiotropy and network modularity
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Disease Gene Networt
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Example: Diabetes in the Human disease network
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Protein localization as a principal feature of the etiology and comorbidity of
genetic diseases

Protein subcellular localization and Human diseases

<D Extracellular

Do

@Immunological

Allergic rhinitis
Cytosol Sarcoidosis

QO Cancer

Uterine leiomyoma
Wilms tumor

Sepsis

Cytosol \

Endoplasmic reticulumn
Extracellular

Golai

Peroxisome

Basal cell carcinoma

Endoplasmic reticulumn
Nucleus

OMultiple

Rieger anomaly
chudley-Lowry syndrome
Prader-Willi syndrome

Mitochondria

Nucleus

Lysosome

Plasma membrane /

Plasms membrane
ONeurological

©0000000)

Krabbe disease
Meniere disease
Parkinson disease

(o

Mitocho

© @ Metabolic

Biotinidase deficiency
CETP deficiency
Enolase-beta deficiency

Lysosome




Relationships between disease-associated proteins and their subcellular localizations
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Correlation between disease classes and subcellular localizations
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The implication of subcellular localization for disease comorbidity
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Comorbidity tendency

The implication of subcellular localization for disease comorbidity
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Disease gene finding through subcellular localization
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Human disease genes; fast or slow evolving ?
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Human disease genes have diverse evolutionary rates
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Human disease genes have diverse evolutionary rates
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Morphogenes and phystogenes enriched dibberently
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Evolution connect genotype to phenotype

Molecular connections in the comorbid disease pairs
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Rewiring of PDZ domain-ligand interaction network
contributed to eukaryotic evolution
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Rewiring of tateractions

Link rewiring
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PDL protein tnterections pley tmportent roles tn the
postsyreptic deastty PS5O

Organization and dynamics of
PDZ-domain-related supramodules
in the postsynaptic density
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Construction of buman PDL domein-Cigond snteraction networt (PDINet
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Human PDZNet
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PWN can tdentiby the Enown binders o# PDL domains

Positional affinity contribution
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Binding scores correlete well with esperimentel ebbinities
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Two evolutionary models describe the espanston ob PDZ domatn-
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Esomples o6 o PDL domatn-Cigond tnteraction created by seguence
mutetions
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B pornt mutetion generated o PDL-binding motib tn the C-terminal
amino actds ob the Mecace nulatte PBE protetn.
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QB DNQ segment tnsertion genereted o PDL-binding motié tn the C-
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Rewtring of PDL domatn-Cigand tnteractions pleys an tmportent role
tn The evolution of nervous systems tn Vertebrates.
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*Introduction ob Networkt Biology end Medicine
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Increase o# networt complesivty has o major
tmpect on gene essentialtty changes.

Mechontsm ob gene essentialety

Comples relotionship between genotype and phenotype



Gene essentiality obten changes during evolution

Mepfs  (nonessentiel tn yeast but essential tn mouse’

. Mapols/ -/~ enbryos die at mid-gestation From abrormel development

2i1d Agpovascularization of the placerte.”  Wickram Bissonsuth, e ol
Development? 20087

. “In Zhe movse, Loss of Maprfs #unction cavses embryonric lettelizy.
Val &te Nadear, et al. Developmert 20077

Bz (nonessential tn yeast but essential tn mouse’

o Wdenosine Aeamirase Aebiciea? Ban’ mice Aie periratally.”
Rlesendre B.J. Migchielsen, e? al. NeZ GereZics /9747

I[7 ¢s unclear how nonessentiel genes become essential tn more comples orgonts;



Increase tn networt connections and gene essentielity chenges
between yeast ond mouse
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Network connections o Meprfs tn yeast, worm chicken, and mouse

Yeast Worm Chicken Mouse
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Protein comples memberskip and evolution of gene essentielity changes

Fraction of genes newly
involved in complexes (%)
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NIE genes obten bridge bunctional modules end control tabormetion 6Low
tn the PPL network.

Bottleneck
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controversy over the centrality-Lethaltty rule

Centrality-lethality rule

« The most highly connected proteins in the cell are the most important for its
survival.

« But the weak correlation has been a problem.
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The C-L rule drameticelly improved bor the genes Keeping Thetr
essentialvty both tn yeast and mouse
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