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State of the Art

Alignment-based inference (BLAST)

® Proteins with similar sequences likely evolved from a common ancestor
(homologues), and likely have related functions

e Impossible to quantify; prone to propagate errors

Machine learning

e Use of robust machine learning algorithms to classify proteins

e Lack versatility; can’'t deal directly with sequence data




Thesis

Stage 1

e Goal: develop a machine learning algorithm that can deal directly with
sequences = Peptide Programs: modelling sequences as small computer
programs

e Task: binary classification of 18 enzyme families

Property Peptide
SVMs Programs

Precision 96% 98%

Recall 97% 94%

Matthews CC 0,96 0,95




Thesis

Stage 2

e Goal: find alternative sequence parametrizations that encode as
much information as possible

e Task: binary classification of 18 enzyme families

Property Dipeptide | Tripeptide
SVMs SVMs SVMs

Precision 96% 99% 100%

Recall 97% 96% 96%

Matthews CC 0,96 0,97 0,98




Thesis

Stage 3

e Goal: explore descriminating power of tripeptides = TripSim:
tripeptide-based sequence similarity

e Task: binary classification of 18 enzyme families

TripSim

Precision 99%

Recall 98%

Matthews CC , 0,98




Thesis

Stage 4

e Goal & Task: predict detailed molecular function annotations of
proteins

e Approaches: BLAST or TripSim search followed with prediction by

nearest neighbours (NNb) or Tripeptide-based SVMs

BLAST TripSim

NNb Trip SVMs NNb Trip SVMs

Semantic 47% 51% 49% 51%
Similarity




Thesis

Stage 5

Write Thesis!




Automatic Protein Function Prediction

Bioinformatica
16 de Maio de 2011



























































http://xldb.di.fc.ul.pt/wiki/AEB





































































































































































http://xldb.fc.ul.pt/biotools/gryfun/
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Blomedlcal Ontology

16/05/11
Bruno Tavares



Biomedical Ontology Applications

Architecture

Front-End

ProtelnOn page

External Web-Service, Information
system and Databases (UniProt,
Gene Ontology, KEGG, etc)

\

CMPSim page f Tool page External
N A Applications
\ | /
Internet\ / /
\ 7
Web-Services Back-End
/ New Tool DB Update
Mediator (€ |
= CMPSim

ProtelnOn

Database




WebServices

RESTfull (Representational State Transfer)
architecture

RPC (remote procedure call) architecture



Demonstration Video
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ms
@lbetween chemical compounds and metabolic pathways using ChEBl-based semantic similarity measures
s of GO functional annotation profiles of a given protein family

= CESSM& provides a tool for the automated evaluation of GO-based semantic similarity measures

Press the Stop Button to

[edit] BOA APl Decumentation %
BOA APl Documentation &

[edit] Legacy Tools

These tools may not be working properly since they are not maintained anymore. If you would like to continue using these tools please contact us.

= ProtelnOn v1 & can be used to find interacting proteins, find assigned GO terms and calculate the functional semantic similarity of proteins and to get the information content and

calculate the functional semantic similarity of GO terms
» GOAnnotator & for verification of electronic protein annotations using GO terms automatically extracted from literature
= FuSSiMeG & provides a functional similarity measure between two proteins using the semantic similarity between the GO terms annotated with the proteins
VebAPEG & provides functional annotations automatically extracted from literature of genes from the Arabidopsis Pollen Expressed Gene database

= BOLOS i provides a clustering of the SwissProtKb sequence space. The clusters are characterized by three GO-based parameters (measuring cok functional

find assigned GO terms and calculate the functional semantic similarity of proteins and to get the information content and

log out

e Ontologias Biomédicas) aims at researching and developing applications to effectively explore all the information contained in

ation

and center representativeness). It is an suitable platform for protein functional analysis
[zdit] Research Team

= Mdrio J. Silva (research advisor)
= Francisco Couto

= André Falcdo

u Daniel Faria

= Catia Pesquita

= Hugo Bastos

= Tiago Grego

= Jodo D Ferreira

[edit] Publications



Aprendizagem automadtica para previsao de
permeabilidade de compostos na membrana
hemato-encefalica

Machine learning algorithms to predict blood-brain barrier permeability

of drug molecules

Inés Filipa Martins
XLDB-LaSIGE

Departamento Informatica

Faculdade de Ciéncias da Universidade de Lisboa



Barreira hemato-encefilica

Membrana presente no encéfalo, constituida por células endoteliais
justapostas.

Previne a passagem de substancias quimicas da corrente sanguinea para o
cérebro.

Maior restricao quando comparamos com células endoteliais presentes no
resto do organismo.

Permeabilidade selectiva:

Substancias apolares

Lipofilicas

Tamanho molecular reduzido

Elevado coeficiente de particdo octanol/agua (logP)
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Fases desenvolvimento de um farmaco

Fase pré-clinica
Pesquisa de um farmaco promissor para uma determinada patologia (nesta fase

sao testadas milhares de substancias, sendo que poucas sao seleccionadas para
estudos posteriores).

Pre-clinical studies Clinical trials
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Abordagem - resultado

Accuracy - proporc¢ao de resultados classificados correctamente.

Phi — coeficiente de correlacao entre o observado e o previsto em
classificacOes binarias (passa - 1, ndo passa - 0).

Valor entre [-1, 1]

—

previsao inversa previsao perfeita

Na literatura...

Accuracy 73% > Valor a ultrapassar!

Utilizando outros métodos e
propriedades
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 Utilizacao de tripéptidos
= Suficiente informacao
= N3ao em demasia, arriscando ter combinacdes muito raras

Combinacgdes = 2"

e Funcao molecular



Objectivo

Desenvolver uma ferramenta com a qual se podera
atribuir funcoes moleculares a uma dada proteina,
através do seu contetido em tripéptidos
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“Ferramentas”™

» Bases de dados (BD):

= Gene Ontology (GO)
* Uniprot (web)
* Mygo (servidor)

* Programacao
= Python 2.7
= mySQL
= Microsoft Excel



Grupo teste (1)

 BD mygo v.2010

» Dados suficientemente “antigos” a fim de ver se os métodos
conseguiram prever insercao ou remocao de funcoes

» 30 proteinas
» Evidéncia EXP + IDA
- AnotacoOes mais crediveis para puder comparar
> Aleatoria



Mecanismo geral

» Dada uma sequéncia proteica:

Programa em Python “corta-a” em tripéptidos e conta as
ocorréncias

Compara com os dados da BD

* Quais as funcdes tém as proteinas com esses tripéptidos, valores obs
Vs esp, etc

Calcula e estima as probabilidades associado a cada funcao
possivel dessa proteina

O

m]

m]

O

Retorna lista de funcdes moleculares, ordenada
decrescentemente por probabilidade
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Estatistica

- Baseado no teorema de Bayes simples

_ P(trip|term)P(term)

Probabilidade calculada segue

Prob_calc vs prob_priori i . N
tendencialmente a probabilidade a priori

Pp ¢ 3

0.5 l

Z-;t Pondera demasiado alto as funcdes
o mais comuns

“J l

0 T 1
. 0 ) 5 Pc
Problemal

Ao0S864
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“if” - log”

= Se racio obs/esp =1, = Log(racio obs/esp)
- Racio — 1

= Senao,

* 1-1/racio

e Em ambos:

» Somou-se valores pertencentes a mesma funcao (devido
aos diferentes trip puder “possuir” iguais funcoes)
= Valor central (quando obs =esp) =0
= Se > 0, teste diz ser provavel a proteina ter essa funcao
= Se <0, teste diz ter prob negativa



» Tabela resultados com “if” e “log”
= SO inclui fungdes que a prot A0S864 tem

llllii[[LLL e s o s o e

acc go_id prob_priori sum(if) sum(log) ord_sum(if) ord_sum(log) g0_name
A0S864 3712 0.0446535 -3.467306883 -1.10726 1034 969|signal transducer activity
IA0S864 3903 0.000618355 35.52870137 7.962272 438 196|receptor signaling protein activity
[A0S864 14428 9.46E-05 303.0668428 21.10216 5 S|receptor regulator activity
[A0S864 14430 8.16E-05 669.8192708| 28.7977 3 3|receptor inhibitor activity
A0S864 14431 7.48E-05 697.5094116 31.5339 2 2[acetylcholine receptor regulator activity
[A0S864 14433 6.99E-05 1063.690073 36.98107 1 1lacetylcholine receptor inhibitor activity

|

De modo geral, funcoes raras
estdo ficam mais no topo

“Log” tem melhor desempenho




Grupo teste (2)

- 100 proteinas

s Sem evidéncias EXP nem IDA

- Testar se os resultados anteriores se devem ao facto dessas proteinas
serem limitadas e afectarem outras por vias de anotacao electronica.

+ Eg: classificar erradamente proteinas estruturalmente semelhantes
como tendo a mesma funcao

> Aleatorio do mygo v.2010

A correr neste momento...
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A seqgulir...

» Ferramenta online disponivel para uso da
comunidade cientifica



	tgrego_presentation.pdf
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23


