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Outline

* Solving the Biological problems in
Computational methods and statistics

e Genomics studies for high throughput research
e Phylogenetics analysis
e Protein interactome

e Network comparison and topological analysis
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Platform Based on LAMP/ LAPP

Linux
Operation System Query by Web interface
(Wingx/Me/2000/Mac/Unix
Apache (with OpenSSL) /Linux/Solaris)
Webserver _
Maintenance
MYSQL/POSth‘SQL through web interface
Relational Database
=
PHP ]
; &
Server-side HTML embedded
i<;.c§1pt1ng language with GD -
= Linux
Apache webServer,
MySQL

PHP control language
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Motivation for PDA

° Integration of experiences from wet-lab and computational
technology to perform primer design in large scale PCR under similar
Tm value.

Primer Design Assistant (PDA) is a web interface primer design
service combined with thermodynamic theory to evaluate the
fitness of primers.

It runs in a Linux-Apache-MySQL-PHP structure on a PC equipped
with dual CPU (Intel Pentium IIl 1.4 GHz) and 512 Mb of RAM.

A succinct user interface of PDA is accomplished by built-in
parameters setting. Advanced options on 5 GC content, 3' GC content,
dimer check and hairpin check are available.

TTA Orm' A

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 I-77gh Throughput
Research : PDA

» Primers designed through PDA has

9 G : PDA been experimentally proved to reach

Primer Desi9n Assistant

97% successful rate

» PDA can be used to design the primers

set for high through put experiments.

i For example, for 96 /384 format PCR
Dimer check. @ No © Y
Hairpin check’ @ No © Yes Rx.
5 GC content check, @ No O Yes
36 contentcheck: @ No 0 Yes
i Sarifiom™——— =Emion| > http://dbb.nhri.org.tw/primer/

» Published on NAR 2003



Criterion for PDA Setting

* Default Settings

Repeats Any four continual nuclectides (Aa A4 TTTT,
CCCC, or GGGG) will be avoided for both
forward and reversed primers. Contimuous
dinuclectide repeats, such as  "ATATAT | are
alzo avoided.

C/G clamp G or C on the end of 3' terminal

GC % 25% ~ 5%

Tm Tm of forward and reversed primers restricted to
be higher than 50°C

ATm restricted to be smaller than 5°C

Tn("C) =599+ (041 x GC content) — (

675
primer length

* Advanced options

Dimer check:

This option turns on can avold primer dimer
formation.

Hairpin check:

This option turns on can avold internal self -
complementarity.

5' GC content
check:

Check the GC% of 5'to add the ability to
recognize the template and enhance the priming
specificity.

3' GC content
check:

Check the GC% of 3'to avoid mismatch to
avold mismatch.

Covered region:

By entering the start position and stop position,
you can get the PCR product containing the
segrment you need.




Calculation of the Stability of DNA Duplexes

A Primer-to-primer annealing

Pﬂ'l'ﬂl"l & 5

et S ¢
—
sliding directien

C Frimer-to-femplate mmealng
5 3
primer
template 4 §Y

D Nearest-neighbor parmmeters — l
for all pessible NN dimer dnplexes, -
Mathﬁndmmm 1995(19} A’l‘(‘G’l‘ 5
' Free Energy Prmmeter ‘i‘ TAGCC- 5’
M (4G a0}
Aa -0.73 (-0.61)+(-1.03)+(-1.81)+(0.98)= -2.47
At =0.61
: : _;;: When sequence 1 [5'- atcgt -3'] gligns to
T & 032 sequence 2 [3'- tagcc- 5'], the first base
ol 0.73 of the first sequence (a) matches to (t)
s ihos in sequence 2, and follows with three
Tg -1.18 . . .
Ca 1.16 more Watson-Crick pairs. The fifth
et 0.92 base mismatches. The NN propagation
Ce -1.57 energy of the continuing base pairs
:7 :’:; (at), (tc), (cg) and the mismatched
& : :1'15 base (t) in primer 1 are summed up: (-
&e -1.82 0. 61)+( -1. o3)+( -1.81)+(0.98)=-2.47.
Gg -1.87
A 0.80
T 088
e 100
& 100




Ranking Mechanism

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

R = 100 — A(T,,) + AGE (3" — 5"+ AGS

torward reverse

(3" — 5") + hairpin score + dimer score

To avoid the mis-priming amplification, the 5' end of the
primeris expected to anneal to target templates more
stable than the3' end



Currently available service (conti)

» Primer Design Assistant
(PDA)

e Customized PCR
conditions

Dimer check
Hairpin check
5'GC content check

3'GC content check
Covered region

—

search |

Input format; & fasta C text
Sedquence(s) input ]
or file upload
=
| HE... |
Frimer length: [19 =]
FCE product size: |15E| -]

Dimer check: * [No 0 Yes
Hairpin check: Mo € Yes
S content check: & Mo € Yes

3G content checlk: & Mo ¢ Yes

Startfroml - End onl
resetl

Covered region:



Currently available service (conti)

s (¥2pA

Primer Design Assistant

Input format: & fasta C text
Sequencels) input =]
or file upload

=]

| . |

Primer length: [19 =]
FCR product size: |15E| -]

Batch primer
design for
unified
experimental
conditions



PDA

Report page

Repeats
. . .. | 5'GC | 3GC
. . . . avold | C/G |GC 2 dimer hairpin covered
tormatprimer lengthprimer window size Tm contentontent ; ST TS
CAAAA Clamp| B Tm check | check Tegion
check |check
TTTT...)
5% = |
tesxt 19 150 e yes | ~ lepepioep| 10 jile) no jile) ~  atggegtctecttctagaaa...
5%
fall et primer GC% | Tm | offset |rank FCE product
forward primer cccgctgiicaccctgite 6316 | 5027 | 25320 | 1 coogoigticaccotgtict...
Teverse primer ccggacccigaccaaaice 63,16 | 5027 | 2679
frrward nrimer goravercgagcaalirae A2 1A RO 2T | 708 7 o oA v e A wrAatea ot
Convenient S e -
al - = format
Excel E | F | G H [ 1t | 1 [k [ 1 | M [ w
1 |C/G clamp GC conteni Tm ATm dimer chec hairpin cheS' GC chec 3" GC chec covered region
d Own I O ad 2 |yes 25% ~TS% =E0T =5 no no 1o no ~
| 3 |
| 4 |
| S |
forvward primer CCagccacacgcgcl 6 laggagccectecgatacagctacaaccocgaccagttccacaacategacctcaggggesoccoccaceatecetcaccattccccctocaccagesac
Teverse primer tcgtggactcegggic 7
5 |offzet rank FCE product
9 3530 1 cocpotgticaccotgticticaccicagaactcoccaggtitacazazagocagigcaazagococticcooctaccgaagza)
10 2679
11




Primer set for Nested PCR in PDA

Input target sequence

Sequence(s) input
or file upload

atgcttcaaccgactggatcttccaccatatcoctocgtactccatattgta
tgaaaagctottaacageagtagaggaaaccageaccttaggactt (=
gagtga -

Primer length:

PCR product size: Get the primer set and their location

Dmrcreck. o Yes O

. i Eepeats | '
Halfplﬁ check: © No jile= . . . . avoid | C/G | GC A dimer hairpin 2GC | 3'6C covered
tormatprimer_lengthprimer_window_size Tm contentcontent|”
{ AsAA clamp % Tm check check check | check | fegion
5' GC content check: © No ® Yes TTTT...)
25% e
3 GC content check: & No Yeg fasta 19 150 VT | VeS| ~ |onamcas VeS| Tes | yes | ves ~ a
?5%50 CETC
Covered region: Start from —End on partial txt primer T offsetrantN_

fgﬂ;g? cccgetgttcaccetgttg £3.1650.273530 ) 1 ccc%gttcaccctgttcttcacctcagaactccccaggtttacagagagu

[everse ccggaccctgaccaaalqu.lf) 50273679
primer

‘\




Primer set for Nested PCR in PDA

Modify the size of Product and fill
the location of 15t PCR product

Input format:

@ fasta © text

Sequence(s) input
or file upload

=AB048365.1:21. 4773
atggegtctecttctagaaacicccagageecgacgecggigeaagg (51

-

agccgctcecgatacagetacaaccccgaccagticcacaacatgg
arrtcannanconcerocacnatoacotcaccatteooeactocar T

Primer length:

PCR product§ize:

Dimer check:

@ No O Yes
Hairpin check: @ No © Yes

5 GC content check: @ No © Yes

()

3 GC content check:

@ N = “r\..-..?

Covered region:

Start from 3530

— End on 3873

Get the primer sets for nested PCR
with 500 bps product

Eepeats
. . . . avoid | GG | GC A
f@rmatpnmer_lengthpnmer_mndow_mze( aAA A clamp| % Tm -
TTTT...)
fast 19 500 % = =
asta ves | yes | ~ i s
TS%SG ChC
|mstlen | _primer  GC% Tm ditsetank
7
f;;f;;;f( ccitgcaggetgecticcac 684252432492 1 cotdhcagectece
reverse \
primer chaggatgcgﬁ%.@ﬂ.ﬂ E‘% //
fg;?;;? tgcaggctgccticcacce 684252433494 1 2 tgcaggctgcctt
reverse
primer cagagccagacccaggatg 63.1650.273993




Use PDA to Develop PCR kits for SARS Detection

> d 32003 # ¢ pril * chSARS-CoVie s = 2 &5k 7 '

% 1" }?3-%— + 2 e ’q—\r‘liblt#i e ST 3 m’}’ﬁ’?ﬁ'ﬁ = ;?ﬁt*ﬁ B3 o
R ET o Ao T ERREL F?Z EN - v
7 B2t BB E 4] B (CDC, Taiwan) 3 & 11 8 &R 2. & P

< 5k o

SRR R Y AT B s sl 3 4RiS EPDA KB TR 0
% 313+ & £ dimer % hairpins #9753 > 4eiE 7 R ;z{‘ S

st run RT-PCR + 2nd run Q PCR » ¥ 3v1.5/)
“"‘*’566 B’i’ e }?3 £ 3108 > & ¥




Result of Real-time PCR for SARS-CoV Detection
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rimer Design Assistant (PDA)

visit statistics (top 15)

45000 4306
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Primer DesiGn Assistant
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sequence statistics (top 15)

11977 11370 11107 10950 5731 7306 7156 6611 6441
|_|||_|||_|||_|||—|||—||,—||,—||,—||5,E|4|4,E3|4'ﬂ|5|
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Nucleic Acids Res. 2003, 31: 3751-3754



visit laccumulative)

120000 =

100000 =

s (¥2pA

e Primer DesiGn Assistant
=
%)60000 -
4o000 | sequence laccumulative)
£50000 ¢
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S50000 F
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From July 2003 to Aug 2008

Over 100,000 Visits and 600,000 submitted Seqs Nuclaic Acids Res o003 31: 37513750



Usage of PDA Worldwide

NLD, 961 ESP, 801 NLD, 4409
SWE. 1101 \CH E, 3826
p ITA, 4936 4
CHN, 120 MY, 5497 g
MYS, 1327 SWE, 5632 N\

GBR, 1384

Visits Submitted Seqs

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



BNMC Bioinformatics

Software
ProbeMaker: an extensible framework for design of sets of
oligonucleotide probes
Johan Stenberg*, Mats Nilsson and Ulf Landegren
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p. 4336-4341

Vol. 44, No. 12

Specific Primers for Rapid Detection of Microsporum audouinii by
PCR in Clinical Samples’

H. D. Roque,' R. Vieira,? S. Rato,' and M. Luz-Martins'*
Laboratdrio de Micologia, Instituto de Higiene e Medicina Tropical/CREM, Universidade Nova de Lisboa,

ey

Primer Design Assistant
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Lisboa, Portugal," and Servico de Dermatologia, Hospital Curry-Cabral, Lisboa, Portugal®
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Research : UPS

qu Probe Selector ﬁ s O 5

Home  Demo Help  Contact

& Unigue lrobe within group O Unique Probe in the specific organism

ULz MiTlET e | AEdEE_gSgER  (yElEve_TevEr_memaule) |

Sequence (s) Paste
or File upload

I [E®E_] DEMO
Probe Length

Probe # for each sequerce (maximum 3)

Job note (opticnal) [ |

E-mail {optional) | |
(Recommended)

Genomics Studies For I‘-lwighiThroughput

T0L¢ |osfiute efinfermation Bolgnos, Aoadamiz Shied, &l righte ressrved,

Laetad updatad SROFMENS

BMC
Bioinformatics

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/

BMC Bioinformatics 2008



Brief on Unique Probe Selector (UPS)

Although most of these tools aimed on designing probes for microarray, only
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.

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
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.



——
e —

InfmStructure of UPS

* Under the consideration of efficiency and performance, we adopted the
LAMP structure (Mandrake 2007, the operating system , Apache
(webserver), PostgreSQL (database) and PHP), to provide the web access,
files upload/ download, mail notification and data storage.

* All the calculations related with unique probe design was performed on a

window-based machine in Delphi code.
-
Apache Job record

Notify users by mail
to check

Delphi on
Windows

the result on web page

Mail Server

Windows part Linux part

5




Basic Criteria for Probe Selection

@ Probe length: from 30 ~ 120 bps
@ Melting Temperature

v" The probe annealing temperature (Ta) is determined by melting
temperature (Tm). Probe Tm deﬁ)ends on several physiochemical

factors and is calculated in the fo
Nearest Neighbor model

ATm=AH / (10.8 + AS+ R xIn (C / 4)) - 273.15 + 16.6(log [Salt])
® Sequence complexity
v 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.

lowing equation based on



Basic Criteria for Probe Selection

@ Computation of secondary structure formation

v We use a perl program UNAFold.pl integrated into UPS to
calculate AG

© Continuous stretch and identity between probe and no-
target template

v 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
energy <-35 kcal/mol (it will depend on the length of
probe) between probe and non-target templates.



emonstration olePS 2.0

Aedes aeqypti  (vellow_fever _mosguito)

Ancphelez_gambias (African_malaria_ma=aquito)
Apiz_melifera  (honsy_bee)
Arabideopsiz_thaliana (thale_cres=)
Branchiostoma_fleridae  (Flerida_lancelst)
Bombyx_mori  (domsstic_silkworm)
Brazzica_napuz (rape)

Unique Probe Selector 6 @ 6 [§Bos_taurus  (catte)

Home  Demo Help  Con

@ Unique Probe within group
() Unique Probe based on the specific mgamﬁn

|‘-\.Ed&5 aegypti (vellow fever mosguito)

Probe Uniqueness*

Caencrhabditiz_eleganz (nematode)
Caniz_familiariz (dog}
Ciona_intezstinaliz
Coccidicides_pozadasii
Chlamydomonaz_reinhardtii
Ciona_zavignyi

Citruz_sinenziz (Walencia_orange)

C) Unique Probe based on user's defined erganism) Dictyostelium_discoideum  (slime_mold)

| Browse
Sequence (s) Paste or File upload® =
Browse| DEMO
Probe Length 0w
Probe # for each sequence 1w (maximum 3)

Job note {optional)

E-mail*

Drozophila_melancgaster  (fruit_fh)
Danio_reric  (zebrafizh}
Funduluz_heterocltuz  (killifizh}
Filobazidislla_neoformanz
Gazterosteuz_aculeatuz (three_=spined_stickleback)
Galluz_galluz (chicken)
Gossypium_hirzutum  (upland_cotton)
Glycine_max (zovbean)
Gibberella_moniliformiz
Gozzypium_raimondii
Helianthuz_annuuz  (=unflower)
Hwdra_magnipapillata

Homo_gapiens  (human)

Aquilegia_formoza_x_Aquilegia_pubs=scens h

[Salt] salt_conc 058 (0~1M)

Degenerate prabe allowed © yes @ no




Demonstration of UPS 2.0

@ Unigue Probe within group

Probe Uniqueness*

Sequence (s) Paste or File upload®

Probe Length

Probe # for each sequence
Job note (optional)

E-mail*

[Salt]

Degenerate probe allowed

C Unigue Probe based on the specific organism

Acdes aed) eve

O Unique Probe based on user's defined organism

| | B

=ABL ~
AMGGTAGCTGATTTTGGCCTGAGCAGGTTGATGA =
CAGGGGACACCTACACAGCCCATGCTGGAGCCA
AGTTCCCCA s
| [(#¥.. ] DEMO

70 v

(maximum 3)

|PTP family |

|'_.ramat|:rlin @gmail.com

salt_conc 0.58
C yes ® no




0 C -

Umque Pr bc’, Selector ﬁ » G &

Home  Demo Help  Contact

Dear Sir,

We accepted ; — il be done in a few mmutes to

http:ifarray.iis.sinica.edutwiupsiresult. php?1ID=2007 0827232034

J

[ Add to my favorite

Your faithtuly:

UPS Administrator.

@ 2006 Institute of Information Science, Academic Sinica. All rights rezerved.



Notification by Email

Message from UPS , time stamp : 2007/08/27 - 23:21:22
UPS administrator T 3

Dear Sir or Madam,

The job 'PTP family’ you sent has finished!
You can check the result from the link below.
Thank you for using UPS.

Y our faithfully.

LUPS Administrator.

Job D - 20070827232034

http-//array_iis_sinica_edu_tw/ups/result. php?ID=20070827232034

May the UPS with you.



utput of UPS

Job Note

: PTP farmily

Type of Probe Unigueness : Unique Probe within group

Total : 111
Sequence_ID
ABL

ARG
EGFR
THKA
THK
TYKZ
TYRO3
VEGFR1
VEGFR2
VEGFR3

== =k | ek ek | ek ek ek o=k | ek | =k

40

SEERER28 3¢k

Rani | co% | 1|
56

73
68
69
T8
68
T
73
69
70
5

Qutput for UPS

[ Advanced Optionz fiter ]

probe sequence

ctgagcagattgatgacaggggacacctacacagceccatgetggagecaagttccecatcaaatggactyg
gagccaaatttcctattaagtggacageaccagagagtcttgectacaataccttctcaattaaatetga

gcagaaggaggcaaaqtgcctatcaagtggatggeattggaatcaattttacacagaatctatacccace

tggtgcggectetgggeggtgeccggggecgctacgteatgggegggeccegecctatecectacaccty
agccaagttcccaatcaagtggtecoctoctgaagtttttettttcaataagtacageagtaaatetgat

cctagccaaggcecgtgeccgaaggocacgagtactaccgegtgegegaggatggggacagoccegtgtic
tcggactctcccggaagatctacagtggggactactatcgtcaaggetgtgectecaaactgectgteaa

gecttgoccgggatatitataagaaccoogattatgtgagaaaaggagatactcgacttectetgaaatg
gcccgggatatttataaagatccagattatgicagaaaaggagatgetegecteoctttgaaatggatag

gcettgoceccgggacatctacaaagaccccgactacgtccgeaagggeagtgeccggetgeccctgaagtyg

Qutput for Download

We provide more information for each probe in following files.

1. Best probes in fasta format Q

2. All probes in fasta format Q

3. All probes in CSV (with Tm, CG%, deltaGG. Best_hit, Max_overlap, Identity ) Q
4. In silico hybridization check for each probe by BlastN Q

0.183
1.154
-1.485
-3.79
0.502
-1.649
-0.65
0.096
0.232
-1.705



Advanced Options

Job Mc*

Type (

Total : 111

ABL
ARG
EGFR
THE
TXK
TYK2
TYRO3
VEGFR1
VEGFR2
VEGFR3

We provid
1. Best prob
2. All probe:
3. All probe:
4. In silico by

GC%

Tmrange

from % to %
not lower than °C

Job Note

: te=t in =afari

Type of Probe Unigueness : Unigue Probe within group

GC%
Tm range

Total : 105

. from 35 % to 65 %
. not loweer than 50 *C

Qutput for UPS

I I K K = S (7T

ARG
EGFR
TEK
TYRO3

;
]
;
;
;

40
44
40
54

73 ctgagcaggtigatgacaggggacacctacacageccatgctggagecaagticcecatcaaatggactg  0.183
(3] gagccaaatttcetattaagtggacageoaccagagagtctigoctacaatacctictcaattaaateiga 1.154
69  gcagaaggaggcaaagigoctatcaagiggatggeatiggaatcaatittacacagaatetatacccace . -1.485
B6a agccaagticccaatcaagtggtococtoctgaagtttttctittcaataagtacageagtaaatctgat 0.802
73 tcgoactctccocggaagatctacagtggggactactategtcaaggetgtgecteccaaactgectgtcaa -0.65



Output 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 )

@ Insilico hybridization check for each probe by BlastN

BLASTN 2.2.15 [Oct-15-2006]

Reference: Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer,

»AEBL 1 Jinghui Zhang, Zheng Zhang, Uebb Miller, and David J. Lipwan (1937),
- hit_ID length of | o e "Gapped BLAST and PSI-BLAST: a new generation of protein database search
agttocoocatcaaatggactgoacocogagagoctggoctacaacaagttotoog H-SEiEr= ) programs”, Nucleic Acids Res. 25:3389-3402.
SARG 1 TC12005 485 5.00E-36 ueryezL 1
— TC12005 485 5.00E-36 170 letrers)
tooctattaadgtgyacagoaccadqagagtoct tyoctacaatacottotoaat tafarc ey e byyget \ N \
Database: D:)Genbank)BlastDE)HsDB
*EGF R_l Sequence_ID |Rank D'D"S‘Itt';‘n ©G3%| Tm |CGinside | TMinside Probe sequence Y TER) BRI SEEEpEh) BRl, S
sagtgoctatcaagtgyatgyeattggaatcasattttacacagasat o tat ac oo o500, ; - o R v e T done
>THNE1 1 Stlislh L TR I I 0 B M e e e
agttoococatcaaatgyactgoacocgagagooctgyoctacaacaagttotocatcaagtocogacgtotg S B
SCTLCOUUot Ut LEL 2 T £l ST e Sequences producing significent aligmments: (bits] Value
=TERE 1 x> | | identity | Gaps | position | position | position | position |delta G| Qc fo 431048 e oot
atgacaaggtacgtt SR B e S B = R B S e S S e B R B [P S, 70-70-100 |0-0-0% . qluEry . i;EN C‘:"f Gi:‘[ 0561 | v .
e - ‘ ‘ >Hs. 431048
}TYKz 1 :}ABL_?B 70-70-100 (0-0-0% 1 70 5 74 0527 | ¥ Length = 5831
£ t-_ r gttocccatocasatggactgoaccogadagoctggoctacaacaadttoctocatcaadgt oo gac gt ot oo Score = 139 bits (70), Expect = 7e-033
gractacocgogutocg Identities = 70/70 (100%)
}ARG_]- Strand = Plus / Plus
toctattaagtggacagoaccagagagtocttgootacaataccttotoaattaaatetgacgtotgggot
“ARG 2 Query: 1 agttococoatcasatggactgoaccogagagcotggoctacaacaagttotocatcaagt 60

PECREEEEERE T b e e e et b e e e e e e e e e e e e e e e i e e e e e e
Shjct: 1695 agtteccooatcasatggactgoaccogagagootggoctacaanaagttctooatoaagt 1754

atttoctattaagtygacagoaccayagagtottgootacaataccttotoaattaaatotyac ot gy

}ARG_'?B Query: 61 cegacgtotg 70

cotattaagtgoacagoaccagagagtottgootacaataccttotocaattasatctyac gt bgygot Hhgets 1755 crmmevrery 1764



upQPCR :: PDA+ UPS

* For specific sequence wanted to identify by Q-PCR,
the following steps can be used to get the primer pairs
and probe

® Submit Sequence to PDA for best primer set with
specific region (or select by PDA)

@ Submit the amplicon to UPS and choose the organism
you used to get the best probe for Q-PCR

u.
i e
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5 oz e
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@ : _ - TN P
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Unique Probe Selector . a A -
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Primer DesiGn Assistant
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Phylogenetic Web Repeater (POWER)

Phylogenetic reconstruction by Automatic Likelihood Model

selector (PALM)

Phylogenetic reconstruction by Automatic Likelihood Model selector

Home  Demo Hep Contact




Classical phylogenetic analysis Molecular phylogenetic analysis
by Morphology By Bio-Molecules
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Brachyura

Astacidea

Palaemonoidea

§ Isodopa

Penaeidae

:-] Isodopa

Brachyura

j Astacidea

] Palaemonoidea

Penaeidae

ylogenetic

CHH Subfamily |
CHH Subgroup
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l
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Phylogenetic Tree

* The tree is composed of nodes connected by branches.

0.1

species A

— specics B

species C

—_— species D

species E

— species F

(Andy Viersiraete

19y

» node : a node represents a taxonomic unit.
»Internal nodes
»External nodes

» branch (edge): defines the relationship
between the taxa.

» branch length : often represents the
number of changes that have occurred in
that branch.

> root : i1s the common ancestor of all taxa.
> distance scale : scale which renresents

W Wl W W W W E W lsiAw VYV Asiawiaa .Lv A Wi wiav

the number of differences between
sequences (e.g. 0.1 means 10 %
differences between two sequences)



Types of Phylogenetic Tree

* Branch: define relationship between nodes

e Branch length: longer branch length, more sequence

changes
Cladogram Phylogram Ultrametric tree
2-13 Bl HCov—229E =
H snRs o. - v u
{ e R
. B Hicov-22 . [ | ° L R I} 0.01. &
a - f W HCoV-0C43 Hl PRCoV - W TGEY
[ u 1 B o - . 1, . u 0.38 -
{ o <} e ] u
l: . HCOV: - = — 0.1 I B PRCOV
B HCoV—NL63 u
- - * + * *
né meaning genatic change time
Rooted with “SARS” in substitutions per By assuming a molecular clock
nucleotide

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



* Same topology in a different style

e 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 tree

» Distance-matrix methods (Dis)
e Neighbor-joining
e Fitch-Margoliash method
e Using outgroups

* Maximum parsimony (MP)

e Branch and bound 'r:"rf;l ~ A_
e Sankoff-Morel-Cedergren algorithm . AV AR+
e MALIGN and POY ,,,73‘**4‘3«\“,_{ (R
* Maximum likelihood (ML) ,fi}‘%h'\ A‘/ "
L ey Gl
* Bayesian inference (BI) S0\



Phylogeny Packages

http://evolution.genetics.washington.edu/phylip/software.html

W [ e |

3 [ R

e

_ Phylogeny Programs
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Phylip

... by type of data

DINA sequence
Protein sequences
Eestriction sites
Distance mattices
(gene fequencies
_uantitative characters
Discrete characters

DNA and RNA sequence data

B DNAFARS. Estimates phylogenies by the parsimony method using nucleic acid sequences. Allows use the full ITTE ambiguity codes, and estimates
ancestral nucleotide states. Gaps treated as a fifth nucleotide state. It can also fo transversion parsimony. Can cope with multifircations, reconstruct ancestral
states, use 01 character weights, and mfer branch lengths.

B DNAMOVE. Interactive construction of phylogenies from nucleic acid sequences, with their evaluation by parsimony and compatibility and the display
of reconstructed ancestral bases. This can be used to find parsimony ot compatibility estimates by hand

B DNAPENNY. Finds all most parsimonious phylogenies for nucleic acid sequences by branch-and-bound search. This may not be practical (depending
on the data) for more than 10 or 11 species.

B DNACONMP. Estimates phylogenies from nucleic acid sequence data using the compatibility criterion, which searches for the largest number of sites
which could have all states {nucleotides) uniquely evolved on the same tree. Compatibility i particularly appropriate when sites vary greatly in their rates of
evolution, but we do not know in advance which are the less reliable ones

tree plothng, consensus trees, tree distances and tree mampulation

by type of algorithm

Heurnistic tree search

Branch-and-bound tree search

Interactive tree mampulation

Plotting trees, consenus trees, tree distances
Converting data, making distances or bootstrap replicat

Heuristic search for best tree

PROTPARS Estimates phylogenies from protemn sequences (input using the standard one-letter code for amme arids) using the parsimony method, in
a variant which counts only those nucleotide changes that change the amino acid, on the assumption that silent changes are more easily accomplished.

B DINAPARS. Estinates phylogemes by the parsunony method using nucleic acid sequences. Allows use the full TUB ambiguity codes, and estimates
ancestral nucleotide states. Gaps treated as a fifth nucleotide state. It can also fo transversion parsimoeny. Can cope with multifircations, reconstruct ancestral
states, use Of1 character weights, and infer branch lengths.

E DNACOMP. Estimates phylogenies from nucleic acid sequence data using the compatibility criterion, which searches for the largest number of sites
which could have all states (nucleotides) unigquely evolved on the same tree. Compatibility 15 particularly appropriate when sites vary greatly in their rates of
evolution, but we do not know in adwance which are the less reliable ones

Z DNAML. Estimates phylogentes from nuclectide sequences by mammum likelhood. The model employed allows for unequal expected frequencies of
the four nuclectides, for unequal rates of transitions and transversions, and for different (prespecified) rates of change in different categories of sites, and also
use of a Hidden Markowv model of rates, with the program inferring which sites have which rates. This also allows gamma-distribution and gamma-plus-

St e Bt Rt o



Interactive Interfage for Phylip

HNucleic acid sequence Maximwuan Likelihood mwethod, wersion 3.6

settings for this run:

i)

L5 B S S e = I o T T T A T — e B I B |

¥ Lo accept these or type the letter for

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

Search for khest tree?

Tranzition/transversion ratio:
Use ewpirical base frequencies?

One category of sites?
Fate wariation among sSites?
Jites weighted?

Gpeedier but rougher analysis?

zlolbal rearrangements?

Fandomize input order of sequences?

Dutgroup root?
Analyze multiple data sets?
Input sequences interleaved?

Terminal type (IEM PC, ANSI, none) ?
Frint out the data at start of run
Print indications of progress of run

Print out tree

Write out treezs onto tree f£ile?
Feconstruct hypothetical sedquences?

Yes=

2 .000a0

Yes=

Yes

Cconstant rate

Mo

Tes

Mo

MNo. Use input order
Mo, use az outgroup sSpecilies
Mo

Yes

AN3IT

Mo

Yes

Yes

Yes

Mo

one to change

1
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Phylogenetic Analysis

* Character state method
e Maximum parsimony

* Distance method
e Neighbor-joining and UPGMA method
e Fitch-Margoliash method

* Maximum likelihood methods

e determinate evolution model first, then construct

system trees

U] J e



eneral Pipeline for Phylogenetic Analysis

i|4512113] gb | RAD
4| 3379BEE] emb | R

wi| 2157033 gb| RAC
o gi| 2811005 =p| 000
10 gi|4240387] gb| RAD
11 gi|4506249] ref |RP
1z gi|5051543| gb| RAD
13 gi|2811066]5p| 008
14 gi|2772900] gb| RRE
1 gi|26E5025|gb|RAG
15 gi|2407316| gb| RAB
17 gi|5669107| gb|RAD
18 gi|4160572]emb|cR

ruler 160 170 130 130 200 210

A RS S i ]

Multiple Sequence Alignment

Methods

Character state
methods

Distance Methods

Maximum
likelihood
mothodes

Nucleic acid

Maximum parsimony
(heuristic search) method

Maximum parsimony
(branch and bound search)
method

Compatibility method

Distance matrix
computation
Melghbor-joining and
UPGMA method
Fitch-Margoliash and least

Protein

Maximum parsimony
heuristic search

method

Distance matrix
computation
MNeighbar-joining
and UPGM4& method

Fitch-Margaliash and
least sguares

sguares method
Fitch-Margoliash and least

method
Fitch-Margaliash and

sguares method with
rmalecular clack

Maximum likelihood
method

Maximum likelihood
method with molecular
clock

least sguares
method with
molecular clock

rA C

Bootstrap
Substitution Model
Tree Construction

I_*—I PRCoV
L cov-2206

I—I HCoV-NL63

— SRS

MHV

l |—I HCoV-0C43
|—I BCoV

TGEV

Evaluate phylogenetic tree



General Rule for Method Selection

Family of Build Strong Y| MP
OO o —y Swome Ly
quences alignment similarity Methods

in

Recognizable _Y’. Distance

similarity Methods
in

ML

Methods

(Mount, Bioinformatics)
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PhylOgenetic WEb Repeater

» Provide a seamless way to conduct the complex phylogenetic
analysis for Biologists

» An integrated and user-optimized framework for biomolecular
phylogenetic analysis

» POWER uses an open-source LAMP (Linux, Apache, MySQL,
PHP) structure and infers genetic distances and phylogenetic

relationships using well-established algorithms (Clustal W and
PHYLIP)

» Through a user-friendly web interface, users can sketch a tree
effortlessly in multiple steps

> Furthermore iterative tree construction can be performed by
o o o~ —— o~ o~ —— = _A.-—J_LA_A- —~

dUUlllg quLlCllLCb LU or IEIIIUVIIIB LIICII lr m, a p VlUlely

submitted job
] Q)ﬁy( Jgenetic Wff;
I_J L_F V il




ake Phylip Packages into Automatic Flow

Parameters Collection Result Display
Pages{WEB) Pages (WEB)

.= ‘_
User Mode C> Repeat <:>

System Mode K
h Clustalw

Raw Seq.

Job pool (DB) [ji] — - o Bt.ain

Aligned Seq'l /

* phy . - D D*.seqhqot
POWERD 2

- 3 i SEQBOOT i
DNAML -
DNAMLK

DMNAPARS

DNAPENNY
DNACOMP - NEIGHOOR

FITCH
PROTPARS *_dist KITECH

DNADIST
PROTDIST =" D — -

2 orMz 1 and not M2

i

* consense.outfile * outfile l * . consense * treefile

CONSENSE

* All files are named JobID _YYYYMMDD_HHMMSS xxx

C) : web site - : program == i : database D : output file




Inside of POWER

Parameters Collection Result Display
= Sequence Preprocessor = Tree Viewer
D » Parameter Collector = Topology Adapter
= Pipeline Recorder < - Sequences Pool Optimizer |

System Mode v

___________________________________________________________

Jobs Pool Parameters DB Sequences DB Trees DB

Raw Seq. I Aligned Seq.l
B 0O —Jl—0—

ClustalW *.phy PHYLIP * treefile
POWERD (POWER Daemon)

= Job Fetcher

- - Pipeline Controller
= Job Progress Reminder
* All files are named JobID_YYYYMMDD_HHMMSS. xxx

: Web - : Program S : Database Cl : Output file

applications




e

POWER: PhyIOgenetfc WEDb Repeater

; @y( genetic £5
http://power.nhri.org.tw [ o D

Nucleic Aci
R:S%:rf:h C ds Select Create M4 PHYLIFP Thank

Fathway Job Pararn.  Param. Yaul

The PhylOgenetic Web Repeater (POWER) allows users performing phylogenetic analysis
with molecular data by most programs of PHYLIP package repeatedly. POWER provide two
pipelines to process the analysis. One of them includes multiple sequence alignment (MSA)
at the begining of the pipeline whereas the other begin phylogenetic analysis with aligned
sequence.

Please start your analysis by selecting the pipeline and the data

type:
POWER: PhylOgenetic WEb Repeater—an integrated and user-optimized . .
framework for biomolecular phylogenetic analysis ®MSA + Phylogenetic Analysis(Input the FASTA format)
Chung-Yen Lin", Fan-Kai Lin, Chieh Hua Lin, Li-Wei Lai, Hsiu-Jun Hzu, Shu-Hwa Chen' and Pi pe line

Chao A, Hsiung

OPhylogenetic Analysis Only(Input the PHYLIP format)

@DNA
Sequence Type

Nucl. Acids Res. 2005 33: W553-W556 OProtein




PhylOgenetic Web Repeater (POWER)

Data Input

Your data type is DNA Sequences.

Please input your data and other related information.

Job ID*

Input sequences in FASTA
format’

Example

Note:

- Length of sequence ID
should be less then 10!

- Only ‘A~Z', ‘a~Z, '0~0', ",
* are valid for Sequence
D!

Or load it from disk
Job Note
E-Mail

If you are submitting a long
job and would like to be
informed by email when it
finishes, please enter your
email address in the space
below

[Z2 (string with character 0~8
a~zA~Z _-)

(please use '’ to separate multiple email
‘addresses)

=

MSA parameter selection

our dahi [ypa 15 CFLA sae,

Please seiect the pan for mutiphe sequance algn

Lete wehich aigarithen for pairise aignment

# Faut Apprommate © Siove Accurste

Pairwize akgmart

Fast-Approximate algotithm

gt (o] iy T v it b st
Toa dagrmty T it s b 1 sty
Windon ez T it e g b 1 iy
Gan ponsiyy T s o g b 1 9
Somten {Pcar 5

Ihsicie asgmart

G0 oo censty FT b e et 010wt w2

) astereyon peraty ™ a0 et 510 ot 103

CHA pmErmaty = =

Tesiton esigping FF it e bt 30 et
Suvrhen by deley T st v e et vy

pr:

Phylogeny inference

FHULIE  Thank

Pam. Yeul

Your data nypa i DMA

Pleaze zeleci the method for pylogenetic analysis,

Characler slale methods

= Maimum pargimony(haurissic srasrch) mathod

= Mgdimum pargimomfbrench nd ound $6arch) mehed
» Compatibility method

Distance Methods
+ Neighbor-joining and UPGMA method

« Fileh a0l v Suares mathiod

= FitchMargeliash and laast squares mathod with melacular clock

Maximurm lkelihood mothodes

drmun likelihood method
ileslihoad method waih mokscur clock




PhylOgenetic Web Repeater (POWER)

Options of Selection of Selected method for
bootstrapping substitution model phylogeny inference
- = be od) | | sa— ing.
. - = Teansitioransversion ratio F imusi besmponiiie res sk

BACK  NEXT, BACK  NEXT.
B =



Online or as bookmark

Dear Sir,

We accepted your submission. The job will be done in a
few minutes to hours. After job finished, you will receive a
notice email. Or You can check the result from the link
below.

tw/power/result page.php?
15 090002

Thanks for using POWER. Any comment will be
appreciated.

Your faithfully.
POWER Administrator.

Or E-mail notification

Subject [POWER® bhiniiwille:07 20° Fisichod ul 2004 07, 20 16.0635
Dear S o Madam

Tha job ‘comenzavieus07 20 you sent at 2004-07-20 1200 37 has fnished!

The whole process that stared o 2004-07-20 150613, and Sneshed &t 2004-07-20 18106735 cost 0000022
You can check the result fom the fink below.

Thaank i fur usang POWER:

Your tathiully.
POWER Administrator.

Job ICcomonevingsV a0
Job Nolc:

D
Q{um’r.wll)ug: nlw;qb_nu-m‘.L;uh_u-.-w.u..m:na@

POWER werzion 1.0
PHYLIP parkags verzion 3.5
Clustah® version 1.52

May the POWER with you.

e —————

710genetic

Result and Logs

Sytem will CLEAN job data regularlyl

We recormmend you to SAVE the phylogenetic tree image youself,
(SAVE NOW)

[CREATE NEW JOE]
For areating a NEW job, clid: feaf node to PICK OFF unnecessary sequences(fou can
click again if you regrat).

W Click and reverse order of subtree that rooted by this node.
M: Sequences which will be reserved for creating new job. Click and pick off It.
: Sequenczs which w'll not be used Fz Tnating new fob. Clidk and get it back.

’_*—I PRCoV
y b ——8 Hoov-220E

1)
L——— Heov-HLE3

. — SRS
8 HHY
HOSW-0C43
— -
— GEv
[TREE PARAMETER]
X factor =] ¥ factor =

Ihhvml

[lob Paramatars]

Jon ID =2 nonavirus(0720 Sequence Type ona
Job Mot « Dv mostration
[Clustalw Parameters]
2 topdiags 4

] 4 aap 5
scorety e CER(EN T P4y, Spopen 15
pwigaps < . 66 QAN 15
gapext 666 maxdiv 30
uicktres ¥ pwdnamatriz g
dnarmatrix e trarswaight 0.5
[SEQROOT Paramatars]
method_type boatstrap no_of_replicates 100
random_seed 777
[DMADIST Parameters]
method_Lype NEIGHBOR distance kirnura
confficiant o transversion_ratio z

base_frequencies

[MEIGHEOR Parameters]

method_type MNeighbar-foiring outgroup_root 0

random_seed (¢}
omonsy s07.d (I7a0 170017
Tmoray rusl (2 LT 70017 3306.0ng
2 Sans LY P L2017 aln
romonavine0720 0720 1 7
comonavirus0720 0720 170017.chvy

e "”"?”

Your data type is DNA Sequences.

Please input your data and other related information.

Job ID*
Input sequences in FASTA
format*

Example

Note:

- Length of sequence ID
should be less then 10!

- Only 'A~Z', ‘a~Z, '0~9', "',
"' are valid for Sequence
D

Or load it from disk
Job Note

E-Mail

If you are submitting a long
job and would like to be
informed by email when it
finishes, please enter your
email address in the space
below

(Z23 (string with character 0~9
a~zA~Z_-)

e TAATTARET THoeaT:
AT A AT T TACCACATT AN AATCATATATIR
TR

)

P TTO IO TTAA T TOATGACAS NS TA TTGTOC TCAKTTOCATITT

ISTOOC T TR TTATUATATTTTTCT T TR TOACCTTT:
ATTEATIENTTTTAC T TCATTATTTTTTTAITAACATTA | G

)

| E

—
(please use "' to separate multiple email
addresses)

@

Re-perform the
process
by items added or
deleted



ylOgenetic Web Repeater (POWER)

i '
o O
f w\.’ -'W\" !--|I
| , E £
i
L]

LF‘:a,sna files (DNA or Protein) )

Aligned files (¥, phy)

Without With
Segboot Seqboot

Add/ delete sequences to invoke new job



Publication in POWER

The Chloroplast Genome of Phalaenopsis aphrodite (Orchidaceae): Comparative
Analysis of Evolutionary Rate with that of Grasses and Its Phylogenetic
Implications

Mol. Biol. Evol. 23(2):279-291. 2006

Ching-Chun Chang.*" Hsien-Chia Lin,*' I-Pin Lin,% Teh-Yuan C}:mv,‘:g
Hong-Hwa Chen,* Wen-Huei Chen,§ Chia-Hsiung Cheng, Chung-Yen Lin,||
Shu-Mei Liu,§ Chien-Chang Chang,% and Shu-Miaw Chaw¥y|

*nstitute of Biotechnology, National Cheng Kung University, Tainan, Taiwan; fDepartment of Superintendent, Tainan Municipal
Hospital, Tainan, Taiwan; fInstitute of Plant and Microbial Biology, Academia Sinica, Taipei, Taiwan; § Department of Life Sciences,
National University of Kaohsiung, Kaohsiung, Taiwan; |[Institute of Information Science, Academia Sinica, Taipei, Taiwan; and
T Research Center for Biodiversity, Academia Sinica, Taipei, Taiwan
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Service Usage of POWER iom 2005

YVisit Statistics

2780
2470 ﬂ
G900p Sequence Statistics
2170
Ja00r |
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Service Usage of POWER om 2005

7E5p Yisit ¢Accumulative)
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Near 7,400 Visits
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25510

ez L
rep

aseer L
a5

FAROD

2005408 2005711 2006/02 2006705 2006/08 2006/11 2007

sppp

34000

17000

2005408 2005/11 2006/02 2006705 2006008 2006711 2007/02 2007705 2007:08 2007711 2008/02 2008/05 2008/08



- t Internet Bxplorer

=l8lx|
BREO RBE WEY FREW IAD HAH

GE-F -9 - Q[ 4| Qs mmeE G5 3B S9F- 2 Ea
] http ffpower nhai org twipowerhome him -

‘ q%y[ genetic EE’
L_‘I‘ l_ _' epeater

'—'Qi i Sl () Ll

Demo ﬂ p Con

| »

tact

Select Create MSA PHYLIP Thank

Pathway Job Fararn. Faram. Yaul

The PhylOgenstic Web Repeater (POWERD allows users performing phylogenetic analysis with
molecular data by most programs of PHYLIP package repeatedly, POWER. provide two pipelines
to process the analysis. One of them includes multiple sequence alignment (M5&) at the
begining of the pipeline whereas the other begin phylogenetic analysis with aligned sequence.

Please start your analysis by selecting the pipeline and the data type:

& MSA + Phylogenetic Analysis(Input the FASTA format)
Pipeline

 Phylogenetic Analysis Only(Input the PHYLIP format)

= DNA

& [ | om0
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BMC Bioinformatics Btoated Cerira

Research article

Linear array of conserved sequence motifs to discriminate protein
subfamilies: study on pyridine nucleotide-disulfide reductases
César L Avilal, Viviana A Rapisarda’, Ricardo N Farfas’, Javier De Las Rivas?
and Rosana Chehin*!

.hdd.rm 'Departamm Ihuqlﬁ:mca dela Numuﬁn, ]mmtutu Supmur d:]mrmugaﬂunm Biolgicas (CONICET-UNT) and Instituto de Quimica
dicl i dn, Argentina and ?Institito de Biologia Molecular y Celular

EMC Biginformatics 2007, B.QE 1, Spain
jfuntedu.ar; Ricardo N Farfas - rfarias@conicet. gov.ar;

8. ZhangY, Jock S, Geider K: Genes of Erwinia amylovora involved
in yellow color formation and release of a low-molecular-
weight compound during growth in the presence of copper

Inrls. Mol Gen Genet 2000, 264:233-240.
M. D, Gibson T}, Plewniak F, Jeanmougin F, Higgins DG: The E
CI.LI TALX windows interface: flexible strategies for multi- hyl \ Jgenetic b

ple sequence alignment aided by quality analysis tools.

Nudeic Adds Res 1997, 25:4876-4882. L ][ ]- epeater
35. Eddy SR: HMMER: Profile hidden Markov models for biologi-

aal sequence analysis. 2001 [htp//hmmer.wust.edu/]. %
3. Page RDM: TREEVIEW: An application to display phyloge- -

neﬂ:ﬁmnﬁpmalmpum&mﬁmw Applications in the Q’M ﬁ

Help  Contact

Dema :

Home

matics 2002, 1: Iﬁ? Iuﬂ
39. Crooks GE, Hon G, donia |M, Brenner SE: WebLogo: A
sequence logo gen . Genome Research 2004, 14:1188-1190.

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



POWER Listed in Bioinfo Portals

* PHYLIP Programs maintained by Joe Felsenstein

» Recent listings:

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

. BloToolKlt by CSHL press (BioSupplynet.com)

/ EVOLUTIONARY AND COMPARATIVE BIOLOGY (80)

. Blomformatlcs Links Directory
e DNA : Phylogeny Reconstruction

* ONLINE ANALYSIS TOOLS (

)
* ExPASy (Phylogenetics and taxonomy databases &

LiANL [ 11V IU LI LI L1 LA 11 1AL LS L

ogenetics and taxono atabases sSources
re S Ource S + COG - Phylogenetic classification of proteins encoded in complete genomes

+» EGO - Eukaryatic Gene Orthologs

+ InParanoid - Eukaryotic ortholog groups

+ Metazome - Phylogenomic analysis of metazoan gene families

+ OMA - Orthologs Matrix Project (OMA)

« TreeBASE - Relational db o fphv\ genetic information

. T F am - T e fa m|| s data b fphy\agenenctrees of animal genes

et metrhe e el ettt ieerray
[ . Th Ph»IOg t N bR p t (PONER]-perform phylogenetic analysis ]

. NE.-'VT U P tT nomvBowser

« CIUSTr - Automatic classificatio fUPtKE!pt into pf\tdpt
« ProtoNet - Classificatio fthpt into hiel hH




eneral Pipeline for Phylogenetic Analysis

i|4512113] gb | RAD
4| 3379BEE] emb | R

wi| 2157033 gb| RAC
o gi| 2811005 =p| 000
10 gi|4240387] gb| RAD
11 gi|4506249] ref |RP
1z gi|5051543| gb| RAD
13 gi|2811066]5p| 008
14 gi|2772900] gb| RRE
1 gi|26E5025|gb|RAG
15 gi|2407316| gb| RAB
17 gi|5669107| gb|RAD
18 gi|4160572]emb|cR
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Multiple Sequence Alignment

Methods

Character state
methods

Distance Methods

Maximum
likelihood
mothodes

Nucleic acid

Maximum parsimony
(heuristic search) method

Maximum parsimony
(branch and bound search)
method

Compatibility method

Distance matrix
computation
Melghbor-joining and
UPGMA method
Fitch-Margoliash and least

Protein

Maximum parsimony
heuristic search

method

Distance matrix
computation
MNeighbar-joining
and UPGM4& method

Fitch-Margaliash and
least sguares

sguares method
Fitch-Margoliash and least

method
Fitch-Margaliash and

sguares method with
rmalecular clack

Maximum likelihood
method

Maximum likelihood
method with molecular
clock

least sguares
method with
molecular clock

rA C

Bootstrap
Substitution Model
Tree Construction

I_*—I PRCoV
L cov-2206

I—I HCoV-NL63

— SRS

MHV

l |—I HCoV-0C43
|—I BCoV

TGEV

Evaluate phylogenetic tree
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Phylogenetic Analysis

* Character state method
e Maximum parsimony

* Distance method
e Neighbor-joining and UPGMA method
e Fitch-Margoliash method

* Maximum likelihood methods

e determinate evolution model first, then construct

system trees

U] J e



Flowchart of Analysis

Family of Build \ Strong Y,| MP
sequences alignment similarity Methods

in

Recognizable E’. Distance
similarity Methods

I~

ML
Methods

h 4

(Mount, Bioinformatics)
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Distance Method, MP and ML

* Which method should we choose?

* The main disadvantage of distance-matrix methods is
their inability to efficiently use information about local
high-variation regions that appear across multiple
subtrees.

* 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?



P e

Maximum Likelihood

» Conditional probability of the data (Aligned sequences)
given a hypothesis (a model of substitution with a set
of parameter o, and the tree 1, including topology and
branch lengths)

L(t, o )=Prob(Data| 1, o )
Or
Prob(Aligned Sequences| tree, model of evolution)
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Maximum Likelihood Estimates (MLE)

* The maximum likelihood estimates (MLE) of t, o are
those making the LH function as large as possible

T, © =max L(t, o)

* Hence, what we usually call the likelithood of the tree 1s

not the likelihood of the tree, but the probability of the
data given that the tree Is the true tree.



Basic Substitution Model

+ The models in the 6TR family are distinguished by their
degree of parameterization

I Nucleotide frequencies : nA= nC=nG=nT=025 6 mA£nC#aG£nT
+  models assuming = frequencies: JC69; K2P, K3P .
. models accomodating = frequencies: FB1, HKYES, TrN23, STR ..

I1. Substitution rates and types: transitions (ti) and transversions (tv)

* There are 4 11 and 8 tv substitution

types; when tifty ¢ 0.5 there is a
substitution rate bias in the data set.
Generally ti »» tv.

* The nucleotide substitution models in the
G TR family are also distinguished by the
humber of rate parameters they use o

accomodate the possible substitutions:

ho.rates  model(s)

I JC69 (Ti=Tv)

2 K2P  (1i ztv)

3 TrM G K3P (2 1i, 1 tw)

& &TR (each its own rate)
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ustration of DNA substitution
Model

—(x1 + 12+ 13) Iy Iy I3
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Base requencies ) O O O
C G T

oo |
Subsitution rates C |:||:|
s [] 0

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

frequency parameters.
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Background

* Model fitting in phylogenetics has been suggested for
many years, yet many authors still arbitrarily choose
their models, often using the default models
implemented in standard computer programs for
phylogenetic estimation.

* Here, we want to show the way that a best-fit model
can be readily identified. Consequently, given the
relevance of models, model fitting should be routine
in any phylogenetic analysis that uses models of
evolution.

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



Motivation |

» Provide a seamless way to conduct the complex
phylogenetic analysis for Biologists

» An integrated and user-optimized framework for
biomolecular phylogenetic analysis

» PALM uses an open-source LAPP (Linux, Apache, :
PostgreSql, PHP) structure and w}_..l

p
e

» PALM infers genetic distances and phylogenetlc \ P aa
relationships using well-established alg(yﬂthms ( ustalW

PhyML, ProtTest, Modeltest) in autom

)-
f'
C
)—

[

Q)
} "CJ
D i



Motivation Il

» Model can be selected by following methods including
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 ;.. o srt

» Furthermore, iterative tree construction camn be Qerformed by

addmg sequences to, or removing them fron’i“ @M10le /

submitted ]OD &

)i
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Component Programs of PALM
»PhyML 3.0 PALM

Phylogenetic reconstruction by Automatic Likelihood Model selector

. 0 & Qg 8
Home  Demo Help  Contact

eeeeeeeeeeeeee

» ModelTest 3.7

O Sequence in FASTA format
> Prot est 1 ttttttttt O Aligned sequence in PHYLIP format
l 4
O DMNA OProtein

eeeeeeeeeeee

» ClustalW 2.0.3

eeeeeeeeee

» Seqret (EMBOSS) | R




Models Used in PALM

* For DNA (24 models)

e JC69, K80, F81, HKY, TrN, GTR
e +I, +G

e For Protein (96 models), Time consuming

o JTT, MtREV, MtMam, MtArt, Dayhoff, WAG, RtR!

CpREYV, Blosum62, VT, HIVb, HIVw
e +1 +G, +F

2
ﬂ
LV,
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Decreasing Time by PALMmonitor

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

JTT MtREV
MtMam MtArt
Dayhoft WAG
RtREV CpREV
Blosum62 VT
HIVDb HIVw

» All Models

Source: 25 sequences with 5000 residues for each



Input and Output of PALM

* Input format (Protein and DNA)
e Fasta format
e Phylip format: Aligned Sequences
e User tree (if submitted and valid)
* Output
e Tree topology by php and GD library
e Tree file in Newick format

e Best model selector by PALM



Flowchart of PALM

ClustalWw

R <«

A
DNA / \Protein
~ PhyML
|
disable specific
nodes and re- ModelTest
submit input l l

best model and result reports

bootstrapping 1
PhyML | = I




~ Result of PAL

Input parameters

PALM Result
Job ID 20080525234728289 z:lt"el;:_;f Substitution Rate 4
qi e Type DNA Model Selection Criterion AlCc
Number of Bootstrap 100 Optimization of Tree Topology Yes
Job Note test in 100 BS Optimization of Branch Length Yes
Starting Tree BIOJ

1.709439

& SARS
0 .13904'

L
I 0.216623
43 HCoV-NLE3

0.332640
& PRCoV

0. 314744

0.18017
¢ G

0. 0861

0.11585
L 1.2578

0897008
& TGEV

HCo¥—229E

(000000

@ HCoV-0C43
0 .26625Ol

I 0.012238
2 BCoV
iy
| 0.117150
% MHY

Result Information

Download Area

FALM

Phylogenetic reconstruction by Automatic Likelihood Model selector

Home  Demo Heip Contact

‘A
Best Model Selected /7~ GTR+G  \
Model Selection Criterion | AlCe )
-InL N\1903 3464
Number of Estimated Parameters
9
®)
| Model | -mL K| AICec | delta | weight cumWeight

GTR+G

n

i ’ 0 0L /. .0 ! d l
GTR+I+G |1904.1582 103828.7664 3822.7422 |0.00e+00 [1.0000
GTR+I 1905.8112 9 3829.9897 3823.9656 0.00e+00 1.0000
TrN+G 1910.6451 6 |3833.4607 3827.4365 10.00e+00 [1.0000
HKY 1912.7156 4 3833.5120 3827.4878 0.00e+00 1.0000
TrN 1911.7296 5 |3833.5806 3827.5564 /0.00e+00 [1.0000
HKY+G [1911.9691 5 3834.0596 3828.0354 0.00e+00 1.0000
TrN+I+G |1910.6479 |7 3835.5234 3829.4993 0.00e+00 [1.0000
HKY+I 1912.7211 5 3835.5635 3829.5393 0.00e+00 1.0000
TrN+I 1911.7354 6 |3835.6411 3829.6169 |0.00e+00 [1.0000
HKY+I+G 1911.9722 6 3836.1147 3830.0906 0.00e+00 1.0000
F81+G 1941.3434 4 3890.7676 3884.7434 /0.00e+00 [1.0000
K80 1945.1681 1 3892.3442 3886.3201 0.00e+00 1.0000
F81+I+G |1941.3442 5 |3892.8098 3886.7856 |0.00e+00 [1.0000
F81 1943.7166 3 3893.4814 3887.4573 0.00e+00 1.0000
K80+G 1944.9779 2 |3893.9800 3887.9558 |0.00e+00 [1.0000

Original File 20080525234728289
Phylip File 20080525234728289.phy

Phylogenetic Tree (Newick) tree20080525234728289.txt

Statistic data 20080525234728289 phyml_stat.txt
Modelselection Information Modeltest20080525234728289.out
Bootstrap Tree 20080525234728289 phyml boot trees.txt

Bootstrap Statistic data

20080525234728289 phyml boot stats.txt




Demonstration of PALM
PALM

Phylogenetic reconstruction by Automatic Likelihood Model selector
Home  Demo Heip Contact

Input Sequences

' Sequence in FASTA format

LENRIVER ) Aligned sequence in PHYLIP format
Sequence type  DNA © Protein

Example File
Sequences

Number of bootstrap data

e 0 - Print bootstrap information

Job Note

Enter your email
e r——— vt p—
AQVd eq up U

Number of substitution rate categories 4 +

uild BioNJ tree ) User tree :‘&

Starting Tree (newick format)

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

Current Status in Queue: There is no job in the queue.

@ 2008 Systems Biology & Network Biology Lab.
Institute of [nformation Science, Academia Sinica, TAIWAN.

Lastest update  2008/07/28 23:22



Bootstrap (BS) Analysis

* Bootstrap analysis is the most
often used method for
statistical evaluation of
phylogenies.

* In general:

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

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

e BS<75% : Maybe a correct clade
due to the original bias connot
be corrected by the re-sampling
process.

TGEV

PRCoV

HCoV-229E

100 — MHV

100

| HCoV-0OC43
BCoV

SARS

HCoV-NL63
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Input Sequences Make the Tree Different

{a) Complete Genome (b) Polyprotein

HIV

{c) 5'UTR (d) Okamoto region of NS5B

~ Hraber et al. Virology Journal 2006
3:103 do0i:10.1186/1743-422X-3-103
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Future Plans for PALM

* Integrate more substitution models into PALM

* Improve and optimize the performance of whole
pipeline

* MrBayes will be implemented into this system for
Bayesian inference.

gl’f{}d ogenetic reconstruction byAutomaﬁ ¢ Likelihood Model selector
H me Demo Hejp Contact
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hp-DPI

flyDPI
Reconstruction of Human protein network

Topological analysis by Hubba

¥ atabase of Protemcm?n'és_ —

Combined with Experimental and lnferring Interactions

,: Dr Agé hila melanogaster

:v:-‘.r:.r.:a:i Database of Protein mteractomes

L)

Wi
an (),



Motivations

* Combine accumulated fragmentary information
(experimental interactions) into a systems-level picture
(embrace experimental and putative interactions) with
spatiotemporal scenarios

* Construct entire network including those interactions can't
be done due to experiment limitation (ie. Toxic and
membrane proteins can not be tested in Y2H ).

* Understand host and pathogen networks, how they merge
during infection

* Provide a multilayered and integrated view to control
diseases ranging pathogenic infection to cancer

- - - N N — N -~ - -
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Deciphering Protein into Domains

» Using the protein-protein interaction 4
(PPI) data set to infer domain-domain | i
interaction (DDI) for specific T
organism. Then using the predicted
DDI set can infer other probable PPI

Protein Interactions

set

* Deciphering the domain interaction 1
will allows us to discover novel
interactions between proteins that
contain domains with known binding
partner.

Domain Interactions



Previous Work I:

Helicobacter pylori- Database of Protein Interactome

P e: P |
i gty
R 4y |
7] iy
T 1
P

7

Letters to Nature

aaaaaaaaa »211-215 (11 January 2001) | doi: 10,1038/35051615
The protein—protein interaction map of Helicobacter pylori

Jean-Christophe raint, Luc Se\igl, Hilde De Reuse, Yéronique Battaghal, Céling
Reverdvl, Stéphane SimumlJ Gerlinde Lenzenl, Fabien Pete\l, Jérdme Wujcikl, wincent
Schichterl, ¥, Chemamat, Agnés Labigne2 and Pierrs Legraint

Over 1,200 interactions were
identified between H. pylori (strain
26695) proteins, connecting 46.6% i

of the proteome. ‘ "T -
Y :

Hhcabadtio Pofhas | Qe

i -t -
“25iPatabase of Pro eractomes — .mm
2 ki Combined with Experimental and Inferring Interactions

Experimental {eilaisl

eractions

The network of whole proteome



ok ' a Contact
- Combined with Experimental and Inferring Interactions

Search the Field = |locus "I (ie. HPOSOOD, hypB, urease...)
orf

Enter the Kells2%

| urease =
hd

You can input multiple items, each separated by comma '’

Search I Reset |

2004 ivision of Biostatistics and Bicinformatics

This website can be accessed at http://dpi.nhri.org.tw/hp/
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Search Result of h
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p-DPI

A B | ¢ | D B F
1 |Databage: hp
_ 2 |Probability range: 20.6
ou search by: urease B Total: 52 | | . o
4 |parent orf parent locus child orf |child locus probability | real interaction
. 5 |HPO70S uvrs HEOO73 ured 1Y
Search type: full text - S e
HPO157 1Y
HPO254  omp8 real N
HPO339 1Y
POZ? 37 HPO425 1Y
HPD431 picl 1Y
HPO452 057
ureB HPO677 1Y
HPO6S7 fecB 1Y
0 HPO7?S spoT 1Y
x5e HPOB21 wvrC 1Y
.ﬂ' HPOG37 057

(RN TR T e SRR (=

s

arity; putative

2 5B AEDODS11 percent identity:

Urease accessory protein

tecl
ur L 672 GBAEDODS11 percent identity:

1 __' ity putative

Urease accessory protein

wEsRBilEty, putative

ureH

g HPOGTZ5E: AEDDDS11 percent identity:

Urease accessary protein

Wi 12478, 5B AEDDDSTT percent identity: .
y _ . urease accessary protein
‘ g L LSty putative
: 0%15%%.33?;0.00511 percent identity: 100.00; tease heta subunit
=Sty putative
=sef / B ODSE PID1SET11E percent identity: 100.00; urease alpha subunit- urea
rpob rCORR: putative amidohydrolase
Lo (el HP11452000511 PID:2313156 identity:
. winan o o o P P A T et 2 : percent identity: .
hinEnl16ues aquence similarity; putative
| x| |HPOO?S |ure H 511 o165 | rmilari . urease protein
—HP153 —W —HP1250

HP1489 rplls

HP1352




parent locus: uvrfA
orf: HPB785

child locus:
orf: HPFBGF7

probability: 1.8
exp, interaction: N

Solid red Line

Inferred data (Prob =1)
but not Exp data

parent locus: rpoB
orf: HP1198

child locus: trcF
orf: HF1541

probability: 1.8

exp. interaction: ¥

Solid Line

Exp. Data and
inferred Prob =1

«

NN

parent locus: spoT
orf: HPB775

child locus: spoT
orf: HPB775

probability: 1.8

exp. interaction: ¥

Solid curve -Self Interaction

Exp. Data and inferred Prob =1

HP1dos

S @

HPOZ4Rnd

parent locus:
orf: HPBG77

child locus: uvrB
orf: HP1114

probability: 1.8
exp, interaction: N

Solid purple Line

( related with Level 2 object)
Inferred data (Prob =1)
but not Exp data

parent locus: copA

child locus: nod

probability: 8.5
real interaction: N

orf: HP1872

orf: HFB593

parent locus: uvrfA
orf: HFB7085

child locus:
orf: HPB452

probability: 8.5
exp, interaction: ¥

Dotted Line

Exp data

but Inferred data
With Prob<1



Urease

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

HCO, + 2 NH,*

bases
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Network of Urease Complex




Annotated Protein Function by Interacting Partners

HMGi-box DNA binding protein
containing
protein ATPase component of
chromatin remodeling
complex
au
transcription related protein
ATPase
component of
chromatin
i o 89C-A oL L.
B 15 Transcription regulation,
complex Yo 23C chromatin binding

Transcription factor III, Tau



The Evolution of the Flagellum

FlhA B FiHL1OPOR
(Tramypon  apparams)

e
45 nm

Structure of a bacterial flagellum. The illustration on the left is a
rotationally averaged reconstruction of electron micrographs of
purified hook-basal bodies. The names of the various parts are
listed in the illustration to the right.

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



Flagellum of H.

HF13//

orf @ HPO&O1

locus @ Flan

dezcription @ flagellin A

GO @ structural molecule actiwvituy.,
ciliarysfFlagellar motility.

KEGG @ Flagellar azzembly.

lewel @ 2

orf @ HP1157
locus @ omp2e
dezcription @ outer membrane protein
GO o:
KEGG @ Non—enzumes.
lewel @ 3
HP1542
onp26
& =
HF1154
orf 1 HPOYSS
lumm.:fhs . cag?6 On q
description @ flagellar protein orf @ HPO3L?
GO : flagella biogeneziz. locus @ omp9
KEGG : Flagellar assembly. dezcription
lewel @ 3 GO
KEGG & Non-enzumes.
level & 3

:oouter membrane protein

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




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

mn |

m Author: Keyword(s): mmemr o mssmw s s s
se| | I

Year: | Vol: | Page: | I N FDHMATI ES
Institution: National Health Research Intitutes Slon In as Parsonal Subscrbar ke Ll

Bisinformatics Adwanca Acesss publishad saline sa Octobar 28, 2004
Bioinformatics, doi:10, 109 3/bicinformatica/btil0 ]

Bicinformatics O Oxford University Pross 2004; all righte ressrved

Recaived June 24, 2004

Revisad September 17, 2004

Accapted Octobar 17, 2004

Ap-DPI: Helicobacter pylori database of protein interactomes- embracing experimental
and inferred interactions

Chung-Yon Lin !*, Chia-Ling Cben !, Chi-Shiang Cbo !, Li-Ming Wang 1, Chin-Ming Chang !, Peo-Yang Cben !, Chen-Zen Lo |,
mnd Cheo A. Hsiungs

1 Division of Biostatistics and Bicinformatics, Nationsl Health Ressarch Institutes. #128, Sec. 2 Yaun-Chio-Yun Rd. Taipsi 115, Teiwan

* To whom corrmpondsnce should be eddrassed.
Chung-Y'en Lin, E-mail: cylin @nhri.org.tw



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

Y BASKET

ABCUT THIS JOURNAL CONTACT THIS JOURNAL SUBSCRIPTICNS CURRENT ISSUE ARCHIVE SEARCH

Oxford Journals » Life Sciences » Mucleic Acids Research > Database Surmary Paper 664

« PREVMIOUS MEXT = ¥ Compilation Paper

¥ Category List
¥ Alphabetical List
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Fly Database of Protein Interactomes
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New Features in -lyDPI

@ ”E'Jr"ésophtla; melanogaster @i‘“ @ contact

sesm Database of Protein Interactomes- ‘éﬂ-"\o@ Help

i “General Search _

Choose high confidence or all: (=) high confidence (J all

Search the Field : | ful text ie. DA repair, ©G10000, 0610001, CT26183

Enter the Keyword

Multiple items allowed by using comma, ", as a separator

order:[of ||

select chromosome : [ALL [w]

select GO category :

select expression{multiple) : | |[21l
use "Ctrl” or "Shift™ for ADULT testes =
multiple options rain

Select Output Field

[ select al [Cunsetect al

orf Cexpression Miocus Cliranscript

[ chromosome [ ene_index [[annatation [fiybase_nate
[ molecular weight [Jname ipr_parert_id interpro_io
[ eategory Oseo_ia [Cdescription [ec

[note Dpath_name Dpath_me [Cmetaboism

T 1

Ping-Pong Search

Full-text Search

Chromosome Location

Gene Categories form GO
Spatiotemporal Scenarios



Search Results of FlyDPI

General Search

only Inferred Interaction Node Annotation

with confidence level i
Flybare_rote @ transcription factor
Gt O banding activiti,

s

parent locus: Jra
orf: CE22TS e vt
child locus: CE13638 et
orf: CG13838 vy,
probability: 8.5
reference; Inferred, Lint20b4)

i

EG:4@gE .4
CELOS7S i Al
R i

chides S
i A
Vi

o arGEesE
CG72EETII0

Experimental Interaction
but with low confidence &

parent locus: Jra

orfi C62275
child locus: A3-3

orf: CE11485
probebility: 8,2
reference; Y2H, Giot{2603)

parent locus: Jra
orf: CG2275
child locus: yin

orf: CG2913
probability; 1.8
reference: YEH, Giot{2803)

parent locus: Jra

orfs CE2D7S Experimental Interaction
child locus; SAK with highest confidence
orf: CG71B6
probability: 1.8
reference: Inferred, Lin{zo64) parent locus: Tel
orf: CGABOE

only inferred interaction child locus: Tl
but with highest confidence orf: Coana

probability: 1.8

reference: Y2H, Giot{20683)

Self- interaction, Experimental
Interaction with highest confidence

A snap of the experimental and inferred visualized
interaction networks of D. melanogaster interactome
under specific spatiotemporal scenarios.

Ping-Pong Search

{®

o g/
~—o
o
L3
remove node:
CG11913 focus node:
CG2830
e
2.
o - emums
e ° ° o @
- o - - PiSesor )
-7-?9 mim
L3

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
advanced option will remove the paths related or
confine the paths with the selected nodes or lines
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FlyDPI --
(http://flydpi.nhri.org.tw)

Proceedings Open Access

Fly-DPI: database of protein interactomes for D. melanogaster in the

approach of systems biology

Chung-Yen Lin* 1:2,3 &4 Shu-Hwa Chen™ 4 £, Chi-Shiang Chol &, Chia-Ling Chenl &, Fan-Kai Lin1 *, Chieh-Hua
Linl & Pao-Yang Chenl =, Chen-Zen Lol ] and Chao A Hsiungl

1Division of Biostatistics and Bioinformatics, National Health Research Institutes. No. 35 Keyan Rd. Zhunan, Miacli County 350, Taiwan
2nstitute of Information Science, Academia Sinica, No. 128 Yan-Chiu-Yuan Rd., Sec. 2, Taipei 115, Taiwan

SInstitute of Fishery Science, National Taiwan University, No. 1, Sec 4, Roosevelt Road, Taipei, 10617, Taiwan

4Stem Cell/Regenerative Medicine Program, Genomics Research Center, Academia Sinica., No. 128 Yan-Chiu-Yuan Rd., Sec. 2, Taipei
115, Taiwan

BMC Bioinformatics 2006, 7(Suppl 5):518  doi:10.1186/1471-2105-7-55-518

Published 18 Drecember 2006

” -

{ BMC
Biocinfomnatics
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Framework for Database of Protein
Interactome, DPI

NH | Yeast Protein Interactions Network

Division of Biostatistics and Bioinformatics

R [ Version 1.0

® Dy yeast ORF search
IbDRFsEarch

O p seann

Do searn
o Search the Field : |Full text -

Ping-Pong searc h

Logout

Enter the Keyword

|
| -|

You can input mutiple items. Each item is separeted by comma ',

Order : |default -

select chromosome : IA” hd

Select Output Field

¥ Select all ™ Unselect all

¥ orf ¥ SGD_ID ¥ Chramasome ¥ locus
 alias ¥ Description ¥ geneproduct ¥ phenotype
¥ Genebank_|D ¥ Protein_ID

Search Reset




Candida albicans Protein Network

B Candida albicans is both a
commensal and pathogen
of humans that can infect
a broad range of body
sites.

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

the hnct immiinea cvctam
CTING TINVJJIU HTIHLHITTTRALING Jy-".\—lll

or microflora.
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“’ﬁl;icans with
Antifungal Drug Resistance

» Question emerging after
abusing Antifungal drugs

» Identification of novel drug
targets by network biology is
way to solve the problem.




Inferred Protein Interactions by
hidden DDIs from Yeast

Cawa T 4

 Yeast Protein interactions
(Yz2H only)

¢

m—)

Physiological
Scenarios Putative C. albicans
Protein interaction

Domain-interaction Network of yeast



ON-

C. albicans Protein interaction Network

aPTION:#

" Candida albicans Protein Interaction Network =

6 & Q

Home Demo Help  Contact

Search the Field :

Enter the Keyword :

{ie: transcription, toxin, Ifyou input multiple items. Each item is separaied by comma *,')

Order :
Select category :

Select Output Field :

Select &l Cunselsct ai
orf description locus CA_accession
YENSNAMme SYNONYMS prociuct DEXREF




. < Select full-text or specific search
Enter the Keyword ;4 scosssion
SEnEmarne
toyin OESCpton
YRS
product
DEXREF

@anut keyword(s) or

daccession number

{ie: transcription, toxin, Ifyou inpui multiple items. Each item is separated by comma ',")

Order - @Oumut of Search result ranked by
Select category © |ALL QRestﬁcny network by GO category
el e U el @Output format of search result

O Select all CUnselect all

Ol orf Cldescription Cllocus CICA_accession

Clgene name  [Jaynonyms Clproduct OODBXREF




Ecoli-DPI

=7

@ Help

& Contact

i&"@@ﬂ@#fl Search

Search the Field : Full Text ~ ie. DMA repair, P00350

Enter the Keyword

Multiple items allowed by using comma, "," as a separator



- Network Biology:
Hub/ Essential Proteins ldentification




The Ways to Detect Hubs

» Degree (Jeong H. et al.,2001)

» Bottle Neck (Przulj N. et al., 2003)

» Percolation Based (Vi) (Chin et al., 2003)

» Subgraph centrality (SC) (Ernesto, E et al., 2005)

» Maximum Connected Component from Neighborhood Induced
Subgraph ( MNCIS ) (Our team, 2007)

» Maximum Connected Component from Neighborhood Induced
Subgraph with Density (MNCISD) (Our team, 2007)

a cique wth 4
5 nodes



Hub Object Analyzer: Hubba

@m >:>

% /

- 21

. Hub 0?71&&5 ANAL yser

Rlease input your data and other related information,

Job ID

Input format

Data input

Or load it from disk

Job note

Email

If you are submitting a long job
and would like to be informed by
email when it finishes, please
enter your email address in the
space below.

mi_h (stiing with character 0~9, a~z, A~7 )

OPS| @Tab OTab with weight value

50065 FO0ESS A
PaGALE PHO4TD |
PAGALL PAZ0GE -

FIVOeS PLPT ™

(please use ','to separate multiple email addresses)

Hubba-Hubba

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

Mucleic Acids
Resegr{h

B s Aot _*
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he Relationship of Top 10 in
Complex Network (Ppi from DIP, 2007 jan)

=T Fragile motif in whole network




Identification Target Proteins and Hubs

for Novel Cancer Therapies

Putative Protein Network in

] B4 PR g o
TIUIaIt «u

Hub protein can be
treated with RNA
inference to
perturb the
network, then stop
the progress of
tumors



nferred Protein Interactions by
Conserved and hidden DDIs

% K
Pathogen
Network

Human evolutionary

conserved DDlIs -

Physiological
Scenarios

Putative Human

Human experimental Protein interaction
hidden DDIs

(inferred from recent
publications and public DBs )



Human Protein Network

Methodology article Highly accessed

Reconstruction of human protein interolog
network using evolutionary conserved network

Tao-Wei Huang! 4, Chung-Yen LinZ34 &4 and Cheng-Yan Kaol5

lDepartment of Computer Science and Information Engineering, Matiocnal Taiwan University, Taipei 106, Taiwan
ZInstitute of Information Science, Academia Sinica, Taipei 115, Taiwan

SDivision of Biostatistics and Bicinformatics, National Health Research Institutes, Taipei 115, Taiwan

41nstitute of Fishery Science, National Taiwan University, Taipei 106, Taiwan

SInstitute for Information Industry, Taipei 106, Taiwan

B author email corresponding author email 6’1\5
BMC Biinformatics 2007, 8:152  doi:10.1186/1471-2105-8-152 Bioinformatics

PPIs in reference . AN,
organisms, e.g. @

mouse, yeast, efc.
ﬁtm -olog using [P

65 = wy w2 bwy o s wp e and C scores
Y DT T, LT R PPIs with feature e
scores (I, D, T, L, P)
in human



Confidence score (CS)

* Interolog score (I) lj = Wee *min(Ify, IR ) * Cap

* Domain-domain combination score (D)

2127 -1 N'(pg'“p,fj) 79 of oy
L= Y ifpd e PDy,pd; e PD T=>1lifloggo—=rz1and logg—L =21
_;El =1 N[,DG"“,DG"]] | | : ‘ i=1 ’ eA ’ eb

* 1ISSUe SpeclIICity Score (1)

» Sub-cellular localization score (L)
* Cell-cycle stage score (P)

CS=WI*L+WD *i+WT*L+WL*;+WP*i

I'n LD T Ly P



Interactome among Pathogens and Host

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

'\ BFLF2 and BFRF1, Identified from EBV (intra) and
Human protein interaction network (PANS, 2007)

GRNZHU

. ,
- ,
. ,
.
-'77;'7_53%\
T \-\'-\.\
B
h
.

méaiaboirop tarpae receplors

Supported citation: BFRF1 of Epstein-Barr virus is
essential for efficient primary viral envelopment and
egress. J Virol. 2005 Mar,79(6)-:3703-12.

i
EBNAZ_EBVG ] Q77 7ET_EBVG
'

Q77 7E3_EBVG

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



Interactome of Yersinia pestis and Human host

There are 56 nodes and 49 edges in your network. The clustering coeffcient of this
network is 0 , and the average path length of this network is 1.15649 .

ENAH_AYMAN

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



the average path length of this network is 4.18696 .

Protein-protein Interactions For The Ataxia Network

There are 3607 nodes and 6972 edges in your network. The clustering coefficient of this network is 0.0570338 , and
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Top 100

Top 10
http://hub.iis.sinica.edu.tw/Hubba/result.php?ID=upload/2008_04_20_00_44_35



of Huntingtin Aggregation, to Huntington's Disease

There are 182 nodes and 592 edges in your network. The clustering coeffcient of this network
is 0.23954 , and the average path length of this network is 2.85459 .

EEEEE

Top 9o Top 10

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



e
e

xtract Sub-network with
Targeted Genes

)

Targeted Genes
ACE
ACE2
AGTR2

AGT
BDKRB2

AJAJ ANAINII &L

T Relationships among

NTS these proteins
AGTR1

ARRB2

Human Interactome, HPRD, 2007/9/01



Ongoing Projects

» Human Stem cell research and regenerative medicine for

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

organisms on various spatiotemporal scenarios (granted by
NRPGM)

> Electronic Lab Notebook (ELN)




* Digitalization of Lab notebook from text, gif, raw data, even
animations with functions of full text search and security

» Two kinds of version will be provided in the end of this year.

e For group use: Linux-based version

e For personal use: USB-ELN, windows/ Mac-based version
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Temporal process to analysis microarray
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Shrimp project from Dr. Lo's lab

Human Stem Cell meeting record (2008-4-1)

Human Stem Cell meeting record (2008-3-25)
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MyBLAST (Customized BLAST Framework)

http://mybioweb.nhri.org.tw/myblast

Email

PWD

Has not registered?
Lagin Forget password

DB Management

Upload DB

Run BLAST

View Results

User Guide

i Home ::

"My BLAST" web tools .

You can build a3 customized database and run BLAST analysis.

Try this now!

Here's BLAST result lists:

Database

Description

Submit Description

Date

Download | delete

(6)HP 26695

(17)199 blast 26695

2007-10-31 11:23

A | o

(36)all sequences
of FOSmid from

shrimp

(37)Blast for Pen5-2

2007-12-28 02:19

= B

(36)all sequences
of FOSmid from

shrimp

(38)fosmid end

Fm oy

2007-12-28 02:28

i MYBLAST Resailts =

D8 description; (&) HP 26695

17) 390 blear 2a800

t Fibes (Lomt Ble) o {ews Ble)

GIISA1I072 |rafIND_T22720.1] tramcrption antieeminstenproten Nusll
[Halicotiactar pylon 299]

91156130731 rafINP_222724.1 | ribafawin synthase subunit betalHebcobacter

gyl 309]

= B

138/137

il 15644835 el _308807,1)
arerotion tdemesticn potes 0.0 2670 603 1

Hue [piskestiactin gnkon 26603]

il 15644536 refihG_304804,1
nbofiavin synthase subunit beta 0.a 2940 753 138

[Halicobacter pyiori 26655]



MiCrearray An_;f.#?:'&‘ System

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

New Experiment Design
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Feature Extract Hide/show description

This web-based tool could provide a suitable function,which allows user to fetch interesting features from original GenBank data. Users
can search by accessions number or keyword, and then simply ticking the required features. Subsequently, a qualifier filter is also
provide In result table, which would filter out unnecessary qualifiers and customiZed the layout. Further, after searching users could
download 1) the nucleotide sequences based on their ranges and 2) summary table which will be the same with the search result layout.

This website is still currently under construction. If there’s any question or suggestion, please contact us.

Division: p— -
Keyword: Accession Number:

{i.e. protein binding) (e.g. ABO16894)

D misc difference D RBS D exon D J segment
Il confiict [ I polyA signal [Ceps "IN region
D unsure D enhancer D sig peptide D 5 region
D old sequence D attenuator D transit peptide D \ regoin
D variation D terminator D mat peptide D V segment
[ modified base [ rep origin [ Jintron [ Irepeat unit
| gene [ Irmisc RNA [ ploya site Cor

[ Imisc Signal [ prim transcript [Irrna [ sateliite
" promoter | precursor RNA [trna || primer bind
[ |caaT signal [T mRNA [ Iscrua | protein bind
| tATA signal s ciip [ IsnrNA [ liona

[ |35 signal [ larcip [ IsnorNA [ stem toop
[ | 10signal s utr "¢ region I poop

[l &e signal [lautr | |p segment

Coming Soon
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Bioinformatics Core for Genomic Medicine
and Biotechnology Development

' Comparative Genomics and
ek 4 Interactomes

Devision of Bioinformatics and Biostatistics, 715

NMational Health Research Institutes B

The long-term objective of the Unit is fo provide the
state-of -the-art bicinformatics services to investigators
in the area of genetics, genomics and proteomics
research. Our effort is concentrated on comparative .
genomics and interactomes. Unit 3 provides in-house
developed databases and analytical tools of genomics
and proteomics.

Unit 1 Unit 2 Unit 4 Unit 5

http://www.tbi.org.tw R T
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Selected Publications (2006 - 8)
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