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Data mining for Data mining for 
glycobiologyglycobiology

Probabilistic modelsProbabilistic models
Kernel methodsKernel methods
Text miningText mining

Applications of data miningApplications of data mining



MachineMachine LearningLearning

+

Data samples

Rules, hypotheses, 
models

New data samples

Prediction

Definition: the automatic extraction of Definition: the automatic extraction of rulesrules and and patternspatterns
from within large amounts of datafrom within large amounts of data



Machine Learning Machine Learning 
MethodsMethods

PSTMM (Probabilistic SiblingPSTMM (Probabilistic Sibling--dependent Tree dependent Tree 
Markov Model) Markov Model) 
–– Learns patterns from glycan structuresLearns patterns from glycan structures

Profile PSTMMProfile PSTMM
–– Extracts patterns (as profiles) from glycan Extracts patterns (as profiles) from glycan 

structuresstructures

Kernel methodsKernel methods
–– Classification of glycansClassification of glycans
–– Extraction of Extraction of ““featuresfeatures”” to predict glycan to predict glycan 

biomarkersbiomarkers



Kernel MethodKernel Method

Classification methodClassification method



Leukemia kernelLeukemia kernel

Extracted glycan structures from Extracted glycan structures from 
CarbBank CarbBank 
PrePre--analysis showed that the trianalysis showed that the tri--
saccharide structure was most effective saccharide structure was most effective 
for classificationfor classification
Furthermore, since the nonFurthermore, since the non--reducing end reducing end 
is usually the portion being recognized, is usually the portion being recognized, 
this information was included in the kernel this information was included in the kernel 
modelmodel



Leukemia kernelLeukemia kernel

For each glycan structure, the For each glycan structure, the 
concept of concept of ““layerslayers”” were includedwere included



Predicted glycan markers Predicted glycan markers 
for leukemic cellsfor leukemic cells



Other kernelsOther kernels

QQ--gram distribution kernel:gram distribution kernel:
–– Wanted to be able to analyze any data Wanted to be able to analyze any data 

regardless of marker structure or sizeregardless of marker structure or size
–– Definition of qDefinition of q--gram: A subgram: A sub--tree containing tree containing 

q nodesq nodes
–– All of the qAll of the q--grams for a particular glycan grams for a particular glycan 

were included in the kernelwere included in the kernel

Multiple kernel:Multiple kernel:
–– A kernel of kernelsA kernel of kernels
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Results of gram Results of gram 
distribution kerneldistribution kernel

Gram dist. vs. leukemia kernelGram dist. vs. leukemia kernel



Summary of kernelsSummary of kernels

Using a gram distribution, potential Using a gram distribution, potential 
biomarkers of the appropriate size can biomarkers of the appropriate size can 
be extracted from the databe extracted from the data
We are currently analyzing the various We are currently analyzing the various 
kernels to determine the most kernels to determine the most 
appropriate features for glycan dataappropriate features for glycan data
A webA web--based tool of the qbased tool of the q--gram kernel gram kernel 
that performs both training and that performs both training and 
classification is in the worksclassification is in the works



Applications of data Applications of data 
mining to glycobiologymining to glycobiology
Kernels can be utilized in many waysKernels can be utilized in many ways
–– Feature extract methods for detecting Feature extract methods for detecting 

putative biomarkersputative biomarkers
–– CellCell--specific glycan structures can be specific glycan structures can be 

extractedextracted
–– Sequences of glycan binding proteins can be Sequences of glycan binding proteins can be 

included in a new kernel to predict binding included in a new kernel to predict binding 
domains domains 

–– Many more possibilities, depending on the Many more possibilities, depending on the 
data at handdata at hand



Resource for Glycome Resource for Glycome 
Informatics at Soka (RINGS)Informatics at Soka (RINGS)

http://rings.t.soka.ac.jp/http://rings.t.soka.ac.jp/
Motivation: a free resource for glycome Motivation: a free resource for glycome 
informaticsinformatics
Started April, 2006Started April, 2006
Currently includes data from CAZy, KEGG Currently includes data from CAZy, KEGG 
and Glycosciences.deand Glycosciences.de
–– Glycan structures, chemical reactions, glycoGlycan structures, chemical reactions, glyco--

related genes and proteinsrelated genes and proteins



RINGS: ToolsRINGS: Tools

BLAST search for glycanBLAST search for glycan--related genesrelated genes
2D glycan drawing and searching tool 2D glycan drawing and searching tool 
(DrawRINGS)(DrawRINGS)
Glycan score matrix generatorGlycan score matrix generator
ProfilePSTMM toolProfilePSTMM tool
Gram distribution training and Gram distribution training and 
classification tools (Currently under classification tools (Currently under 
construction)construction)



Web servicesWeb services

Defined as Defined as ““a software system designed to a software system designed to 
support support interoperable Machineinteroperable Machine--toto--Machine Machine 
interaction over a networkinteraction over a network””
Computational tasks can be provided as Computational tasks can be provided as ““web web 
servicesservices”” which take specific data as input and which take specific data as input and 
return results in a particular format, without return results in a particular format, without 
the need of a web browserthe need of a web browser
That is, these are small tools that can be That is, these are small tools that can be 
executed over the web from local softwareexecuted over the web from local software



RINGS Web servicesRINGS Web services

Given a particular glycan structure, Given a particular glycan structure, 
retrieve all similar glycan structures in retrieve all similar glycan structures in 
the databasethe database
–– Including similarity score Including similarity score 

Given a glycan in KCF format, return Given a glycan in KCF format, return 
its corresponding LINUCS IDits corresponding LINUCS ID
–– ViceVice--versaversa

Others coming soon...Others coming soon...



WorkflowsWorkflows

If data types are defined consistently, If data types are defined consistently, 
then different web services can be linked then different web services can be linked 
together in order to perform more together in order to perform more 
complex tasks automatically complex tasks automatically 



Actual glycoActual glyco--
workflowworkflow
Toy example of an Toy example of an 
actual workflow actual workflow 
(right)(right)
Demonstrates the Demonstrates the 
possibilities of possibilities of 
workflows for workflows for 
glycobiologyglycobiology

STARTSTART：：

Glycan structure Glycan structure 
in KCF formatin KCF format

RINGS: Search for similar RINGS: Search for similar 
structures in the databasestructures in the database

KEGGKEGG Glycan Glycan IDID(s)(s)

GlycomeDB: convert toGlycomeDB: convert to
GLYDEGLYDE--II formatII format

GLYDEGLYDE--IIII

CCRC: output graphic ofCCRC: output graphic of
the structurethe structure

画像ファイル：画像ファイル：
ENDEND



Potential workflowsPotential workflows

Given a particular glycan structure, Given a particular glycan structure, 
perform a similarity search for other perform a similarity search for other 
similar glycans (RINGS) and retrieve similar glycans (RINGS) and retrieve 
links to all other known databases links to all other known databases 
containing the similar structures containing the similar structures 
(GlycomeDB)(GlycomeDB)
Given MS data for a particular glycan, Given MS data for a particular glycan, 
compute its profile and search for compute its profile and search for 
similar profiles in the database (RINGS)similar profiles in the database (RINGS)
Many more...Many more...



Vision of glycome Vision of glycome 
analysisanalysis

Glycome-DB

All resources providing web 
services can be linked together into 
custom-defined workflows which 
are available by the click of the 
mouse.  

Leading to discoveries 
much more efficiently than 
was possible before.


