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CNS GO editing

*Books
*Journals
*Encyclopedia, Vocabularies

*Several Ontologies and Databases

*Discussion with experts

SF 1262241 neurogenesis

8 months (08/2005-03/2006)
36 pages of discussion
6615 words

Neurobiology Content Meeting

(organized by David Hill) with experts

of CNS biology 500 terms
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E+-6 system development
H«+& endocrine system development
H4+6 exocrine system development
H+6 nervous system development
+—M branching morphogenesis of a nerve
H+@ central nervous system development
+—@ ganglion mother cell fate determination
H+-@ gliogenesis
=@ neural tube formation|
+—3 neural crest formation
B4 primary neural tube formation
+— g neural fold formation
+—M neural plate formation
+— neural plate shaping
+—i3 neural rod cavitation
H+-@ neural rod formation
+—g neural tube closure
H4@ secondary neural tube formation
E4{i@ neurogenesis|
H+-@ neuroblast activation
B+ neuroblast differentiation
+—I neuroblast development
H+@ neuroblast fate commitment
H+4-[@ neuroblast fate determination
+—@ neuroblast fate specification
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Muscle Content Meeting

* Focused mainly on skeletal and smooth muscles

*  Muscle experts

from Padua University

from Europe

* Improvement in BP and CC ontologies

muscle regeneration
muscle plasticity
muscle development
muscle contraction

sarcomere and membrane-bounded organelles

* Cross-references between ontologies

sarcoplasmic reticulum

Junctional sarcoplasmic reticulum free sarcoplasmic reticulum
membrane membrane

E+€ muscle adaptation
H+& muscle atrophy
H+—& muscle hyperplasia
H+€ muscle hypertrophy
H+E regulation of muscle adaptation
H+HE response to stimulus involved 1n
[H+€ smooth muscle adaptation
H+€ striated muscle adaptation
H+€ muscle contraction



Muscle Content Meeting

Large-scale additions to the BP and CC ontologies
— 156 new terms added

— 57 existing terms redefined and/or renamed

A valuable resource for annotation of gene products related to muscle biology and
involved in neuromuscular disease

The interpretation of high-throughput data in the area of muscle science and muscle
disease

[Feltrin et al. submitted to BMC Medical Genomics]



Muscle Biology Community Annotation Wiki

172 genes associated with muscle biological process muscle disease

to annotate gene products to the new muscle terms

° to for any gene of interest

* to provide information about any aspect of the biology of a gene from any
species

* to facilitate community participation in the Gene Ontology project and
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TRAIT (TRAnscript Integrated Table):

a knowledgebase of human skeletal muscle
transcripts

Stefano Toppo* Nicola Cannata, Paolo Fontana,

Chiara Romualdi, Paclo Laveder, Emanuela Bertocco,
Gerolamo Laniranchi and Giorgio Valle*

Cellular component

rnitochondrial mermbrane Al
ritochondrial outer memkbrane

mitochondral outer membrane translocase complex |
mitachondrial ribozome

1 =2 73
1pl12 il Zeen-ql3 il Ip11-g11 il
1p13 2ocen-g24 aplé-giz
Chromosome /map 191323 7011 1 3p13-q13.33
1p13.1 2p11.1-g11.1 3p14
11319213 | |2pi12 ~|  |3p143 ~|

Protein domains
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Ribhonuclease_BM (Ribonuclease Br-like famil :I
ribonuclease_T2 (Ribonuclease T2 family)

ribonuc_red_lg (Ribonucleotide reductase. allalpha domain)
tibonuc_red_IgC (Ribhonucleotide reductase. barrel domain

Orthologs

. elegatis

Ii melanogaster

= Cerewisiae




features query results on TRATT entries

ranking 25 -1194 records SISl |

ranking 1/5- 1644 records J

Flease, select the residis to show from the meni on the laft and then click the button on the right

|rankj11g 4/5 - 40 records
Zace.||Dre. [[cell

cer. |[mel [[com.

doman

Hotno sapiens succinate dehwdrogenase complex, subunit B, ron sulfiur (I (SDHE), nuclear gene encoding mitochondn
Homo sapiens nbosomal protemn L7 (RPLT), mEMA | complete cds
H sapiens UbaB0 mEMA for ubiquitin

ribosomal protein 314

B B 258 |[CHomo sapiens ribosomal protein 20 (RPS20), mBIA

strait-3594 . Hotmo sapiens nbosomal protein 518 (EPS18), mBEINA
- straat-650 Heomo sapiens nbosomal protemn, large, PO (RPLPO), mEIA
I:l-lstrajt—??Q |Homo sapiens nbosomal protein 37 (REP37), mEIA
“strajt—?QO |HSU59309 Human fumarase precursor (FH) mEINA | nuclear gene encoding mitochendrial protein, complete cds
strait-212 Hotmo sapiens hydrozvacyl-Coengme A dehvdrogenasze/3-ketoacyl-Coensyme A thislasefenoyl-Coensyme & hydratase
straat-903 Heomo sapiens nbosomal protemn 326 (RPS26), mEIA
straat-997 Homo sapiens nbosomal protein 316 (RPS16), mEIA
|strajt—1016 Homo sapiens ATP synthase, H+ transporting, mitochondnal FO complex, subunit b, isoform 1 (ATP3F 1), mEINA
|stra.it-1041 |H0mo sapiens cytochrodne PA50, subfammly 3007TTA (steroid 27 -hydroxylaze, cerebrotendineus zanthomatosis), polypep
strait-1166 E Hotmo sapiens nbosomal protein L7a (BPLTA), mBEINA
straat- 1404 E Heomo sapiens nbosomal protein 315 (RPS15), mEIA
i Homo sapiens woltage-dependent anion channel 1 (VDACT), mEITA
|Homo sapiens nbosomal protein S8 (RP3E), mEIA
Hotmo zsapiens nbosomal protein L18a (EPL18A), mEIA
Hotno sapiens nibosomal protein 213 (EP213), mEIIA
Heomo sapiens nbosomal protemn 132 (RPL32), mEIA
|Homo sapiens nbosomal protein L35a (EPL354A), mEITA
|Homo sapiens sclute carrier family 25 (mitochondral carrier, Aralar), member 12 (SLC25412), mEIA
Hoto sapiens nbosomal protein L11 (EPL11), mETIA
Heomo sapiens larminn receptor 1 (67D, ribosomal protemn 347 (LAWE 1), mEIA
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Detecting differentially expressed genes

Comparison of tissues expression levels

This tool allows e comparison of gene expression levels and the identification of genes whose expression levels within selected tssues (selected from the

numerator sample) are greater lower #times dhreshold) han other fissues (selected from denamistor sample).
Please select issues from the numerator and denominator set, select the threshold and press ENTER.

Numerator

[ Brain

I Tests Threshold

™ Uterus [a ]

™ Placents ENTER | RESET |

I Thymus Display only overexpressed genes ~]
I Liver

™ Aorta

¥ Heart

v Adutt Skeletal Muscle 21 years
[V Agutt Skeletal Muscle 40 years

Denominator
Brain [
Testis [v
Uterus [
Placenta [v
Thymus [
Liver [
Aorta [
Heart [
Arduit Skeletal Muscle 21 years [
Aduit Skeletal Muscle 40 years




Gene differentially expressed at 4-fold level

Strait Locus Link Lewel Description

1627 12.26 PROVISIONAL: neot matching CD3

3749 12.38§ Anonymous segueance

754 d.11 PROVISIOHMAL: not matching CD3

2220 T.82 Anonymonus se&Juance

21E6 5.00 Anenymeus Seguence

1271 26548 5.59 Hoemo sapiens integrin beta 1 binding pretein (melusin) 2 (ITEB1EFZ) ., mBNA

§20 15608 4.2 Home =mapien= dystroglycan 1 (dystrephin-associated glycoprotein 1) (DAGL), mPNA
770 1821 S5.50 AF153602 Homo sapiens TSC-22 related protein (TIC-ZZR) mPMA, complete cds

n G625 4.26 Home =apien= myosin, heawvy polypeptide 7, cardiac muscle, beta (MYHT), mRENA

gl 4620 4.236 MHomo sapiens myosin, heavy polypeptide 2, skeletal mascle, adult (MYHZ), wmBEHA
22 35189 4.36 Home =apiens myesin, heavy polypeptide 1, skeleval nm=cle, adult (MYHL), mBNA
1209 acZb 4.206 Home sapiens myosin, heawvy polypeptide &, skeletal mascle, perinatal (MYHS), mBRHA
2415 57644 426 AB020925 Home =apiens mBNA for KIAALSLE pretein, partial cds

Z251 £1.50 Anonymons Sequence

Fa9 S04 14.50 Homo =apien=s prefoldin 5 (PTDNS5), mBRN&

594 2170 6.00 fatty acid binding protein 2, nsascle and heart [(mammary-derived growth inhibitoz)
G234 5193 9.00 Homo =apien= ribo=omal protein 35 (RF35). mBENA

4527 2.00 Anonymous sSequence

258 &.67 PROVISIONAL: neot matching CD3

941 1522 £.22 diagepam binding inhibitor (GABA raceptoer modulator, acyl-Cosnzyme A& binding protein]
Z8562 1Z.70 Anonymeous =& JUuance

578 5224 5.00 phesphoglyceratce matase £ [(mascle]

a571 5.00 Anonymoeus segquence

2006 10245 4.50 Home =apiens triadin (TRDN), =BNA

aT&6 4.50 Anonymweus SeQuence

2708 12.12 Anonymous Segquence

£44 7.2 PROVISIONAL: not matching CD3

208 4.08 Anonymous seguence

2TT -k -1 G9.00 Homeo sapiens hypothetical protein MEC2ZI00 [(MECIZ00), mBNA

208 26.50 FROVIZIOWAL: neot matching CDS

233 9.2% Home sapiens chromosome 19, BAC 41195 [CIT-E-3lclb)

G556 23197 4. 92 Homo =apien=s mPNA& for KIAAQNGST protein, partial cd=

1553 23052 156.01 ABOZ0627 Homo sapiens mPMNA for EKIAANG20 protein, partial cds

1608 G408 6.947 Homo sapien= ubiquitously-axpressed transcript (UXT)., mBNA
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To include the information about diseases

and drugs would be extremely interesting !

GENES | <——> | DISEASES

N\ /

DRUGS




Diseases

Disease Ontology 1s an excellent starting point

But if we want to link diseases to genes we need
to use also other sources such as OMIM and
Genetic Association database (GAD)

And what we found 1s that each resource uses
different synonyms for diseases, and sometimes
also for genes.



Disease Ontology

The Disease Ontology (DO) is a controlled medical
vocabulary, modelled on GO, developed at the
Bioinformatics Core Facility in collaboration with the
NuGene Project at the Center for Genetic Medicine
(Chicago, US). It was designed to facilitate the mapping of
diseases and associated conditions to particular medical

codes such as ICDI9CM, SNOMED and others. Disease
Ontology 1s implemented as a directed acyclic graph (DAG)



OMIM

The Online Mendelian Inheritance in Man (OMIM) 1s a
comprehensive, authoritative and regularly updated knowledgebase
of human genes and genetic disorders compiled to support human
genetics research and education and the practice of clinical genetics.
OMIM data are organised in two dierent les: the “gene map' and the
“morbid map' available from the FTP site. The OMIM Gene Map 1s
a single le, in tabular format, listing genes that are described in
OMIM. Not all OMIM entries are included in the Gene Map, but
only those for which a cytogenetic location has been published in
the cited references. Each entry is a list of elds such as gene
location, gene symbol, MIM number, disorders and reference. The
OMIM Morbid Map is an alphabetical list of diseases used in the
database and their corresponding cytogenetic locations.



Genetic Association Database

The Genetic Association Database (GAD) 1s a publicly
available NIH based database of published gene-based genetic
association studies which contains records of over 5,000 human
genetic association studies. The database 1s gene centered and
provides a standardized molecular nomenclature by including
ocial HUGO gene symbol. Each record refers to a gene ora
marker and 1s annotated with links to molecular databases
(LocusLink, GeneCards) and references databases (PubMed,
CDC) among others. The goal of this database 1s to allow the
user to rapidly identity medically relevant polymorphism from
the large volume of polymorphism and mutational data.



PharmGKB

The Pharmacogenetics and Pharmacogenomics Knowledge Base
(PharmGKB) 1s a public resource that contains genomic,
phenotype and clinical information collected from ongoing
research and from the literature. It 1s devoted to cataloguing
information about pharmacogenes such as those genes involved in
modulating the response to drugs. These genes are pharmacogenes
because they are involved in the pharmacokinetics (PK) of a drug
(how the drug 1s absorbed, distributed, metabolised and
eliminated) or the pharmacodynamics (PD) of a drug (how the
drug acts on its target and 1ts mechanisms of action). The aim 1s to
capture the relationships between drugs, diseases/phenotypes and
genes 1ncluding several other types of information such as
literature annotations, primary data sets, PK and PD pathways, and
expert-generated summaries of PK/PD relationships.



Method

Gene Association Database

126160 Y alopecia areata  IMMUNE 6 6p2l3 HLA-A 1167061
126147 Y hepatitis C, INFECTION 6 6p2l13 HLA-A 1157051
126143 ¥ psoriasis IMMUNE 6 6p2l3 HLA-A 1157051

1160393 Xiao, F. L. et al. 2005
1160393 McKiernan, S. et al. 2004 15239092
1160393 Zhang, X. J. et al. 2003

16185849

14527733

GAD vs DO terrm comparison

IDisease Ontology
gallbladder disease
maturation disease
body growth disease
cell growth disease
spleen disease
Pigmentation Disorders
Monarticular juvenile
Rheumatoid arthritis
Non-Neoplastic Eyelid
Disorder Polyarthritis

OMIM morbid map

3-methylglutaceonic aciduria, type I, 250950
(3) |AUH|600629|Chr.93q21q26 syndrome (1)
|[EVI1[1662156|3q26

6-mercaptopurine sensitivity, 610460
(3)TPMT|187680|6p22.3

ACAT?2 deficiency (1)|ACAT2[100678|6925

OMIM vs DO term comparison

GKB synonyms

Sialic Acid Storage Disease
Sialic Acid Storage Disease
Sialic Acid Storage Disease
Sialic Acid Storage Disease
Sialic Acid Storage Disease
Sialic Acid Storage Disease
Sialic Acid Storage Disease
Sialic Acid Storage Disease
Sialic Acid Storage Disease
Sialic Acid 5torage Disease

Infantile Sialic Acid S5torage Disease
Salla Disease

Sialic Acid Storage Disease, Finnish
Sialic Acid Storage Disease, Infantile
Sialuria

Sialuria, Finnish Type

Sialuria, Infantile Form

Finnish Type Sialuria

Finnish Type Sialurias

Infantile Form Sialuria

GKB vs DO term comparison

DO Gene Annotation

Do
Do
Do
Do
Do
Do

: Anemia, Megaloblastic*Syn: Megaloblastic anemia- Norwegian type*Gene: AMN*

: Anemia, Megaloblastic*Syn: Megaloblastic anemia- Finnish type*Gene: CUBN*

: Anemia, Megaloblastic*Syn: Megaloblastic anemia- Finnish type*Gene: IFCR*

: Anemia, Megaloblastic*Syn: Anemia megaloblastic due to DHFR deficiency*Gene: DHFR*

: Anemia, Megaloblastic*Syn: Thiamine-responsive megaloblastic anemia syndrome*Gene: SLC19A2*
: Anemia, Megaloblastic*Syn: Thiamine-responsive megaloblastic anemia syndrome*Gene: THTRI*

v

Disease Vocabulary

Schizophrenia

Psychotic disorder Schizoaf fective Disorder

Alzheimer disease Senile dementia  Syn2b....
Depression Synle Syn2c....
Dis_d Synld Syn2d....
Dis_e Synle Syn2e.....
Dis_f Synlf Syn2f.....




Criteria to pick up synonyms

Similar definitions are considered

i dati Non-relevant word
synonyms based on the validation of the on-refevant worcs

following empirical rule: Short words:
to, of, the, with,
I >= int (K/2) must be true; K=T-N 4G, O, i
Some long words:
I=Identities, T=total words in susceptibility,
the DO definition, N= words not disease, system,

chronic, syndrome,
r elevant) storage, disorder,
acute, type, form

Order of terms does not influence score

Some exceptions to the rule
(e.g. for T=1 -> I=K)



Total matches | Identity Manual curated
(column C+D) | matches matches
PharmGKB| 2,866 2,633 233
(3,998)
GAD 2,700 424 2,276
(5,635)
OMIM 2,084 184 1,900

(4,121)




Drugs

The response to drugs con be defined as a Biological Process in GO, but
it is not an ideal solution to the problem.

Be«®response to drug

B+ drug transport

@+ exogenous drug catabolism

+—0Oresponse to amphetamine

B+0response to antibiotic
+—O exogenous antibiotic catabolism
+—@response to bacteriocin
+—8response to brefeldin A
+—8response to cycloheximide
+—®8response to streptormycin

+—Bresponse to caffeine

BeO response to cocaine

«—0response to methotrexate

«—BOresponse to morphine

B+ response to nicotine




Drugs

Which nomenclature should we use for drugs ?
(ChEBI + synonyms)

Then, we want to make two associations:
Drugs to genes (PharmGKB, DrugBank)
Drugs to diseases (PharmGKB, DrugBank)



PharmGKB

The Pharmacogenetics and Pharmacogenomics Knowledge Base
(PharmGKB) 1s a public resource that contains genomic,
phenotype and clinical information collected from ongoing
research and from the literature. It 1s devoted to cataloguing
information about pharmacogenes such as those genes involved in
modulating the response to drugs. These genes are pharmacogenes
because they are involved in the pharmacokinetics (PK) of a drug
(how the drug 1s absorbed, distributed, metabolised and
eliminated) or the pharmacodynamics (PD) of a drug (how the
drug acts on its target and 1ts mechanisms of action). The aim 1s to
capture the relationships between drugs, diseases/phenotypes and
genes 1ncluding several other types of information such as
literature annotations, primary data sets, PK and PD pathways, and
expert-generated summaries of PK/PD relationships.



ChEBI ontology

Chemical entities of biological interest

Is a standard terminology
it should finally be used in biological databases

* data in ChEBI is manually curated

* 4 sub-ontologies:

* Molecular Structure
* Biological Role
* Application

* Subatomic Particle

@égsm



DrugBank

The DrugBank 1s a unique bioinformatics and cheminformatics
resource that combines detailed drug (i.e. chemical, pharmaco-

logical and pharmaceutical) data with comprehensive drug
target (1.e. sequence, structure, and pathway) information. This
includes physical property data, structure and image files,
pharmacological and physiological data about thousands of drug
products as well as extensive molecular biological information
about their corresponding drug targets. Each DrugCard contains
more than 80 data elds with half of the information being
devoted to drug/ chemical data and the other half devoted to
drug target or protein data.



GkbGene Omim Uniprot GadGene Go
+id: Int +id: Int +id: Int +id: Int +id: Int
+syn: Warchar +syn: Varchar +syn: Varchar +syn: Warchar +syn: Warchar
+okb id: Varchar +omim jd: Int +uniprot id: Int 1..1 +oo_did: Int

TypeRel 1..1 1..1 1.. 1..1
+id: Int

+reltype: Varchar

1..1
Q.. * B..X
1. .%
Rel L GeneSyn EENE

. GeneAssociation +id: Int
+id: Int ; 0. *l+id: Int 0.1 *1 . v h
DAl [ 10208 I *ids Int 0.+ 1.1 Ec 1..1 +symbol: Varchar reyn: o varchar

.= ) +id do term: Int i - = +chr: Varchar
+id_parent: Int S == ‘ +id: varchar +syn: Varchar 1 . h
+rel id: Int +id_gene: Int : +iddb: Char +locus: Varchar

1.+ +id_ec: Vachar tdesc: Varchar | +desc: Varchar
+id db: Int Lol
1 a..*
E'. .*
DoTerm

- 1..1 Target

+id: Int 9
: 1..1 el
+do_name: Varchar DoSyn +:!.d. Int
+obsolete: Char Db +id gene: Int

1..1 qd..*|+id: Int o..* 1.1 1,.1 +id drug: Int
+1d_do_term: Int +1id: Int 0..*
+do_syn: Varchar l+db_name: Varchar
+id db: Tnt 1..1

DrugSyn
o, .*% ;
O. |* |+id: Int o..* 1..1

DrugAssociation +name_drug: Varchar

T +syn: Varchar Drug
+id: In :

- o, . * +id db: Char s
+id_do_term: Int T, +id: Int
+id_drug: Int +acc_num: Varchar
dd @z vErchEE +name: Varchar
+id db: Int +cas_num: Varchar

1. .* +image: Varchar
1..1
1..1 1..1 1..1 1..1 1..%
Kegg Gkb Chebi Mixture Category
+id: Int +id: Int +id: Int +id: Int +id: Int
+acc_num_drug: Varchar +acc_num_drug: Varchar +acc_num_drug: Varchar +mixture: Varchar +acc_num_drug: Varchar
+kegg num: Varchar +akb num: Varchar +chebi num: Varchar +mixture: Varchar +cateqory: Warchar




http://bioinformatics.cribi.unipd.it/disease
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