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Abstract

Diseasome is a collection of networks that relatesan diseases with the disease causing human. ganestwork of disorders
and disease genes linked by known disorder—geeiatisns offers a platform to explore in a singtaph-theoretic framework
all known phenotype and disease gene associatindi&ating the common genetic origin of many digsasThe Online
Mendelian Inheritance in Man (OMIM) is used as tla¢a source for disease-gene relations in Diseasidimese is the primary
model organism to study mammalian genetics.The menof mouse is incisively and specifically modifiadd controlled to
study the mutations in the human genome, to digcthe molecular mechanisms of various complex hudiaeases such as
cancers, diabetes, hereditary and neurologicatdiss. Researchers have already identified thag¢ngisil human genes are likely
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conserved syntonic regio e generordthe genomes (Robert L. Perlman 2016). Diseasome mapping
consists of multiple network ely” the humareaée network (HDN), the disease genes network (D&M)the bi-partite
human disease and gene network. In the study oh,eb al. It was proposed that the disorders caamsbeciated with each other
using the shared disease-causing genes. The mtiof IDiseasome contained 1,284 disorders and 1di&&ase genes and all
diseases are categorized based on 22 distinctsdisgdasses(Olson H et al.,, 2000). Diseasome phatigufocuses on the
molecular relationships between genetic variatind phenotypic information, and it is a seminal workerms of discovering
the mechanisms of complex diseases. It is impoharg to note that, revealing complex disease nmésing is one of the most
crucial problems in biomedical research, currefiBgtstein and Risch, 2003, Kann, 2009). It hadaalyebeen stated in the
literature that many human diseases occur dueetfattiors related to genetic variations (Hirschhremmd Daly, 2005). Up to date,
various databases are constructed for annotatmgelations between genes and diseases of humarasu@MIM (Hamosh et
al., 2005), CTDTM (Davis et al., 2010) and NHGRHEBWAS catalog (Welter et al., 2013). Due to theéuna of database
curation process the associations are not compdetehe integration of multiple existing resouraesially leads to more
comprehensive view of the current biomedical knalgke

Cancer, is one of leading cause of death worldwideere are several analysis that have been pertbrmehich enables the
better understanding towards cancer proteomics dnyptlering genetic and epigenetic data for gemglagory networks
analysis. These data has uncovered many impontatgip-protein interaction (PPI) pairs which artegrative part of the cancer
network.

In our present study we have created a diseasota@nkefor different types of cancer, which will exteally help us to better
understand the cancer processes to identify bioenaudnd therapeutic targets, and predict the pigid cancer in acute cancer
patients.
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Il. Materials and methods:
2.1 DATA DOWNLOAD AND PROCESSING :

Curated morbid map file was being downloaded fronlir@ Mendelian Inheritance in man (OMIM). Morbidad (MM) of the
OMIM is one of the most comprehensive and highlyated disorder gene association database. The OMN/shows the
cytogenetic map location of disease genes in OMINe link www.omim.orgis being opened up, wherein download tab in menu
is selected and registration for download is done.

Two different datasets about human and mouse asgsnwwere extracted. Dataset 1 contains the Hunsmask — human gene
relation information and downloaded from Diseasaopsource and the Dataset 2 contains Mouse affsgdm (phenotype) —
mouse gene information derived from MGI and Humatadvere downloaded from OMIM. Mouse genes attehwas chosen as

a foreign key, to relate these two sets.

2.2 DATASET DOWNLOAD FROM DISEASOME & DATA PROCESSI NG:

Diseasome dataset was created from curated OMIsl, dadt has been used as the source to constiatees®& 1. It includes
disease ID, disease name, disorder class, sizkatsghow the number of associated genes, degyestigkvs number of disorder
classes it connects to, class degree (K) is thebeurof distinct disorder classes it connects to gedes written as comma
delimited at the last column.

The curated table contains the Disease ID, Disondene, Human Gene Symbols, OMIM ID, Chromosome ti®osbf the
related gene and Disorder Class information. Dieombmes were aligned in an alphabetical orderdistihct consecutive
numbers are given in ascendis tarting ftoimhese numbers are called as Disease ID andhassigr analysis in Gephi.
Disorder names are distin h.thelaterl human genes and in accordance OMIM Ids arieved. If a disorder has
more than one genes gpegated with comma.

Mouse ortholog ed extchcted ' with the online converter tool calledHCOP: Orthologue

‘\lr‘

The dataset blenglise genes with
marke ‘ > ) i

ected s&é(le phesptype using

0 owegehes as nodes stretgy to generate the networks.

Human diseases are indirectly ed to the enphenotypes (i.e. affected systems) while usingsauman orthologous
genes as the mediator. Relations in-between gareas#s-phenotypes. Human diseases are indiregthected to the mouse
phenotypes (i.e. affected systems) while using mthusnan orthologous genes as the mediator.

Il Result and Discussion:
3.1 Creation of Dataset 1:

Dataset 1 was created with required disease namesponding disease ID, human genes, OMIM ID, Clusame Position of
the related gene and Disorder Class informatiosoiier names were aligned in an alphabetical aaddrdistinct consecutive
numbers are given in ascending order starting florThese numbers are called as Disease ID andnassigr analysis in
Gephi.The Figure 3.1 shows a screenshot the cudatiedetl
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1 | Disease @
2 | 47
3 | 47
& | 918
5| a8
6 | "8
7| w8
B | 134
9 | 134
10| 1324
11| 1323
12 1324
13| 1328
14 133
15 1324
16| 1204
17| 1305
18| 70
19| 7
20| 70
21 | 1043
23 | 1400
23 | 1454
24| 1454
25 | 1533

Disardsr name

Disbietes melitus, type |, 125852 (3)

Diabedes melius, type I, susceptbaty (o, 125853 (3)
Lung eancer, 211580 (3}

Lung eancer, 211580 (3)

Lung aneer, 211580 {3)

Lung cancer, somalie, 711980 (3)

Fheumaloid arihrs, progression of, 130300 (3)
Rheurnatoid arihrks, susceplibity 16, 180300 (3)
Rheumatnid arhris, susceptibity 1o, 180300 (3)
Fheumatoid arthris, susceplibity 1o, 130300 (3)
Rnieumatoid arthrits, susceptibity to. 180300 (3)
Rneumatoid arthres. susceptitiity 1o, 180300 (33
Rneumatpid annris, susceptibiity to, 180300 (3)
Rheumatoid anthrea, systemic irvenke, ausceptiiity to,
Fapd progression to ADS from HIV1 infection (2
Rapp-Hodghn syndrome, 129400 (3)

AID5, delayedirapsd progression fo (3)

AIDS, rapkd progresskon fo, 08423 (3)

AIDS. resistance to {3)

iy to infecton by
Samgron-Larssen syrdrome, 270200 (33
Stroke. susceptiibty o, 1, B0ETH (3)
Stroke, susceptibiity to, 01367 (3)
Tuberculosss, susceptbdty to (3

Gene symboks:

AKTZ

PF1

KRASZ, RASK2

PPP2R1B

SLC2IAML, EWSCRIA, METH
MAPIKS, COT, EST, TRL2

L0, CSF

WHCZTA, C2TA

NFKBIL1

Pa&DK, PADE, FAD

PTPHE, PEF, FTPHZZ LYP
RUMNKT, CBFAZ. ANLT
SLCZZA4, OCTNT

WE

CHICA1, GPRI3, V25

TPT3L, TRE3, KET, EEC3, SHFM4, LMS. RHS
KIRAOLY, NKATS, KB, AME1N,  KA30S1
FNG

CHCLI2. SOF1

NRAMPE, NRAMP

ALDH3AZ, ALDH1D, 5LS, FALDH
POESD, DFDED, STRKY
ALOKEAR FLAP

FNGR1

oMW D
164731
B0OT33
180070
603113
502631
191195
124092
600005
s01022
605347
GOAT16
151235
BO4180
153620
B01470
603273
504548
147570
B00E3S
Go0zEE
809522
B0O12%
B03T00
107470

Chramosome
19913.1-413.2
13g12.1
129121
11922424
11p15.5
10p11.2
1931932
16p13
8p21.3
1p36
1pl3
21g22.3
5431
229112
3Ipter-o2i
3qz7
18q13.4
12014
10111
3%
1Tp11.2
Eqi2
13912
Sa2lazd

Class

Endocrine
Endocring

Cancer

Cancer

Cancer

Cancer
Conngclive lisgug
Conngctive tisgug
Conngctive lisgug
Conngctive tisgug
Connective lissus
Connective issue
Connective tisgus
Connactive tiszug
Immunological
mulipe
Immunoiogical
Immunotogcal
Immunoiogical
Immunoiogical
Wesnboic
Cartiovascular
Cardiovascular

Respiratony

FIGURE 3.1: Sample Dataset 1

For our present study, we have identified 74 déffertypes of cancer, with 202 human genes withr tB&IM Id, chromosome

location. B
- |5 L& L = I
DISEASE ID DISEASE MAME HUMAM GENE OoMIM ID CHROMDSOME CLASS
5 1207 Bladder cances, 108200 (3} FGFR3, ACH 134534 &piE3 Caneer
3 1207 Bladder cancas. 108500 (3) KRASE RASK2 180070 12p123 Cancer
4 207 Bladder cances, 105500 (3) RE1 180300 13g14.1-914.2 Cancer
P—
s 2 ?;“:;;E“‘H R, HRAS 180020 19pi155 Cancer
Breastand colorectsl cancer, | CHEKZ, RADS3, CHKEZ, COS1
. 278 i 4 ” 804372 12.1 Can
8 suseentibiity io (3} LFez = Skl
7 2 Breast camcar, 114880 (1) PIRCICA T84 2q263 Cancer
g 278 Breasi carcer, 114450 (3) PPIAD, WEH B0S100  17g22.573 Caneer
g 228 Breast cancer, 114450 (3) SLCZ2AL, BEWSTRIA, INFTH B02631 1155 cancer
10 278 Breast cancer, 114480 {3} TPE3 PS3 LFSYT 121470 1Tpi3 Cancer
19 (228 Bre=ast cancer-1 {3) BRCAY PECP 113705 17g21 Cancer
1o (228 Breast cancer 2 early onsel {3) BRCAZ. FAKCDI BOIES 139123 Cancer B
13 228 Breast cancer (3} TEGI01 B0133T  1ip1SZ-pi1si Cancer
1
228 Breast cancer, arly-onsel. | aopy, BACH1, FANCS sosea2  17q22 Cancer
14 14480 (30
Breast cancel, invashe
273 : i RADS4L, HASE, HRADSA BO3EIS  1p3D Caneer
15 intraductal {3}

Figure 3.2: Dataset 1 for canter diseases

3.2 Creation of Dataset 2:

Dataset 2 consists of phenotype terms with their IMB and targeted knock-out mouse orthologueswhén genes. Human
gene column again was added for the ease of uadding. This dataset is based on mouse data. Maffiseted systems

information (i.e. phenotypes) was collected from MGl database.An example dataset 2 is describfguire 3.3
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T MPID AFFECTED SYSTEM (PHENOTYPE] MOUSE GENE HUMAN GENE DISEASEID  HUMAN DISEASE ‘DISORDER CLASS |
2 |MP:0002073 abnarmal glucose homeostasis Akt2 AKT2 427 Diabates mellitus, typa Il Endocrine

3 |MP:0014163 decreased brown adiposa tissue mass Akt2 AKT2 427 Diabetes meilitus, typa Il Endocrine

4 |MP:0009356 decreased liver triglyceride leval Akt2 AKT2 427 Diabetes mellitus, type 1l Endocring

5 |MP:0030022 decreased muscle cell glucose uptake Akt2 AKTZ 427 Diabetes mellitus, type | Endocringe

6 |MP:0014146 decraased white adiposa tissus mass Akt2 AKT2 427 Diabetas mellitus, typa Il Endocring

7 |MP:0005378 growth/size/body region phenctype Akt2 AKT2 27 Diabetes mellitus, type Il Endocrine

B |MP:0000316 cellular necrosis Kras2 KRAS2 918 Lung cancer Cancer

5 |MP:0010856 dilated respiratory conducting tubes Kras2 KRAS2 918 Lung cancer Cancer

10 |MP:00053TY endocring/exocring gland phenotype Kras2 KRASZ 918 Lung cancer Cancer

11 |MP:0010771 integument phenotype Kras2 KRAS2 913 Lung caneer Cancer

12 |MP:0010763 mortality/aging Kras2 KRAS2 918 Lung eaneer Caneer

13 MP:0002006 neoplasm Kras2 KRAS2 318 Lung cancer Cancer

14 |MP:0001954 respiratory distress Krasz2 KRAS2 913 Lung cancer Cancar

15 MP:0010763 mortality/aging Kras? KRASZ 913 Lung cancer Cancer

16 MP:00052387 immune systam phenotype Pad PAD 1224 Rheumateid arthritis Conneclive lissue
17 [MP:0004924 abnormal behavior Pad PAD 1324 Rheumatoid arthritis Cannective tissue
1% |MP:0003933 abnormal craniofacizl development Tp731 TPT3L 1305 Rapp-Hodgkin syndrome multiple

15 | MP:0000428 abnormal eraniofacial marphology Tp73l TPTIL 1305 Rapp-Hodgkin syndrome multipie

20 | MP:0001672 abnormal embrye development Te73l TP73L 1205 Rapp-Hodgkin syndrome rmultiple

21 | MP:0010942 abnormal respiratory epithelium morphology  Tp73l TPTIL 1305 Rapp-Hodgkin syndrame multiple

22 \MP:000054% absent limbs Tp73l TPT3L 1305 Rapp-Hodgkin syndrome multiple

23 |MP:0003330 embryo phenotype Tp73l TPT3L 1305 Rapp-Hadgkin syndrame multiple

24 [MP:001077L integument phenotype Tp731 TP73L 1205 Rapp-Hodgkin syndrome multiple

25 | MP:0010768 mortality/aging Tp73l TP73L 1205 Rapp-Hodgkin syndrome multiple

Figure 3.3: Sample dataset for dataset 2

For this project 1567 mouse affected systems indion (i.e. phenotypes) was collected from MGI mé@dong with their MP
ID's.These mouse affeted systems were aligned ¢@ ttorresponding human orthologs and dataset 3 areated for the
construction of cancer Diseasome.Figure 3.4 shbevglimps of cancer diseasome.

il B

MOUSE GENE HUMAN GENE MPID phenotype

Midm2 MDB2 MPOO053E4 cellular phenr:atype

dm MDM2 W F0006043 decreased apoptosis

MAdme? MDM2 ME0001262 decreased bady weight

Mdm2 MDM2 MP0000333 decreased bone marrow cell number
ndm2 D2 MPD001E98 decressed ambryo size

Mdm2 MDM2 MPO002E7S decreased erythrecyte cell number
Mdm2 MDM2 MP:0005373 growth/size/body region phenotype

Egfr EGFR MP0002161 abnarmal fertility/fecundity

Egfr EGFR M P00007E3 abnarmal filiform papillae morphalogy
Egfr EGFR MPD00G257 abnormal fungiform papillae morphology
Egfr EGFR MPD00E325 abnarmal gonadotroph morphology *
Braf BRAF MPOO021E2 abnormal astrocyte morphology

Braf BRAF MP:0000297 abnormal atrioventricular cushion morphology
Braf BRAF MP:0010029 abnormal basicranium morphology

Braf BRAF MP:0001614 abnormal bloed vessel marphology

Braf BRAF MPOOOLTTT abnarmal body temperature homeaostasis
Braf BRAF MP:D004259 small placenta

Braf BRAF MP:0001209 spontaneous skin ulceration

Braf BRAF MP:0003426 tachypnea

Erbbz ERBB2 MPO000520 abnarmal myelination

Erbb2 ERBB2 MPO003871 abnormal myelin sheath morphology

Figure3.4 : datas — L il

3.4 Construction of Datas

Dataset 1 and Dataset 2 were merged by integrimpuman and mouse data tables to create Data&dirtk was established
between human and mouse data using the targetexdkJaud mouse orthologues of human genes.A sampetdais shown in
figure 3.5.

MP D AFFECTED SYSTEM [ PHENOTYPE) MOWSE GENE HUMAN GENE DISEASE ID HUMARN DISEASE DISORDER CLASS
MP:0002072 abnormal glucose homeostasic Akt AKT2 427 Diabetes mellitus, type 11 Endocrine
MP:0014163 decreased brown adipose tissue mass Akt AKT2 427 Diabetes mellitus, typa 1l Endocrine
MP:0008256 decreased liver triglyceride level Akt AKT2 427 Diabetes mellitus, type 11 Endocrine
MP:0030022 decreased muscle cell glucose uptake Akt2 AKT2 427 Diabetes mellitus, type I Endaocrine
MP:0014146 decreased white adipose tissue mass Akt AKT2 427 Diabetes mellitus, type 1l Endocrine
MP:0005278 growth/size/body region phenctype Akt AKT2 427 Diabetes mellitus, type |1 Endocrine
MP:0000316 cellular necrosis Kras2 KRASZ 913 Lung cancer Cancer
MP:0010856 dilated respiratory conducting tubes Kras2 KRAS2 918 Lung cancer Cancer
MP:0005379 ndocrin rine gland pl Ve Kras2 KRAS2 913 Lung cancer Caneer
MP:0010771 integument phenotype Kras2 KRASD 913 Lung cancer Caneer
MP:0010768 maortality/aging Kras2 KRAS2 913 Lung cancer Cancer
MP:0002006 neoplasm Kras2 KRAS2Z 913 Lung cancer Cancer
MP:0001954 respiratory distress Kras2 KRAS2 918 Lung cancer Canter
MP:0010768 mortality/aging Kras2 KRAS2 913 Lung cancer Canear
NP:0005387 immune system phenotype Pad PAD 1324 Rheumatoid arthrilis Connective tissue
MP:0004924 abnormal behavior Pad PAD 1224 Rheumatoid arthritis Connective tissue
nMP:0002935 abnormal craniofacial development Tp7al TP73L 1305 Rapp-Hodgkin syndrome multiple
MEP:000042S abnormal eraniofacial morphology Tp7al TP73L 1305 Rapp-Hodgkin syndrome rmultiple
MP:000L6T2 abnormal embrye development Tp73l TP73L 1305 Rapp-Hodgkin syndrome multiple
MP:0010942 abnormal respiratory epithelium morphology  Tp72l TP7IL 1305 Rapp-Hodgkin syndrome rmultiple
MP:0000549 absent limbs Tp7zl TP73L 1305 Rapp-Hodgkin syndrome multiple
MP:0005330 embryo phenotype Tp72l TP73L 1305 Rapp-Hodgkin syndrome rmultiple
MP:001077L inegument phenotype Tp7al TP73L 1205 Rapp-Hodgkin syndrome rmultiple
MP:0010763 mortality/aging Tp73l TP73L 1305 Rapp-Hodgkin syndrome multiple

Figure 3.5: Sample Dataset 3
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Again, we have created a dataset 3 for the corigiruof cancer diseasome with name of differenes/pf cancer, disease ID(3
is specified for cancer), phenotype, mouse and hugeae, MP ID’s . Figure 3.6 shows the cancer dimea

P ID MOUSE GENE HUMAMN GENE HUMAMN DISEASE phanotype CLASS

MAP:0005284 Mdm2 MDM2 Accelersted tumor i usceptibility to (3) cellular phenotype CANCER
MAP:0006043 Mdm2 MDM2 Accelerated tumar formation, suseeptibility to (3) decreased apoptosis CANCER
MAP:000E262 Mdm2 MOMZ Accelerated tumar formation, susceptibility to (3) decreasad body weight CANCER
MIP:0000333 Mdm2 MDM2 Accelerated tumar formation, susceptibility to (3} decreased bone marrow cell number CANCER
MAP:000L693 Mdm2 MDM2 Accelerated tumar formation, susceptibility to (3] decreased embryo size CANCER
MVIP:D002ETS Mdm2 MDM2 Accelerated tumar formation, susceptibility to (3) decreased erythrocyte cell number CANCER
MP:D005375 Mdmz MDM2 Accelerated tumor formation, susceptibility to (3) growth/size/body region phenotype CANCER
MP:0002161 Egfr EGFR Adenocarcinomna of lung, response to tyrosine kinase inhit abnormal fertility/fecundity CANCER
MAP:0000753 Egfr EGFR Adenocarcinomna of lung, response to tyrosine kinase inhit abnormal filiform papillae morphology CANCER
MP:0006257 Egfr EGFR Adenccarcinoma of lung, response to tyrosine kinase inhit abnormal fungiform papillae morphology  CANCER
MP:0008225 Egfr EGFR Adenocarcinoma of lung, response to tyrosine kinase inhit abnermal gonadotroph morphology CANCER
MP:0002182 Braf BRAF Adenecarcinema of lung, somatic, 211980 (3) abnormal astrocyte merphology CANCER
MAP:0000297 Braf ERAF Adenocarcinema af lung, samatic, 211980 (3) abrarmal atri icular eushion marphalt CANCER
MP:0010025 Braf BRAF Adenocarcinerna of lung, somatic, 211980 (3) abnarmal basicranium marphology CANCER
MVIP:D00LG14 Braf BRAF Adenocarcinona of lung, somatic, 211980 (3) abnormal bloed vessal morphalogy CANCER
VIP:000L777 Braf BRAF Adenocarcinoma of lung, somatic, 211930 (3} abnermal body temperature homeostasis CANCER
MP:0004259 Braf BRAF Adenocarcinema of lung, somatic, 211980 (3) smiall placenta CANCER
MP:000L209 Braf BRAF Adenocarcinomna of lung, somatic, 211580 (3) spontaneous skin ulceration CANCER
MP:0005426 Braf ERAF Adenocarcinoma of lung, somatic, 211980 (3] tachyprea CANCER
MP:0000920 Erbb2 ERBB2 Adenecarcinoma of lung, somatic, 211980 (3) abnormal myelination CANCER
iP:0003871 Erbb2 ERBB2 Adenccarcinoma of lung, somatic, 211980 (3} abnormal myelin sheath morphology CANCER

Figure 3.6: Cancer Dataset 3

3.5 Clustering and analysi

The network vis
phenotypes.
partening
the net
the net

e Tisease names were taken as nodes and thevmigﬁ&r assigned for the

Figure 3.7 Cancer Diseasome.

So, to analyze the gnes present in the networkhawe reconstructed the network only with the geagsnodes without
edges.This time we have used an unique colour clmlgbe genes. The colour code is shoen in figuB¢a). The network is
reconstructed using the colour code in 3.8(b)hls mew network it is being observed the KRAShis gene that shows majority
of the phenotypes in cancer(Fig 3.8 a)
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Figure 3.8: a) colour code petwork mstructed according to the colour code.

So, to analyze, th

Fig 3.9: Modularity in cancer network.

so, to make our conclusion more apprehensive, we aen detailed diagram of some of the modulantthe following figure

3.10.
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d

C

no abne

abnormal th 307
abnormal bone marrow ¢339
morphology/development

increased apoptosis 146
increased thyrotroph cell number 83
respiratory distress 512
abnormal cell physiology 340
cardiovascular system phenotype 332
abnormal hematopoietic systi299

morphology/development
increased or absent threshold for auditory brain 281

response
abnormal long bone diaphysis morphology 173
decreased cardiac muscle contractility 153
abnormal coat appearance 121
abnormal myocardium layer morphology 9

Table 3.1: The common phenotypes of all cancer.

10

10
10
10
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In our present study, we have created diseasomallftypes of cancer in human. From the diseasomeehave identified the
major phenotypes that occur from different typesliffreent stages of cancer.This analysis of diee@ has been carried out
using knockout mouse model will help in charactian of different types of cancer. This study vhilve a significant impact
on the development of methodological approachesutyprecise identification of pathological cellsdamould allow for more
effective detection of cancer-related changes.
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