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Objectives

» Comparative genomics and Interactomics
» Provide handy bioinformatic tools on-line as
listed below:
» Primer design tool with a web interface.
» Phylogenetic analysis web tool
» Protein-protein interaction prediction tool.

» Acquaint users in need with these tools via
workshops and assistant services.




Platform Based on LAMP

Linux
Operation System Query by Web interface
. (Wingx/Me/Z_OOO/Mac/Unix
Apache (with OpenSSL) Linux/Solaris)
Webserver :
Maintenance
MySQL through web interface
Relational Database
(=]
PHP _ m——
Server-side HTML embedded = >
?grlptlng language with GD Web database
Ibrary « Linux
* Apache webServer,
« MysSQL

 PHP control language

Infrastructure for Large Scale Studies

e PC clusters for high throughput computation for large-scale
sequence phylogenetic analyses and protein motif analyses.

internet




Currently available service

e Comparative Genomics

- Primer Design Assistant

(PDA) d

e Assistance of primer @ pp
design for single or
multiple sequences
under the same
condition

e Providing a easy way to  nttp://dbb.nhri.org.tw/primer/

design the nested
primers for specific PCR
Reactions

Primer Desiqn Assistant

Currently available service (conti)

e Primer Design Assistant  Ineutformat @ faste € et
(PDA) Sequence(s) input H
or fils upload ’
- Customized PCR =
conditions —
Primer length: 13 *
PCR product size:  |150 =
Dimer check —— Dimer check: & Mo © Yes
Hairpin check —— Hairpincheck: & Mo © Yes

5°GC content check —— 5' GC content check: & Mo € Yes

3’GC content check —— 3' GC content check: & MNa € Yes
Covered region —»  Covered region Start from | —End on]|

=earch reset




Criterion for PDA Setting

e Default Settings

e Advanced options

Dimer check:  This option turns on can avoid primer dimer
Repeals Any four continual nuclectides (AAAA, TTTT, farmation.
CCCC, or GGGG) will be avoided for both } —
forward and reversed primers, Continuous Hairpin check:  This option turts on can avoid infermal sell-
dinucleotide repeats, suchas  ‘ATATAT® ,are 22 :
also avoided. 5'GCcontent  Check the GC% of 5'to add the ability to
C/G clamp Gor Con the end of 3 terminal check: recognize the template and enhance the priming
% 25% ~ 5% Stbh,
oc - y6e Check the GC% of 3 to avoid mismatch to
Tm Tm ol forward and reversed primers restricted to | check: avoid mismatch.
| higher them 30°C Covered region: By entering the strt position and stop positon,
ATm restricted to be smaller than 5°C you can get the PCR product containing the
segment you need.

Calculation of the Stab

ility of DNA Duplexes

A Primer-to-primer annealing

primer 1 5°|
primer 2 3
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C Primer-to-template annealing

5 3
e I
template [} —

D Nearest-neighbor parameters
for all possible NN dimer duplexes.
Modified from SantaLucia 1998 (10).

Free Energy Parameter

Sequetice (4G 50)
ha -0.73
At -0.61
Ac -1.16
Ra -0.92
T a -0.32
Tt -0.73
Tec -1.03
Tg -1.16
Ca -1.16
ct -0.92
ce -1.57
cg -1.81
Ga -1.03
Gt -1.16
Gc -192
Gg -1.57

A 0.98
T 0.986
c 1.00

1.00




Ranking Mechanism

R = 100 — A(T,) + AGY, e (3" — 5') + AGL e (3 — 5') + hairpin score + dimer score

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

Currently available service (conti)
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Currently available service (conti)
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Use PDA to Develop PCR kits for SARS Detection
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Result of Real-time PCR for SARS-CoV Detection
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Primer Design Assistant (PDA)

| Cases

I {-) Control

proved to reach 97% successful rate
Free access

~360,000

Primer Design Assistant (PDA): a web-based
primer design tool
S.H. Chen', C.Y. Lin*, C.S. Cho, C.Z. Lo and C.A. Hsiung

Fiscaived Fetuary 15, 19, 208 200

e Primers designed through PDA has been experimentally

Visits from 2003/07/01~2006/10/16 : ~61,000
Report primer sequences generated in this period of time:

Nucleic Acids Research, 2003, Vol. 31, No. 13 3751-3754
DOL. 10,109 3narfpkgS 50

Division of Blostatistics and Bioinfarmatics, National Health Research Institutes, #128, Yen-Chiu-Yuan Rd
Sec. 2, Taipei 115, Taiwan and 'Institute of Zoology, National Taiwan University, Taipei, Taiwan




Accumulative Visitors and Sequences
during 2003. Jul ~ 2006. Oct
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Statistics of PDA for International Service
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Future Plan for PDA

e Based on the similar algorithm with principles
from the wet lab, we will develop novel
interfaces to design the primers/probes for
Multiplex PCR, Real-time PCR, methylation
PCR etc..

e Of course, all the applications will be online and
accessed freely.

Pipeline for Multiple PCR Primer Design

‘ Target sequences in fasta format
Az 1
[y

.., Select organism

!

Avoid over-presented region in target sequence

Based on thermodynamic theory and other critical issues,
select primers near 3’

!

Ranking the candidate primers

Outiut on web in a session Iin 60 secl




Database of Protein Interactome, DPI

NH | Yeast Protein Interactions Network
Wl

et CIviston of Blestarit s e Bl ormatics

yeast ORF search

New Approach for Interactomics

1
Experimental based on ‘ Computational based on
I

X-ray crystallography

NMR spectroscopy

Yeast two-hibrid

Co-immunoprecipitation

Other affinity methods Domain Interactions

Protein array
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Inferred Protein Interactions

e Data from protein
interactions
- Wet lab produced

e Inferred protein
interactions from domain
interactions

- Association method

- EM(Expectation
Maximization)- MLE value

Helicobacter pylori (4« ® % {)-
Database of Protein Interactome (ioinformatics, 2005)

Letters to Maturs
The protein- protein interaction map of Helicobacter pyiori
s Crevtaphe Bar. L Gakg. Wi Do Sene, reaie Bt

Cora
Bty Sk B, Gt aniars. 1 aban Patm. Mrlmg Seagca’, et
o [ e e L

Over 1,200 interactions were . ‘& oo 2, G-
identified between H. pylori (strain e ) N
26695) proteins, connecting 46.6% ——— e ——

of the proteome. ' o e

L

At .eractions
st

f‘ The network of whole proteome
@
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Service to be announced

Database of Protein Interactomes (DPI)
f@z\/‘
[ T O"'?Fnr SearCh
B Nam. ‘dMes , ' by
> or fu}/IOCUS
l‘e)(t \

Senrch the Flebd 3 [3 =] ju 190000, g, resan

Enter the Keyword - L
=
|

Vot e an tnpmt multzple items, exth separated by comma '’

Urease

Service to be announced (conti)

save current page savetotal

total @ current -8

1

prob.

,ﬁ% = |HPDDE7 similar to GEMS4336 SP: QOG0T PI:485336 PID:1 247672 GELAEDDS! 1 percent idertity: 100 00 idendifizd by sequence

simirty; putative
‘ CH |Hpnm [ sinler to 51 MB4335 SP-Q9066E PID435335 PD:1 247672 GBAEDOSH 1 percert idertiy: 100,00, deniified by sequence

simiarty; putative
‘ 2 |Hvuues

CH ,m’g sinlr 19 G~ Se I ect p refe r red 00, enified by sequence
= WF’W statistical 1 Wentied by seavence
(] ’m’g sinarto GBMBL... th resho I dS v 100,00, dertified by secience

‘ ,ﬁv |HPUU73 simiar to SP:P14816 FID:1 48010 PID:43634 GB:AEOO0S11 PID:1 567118 percent idertity: 100.00; icertified by sequence

simierty; putative
‘ - |HPDD7S

ureH wease scoessary protein

uresse acosssary profein

Es e -t iertity: 100,00, deniified by sequence

uref Wease scoessory protein

urease accessary protein

urease acosssary profein

urease beta suburit

wrease dgha subunt- wea

e, amidohycrolese

similer to GEMEN39E SP:P25177 PIN149008 GB: AEU00S11 PINZ31 3156 percent identity: 100.00; identifid by seduence

et simirty; putative

uresse protein
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Search Result of hp-DPI

[ A | B | ¢l b E F
_1 |Catabas
2 |Frobability range: Z06
ou search by: urease Elitoal: 2 __|_ o —
4 | parent orf parent boous  child of child locus probebility  real interaction
. 5 |HAOTS WTA HPOOTS ureA 1Y
arch type: full text = RIS 63
HPOLET 1Y
orf @ HPOO73 254 ompE real N
locus @ uref 5] 17
description : urease alpha subunit- urea amidohydrolase s 17
. GO : nickel ion binding activity. la31 pict 17
urease activity. a2 0S¥
nitrogen metabolism. 677 17

KEGG : Purine metabolizsm.

Ures cucle and metabolism of amino groups. 57 leoB Ly

Aty TS ol 1Y
razine degradation.

level i1 821 uwrC L7

JEx7 sy

urwase accesscny protein

AEDOO511 porcont identity:
iy, putative

| UrRAGS ACCASEOTY protein
B AEOCET T parcent identity: |

5 UrBaSE BCCEESONY protein
\ e
ureH : ] ¥ pu

; SR GE AECKOAT 1 purcent idenity
putative

11 percent iderity: 100.00; |

urian ActEEnoey protoin

urease beta subunit

fry, putatve |
xsef gOUAE PID 1557116 percent wintity, 100,00, | wwwase alpha subund. wea
alvy amidohydrotas
| =) eoarsjuec| el " Wierinig s Ol | uresse protein

uence similanty; putative

Edges Patterns for Interaction

parent locus: copl
orf: HP1672
child locus: nod
orf: HPE593
probability: 8.5
real interaction; N

probability: 1.6
enp. interaction: W

Solid red Line
Inferred data (Prob =1)

Dotted Line

Inferred data only

but not Exp data

parent locss: spal
orfz WRIS
ehild locus: spol
erf: 1W0r7s
probability: 1,0
enp. Anteraction: ¥

probability: 8.5
enp. interaction: ¥

enp. interaction: N

probability: 1.6
enp. interaction: ¥

Solid purple Line Dotted Line

Solid Line ( related with Level 2 object) Exp data
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Discover New Research Targets with hp-DPI

Acidic Gastric Juice

Urease

C=O(NH,)2 + H* + 2H,0 -ty

HCO, + 2 NH,*

pH=4

rucus gel layer bases

R D VA W e |

Network of Urease Complex
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Annotated Protein Function

HMG1-box DNA binding protein
containing
protein ATPase component of
chromatin remodeling
complex
ATPase transcription related protein
component of
chromatin
remodeling “ Transcription regulation,
complex YBR123C chromatin binding

Transcription factor 111, Tau

hp-DPI (http://dpi.nhri.org.tw/hp/)

INFORMATICS

o
et ey B et B

Institution: Natienal Health Research Intitutes San [ a5 Pecsonsl Subscrbar

Browformatics Advance Access pablushed oaline on October 28, 2004
det10, 10934 A

Bacmaformitcs © Ondford Usswiaty Prost 20043 o) raghts posiod
FRscerved June 24, 2004

Ravsied Sapaessbes 17, 2004

Accaped Oxtober 17, 2004

hp-DPL: Helicobacter pylori database of protein interactomes- embracing experimental
and inferred interactions

Chung-Yen Lin 1", Chia-Ling Chen 1, Chi-Shiang Cho |, Li-Ming Wang !, Chia-Ming Chang |, Pao-Yang Cben |, Chien-Zen Lo |,
and Chan A. Hyiungs !

¥ Byviuon of Biostatisties and Becuaformatics, Nutioea] Hualth Rewmared Invtitemes. #1285, Sec 2 Yans-Choo-Yan Rd. Tupen 115, Tuwan

* To whom coermpondeace thoeld be sddrpsiad
Chung-Yon Lin, E-mil: ool @bt cop tm
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hp-DPI Selected into
2006 The Molecular Biology Database Collection by NAR

Nucleic Acids Research

siences » Huslesg Acids asearch » Datahase SUDmArs Pager 64

T
* Mphatetcal
hp-DP1 » CategerniPapar List

AR Molpcubar Diclogy Databisss Coliscton aniry sumber 664
Bt dpd rn o teted

Database Duscription

Dwtabase of Groban interactons in Maioobacter opkort

Corngery: Matatalc snd Sqratng Pathmars
Subcatagery: Inbsrmslscular insaractions sad sgnsbng pathass

Coppright © 2008 Dinfard Jsumals

Visit Statistics for hp-DPI
from 2004/11/22 ~ 2006/10/11

visit statistics
1200
Vvis1t flaccumulativel)
1000 H Eres M
Boo H 000 b
L o mp isits over 3500
- 2000
400 H w0
>
%00
200 H
1 A 21000
o LLL]
SOOI e

eyl
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Features in hp-DPI
(BMC Bioinformatics, 2006, In press)

e Functions of hypothesized proteins can be
speculated through such a network approach as
well

e This system not only generates inferring
interactions but also functions as an examining tool
to point out possible false positive results derived
from two-hybrid experiments.

e With LAMP, this system is able to provide high-
quality and speedy services with free cost.

Fly Database of Protein Interactomes

Contact

:;@ ‘;;éghrlm melanogaster
:i\:.:-».-.:s “Database of Protein lnteractomer&@ Help

LY
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Hybrid Model for Estimation

e Maximized Likelihood Estimation (MLE)

- To incorporate the global consideration for whole interactimes
and the experimental error ignored by local estimate, the
likelihood function L is based on all potential protein
interactions.

L= H (Pr(oij = 1))Oij (1_ Pr(o; = 1))L_Oij

The comparison of Association Measures and Hybrid Model
-by the number of interactions predicted at each threshold

14000
12000 @ Association

0 Hybrid [

10000
8000 -
6000 = -
4000 L

2000 :ﬂ_ =

0 L)
1 09 08 07 06 05 04 03 02 041

Threshold (probability cutting-off)

Number of interactions




New Features in FlyDPI

@éﬁtﬁhﬂn melanogaster 5 @ conist

vever  Bgtabase of Protein interactomes: i vk
¥

P=generat searen == === Ping-Pong Search

s et s 2 8 ¢ s m

et i a0 2] e i T

Erdar tha aymond

Full-text Search

gl et sl by g s, 0 8 g

Chromosome Location

Gene Categories form GO
Spatiotemporal Scenarios

e 1

Search Results of FlyDPI

General Search Ping-Pong Search

iy rferced Entarsction

L}
e
e -
® =
= 2
*
.
Focuis node
OG8N
.
F—— & 2. e
[T p———— .
L3 3 L3 L = & @ 2
i ' % s
.

. . . i Map of proteins potentially involved in apoptosis generated
A snap of the experimental and inferred visualized by ping-pong search. By the click on the nodes or lines
interaction networks of D. melanogaster interactome between two query proteins, the advanced option will
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Bioinformatics Core for Genomic Medicine
and Biotechnology Development

Unit1

[tp://www.thi.org.tw

Comparative Genomics and
Interactomes

°  National Health Research Institutes

Devision of Bioi tics and Biostatistics, 0

The long-term objective of the Unit is to provide the
state-of-the-art bioinformatics services to investigators
in the area of genetics, genomics and proteomics

research. Our effort is concentrated on comparative r
genomics and interactomes. Unit 3 provides in-house
developed databases and analytical tools of genomics
and proteomics.
.-

Unit 4 Unit 5

Since 2002 Taiwen Bicinfermatics Institute, All Rights Reserved.
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—
User

By Sequences input or
Keywords Search

N

M vgv'v‘
. @‘?\!’ﬁ

Results for <::

'I:_.- Col3iniy Seiirnce & Provearmics Datalg 77~

Primer and Probe
Design Tools

@ S Hhendotn B )
¢ fﬁ-
'*"-‘J-pmms: of Pra Fidk OIS

Database of Protein
Interactomes

RO WE 5

Phylogenetic

Analysis Tools |_
NOLAS _

Microcrray Online Anslysis Shsiem

Microarray Analysis
Tools

Value-added Databases b d

& Analysis Tools

-PDA (Online)
-PDAI
-Methyl-PDA

-hp (Online)
Fly (Ready)
-Yeast (Ready)
‘Worm
-Mouse
Human

POWER (Online)

MOLAS-Lite (Ready)
‘MOLAS

CDSPD (INV)
(Ready)

-CDSPD (Ready)
(MAM,BAC,VAL)

-CDSPD (HMN)
.CDSPD (ALL)

Thanks for Your Attention!
And Time for Demonstration

Division of Biostatistics and Bioinformatics

Systems Biology and Network Biology Laboratory
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