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Platform Based on LAMP/ LAPP

LinuxLinux
Operation System

Apache (with OpenSSL)

Query by Web interface 
(Win9x/Me/2000/Mac/Unix
/Linux/Solaris)Apache (with OpenSSL)

Webserver

MySQL/PostgrSQL
Maintenance
through web interface 

)

y Q g Q
Relational Database

PHP
Server‐side HTML embedded 

scripting language with GD 
library Web database

Linuxy Linux
Apache webServer, 
MySQL
PHP control language



P i  D i  A i  (PDA)Primer Design Assistant (PDA)
Unique Probe Selector (UPS)



Motivation for PDAMotivation for PDA
Integration of experiences from wet‐lab and computational 

h l f d l l d ltechnology to  perform primer design in large scale PCR under similar 
Tm value.
Primer Design Assistant (PDA) is a web interface primer design Primer Design Assistant (PDA) is a web interface primer design 
service combined with thermodynamic theory to evaluate the 
fitness of primers. 
I    i    Li A h M SQL PHP       PC  i d It runs in a Linux–Apache–MySQL–PHP structure on a PC equipped 
with dual CPU (Intel Pentium III 1.4 GHz) and 512 Mb of RAM. 
A succinct user interface of PDA is accomplished by built‐in succ ct use te ace o s acco p s ed by bu t
parameters setting. Advanced options on 5' GC content, 3' GC content, 
dimer check and hairpin check are available. 
PDA  t   i l         lti l    i  FASTA PDA accepts single sequence query or multiple ones in FASTA 
format. It produces optimal and homogenous primer pairs that meet 
the need in experimental design with large‐scaled PCR amplifications. 



Genomics Studies For High Throughput 
R h PDAResearch : PDA

Primers designed through PDA has Primers designed through PDA has 

been experimentally proved to reach 

97% successful rate

PDA can be used to design the primers g p

set for high through put experiments.  

For example   for 96 /384 format PCR For example , for 96 /384 format PCR 

Rx.

http://dbb.nhri.org.tw/primer/

Published on NAR 20033



Criterion for PDA SettingCriterion for PDA Setting
Default Settings Advanced optionsg p



Calculation of the Stability of DNA Duplexesy p

5'- ATCGT -3‘
3‘- TAGCC- 5’****

When sequence 1 [5'‐ atcgt ‐3'] aligns to
sequence 2 [3'‐ tagcc‐ 5'] the first base

(‐0.61)+(‐1.03)+(‐1.81)+(0.98)=  ‐2.47

sequence 2 [3 ‐ tagcc‐ 5 ], the first base
of the first sequence (a) matches to (t)
in sequence 2, and follows with three
more Watson–Crick pairs. The fifth
base mismatches. The NN propagation
energy of the continuing base pairs
(at), (tc), (cg) and the mismatched
base (t) in primer 1 are summed up: (‐base (t) in primer 1 are summed up: (
0.61)+(‐1.03)+(‐1.81)+(0.98)=‐2.47.



Ranking MechanismRanking Mechanism

The primer pairs passing through the 
limitations listed above are sorted by ranking limitations listed above are sorted by ranking 
score (R):

T   id  h   i i i   lifi i   h   '  d  f  h  To avoid the mis‐priming amplification, the 5' end of the 
primer is expected to anneal to target templates more 
stable than the3' end



Currently available service (conti)Currently available service (conti)

Primer Design Assistant 
(PDA)

Customized PCR 
conditions

Dimer check
Hairpin check

’ h k5’GC content check
3’GC content check

Covered regiong



Currently available service (conti)Currently available service (conti)

Batch primer 
d i fdesign for 

unified 
i t lexperimental 

conditions



Currently available service (conti)Currently available service (conti)

PDA
Report page

Convenient 
Excel 

download
format



Primer set for Nested PCR in PDAPrimer set for Nested PCR in PDA

Input target sequence

Get the primer set and their location



Primer set for Nested PCR in PDA

Modify the size of Product and fill  G t th   i   t  f   t d PCR Modify the size of Product and fill 
the location of 1st PCR product

Get the primer sets for nested PCR 
with 500 bps product



Use PDA to Develop PCR kits for SARS Detection 

由於2003年當時通用的SARS-CoV檢驗方法靈敏度有限，
使得病毒量較低或是因採樣方法不佳的檢體無法被檢測到，
在防疫的前提下，本核心便與國家衛生研究院基因醫學研
究組協同疾病管制局(CDC Taiwan)發展出高靈敏度之檢測究組協同疾病管制局(CDC, Taiwan)發展出高靈敏度之檢測
方法。

檢測方法中所需要的核酸引子都透過PDA來進行設計，避檢測方法中所需要的核酸引子都透過 來進行設計 避
免引子本身dimer 及 hairpins 的形成，加速了檢測方法的建
立。

此方法為結合1st run RT-PCR + 2nd run Q-PCR，可於1.5小
時內檢測出結果，經實驗證明縱使病毒量低於10隻，也可
以透過這一套方法檢測出來。以透過這一套方法檢測出來。



Result of Real‐time PCR for SARS‐CoV DetectionResult of Real time PCR for SARS CoV Detection

Cases

(‐) Control

Medical Genetics and Comparative Genomics 
Bioinformatics Core



( )Primer Design Assistant (PDA)

Nucleic Acids Res. 2003, 31: 3751-3754From July 2003 to Aug 2008



( )Primer Design Assistant (PDA)

Nucleic Acids Res. 2003, 31: 3751-3754

From July 2003 to Aug 2008
Over 100,000 Visits and 600,000 submitted Seqs



Usage of PDA WorldwideUsage of PDA Worldwide

Visits Submitted Seqs

Sequences submitted to PDA from overseas, accumulative,  
Jul. 2003 to Apr. 2008; with 334,426 sequences submitted from Taiwan



Chen SH Lin CY Cho CS Lo CZChen SH, Lin CY, Cho CS, Lo CZ, 
Hsiung CA:  Primer Design 
Assistant (PDA): A web-based 
primer design tool.  Nucleicp g
Acids Res 2003, 31:3751-3754.

20



Chen, S. H., C. Y. Lin, C. S. Cho, C. Z. Lo, and C. A. Hsiung. 2003. Primer
D i A i t t (PDA) b b d i d i t l N l i A id R

21

Design Assistant (PDA): a web-based primer design tool. Nucleic Acids Res. 
31:3751–3754



Genomics Studies For High Throughput 
hResearch : UPS

BMC Bioinformatics 2007, 9(Suppl 1):S8

Unique Probe Selector (UPS)

Probe design for hybridization in low 

and high throughput experiments

http://array.iis.sinica.edu.tw/ups/p y p

BMC Bioinformatics 2008



Brief on Unique Probe Selector (UPS)f q ( )
Although most of these tools aimed on designing probes for microarray, only 
few of them take the genetic background noise in hybridization reaction into few of them take the genetic background noise in hybridization reaction into 
account. A web tool for customized probe design regarding to the 
discriminating power of probes is sparse.
H         b  l   h  U i  P b  S l  (UPS)  f   l i  Here we present a web tool, the Unique Probe Selector (UPS), for selecting 
unique oligo‐nucleotide probe. The algorithms applied here include 
thermodynamic theory, GC content, GC clamps, secondary structure 
of probes and some other empirical preferences of wet‐lab researchers. 
Low‐complexity regions are filtered out to maintain probe specificity.
The UPS evaluates probe‐to‐target hybridization under a user‐defined The UPS evaluates probe‐to‐target hybridization under a user‐defined 
condition in silico to ensure high‐performance hybridization and 
minimizes the possibility of non‐specific reactions. 
UPS has been applied to design human arrays for gene expression studies 
and to develop several small arrays of gene families that were inferred as 
molecular signatures of cancer typing/staging or pathogen signatures.g yp g g g p g g



Infrastructure of UPS
Under the consideration of efficiency and performance, we adopted the 
LAMP structure (Mandrake 2007, the operating system , Apache p g y p
(webserver), PostgreSQL (database) and  PHP), to provide the web access, 
files upload/ download, mail notification and data storage.
All  h   l l i   l d  i h  i   b  d i     f d     All the calculations related with unique probe design was performed on a 
window‐based machine in Delphi code. 



Basic Criteria for Probe Selectionf
Probe length: from 30 ~ 120 bps
Melting TemperatureMelting Temperature

The probe annealing temperature (Ta) is determined by melting 
temperature (Tm).  Probe Tm depends on several physiochemical 
factors and is calculated in the following equation based on factors and is calculated in the following equation based on 
Nearest Neighbor model

S   l i
ΔTm=ΔH / (10.8 + ΔS + R × ln (C / 4)) – 273.15 + 16.6(log10[Salt])
Sequence complexity

We exclude any five or more continual nucleotides (AAAAA, 
TTTTT, CCCCC, or GGGGG).  Continuous di‐nucleotide/ tri‐, , )
nucleotide repeats, such as ‘ATATAT’ and ‘ATGATGATG’, are also 
avoided.



Basic Criteria for Probe Selection
Computation of secondary structure formation
W       l   UNAF ld l i d i  UPS   

f

We use a perl program UNAFold.pl integrated into UPS to 
calculate ΔG
Continuous stretch and identity between probe and noContinuous stretch and identity between probe and no‐
target template
Here we used Li et al’s (NAR 2003) experimentally Here we used Li et al s (NAR 2003) experimentally 
established criteria to exclude unsuitable oligonucleotides: 
identity of ≧ 85%, continuous stretch of ≧17 and free 

k l/ l ( ll d d h l h fenergy <‐35 kcal/mol (it will depend on the length of 
probe) between probe and non‐target templates.



Demonstration of UPS 2.0 



Demonstration of UPS 2 0 Demonstration of UPS 2.0 



Jobs Accepted by UPSJobs Accepted by UPS



Notification by EmailNotification by Email



Output of UPSOutput of U S



Advanced OptionsAdvanced Options



Output for DownloadOutput for Download
We provide more information for each probe in following files. 

Best probes in fasta format   
All probes in fasta format   

(All probes in CSV (with Tm, CG%, deltaG, Best_hit, Max_overlap, 
Identity )   
In silico hybridization check for each probe by BlastNIn silico hybridization check for each probe by BlastN



upQPCR :: PDA+ UPSupQPCR :: PDA+ UPS
For specific sequence wanted to identify by Q‐PCR, For specific sequence wanted to identify by Q PCR, 
the following steps can be used to get the primer pairs 
and probeand probe

Submit Sequence to PDA for best primer set with 
specific region (or select by PDA)specific region (or select by PDA)
Submit the amplicon to UPS and choose the organism 
you used to get the best probe for Q PCRyou used to get the best probe for Q‐PCR



PhylogeneticWeb Repeater (POWER)PhylogeneticWeb Repeater (POWER)

Phylogenetic reconstruction by Automatic Likelihood Model 

l ( )selector (PALM)



Coding Characters and Defining HomologyCoding Characters and Defining Homology

Classical phylogenetic analysis
by Morphology

Molecular phylogenetic analysis 
By Bio-Molecules 



An Example of PhylogeneticAn Example of Phylogenetic
TreeTree



Phylogenetic TreePhylogenetic Tree
The tree is composed of nodes connected by branches.

node : a node represents a taxonomic unit.
Internal nodes

The tree is composed of nodes connected by branches.

Internal nodes
External nodes

branch (edge): defines the relationship 
b hbetween the taxa.
branch length : often represents the 
number of changes that have occurred in 
that branch. 
root : is the common ancestor of all taxa.
distance scale : scale which representsdistance scale : scale which represents 
the number of differences between 
sequences (e.g. 0.1 means 10 % 
differences between two sequences)differences between two sequences) 



Types of Phylogenetic TreeTypes of Phylogenetic Tree
Branch: define relationship between nodes

Branch length: longer branch length, more sequence 
changes

in substitutions per 
nucleotide

Rooted with “SARS” By assuming a molecular clock

Ex. Pasimony Ex. Neighbor-join, ML Ex. UPGMA



Trees Only Represent The Order Of Branching

Same topology in a different style
B th t  h  id ti l t l i   ith    f th  Both trees have identical topologies, with some of the 
internal nodes rotated.

( David A. Baum et al., Science 11 November 2005:Vol. 310. no. 5750, pp. 979 – 980)



The Ways to Construct the treeThe Ways to Construct the tree
Distance‐matrix methods (Dis)( )

Neighbor‐joining
Fitch‐Margoliash methodFitch Margoliash method
Using outgroups

Maximum parsimony (MP)Maximum parsimony (MP)
Branch and bound
Sankoff Morel Cedergren algorithmSankoff‐Morel‐Cedergren algorithm
MALIGN and POY

M i  lik lih d (ML)Maximum likelihood (ML)
Bayesian inference (BI)



Phylogeny PackagesPhylogeny Packages
http://evolution.genetics.washington.edu/phylip/software.html



Phylipy p



Interactive Interface for Phylip

At this stage they do not have a mouseAt this stage they do not have a mouse--windows interface for PHYLIPwindows interface for PHYLIPAt this stage they do not have a mouseAt this stage they do not have a mouse windows interface for PHYLIPwindows interface for PHYLIP



Phylogenetic AnalysisPhylogenetic Analysis
Character state methodCharacter state method

Maximum parsimony
Di t   th dDistance method

Neighbor‐joining and UPGMA method 
Fitch‐Margoliash method

Maximum likelihood methods
determinate evolution model first, then construct 
system treessystem trees



General Pipeline for Phylogenetic Analysis

Bootstrap
Substitution Model

Multiple Sequence Alignment

Tree Construction

Selection of inference MethodsSelection of inference Methods

Evaluate phylogenetic tree



General Rule for Method SelectionGeneral Rule for Method Selection



Phylogenetic Analysis Tool



POWER  POWER: 
PhylOgenetic WEb RepeaterPhylOgenetic WEb Repeater

Provide a seamless way to conduct the complex phylogenetic
l i f  Bi l i  analysis for Biologists 

An integrated and user‐optimized framework for biomolecular
phylogenetic analysisphylogenetic analysis
POWER uses an open‐source LAMP (Linux, Apache, MySQL, 
PHP) structure and infers genetic distances and phylogenetic
l ti hi   i   ll t bli h d  l ith  (Cl t lW d relationships using well‐established algorithms (ClustalW and 

PHYLIP)
Through a user‐friendly web interface, users can sketch a tree g y ,
effortlessly in multiple steps
Furthermore, iterative tree construction can be performed by 
adding sequences to  or removing them from  a previously adding sequences to, or removing them from, a previously 
submitted job



Make Phylip Packages into Automatic Flow



Inside of POWERInside of POWER



POWER: PhylOgenetic WEb Repeater

http://power.nhri.org.twhttp://power.nhri.org.twp //p gp //p g

Nucl. Acids Res. 2005 33: W553‐W556



PhylOgenetic Web Repeater (POWER) 

D  I MSA  l i Ph l  i f  Data Input MSA parameter selection Phylogeny inference 



PhylOgenetic Web Repeater (POWER)y g p

O i  f S l i  f Selected method for Options of 
bootstrapping

Selection of 
substitution model

Selected method for 
phylogeny inference 



PhylOgenetic Web Repeater (POWER)PhylOgenetic Web Repeater (POWER)
Result and Logs

Online or as bookmark

Online Tree 
editor

Used 
parameters

Or E-mail notification

Re-perform the 

parameters

process 
by items added or 

deleted
Downloaded files

deleted



h l b ( )PhylOgenetic Web Repeater (POWER)

Add/ delete sequences to invoke new job



Publication in POWER Publication in POWER 

Mol. Biol. Evol. 23(2):279–291. 2006



Service Usage of POWER from 2005 July.



Service Usage of POWER from 2005 July.Se ce Usage of O f J y

Near 7,400 Visits

More than 136,000 sequencesMore than 136,000 sequences



Automatic On-Line Demonstration 

http://www.nhri.org.tw/nhri_org/bs/biostat/power.swf



PHYLIP package on POWER   [http://power.nhri.org.tw]



POWER Listed in Bioinfo Portals POWER Listed in Bioinfo Portals 
PHYLIP Programs maintained by Joe Felsensteing y J

Recent listings: 
POWER server (26 August 2007) to align sequences and infer phylogenies, 
http://evolution genetics washington edu/phylip/software serv htmlhttp://evolution.genetics.washington.edu/phylip/software.serv.html

BioToolKit by CSHL press (BioSupplynet.com)
ALL CATEGORIES / GENOMICS RESOURCES / EVOLUTIONARY AND COMPARATIVE BIOLOGY (80)

Bioinformatics Links Directory
DNA : Phylogeny Reconstruction

ONLINE ANALYSIS TOOLS (http://molbiol‐tools.ca/)

ExPASy (Phylogenetics and taxonomy databases & ExPASy (Phylogenetics and taxonomy databases & 
resources)



General Pipeline for Phylogenetic Analysis

Bootstrap
Substitution Model

Multiple Sequence Alignment

Tree Construction

Selection of inference MethodsSelection of inference Methods

Evaluate phylogenetic tree



Phylogenetic AnalysisPhylogenetic Analysis
Character state methodCharacter state method

Maximum parsimony
Di t   th dDistance method

Neighbor‐joining and UPGMA method 
Fitch‐Margoliash method

Maximum likelihood methods
determinate evolution model first, then construct 
system treessystem trees



Flowchart of AnalysisFlowchart of Analysis



Distance Method  MP and MLDistance Method, MP and ML
Which method should we choose?Which method should we choose?
The main disadvantage of distance‐matrix methods is 
their inability to efficiently use information about local their inability to efficiently use information about local 
high‐variation regions that appear across multiple 
subtreessubtrees.
ML is broadly similar to the maximum‐parsimony (MP) 
method, but maximum likelihood allows additional 
statistical flexibility by permitting varying rates of 
evolution across both lineages and sites.
ML, a better choice?ML, a better choice?



Maximum Likelihood Maximum Likelihood 
Conditional probability of the data (Aligned sequences) Conditional probability of the data (Aligned sequences) 
given a hypothesis (a model of substitution with a set 
of parameter ɵ and the tree τ including topology andof parameter ɵ, and the tree τ, including topology and 
branch lengths)

L( ) P b(D | )L(τ, ɵ )=Prob(Data| τ, ɵ )
Or 

Prob(Aligned Sequences| tree, model of evolution)



Maximum Likelihood Estimates (MLE)Maximum Likelihood Estimates (MLE)

The maximum likelihood estimates (MLE) of τ, ɵ areThe maximum likelihood estimates (MLE) of τ, ɵ are 
those making the LH function as large as possible

L( )τ, ɵ =max L(τ, ɵ) 
Hence, what we usually call the likelihood of the tree isHence, what we usually call the likelihood of the tree is 
not the likelihood of the tree, but the probability of the 
data given that the tree is the true treedata given that the tree is the true tree.



Basic Substitution Model Basic Substitution Model 



Ill i  f DNA b i i  Illustration of DNA substitution 
ModelModel

GTR (f  f   h    i   f   h    i  GTR (for four characters, as is often the case in 
phylogenetics) requires 6 substitution rate 
parameters (x1~x6), as well as 4 equilibrium base 
frequency parameters. 



Illustration of Models for DNAIllustration of Models for DNA



BackgroundBackground
Model fitting in phylogenetics has been suggested for Model fitting in phylogenetics has been suggested for 
many years, yet many authors still arbitrarily choose 
their models  often using the default models their models, often using the default models 
implemented in standard computer programs for 
phylogenetic estimation  phylogenetic estimation. 
Here, we want to show the way that a best‐fit model 

 b   dil  id tifi d  C tl   i  th  can be readily identified. Consequently, given the 
relevance of models, model fitting should be routine 
i     h l i l i   h     d l   f in any phylogenetic analysis that uses models of 
evolution.

http://www.ncbi.nlm.nih.gov/pubmed/12116655?dopt=Abstract



Motivation IMotivation I
Provide a seamless way to conduct the complex y p
phylogenetic analysis for Biologists 
An integrated and user‐optimized framework for An integrated and user optimized framework for 
biomolecular phylogenetic analysis
PALM uses an open‐source LAPP (Linux  Apache  PALM uses an open‐source LAPP (Linux, Apache, 
PostgreSql, PHP) structure and 
PALM infers genetic distances and phylogeneticPALM infers genetic distances and phylogenetic
relationships using well‐established algorithms (ClustalW , 
PhyML  ProtTest  Modeltest) in automatic pipelinePhyML, ProtTest, Modeltest) in automatic pipeline.



Motivation IIMotivation II
Model can be selected by following methods including y g g
hierarchical likelihood ratio tests (hLRTs), Akaike information 
criterion (AIC), and Bayesian information criterion (BIC)
PALM can help user to construct the tree with bootstrap based 
on best substitution model chosen by maximum likelihood. 
Through a user‐friendly web interface, users can sketch a tree 
effortlessly in multiple steps
Furthermore, iterative tree construction can be performed by 
adding sequences to, or removing them from, a previously 

b itt d j bsubmitted job



Component Programs of PALMComponent Programs of PALM
PhyML 3 0PhyML 3.0

ModelTest 3 7ModelTest 3.7

ProtTest 1.44

ClustalW 2.0.3

Seqret (EMBOSS)



Models Used in PALMModels Used in PALM
For DNA (24 models)For DNA (24 models)

JC69, K80, F81, HKY, TrN, GTR
+I, +G

For Protein (96 models), Time consuming

JTT  M REV  M M  M A  D h ff  WAG  R REV  JTT, MtREV, MtMam, MtArt, Dayhoff, WAG, RtREV, 
CpREV, Blosum62, VT, HIVb, HIVw
+I, +G, +F



PalmMonitor for Protein ModelsPalmMonitor for Protein Models
96 Models

8 8 8 8 8 86 parallel processesp p



Decreasing Time by PALMmonitorDecreasing Time by PALMmonitor

According the algorithm used in PALM, some According the algorithm used in PALM, some 
models will take a lot of time to calculate the value 
of maximum likelihoodof maximum likelihood.

• JTT MtREV 3h:00:50 
MtM MtA t h• MtMamMtArt 3h:29:04

• Dayhoff WAG 2h:50:16 
• RtREV CpREV 2h:50:19 
• Blosum62 VT 2h:49:17 49 7
• HIVb HIVw 2h:56:38 
All Models 7h:32:10All Models 7h:32:10

Source: 25 sequences with 5000 residues for each



Input and Output of PALMInput and Output of PALM
Input format (Protein and DNA)Input format (Protein and DNA)

Fasta format
Phylip format: Aligned SequencesPhylip format: Aligned Sequences
User tree (if submitted and valid)

Output 
Tree topology by php and GD libraryp gy y p p y
Tree file in Newick format
Aligned Sequence in phylip formatAligned Sequence in phylip format
Best model selector by PALM



Flowchart of PALM
FASTA

Sequence

ClustalW PHYLIP

Sequenceq q

DNA Protein

PhyML
ProtTest

ModelTest
disable specific 
nodes and  re‐
submit input

best model and result reports

submit input

bootstrapping
result page and 

PhyML
p g

tree drawing



Result of PALMf



Demonstration of PALMe o st at o of

Access : http://palm.iis.sinica.edu.twAccess : http://palm.iis.sinica.edu.tw



Bootstrap (BS) AnalysisBootstrap (BS) Analysis
Bootstrap analysis is the most 
often used method for 
statistical evaluation of 
phylogeniesphylogenies.
In general:

BS >95%: Often close to 100% BS >95%: Often close to 100% 
confidence in that branch
BS>75%: Often close to 95% 

fid  i  th t b hconfidence in that branch
BS<75% : Maybe a correct clade
due to the original bias connotg
be corrected by the re‐sampling 
process. 



Input Sequences Make the Tree Different 

HIV

Hraber et al. Virology Journal 2006 
3:103  doi:10.1186/1743‐422X‐3‐103



Future Plans for PALMFuture Plans for PALM
Integrate more substitution models into PALMIntegrate more substitution models into PALM
Improve and optimize the performance of whole 
pipelinepipeline
MrBayes will be implemented into this system for 

i  i fBayesian inference.
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hp‐DPI
flyDPI
Reconstruction of Human protein network
Topological analysis by Hubba



Motivations
Combine accumulated fragmentary informationfragmentary information
( i l i i ) i     l l  il l  i

Motivations

(experimental interactions) into a systemssystems‐‐level picturelevel picture
(embrace experimental and putative interactions) with 
spatiotemporal scenariosspatiotemporal scenarios
Construct entire networkentire network including those interactions can’t 
be done due to experiment limitation (ie. Toxic and 

b b d )
p

membrane proteins can not be tested in Y2H ).
Understand host and pathogen networkshost and pathogen networks, how they merge 
during infectionduring infection
Provide a multilayered and integrated viewintegrated view to control 
diseases ranging pathogenic infectionpathogenic infection to cancercancerdiseases ranging pathogenic infectionpathogenic infection to cancercancer



Deciphering Protein into Domains

Using the protein‐protein interaction Using the protein‐protein interaction 
(PPI) data set to infer domain‐domain 
interaction (DDI) for specific 
organism. Then using the predicted 
DDI set can infer other probable PPI 
set

Protein Interactions

set
Deciphering the domain interaction 
will allows us to discover novel 
interactions between proteins that 
contain domains with known binding 

tpartner.

Domain Interactions



Previous Work I: 
Helicobacter pylori- Database of Protein Interactome

Over 1,200 interactions were 
identified between H. pylori  (strain 
26695) proteins connecting 46 6%26695) proteins, connecting 46.6% 
of the proteome. 

Predicted 
interactions

Experimental
interactions

The network of whole proteomeThe network of whole proteomePi 

Dm 

Pj 
Dn 



Previous Work, hp-DPIe ous o , p

ureaseurease

This website can be accessed at This website can be accessed at http://dpi.nhri.org.tw/hp/http://dpi.nhri.org.tw/hp/



Search Result of hp‐DPI



Edges Patterns for Interaction

Dotted Line

Inferred data onlySolid red Line

I f d d t  (P b 1)Inferred data (Prob =1)

but not Exp data

Solid Line

Dotted Line

Exp data

Solid purple Line 

( related with Level 2 object)
Solid Line

Exp. Data and 
inferred  Prob =1

Solid curve -Self Interaction

Exp. Data and inferred Prob =1
but Inferred data 

With Prob<1

Inferred data (Prob =1)

but not Exp data 



Discover New Research Targets with hp-DPI

Urease

bases



Network of Urease Complex Network of Urease Complex 

UreF

U H

U A

UreB
UreHHP0775

UreA

UreE
UreC gppA SecF

UreI

UreE

ggt UvrA UvrB

UreG
SerA

ggt

CopA HP0137SerA CopA



Annotated Protein Function by Interacting Partners

DNA binding proteinHMG1‐box  g p

ATPase component of 
h i   d li  

HMG1‐box 
containing 
protein

chromatin remodeling 
complex

transcription related proteintranscription related protein
ATPase  ?

T i ti   l ti  

component of 
chromatin 
remodeling  Transcription regulation, 

chromatin binding

T i ti  f t  III  T

remodeling 
complex

Transcription factor III, Tau



The Evolution of the Flagellum 

f l lReference: Uetz, et al., J. Bacteriol. 2006



Flagellum of H. pylori

Reference: Uetz, et al., J. Bacteriol. 2006



hp‐DPI  (http://dpi.nhri.org.tw/hp/)



h l dhp-DPI Selected into 
2006 The Molecular Biology Database Collection by NAR 



Visit Statistics for hp DPI Visit Statistics for hp-DPI 
from 2004/11/22 ~ 2008/07/1

Visits near Visits near 11,00011,000



P i  W k II  Previous Work II: 
Fly Database of Protein Interactomesy f

Query in Full Text

Search Result & http://flydpi nhri og tw Statistical Estimation Network Visualization 
& popup annotation

http://flydpi.nhri.og.tw



N  F t  i  Fl DPINew Features in FlyDPI

Ping-Pong SearchPing Pong Search

Full-text Search

Chromosome Location

Gene Categories form GO 
Spatiotemporal Scenarios



Search Results of FlyDPISea c esu ts of y
Ping-Pong SearchGeneral Search

Map of proteins potentially involved in apoptosis 
generated by ping-pong search. By the click on the 
nodes or lines between two query proteins, the 

A snap of the experimental and inferred visualized 
interaction networks of D. melanogaster interactome q y p ,

advanced option will remove the paths related or 
confine the paths with the selected nodes or lines

under specific spatiotemporal scenarios. 



Interaction Network Amid Gro And 
Its PartnersIts Partners



FlyDPI --
(h //fl d i h i )(http://flydpi.nhri.org.tw)



Visits of FlyDPIVisits of FlyDPI (Dec 2006- Aug 2008)



Framework for Database of Protein 
Interactome  DPIInteractome, DPI

Pi 

Dm 

Pj 
Dn 



Candida albicans Protein Network

Candida albicans is both a 
l d hcommensal and pathogen

of humans that can infect 
a broad range of body 
it  sites. 

Endogenous C. albicans
infections are established 
by cells that normally by cells that normally 
colonise mucosal surfaces 
or skin as harmless 
commensals  and that are commensals, and that are 
triggered to cause 
infection by changes in 
the host immune system the host immune system 
or microflora.



C. Albicans with 
Antifungal Drug Resistance Antifungal Drug Resistance 

Question emerging after Question emerging after 
abusing Antifungal drugs
Id tifi ti   f  l d  Identification of novel drug 
targets by network biology is 

    l   h   blway to solve the problem.



Inferred Protein Interactions by 
hidden DDIs from Yeasthidden DDIs from Yeast

Yeast Protein interactions 
(Y H  l )(Y2H only)

Putative C. albicans
Physiological Physiological 
ScenariosScenarios

Protein interaction
Domain‐interaction Network of yeast



CaPTION-CaPTION-
C. albicans Protein interaction Network



Interface of CaPTION (available soon)f f ( )



Ecoli DPIEcoli-DPI



Network Biology:
Hub/ Essential Proteins Identification



The Ways to Detect Hubs

Degree (Jeong H. et al.,2001)g g
Bottle Neck (Przulj N. et al., 2003)
Percolation Based (Vi) (Vi) (Chin et al., 2003)( )( ) ( , 3)
Subgraph centrality (SC) (SC) (Ernesto, E et al., 2005)
Maximum Connected Component from Neighborhood Induced Maximum Connected Component from Neighborhood Induced 
Subgraph ( MNCIS ) ( MNCIS ) (Our team, 2007)
Maximum Connected Component from Neighborhood Induced p g
Subgraph with Density (MNCISD)(MNCISD) (Our team, 2007)



Hub Object Analyzer: Hubba

http://hub.iis.sinica.edu.twhttp://hub.iis.sinica.edu.tw
To appear on NAR 2008 Web issue



The Relationship of Top 10 in Yeast 
Complex Network (PPI from DIP  2007 Jan)Complex Network (PPI from DIP, 2007 Jan)

Fragile motif in whole network



Identification Target Proteins and Hubs 
f  N l C  Th ifor Novel Cancer Therapies

Hub protein can be Hub protein can be 
treated with RNA treated with RNA 
i f  t  i f  t  inference to inference to 
perturb the perturb the 
network, then stop network, then stop 

Putative Protein Network in Putative Protein Network in 
Human Cancer Human Cancer 

the progress of the progress of 
tumorstumors

Human Cancer Human Cancer 



f d bInferred Protein Interactions by 
Conserved and hidden DDIsConserved and hidden DDIs

Human evolutionary Human evolutionary 

Pathogen 
Network

Human evolutionary Human evolutionary 
conserved DDIsconserved DDIs

Physiological Physiological 
ScenariosScenarios

Putative Human 
Protein interactionHuman experimental Human experimental 

hidden DDIshidden DDIs
(inferred from recent (inferred from recent 

publications and public DBs )publications and public DBs )



Human Protein NetworkHuman Protein Network



Confidence score (CS)
Interolog score (I)

Confidence score (CS)
te o og sco e ( )

Domain‐domain combination score (D)

Tissue specificity score (T)
Sub‐cellular localization score (L)
Cell cycle stage score (P)Cell‐cycle stage score (P)



Interactome among Pathogens and Host 

There are 148 nodes and 172 edges in your network. The clustering coeffcient of this 
network is 0  and the average path length of this network is 3 24812  network is 0 , and the average path length of this network is 3.24812 . 

Source: EBV and Human, Dyer et al., 2008 Source: Our own with Vidal et al., 2007



I f Y i i i d H  hInteractome of Yersinia pestis and Human host
There are 5656 nodes and 4949 edges in your network. The clustering coeffcient of this 
network is 0 , and the average path length of this network is 1.156491.15649 . 

http://hub.iis.sinica.edu.tw/Hubba/result.php?ID=upload/2008_04_30_02_36_24



Protein-protein Interactions For The Ataxia Network

There are 36073607 nodes and 69726972 edges in your network. The clustering coefficient of this network is 0.05703380.0570338 , and 
the average path length of this network is 4.186964.18696 . 

Top 100 Top 10

http://hub.iis.sinica.edu.tw/Hubba/result.php?ID=upload/2008_04_20_00_44_35

Top 100 Top 10



k k hA Protein Interaction Network Links GIT1, an Enhancer 
of Huntingtin Aggregation, to Huntington's Disease

There are 182182 nodes and 592592 edges in your network. The clustering coeffcient of this network 
is 0.239540.23954 , and the average path length of this network is 2.854592.85459 . s 0. 39540. 3954 , a d t e ave age pat e gt o t s et o s .85459.85459 .

Top 90 Top 10

http://hub.iis.sinica.edu.tw/Hubba/result.php?ID=upload/2008_04_16_23_12_26

Top 90 Top 10



E  S b k i h Extract Sub-network with 
Targeted GenesTargeted Genes

Targeted Genes
ACEACE
ACE2
AGTR2
AGT

BDKRB2 R l i hi    BDKRB2
GHRL
NTS

AGTR1
ARRB2

Relationships among 
these proteins

Human Interactome, HPRD, 2007/9/01



Ongoing ProjectsO go g ojects
Human Stem cell research and regenerative medicine  for 

  i   fil   d TF  l   k stemness on expression profile and TF regulatory network 
(Collaborated with GRC, Academia Sinica) 
Protein interactions in the approaches of network analysis 
and systems biology for human and several model 

l ( d borganisms on various spatiotemporal scenarios (granted by 
NRPGM)
Electronic Lab Notebook (ELN)



Electronic Lab Notebook (ELN)Electronic Lab Notebook (ELN)
Digitalization of Lab notebook from text, gif, raw data, even g , g , ,
animations with functions of full text search and security
Two kinds of version will be provided in the end of this year.

For group use: Linux‐based version
For personal use: USB‐ELN, windows/ Mac‐based version



MyBLAST (Customized BLAST Framework)y ( )
http://mybioweb.nhri.org.tw/myblast



MOLASMOLAS
MicroArray On Line Analysis System (MOLAS): MicroArray On Line Analysis System (MOLAS): 
a web‐based customizable bioinformatics 
package designed for manager and analyze package designed for manager and analyze 
massive array data

New Experiment Design

Upload raw datap

Web interface Exp – Experiment Data Data Normalization Experiment Result 
and Analysis



Annotated-Feature Extractor from GenBank

Coming Soon



Bioinformatics Core for Genomic Medicine 
and Biotechnology Developmentand Biotechnology Development

h // bih // bihttp://www.tbi.org.twhttp://www.tbi.org.tw
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