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Why a Keynote on CM and the Human Genome?
Problem Statement

T
T
T

ne Role of Conceptual Modeling
ne Present

ne Short-Term Future

Understanding the Domain (Problem Space)
Building the ER Model / Data Base (Solution Space)
Conclusions
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Experience in Conceptual Modeling

= You don’t need a plan to build your dog house

A5 UNIVERSIDAD
() PoLITECNICA
tus” DE VALENCIA




= We have been building

Traditional Information Systems S———
Web-based Information Systems Model-Driven
SOA-based systems Architecture

_ in Practice
Pervasive Systems

... but, what is next?
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Problem Space Level Organizational Models

l Obtain

Requirements Model
(Use Cases, Sequence Diagram, etc.)

l Obtain

Conceptual Model

! I
I I
! I
I I
! I
I I
I I
! I
I I
! I
I I
! I
I I
' —_ '
1 avigationa ode! |
| |
1 Uses |
I I
! I
I I
! I
I I
! I
I I
! I
I I
! I
I I
I I
! I
I I
! I
I I
! I

Automated Branslation

Repository

Fermal Specification

I
I
| Application Tier (COM+, EJB)

I

v Persistence Tier (SQL Server, ORACLE)

Solution Space Level Interface Tier (Visual Environments, Web, XML)

Empiricism (ESE)
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The 00-Method Approach

= We try to clarify our software development process

= Also, some gaps are being filled: an Interaction
Requirements Model is being proposed, based on user-
interface sketches that are supported a forest of task trees
(ConcurTaskTrees notation)

INTERACTION

REQUIREMENTS MODEL

U.l. SKETCH

REQUIREMENTS ELICITATION

FUNCTIONAL
REQUIREMENTS
ELICITATION

INTERACTION

ELICITATION

REQUIREMENTS

.

y

FUNCTIONAL
REQUIREMENTS MODEL

| MISSION STATEMENT |
| FUNCTION REFIN. TREE |

LEGEND
Start @ <> Alternative

End @ —p Produce/
Consume

Actty D a Product

Precedence —p»-

SYSTEM
ANALYSIS

MODEL
COMPILATION

CONCEPTUAL MODEL

SOURCE CODE

| OBJECT MODEL |

| INTERFACE LAYER |

[ USE-CASEMODEL ]

[ oynamicmobEL || [ BUSINESSTAYER |
[ FUNCTIONAL MODEL || | [ PERSISTENCE LAYER ]
[ PRESENTATION MODEL |

- O
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What is the most complex system you

can imagine?

= Aircraft control?

= Weather prediction? A

= Digital TV? @T‘ﬁ}l

= Videogames? L

= Web 2.0 socio-geographical -
mashups? l
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What is the most complex system you
can imagine?
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We found it

» = Maybe, the answer is
=0, ' not so far from you...

ey = ..itis youl!
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A parallelism

= “Aliving organism is a computer or machine
made up of genetic circuits in which DNA is
the software that can be hacked." — prew Enay,
MIT

Binary
Code

01010101110111
00101101010101
00000000000000

aaaaaaaaaaaaaaaa

aaaaaaaaaaaaaaaa
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Building life

= Synthetic Biology can create new forms of life from scratch
A microbe that would help in fuel production

Biological films as a basis of new forms of lithography for
assembling circuits

Cell division counters to prevent cancer

Re-designed seeds that the tree is programmed to grow into a
house

...but, how is this “software” developed?
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Building life

“Using a laptop computer, published gene sequence
information and mail-order synthetic DNA, just
about anyone has the potential to construct genes
or entire genomes from scratch." — brew endy, MiT

Binary
Code

01010101110111
00101101010101
01010110100101
01010101111110

ADN

geatgctecetatea gt
gatagagattgacatc
cctatc agtgatagag
atactgagcaatagag
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What about Software Quality?

= Handcraft development is error prone

...dangerous when talking about computers

AutoCAD Error Aborting i x|

FaTaL ERRCR: Unhandled gccess Wiolation Reading 0x0022 Exception at 933c00h
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What about Software Quality?

= Handcraft development is error prone
...lethal when dealing with life.
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Abstraction as a solution

= Model Driven Development permits

Reason about the system prior to its construction

You can simulate the behavior to foresee the
consequences of a system

Derivate the final system in an automatic way
Obtaining a consistent result
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First step: Assembling

= First abstraction step
Standard Biological Parts

Programming Binary

Languages Code
#include <stdio.h> 01010101110111
[ L 7L Gl 00101101010101

printf("hello, world\n");

o O 01010110100101
} [0 WL 01010101111110
Standard
Biological Parts ADN

_ gcatgctccctatcagt
Promoter a02; gatagagattgacatc

Start Codon w01; tat s
Repressor, HK022: cctatc agtgatagag
¢ : atactgagcaatagag

Enzyme, aiiA ;
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One step further: Modeling

= Conceptual models are needed for a
systematic development of biological systems

Conceptual Programming Binary
Models Languages Code
#include <stdio.h> 01010101110111
int mam(vond){ 00101101010101
printf("hello, world\n"); 01010110100101
return 0; 01010101111110
Conceptual Standard
Models Biological Parts ADN
st OB gc:tgctcctcttatca?t
Start Cod '01; gatagagattgacatc
; Reapres(s)oanvlzon; ggi:;:g:g:::g:g

Enzyme, aiiA ;
. y
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From Genome To Reality

00010011 | 00000111 | 00000011 | 00001000 Physical Level

!

ADD $7 $3 $8 Instruction Level

Semantics: Add the values from the processor
registers ‘3’ and store the result in the register ‘8’

!

3+4=7

Representation
Level
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From Genome To Reality

AUG GAA | CAC | GAC | GAG UAA Physical Level

!

START Glu His Asp  Glu STOP

Semantics: Process a protein with the four Instruction Level

selected aminoacids

However, .
Representation

Level
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One step further: Modeling

= Modeling benefits are needed for biological systems
Work at a higher abstraction level
Systems easy to specify
Reason about the system prior to construction

Foresee consequences in advance
Simulate, validate, etc.

Automate the development
In a systematic way
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Conclusion

= With Conceptual Models targeted at digital
elements, we can improve Information
Systems Development

= With Conceptual Models targeted at life we
can directly improve our living
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Translational Research

= Movement of discoveries in basic research
(the Bench) to application at the clinical level
(the Bedside)

= A ssignificant barrier: the lack of uniformly
structured data across related biomedical
domains

= A potential solution: Semantic Web
Technologies
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= Information ecosystem

Scientific literature

Experimental data

Summaries of knowledge of gene products
Diseases

Compounds

Informal scientific discourse and commentary in a variety
of forums

= This data has been provided in numerous
disconnected DBs —data silos-
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= The lack of uniformly structured data affects many areas of
biomedical research

Drug discovery
Systems biology
Individualized medicine

= ...all of which rely heavily on integrating and interpreting
data sets produced by different experimental methods at
different levels of granularity
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Example: Alzheimer’s Disease (AD)

= Still no agreement on how it is caused, or where
best to intervene to treat it or prevent it

= Recent hypothesis combines data from research
in mouse genetics, cell biology, animal
neuropsychology, protein biochemistry,
neuropathology,... and other areas

A5 UNIVERSIDAD
() PoLITECNICA
Jms’ DE VALENCIA




Example: Huntington’s Disease (HD)

= Relatively simple genetic basis, and a model
for autosomal dominant neurogenetic
disorders proposed ...

= But the mechanisms by which the disorder
causes pathology still not understood, what
creates profound difficulties with existing
treatments.
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How can the SW help biomedical

research?

= Are Semantic Web Technologies the
solution?

Thesauri, ontologies, rule systems, frame based
representation systems,..

A query language (SPARQL)
RDF, OWL,...
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Some potential advantages

= Global scope of identifiers

= RDFS and OWL are

Self-descriptive languages
Flexible, extendable and decentralized

= Ability to do inference, classification and consistency
checking

A review of GO gave up to 10% of obsolete terms for gene
annotations
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Main objectives

= |dentification of core vocabularies and ontologies to
support effective access to knowledge and data

= Development of guidelines and best practices for
unambiguously identifying resources such as docs and
biological entities

= Development of strategies for linking to the
information discussed in scientific pubs. from within
those pubs.
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The present...

= Applied Biosystems expects that the public availability
of the human sequence data will help drive innovation
and speed the development of new bioinformatics
tools. These new tools are expected to enable
researchers to interpret the meaning of the data that

provide clues to better understand various aspects of
health and disease.
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“To understand the extent and prevalence of
structural variation in the human genome, which is
still largely unknown, traditional sequencing
methods are applied with good results, but much
more needs to be discovered at a faster pace. The
human paired-end data being released is of such
depth that discovering smaller structural events at
higher resolution becomes possible. The availability
of this dataset in the public domain will accelerate
our understanding of structural variation in normal
and disease states, and open the door to a faster
exploration of this type of genetic diversity across
human populations.”
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. The caos of the genome data

= Currently there are tons of data from the
genome publicly available

= Some of these databases are free available
on the Web because owners doesn’t know
how to find relevant information

= Each database is defined with an specific
schema, data format, identifications, etc.

= The integration of the different sources is a
very difficult task
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Example: Looking for information

about the NF1 Gene

= A genomic laboratory must perform an analysis to
determine in the subject suffers from
Neurofibromatosis

= Currently the genetic analyst must manually search in
the different databases to elaborate the report

= As a first research exercise, we have been looking for
information about the NF1 Gene that provokes the
Neurofibromatosis disease

= Several databases have been consulted to understand
how the data is stored and retrieved
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Approved Symbol_+ NF1

Database Links

RefSeq IDs +

Approved Name_+ neurcfibrarmin 1

Mh_000267

| GenBank

| UCSC Browser

IME1 International kutation Databas,
MF1 @ The Center for Medical Genetic

another databases

HGNC ID_+ HGNC:7765 Rat Genome Datahase ID (mapped data supplied by RGD) +
Status_+ Approved RGD:3168 |M
Chromosome_+ 17g11.2 Entrez Gene ID +
Previous Symbols_+ 4763 | Gene Map “iewer
Previous Names + CCDS IDs_+
Aliases_+ CCDS112641 | CChs D
Name Aliases + "neurofibromatosis”, "von Recklinghausen disease”, "Watson disease” Pubmed IDs +
Locus Type + gene with protein product 1715669 | EMID
VEGA IDs +
E bl ID {(mapped data supplied by E bl +
PR e e REEE EMSG00000196712 | Ensembl Gene'iew
HCOP H-lnvDB Tieefam wikigenes OMIM ID (mapped data supplied by NCBI)_+
162200 |M
UCSC ID (mapped data supplied by UCSC)_+
COSMIC Orphanet:16542 yellzhgo; ! | uesC index
UniProt ID (mapped data supplied by UniProt)_+

Provides a common identification for a
particular gene and the different alias used in
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NF1

Gene product information # Peptide sequence % Sequence information # 46 term associations =

Information

Symbol MNF1
Name(s) Meurofibromin
Type protein
Species

Synonyms =

IPIO0OZ299512
IPIO0OZ04235
IPIDDZ20513
IFIDDZ20514
MNF1_HUMARN

Database UniProtkB, UniProtkB:P21359

Sequence Wiew sequernce ; ‘use as BLAST guery sequence:

Primary Peptide Sequence

Longest sequence shown.

RecHame: Full=Heurocf min truncated;

AR O SRR Provides a controlled vocabulary to describe

gene and gene product attributes in any
organism. Useful to find relationships with a
particular genomic term
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Entrez GENE

[11: NF1 neurofibromin 1 [ Homao sapisns ]

GenelD: 4763

updated 03-Oct-2008

Summary

Official Symbol
Official Full Name

Primary source
See related
Gene type
RefSeq status
Organism

Lineage

Also known as

t 2
MF1
HENC
neurcfibromin 1
HEGNC

HGMC: 7765
Ensembl:ENSGO00000196712; HPRD:01203; MIM: 162200

protein coding
REVIEWED

Homo sapiens

Eukaryota, Metazoa; Chordata, Craniata; VWertebrats;, Euteleostornl; Marmmalia;, Eutherla; Euarchontoglires;
Primates; Haplorrhini; Catarrhing Horminidae; Hormo

WSS, MFMS; WRMF; FLIZ21220; DEFZp68611293

Summary This gene product appears to function as a negative regulator of the ras signal transduction pathway.
Mutations in this gene have been linked to neurofibromatosis type 1, juvenile myelomonocytic leukemia and
YWatson syndrome. The mRNA for this gene is subject to RMA editing (CGA=UGA-=Argl306Term) rasulting in
premature translation termination. Alternatively spliced transcript variants encoding different isoforms have also
been described for this gene. [provided by RefSeq]
Genomic regions, transcripts, and products t 2
Go to reference sequence details Try our new Sequence Viewer

HC_000017,9

Entrez Gene provides a unified query
environment for genes provided by the NCBI. It
can be considered ad the “facto” standard
database to find information about a gene
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| Gene Symbol | Chromosomal location |

Gene name

| cDINA sequence |

Extended cDINA

‘ HF1 ‘ 17g11.2 |Neuroﬁbromatosis 1 protein (nevrofibrotnin) ‘ ‘ meBlQB.QmSE | splice junctions ‘ CHPI L e S T
| Mutation type | Number of mutations | Mutation data by type (register or log in}
‘Missens efnonsense ‘ 200 ‘ Get mutations

Splicing | 149 |

|Regulatory | ] |

[Small deletions | 201 |

‘Sma]l insertions ‘ 105 ‘ Getmutations

‘Sma]l indels ‘ 12 ‘ Get mutations

‘Gross deletions ‘ 74 ‘

‘G‘I’OSS nsertions ‘ 8 ‘ Get mutations

‘C omplex rearrangements ‘ 3 ‘

|Rep eat variations | 0 |

|Puh]ic total (HGWD Professional 2008 2 total) | 777 (1045 |

| Disease/phenotype |

Number of inutations

‘Neuroﬁbromatosis 1

o Yol =4

‘Neuroﬂbromatosis—No onan syndrome

‘Neuroﬁbromatosis, spinal

The Human Gene Mutation Database
comprises various types of mutation within the
coding regions, splicing and regulatory regions
of human nuclear genes causing inherited

disease

| Sphice junctions | Mutation viewer

Mutation data by disease/phenotype

re available to subscribers

re avallable to subscribers

re available to subscribers
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= Transcripts

MFE1-001 OTTHUMTODD0 OTTHUMPOODOO1 G371 ranaeripl infol Exnn info] Paplide infio]
KF1-002 OTTHUMTOO0000 25635 COTTHUMFOODDO163772 [Transcript infio] [Exan info] [Feptide info]
ME1-010 OTTHUMTOO00 no franslation [Mranscript info] [Exon Info]
NF1-004 OTTHUMTDO000 no fransiation [Transcript infol [Exon info
NFE1-003 OTTHUMTOO00 OTTHUMPOOOO01 66088 Exon Info Paplide infa]
NF1-005 OTTHUMTOO00 [Exon infol
ME1-008 OTTHUMTOO000 [Exon infol
ME1-007 OTTHUMTOO00 [Exon infol
MNE1-008 OTTHUMTOO0D [Exnmn infal
ME1-009 OTTHUMTOOO0 [Exon info]
ME1-011 OTTHUMTOOO0 [Exon info]
NF1-012 OTTHUMTO000 no franslation [Mransc nfia] x0n |
NF1-013 OTTHUMTODDO no franslation [Transcripl infol
Fealurgs w
Chr. 17 20,45 Mb T 1Y 20.55 Mb oo 20,05 Mb 20.70 M8
n
=I5 e | L] T et —Irar -
Exema geres 5 I TN T AT
! l D
I AT A
n
NF1-013 =
T e
_ " r
Havana genes F 1-004 > NF1-007 = NF1-012 =
Lt — =T IR e il M= n
NF1-010 = NF1-006 = NF1-0m= ACH
" it T TR A — iR on
0z > act
—— T T T ——rranr - —an
AC
DM Alcontigs) |
Length I T kb 2 Reenestiond
= QMG-O0
Hanana genes i
E W2B.0t

The Vertebrate Genome Annotation (VEGA)
database is a central repository manual
annotation of vertebrate finished genome
sequence. Provides graphical views of the
different gene transcripts
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Tedious and
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SipralP 1.0 Server . new version .
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Drawbacks observed

Different identifications (ids) for the same disease gene

The data is available on the Web but databases cannot
always be directly queried

The position (locus) of a particular gene depends on the
genome sequenced

Data is changing continuously
High amount of information not well structured

To provide a quality report about a gene disease several
databases not interconnected must be manually consulted
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A . The short-term future

= The DNA Sequencing hardware is evolving
dramatically

= |n next years, we will be able to sequence a
complete human genome faster and cheaper
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The short-term future

However, currently there is no software available to deal
with the new challenges

Software is required to:

Automatically find the mutations from a sequenced sample and
store the new ones detected

Compare the genome of different subjects in order to determine
all the differences between them

Trace the pathway from the genome code to the final
phenotype of the individuals

Conceptual modeling is required to produce quality
software in this emerging domain
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Our Solution: Conceptual Modelling

= Main goal: provide Conceptual Models to represent the
genome in order to enhance the Model-driven
development of Biogenetic software

= The gene ontology is a useful resource to define a
taxonomy but not to guide the software implementation

= The first step is to provide a common E-R model that will
be able to support the genomic data complexity

=  First approaches has been proposed by N.W. Paton et.
Al* S.Ram 2, C.Tao and D.Embley 3

[1] N. W. Paton, S. A. Khan, A. Hayes, F. Moussouni, A. Brass, K. Eilbeck, C. A. Goble, S. J.
Hubbard, and S. G. Oliver, "Conceptual modelling of Genomic Information,"
Bioinformatics, vol. 16, pp. 548-557, 2000.

[2] Ram,S.: Toward Semantic Interoperability of Heterogeneous Biological Data Sources.CAISE
2005 : 32-32

[3] Tao,C.; Embley,D.: Seed-Based Generation of Personalized Bio-ontologies for Information
Extraction. ER Workshops 2007: 74-84
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Genotype

The entire genetic identity of an individual
that does not show any outward
characteristics, e.g. Genes, mutations

Gene A

Genes |<,

Mutations
ACTGCACTGACTGTACGTATATCT

ACTGCACTGTGTGTACGTATATCT

Gene B

Source: Paul Fisher -UMIST



(harder to characterise)

The observable expression of gene’s
producing notable characteristics in an
individual, e.g. Hair or eye colour, body

mass, resistance to disease

Brown White and Brown
Source: Paul Fisher -UMIST




Phenotype
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DNA RNA Protein Protein-Protein Pathway Trait
interaction

Source: Paul Fisher -UMIST
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Gene A ./
H-

Gene B

Gene C

Genotype

INOSITOL PHOSPHATE METABOLISM

Pathway linked to
phenotype — high
priority

literature .
Pathway not linked
to phenotype —
medium priority

literature

::> Pathway not linked
to QTL — low priority




Gene A

-

INOSITOL PHOSPHATE METABOLISM

Pathway B

Pathway linked to
phenotype — high
priority

Gene B

Gene C

NE MANUALLY

Genotype

medium priority

literature

::> Pathway not linked
to QTL — low priority




It can’t be that hard, right?

= PubMed contains ~17,787,763 journals to date
= Manually searching is tedious and frustrating
= Can be hard finding the links

Computers can help with data gathering
and information extraction — that’s their
job !l

Source: Paul Fisher -UMIST



Understanding the Domain (the

Problem Space)

= Life as we know it is specified by the Genomes of the
myriad organisms with which we share the planet.

= The nuclear genome comprises 3,2 G nucleotides of
DNA, divided into 24 linear mollecules, the shortest
50M nucleotides, the longest 260M, each contained
in a different chromosome.

= These 24 chromosomes consist of 22 autosomes and
the two sex chromosomes, X and Y

= Some 35.000 genes are present in the human
nuclear genome.
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Understanding the Domain (the

Oryctolagus cuniculus (rabbit)
Homo sapiens (human)
Macaca mulatta (monkay)
Pan troglodytes (chimpanzee)
Bos taurus (cow)

Felis catus (cat)

Rattus novergicus (rat)

Sus scrofa (pig)

Canis familiaris (dog)

Mus musculus (mouse)

Danio rerio (pez zebra)
Xenopus tropicalis (frog)
Gallus gallus (cockerel)

Apis mellifera (bee)
Drosophila melagonaster (fly)
Caenorhabditis elegans (worm)

Problem Space)

Size Mb Num genes RefSeg RNA

3500
3000
3000
3000
3000
3000
2800
2800
2400
2500
1700
1700
1200
200
132
97

20.000
35.000
28.000
25.000
25.000
18.000
29.000
24.000
29.000
25.000
19.000
17.000

15.000
27.000

40.000
43.000
57.000
28.000
317
37.000
1.423
33.000
40.000
37.000
27.000
19.000
9.000
20.000
28.000

ESTs
32.000
8.100.000
58.000
16.000
1.300.000
186.000
812.000
1.300.000
365.000
4.745.000
1.345.000
1.112.000
599.000
78.000
388.000
346.000
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Understanding the Domain (the

Problem Space)

Human cell

o/ —®
Human family

Nuclear genome Mitochondrial

_ P E gem:me
\\\k)\i‘}?%thxﬁ‘ 4 o
X7k
1 */g:% XX
X v"é

O

%22 UNIVERSIDAD
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Figure 1.1 Genomes 3 (© Garland Science 2007)
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Understanding the Domain (the

Problem Space)

= The genome is a store of biological information but
on its own it is unable to release that information to
the cell

= Each of the 1013 cells in the adult human body has
its own copies of the genome

= Genome expression

Transcription: individual genes are copied into RNA
molecules

Translation: proteins synthesized by translation of the
individual RNA molecules present in the transcriptome.
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Understanding the Domain (the
Problem Space)

1Transcription

TRANSCRIPTOME

RNA copies of the active protein-coding genes

lTransIation

PROTEOME
The cell's repertoire of proteins

A2 UNIVERSIDAD
5 poLiTeCNICA
) DE VALENCIA

Figure 1.2 Genomes 3 (© Garland Science 2007)



Understanding the Domain (the

Problem Space)

= Genes are made of DNA

= DNA is a linear, unbranched polymer in which
the monomeric subunits are four chemically
distinct nucleotides than can be linked in any
order and in chains containing even millions

of units in lenght
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Understanding the Domain (the

Problem Space)

(A) A nucleotide
I'Y | B la 5/

'O—I-’I’—O—Fl’—O—F;—O—CHz m-
| | | | .0
o 0 =

0 4CH \ﬁcr

| |
Phosphate H |—|3, 2| H
OH H
(B) The four bases in DNA
NH, NH, o o)
| | I [

N ' S C C CH;
#7>C5 65N NZ 4 aH A~c” M HNT c”
X, g432é|.| c|2161|:|-| o (I! é (I: 1 Icll-l

- ~ -
'?' SN 0% SN~ T SN? " NH, 0% N~

I |
Guanine 6)

Figure 1.4 Genomes 3 (© Garland Science 2007)
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Understanding the Domain (the
Problem Space)
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Understanding the Domain (the
Problem Space)

NH, NH, 0 o)
| | | |
C C C C. _CH
S~cs 63N NZ 4 7 mw” ¢’
5 1 3 5
s N, 122 W, | L
- C 3/CH C 1 H - C C ,C 1
N~ NN 0% "SN” N~ ENNZ “NH, 0% "SN”

| |
Guanine ©

Figure 1.4b Genomes 3 (© Garland Science 2007)
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Understanding the Domain (the

Problem Space)

Base pair 5‘end (I) 6 3'end

SI — 3.'

: _ I 12 31
Minor > Sugar-phosphate 0O=P—0" Tc_c T
groove backbone I M HCa

—c o / (I) | \0/ I
e ssstssessse 5'CH
—G C SICHZ G s C I 2
—T = A ’ I/O\I o)
. . vCH e |
ajor > C e -0—P=0
groove H 13°2'I H [
i 2 3T
0=P—0" | €=C.|
| clI:I H\c4'
o A
| | o~ |
5'CH, 1 Bt /| 5'CIH2
|_o_|
4*(\? \|:|/C ?
HSTES "o—p=0
3‘end Fo) |!| 6 5‘end
! [
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Understanding the Domain (the

Problem Space)
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Figure 1.9 Genomes 3 (© Garland Science 2007)




Understanding the Domain (the

Problem Space)

Enhancers
Promoter

e ________/__—/4—'
DNA
UTran scription |

Introns
pre—mRNA E xon E xon E xon Exon Exon

l Splicing

Open reading
5"UTR frame 3"UTR

UTran slation |

praean w

MRNA
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Understanding the Domain (the

Problem Space)

DNA £

I
RNA polymerase

Figure 12.2 Genomes 3 (© Garland Science 2007)
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Understanding the Domain (the

Problem Space)

DNA 3'==TACCCAACGCAATT(C s 5/

AUGG—

5’ 3

RNA
3'ESS=TACCCAACGCAATTC s 5

AUGGGUUG
5’ 3’
Figure 1.11 Genomes 3 (© Garland Science 2007)
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Understanding the Domain (the

Problem Space)

T

B All organisms

Coding RNA Functional RNA B Eukaryotes only
4% of total 96% of total

Pre-mRNA
(hnRNA)

Pre-rRNA JPre-tRNAf] snRNA [ snoRNA [ miRNA i siRNA |

Figure 1.12 Genomes 3 (© Garland Science 2007) Sz UNIVERSIDAD
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Understanding the Domain (the

Problem Space)

Pre-RNA
End-modification Splicing Cutting Chemical modification
Section Sections Sections Sections
12.2.1 12.2.2 and 12.1.3 and 12.1.3 and
12.2.4 12.2.3 12.2.5
Cap Poly(A) Position of the New chemical group

tail removed intron

Figure 1.13 Genomes 3 (© Garland Science 2007)
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Understanding the Domain (the

Problem Space)

Exon skipping

Figure 12.28a Genomes 3 (© Garland Science 2007)
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Understanding the Domain (the
Problem Space)

IR — i
Pre-mRNA

Figure 12.32a Genomes 3 (© Garland Science 2007)
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Rc Understanding the Domain (the

Centro de Investigacion

Problem Space)

Alternative splicing -

1 2 3
BI——————

Pre-mRNA -4

Figure 12.32b Genomes 3 (© Garland Science 2007)
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.. From transcriptome to proteome

The flow of information from DNA to RNA by

transcription does not provide any conceptual
difficulty

The second phase of genome expression is less easy to
understand

MRNA molecules of the transcriptome direct synthesis
of proteins

Existence of an adaptor molecule —tRNA- that forms a

brid%e between the mRNA and the polypeptide being
synthesized
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From transcriptome to proteome

Genetic code: how the nucleotide sequence of an
MRNA is translated into the aminoacid sequence of
a protein

Proteins are made up from a set of 20 aminoacids
Different sequences of amino acids result in
different combinations of chemical reactivities
Codon: codeword comprising three nucleotides
Two-letter code is not enought, three-letter code
provides 64 potential codons

Code degeneracy

Punctuation codons

&5 UNIVERSIDAD
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Table 1.2 Amino acid abbreviations

Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic acid Asp D
Cysteine Cys @
Clutamic acid Glu E
Glutamine Gln Q
Glycine Gly G
Histidine His H
Isoleucine lle I

Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Serine Ser 35
Threonine Thr T
Tryptophan Tp W
Tyrosine Tyr Y
Valine Val v

UNIVERSIDAD
POLITECNICA
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Table 1.2 Genomes 3 (© Garland Science 2007)




Rc

¥, From transcriptome to proteome

Uuu UCu UAU
UUC UCC UAC
UUA UCA UAA
UuG UCG UAG
cuu CCU CAU
CcucC CCC CAC
CUA CCA CAA
CUG CCG CAG
AUU ACU AAU
AUC ACC AAC
AUA ACA AAA
AUG BN AcCG AAG
GUU GCU GAU
GUC GCC GAC
GUA GCA GAA
GUG GCG GAG
Figure 1.20 Genomes 3 (© Garland Science 2007) i @ ggi\ﬁggg :%Dl/éR
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DNA Gene

mRNA 5’ 3’

| T

Initiation codon Termination codon
(usually AUG) (UAA, UAG or UGA)

Figure 1.21 Genomes 3 (© Garland Science 2007)
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. From transcriptome to proteome

Table 1.3 Examples of deviations from the standard genetic code

Mitochondrial genomes

Mammals UGA Stop Tip
ACA, AGG Arg Stop
AUA lle Met
Drosophila UGA Stop Tip
AGA Arg Ser
AUA lle Met
Saccharomyces cerevisiae UGA Stop Trp
CUN Leu Thr
AUA lle Met
Fungi UGA Stop Trp
Maize CGG Arg Trp

Nuclear and prokaryotic genomes

Several protozoa UAA, UAG Stop Gln
Candida cylindracea CcuG Leu Ser
Micrococcus sp. AGA Arg Stop
AUA lle Stop
Euplotes sp. UGA Stop Cys
Mycoplasma sp. UGA Stop Trp
CGG Arg Stop

Context-dependent codon reassignments
Various UGA Stop Selenocysteine
Archaea UAG Stop Pyrrolysine

Abbreviation: N, any nucleotide.

UNIVERSIDAD
POLITECNICA
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Table 1.3 Genomes 3 (© Garland Science 2007)




’.. Building an ER Model

= Gene: A DNA segment containing biological
information and hence coding for a RNA
and/or polypedtide mollecule.

= Allele : One or two or more alternatives forms
of a gene.
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Genomic ER Model: Evolution

-species ==oid=> : string 3 " ra :
-/ numChromosomes : short | 5 o 1 t It t-
contains .
.
Chromosome - 1 ? P ; Z
-number <<oid==gshort o 00 RE Chromosome.couplet.number = Chiromosome. couple2 number
-|_q_top3r <=pid=>: char & ¥ : &
& 5
= couple?
containg b

next  0.*_Chr

5 startpostion <<gid==: int
X endposition <oid=> : int

g previous
Geng : . Ganit NonG enicSegment
-id =<gid==: char| « “w |-SEQUENCE: String
1 JeT & & .
g < 1 1 1
% : o 3
contaliy/ containg| tontains comtains
1 T 1 4 N e :
Promoter Transcribed Seq e .~ Terminator EnhancerSecuence IntergeniicRegion . Chror aElement
-start =<gid=>int | |-start <=oid== it “start <=<oid==:int | [-start <<oid==: jnt 3
~end : int -end ; int -end : int -end ;int 5 o5 h 4
-sequence ; string -sequgn’ce : string -sequefice ; string -sequence ;string i & : ¥
RI Promoter.end > Promoterstart and s
7 Te:mr.nat_or.end = Termihator start _and CERIGTTerE Telomeia ORI
Terminator.start = Fromoter.eno‘_. and : | T <coides dhar
TrapscribedSequénce. start = Fromoter.end and -sequence ; string

TranscribedSequence.end = Terminator:start
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Genome

- / numChromosomes : short

2nd lteration

*

-contains

Chromosome

{Chromosome.Couple1.number = - umber <<oid>> - short
Chromosome.Couple2.number} -id_copy <<oid>> - short -Couple2
|
1 1fid} -Couple1
* -contains
ChromosomeSegment
{start_position > end_position} - start_position <<oid>> : long
-end_postition <<oid>> : long
-sequence : string
‘ NonGenicSegment
GenicSegment
Promoter TrasnscribedSequence Terminator Enhancer
_contains ‘ 1 -contains 1 —contains 1 -regulates *
i
_‘_ - Gene
TranscriptionUnit| 4id) [id_HUGO <<oid>> : string
-id_number : short * -description : string UNIVERSIDAD
. 1 POLITECNICA

DE VALENCIA




Aclaraciones sobre Segmento de Cromosoma:
- No hay icionalidad, sélo se los
-Los de no se repi

énica

del Regién Inter

* | -contains

Aclaraciones sobre la Unidad de Transcripcion:
1 - Siempre hay al menos una secuencia transcrita asociada.

{Chromosome.Couplet.number =
Chromosome Couple2 number}

3rd It ti
_ - El promotor no tiene que existir siempre, si existe termina donde empiezan las secuencias transcritas.

Frumber <<aids> - short - Los terminadores no tienen que existir siempre, si existen empiezan donde terminan las secuencias transcritas.
Fid_copy <<oid>> : short . . y . ) A . ) )
- Si hay varias Secuendias Transcritas de una Unidad de Transcripoién, todas tienen el mismo comienzo.

-Couple:

1| rld Couplet
. -contains.

{start_position > end_positior},

Aquifaltaria la relacién
next-previous
que no se ha decidido
sies correcta

GenicSegment]

ChromosomeSegment

Fstart_position <<oid>> : long
Fend_postition <<cid>> : long
[ sequence : string

z

[}

1 [ Terminator | - [RegulatorSequence|

ranscript | | | [

-contains 0. regulates

{Promotor.end_position=TranscribedSequence start_position
TranscribedSequence end_position=Terminator start_position

Y
Promotor, TranscribedSequence y Terminator .
asociados a una misma TranscriptionUnit

~described
L

Gene

[Fd_HUGO <<oid>> - string
I-description : string

[centromere | [ Telomere | |

TranscriptionUnit

PrimaryTranscript

~contains

ElementTranscript
JAN

UNIVERSIDAD

POLITECNICA

Primary Pellpep(ide‘
1

1 1

DE VALENCIA

I
] 1 1




{Chromosome.Couple.number = o
Ghvomesome Coupez. number) _
N
{start_postion > end_postion)

[

+ | -contains
Chromosome

Fumber <<oid>> - short
lid_copy <<oid>> : shott

~ ChromosomeSegment
[start_postton <<oié>> *fong.

‘Aquifaltara la relacion
next-previous

e 1o se ha decidico
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Genomic ER Model: Evolution

= Conceptual Genome - ER Model
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Genomic ER Model : Genomic View
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Gene External Identificacion
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= New objects

Allele Segment: renaming the Segment object to
emphasize that we mean segments of alleles.

Gene External Identification: to store gene identifiers used
in different data repositories.

Allele External Identification: to know data repositories
where the allele abd its identiier are stored.

Allele Region: to keep the chromosomic region and the
subsequent sequence where a given gene allele is.
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= New associations

Corresponds (Allele Region — Genic Segment): This
association links two similar concepts; one at the
gene information reference level (Allele Region)
and another at the particular genome level (Genic

Segment).
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Genomic ER Model : Mutation View
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Genomic ER Model : Transcription

View
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Genomic ER Model: Advantages

= Can be associated to different genomic
databases and allows to use several gene
identifications

= |t has been described using terminology
commonly used by biologists

= The definition of gene take into account that is
not (always) a continuous sequence of bases

= The model does not include implementation
details to a particular physical database schema
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Genomic ER Model: Advantages

= The Model is still to be refined and conceptually
fixed...

= ...but it provides a solid basis to incorporate
contents in a precise and structured way

= ... and the subsequent database can make
possible an efficient use, content-oriented,
where any human behaviour characteristic could
be traced from fenotype to the involved gene(s)
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w90 Many opportunities for the future!

= Repairing Genetic Mutations With Lasers?

Physical base: DNA strands differ in their light
sensitivity depending on their base sequences.

Conceptual base: need of understanding semantics
behind given sequences of nucleotides

= Nature versus nurture
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= Pre-implant Genetic Diagnosis: a technique
that allows to check if an embryo is/isn’t
healthy from a genetic perspective, before
transfered to the maternal uterus.

Physical base: “assisted reproduction”
technologies
Conceptual base: need to understand semantics of
specific gene mutations
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= Discovered a gene —EYS (for “Eyes Shut”) that
causes inherited blindness.
Physical base: mutation that gives rise to the
problem

Conceptual base: why the mutation occurs? How
to prevent it?
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= |dentified 295 potential therapeutics targets
against AIDS

Physical base: 295 human proteins that “probably”
helps the AIDS to establish in the human cells

Conceptual base: “probably”? Under which
conditions / interactions?
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.. More and more related news...

= Tuberculosis uses a protein of the human
immune system to proliferate

= Genes against the Malaria

= Genetic influences on female infidelity and
number of sexual partners in humans (2004)

= Allele 334: an ‘infidelity' gene for men? (2008)

= 'Fat’ gene makes millions of Britons more
greedy
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.. Conclusions

= Understanding the Human Genome can
become an extremely hard task if research is
more and more oriented to the solution space

= Discovering “human” patterns in the genomic
code is really like looking for a needle in a
haystack.

= Conceptual Modeling-based approaches and
techniques applied to this challenging domain
should guide the efforts to succeed
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And more and more challenges to be

~ explored...

= Linking diseases with genes with
therapeutical purposes as a main application

= Gene mutations that enforce expression of
some other genes while delaying or reducing
the expression of others

= Gene regulators
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Conclusions

Una polla xica, pica, pellarica, camatorta i becarica...
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... Conclusions

= This is probably the most attractive challenge
in the future of the Conceptual Modeling
community:

Modeling the Real Life to understand why we
are as we are, and how a human being can be
seen as the “representation” of a Conceptual

Model that can be specified in detail
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